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MEDICAL COUNCIL OF CANADA NOR DOES IT RECEIVE ENDORSEMENT BY THE MEDICAL COUNCIL AS
REVIEW MATERIAL FOR THE MCCQE PART I.THIS PUBLICATION HAS NOT BEEN AUTHORED, REVIEWED,
OR OTHERWISE SUPPORTED BY THE NATIONAL BOARD OF MEDICAL EXAMINERS U.S.A. NOR DOES IT
RECEIVE ENDORSEMENT BY THE NATIONAL BOARD AS REVIEW MATERIAL FOR THE USMLE.

The editors of this edition have taken every effort to ensure that the information contained herein is accurate and conforms
to the standards accepted at the time of publication. However, due to the constantly changing nature of the medical
sciences and the possibility of human error, the reader is encouraged to exercise individual clinical judgement and consult
with other sources of information that may become available with continuing research.The authors, editors, and publisher
are not responsible for errors or omissions or for any consequences from application of the information in this textbook,
atlas, or software and make no warranty, expressed or implied, with respect to the currency, completeness, or accuracy of
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Please send your feedback to: torontonotcs.production@gmail.com

Alternatively, send mail to: The Toronto Notes for Medical Students Inc.
Editors-in-Chief, c/o The Medical Society
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Dedicated to all the many contributors and supporters of Toronto Notes,
both past and present,

who have shaped the 2023 edition!

The Toronto Notes for Medical Students is dedicated to helping fund many charitable endeavours and medical student
initiatives at the University of Toronto’s Faculty of Medicine and beyond. Programs that have received Toronto Notes for
Medical Students funding include:

Community Affairs Programs
Adventures in Science (.VIS)
Adventures in Science (AIS) MAM
Allies Live I lore
Altitude Mentoring
Altitude Mentoring MAM
Blood Drive
Exercise is Medicine
Growing Up Healthy
Growing Up Healthy MAM
Healing Tonics
Imagine
Immigrant and Refugee Equitable Access to I Iealth Care
(iREACH)
Kids2IIear
Kids2See
Kindlcr Arts
Noteworthy Music Program
Parkdale/Central Toronto Academy Mentorship Program
Saturday Program
Saturday Program MAM
Scadding Court Mentorship Program
Seniors Outreach

Smiling Over Sickness
Student-Senior Isolation Prevention Partnership (SSIPP)
Sun and Skin Awareness
Swimming With A Mission (SWAM)
Varsity Docs
Woodgreen Tutoring Program

Annual Showcase Events
Dafiydil, in support of the Canadian Cancer Society
Earth Tones Benefit Concert

Scholarships and Bursaries
Memorial Funds
CaRMS bursary

Other Sponsorships
Community of Support
Indigenous Sutdent Mentorship Fund
Black Health Alliance
Ontario Medical Students Weekend
Medical Student Research Day
Class formats and graduations

NOTE:
Many of you have wondered about the Toronto Notes logo, which is based on the rod of Asclepius, the Greek god of

medicine. The rod of Asclepius consists of a single serpent entwined around a staff.This icon symbolizesboth rebirth, by
way of a snake shedding its skin, and also authority, by way of the staff.

In ancient Greek mythology, Asclepius was the son of Apollo and a skilled practitioner of medicine who learned
the medical arts from the centaur Chiron. Asclepius’ healing abilities were so great that he was said to be able to bring
back people from the dead.These powers displeased the gods, who punished Asclepius by placing him in the sky as the
constellation Orphiudius.

The rod of Asclepius is at times confused with the caduceus, or wand, of Hermes, a staff entwined with two serpents
and often depicted with wings.The caduceus is often used as a symbol of medicine or medical professionals, but there is
little historical basis for this symbolism.

As you may have guessed,our logo uses the rod of Asclepius that is modified to also resemble the CN Tower - our way
of recognizing the university and community in which we have been privileged to learn the art and science of medicine.

+Thomas O’Brien, MD
Class of 2009, M.D. Program, University of Toronto
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Preface- From the Editors

and the Climate Crisis are also fully addressed. In addition to
content updates, the Toronto Notes 2023 Clinical Handbook has
been restructured to prioritize high-yield content to guide your
learning during clerkship rotations. Toronto Notes prioritizes
cultural sensitivity, health equity, and strives for accurate
representation of our vibrant and diverse communities. To
enhance our team’s editorial lens on these concepts while editing
the chapters, training was provided by the Anti-Racism and
Cultural Diversity Office and Office of Inclusion & Diversity at
the University of Toronto.

Dear reader.
We are grateful to present Toronto Notes 2023 to you. This
edition is the product of an exceptional effort from the
hundreds of editors and contributors who worked tirelessly with
us as we navigated through the year. Together, we have created
the thirty-ninth edition of Toronto Notes, thus continuing
our organization's rich tradition of providing an up-to-date,
comprehensive, and concisely written medical resource to our
readers.

We sincerely thank each of our 170 student editors and
103 faculty editors, whose meticulous revisions and shared
dedication to the bettering of this text has helped make Toronto
Notes 2023 possible. We have learned so much from leading this
team, and are especially grateful to everyone for contributions
to Toronto Notes with challenging time commitments and
demands. We thank our incredible Associate Editors - Ming
Li, Dorrin Zarrin Khat, Christie Ian, Yrati Mehra, Alyssa Li,
and Karolina Gaebe - for their tireless leadership, exceptional
organization, and wonderful teamwork. We, and the success of
this edition, lean on their shoulders.We also thank our Clinical
Handbook Editors - Justin Lu, lanice Chan, and Rayoun
Ramendra - for their exceptional editorial leadership and
spearheading the work on this resource. We owe a great deal
of gratitude to the Editors-in-Chief of the 2022 edition - Yuliya
Lytvyn and Maleeha Qazi - for their continued guidance over
the past two years. We would also like to thank the wonderful
BMC illustration team for their work and especially the cover
designs, with inspiration from the medical illustrations of
Barry T.O'Neil. Lastly, we thank our longtime partners at Type
& Graphics Inc - especially our backbone, Enrica Aguilera
and Maria Garcia — for their years of support and excellent
work producing Toronto Notes 2023. Finally, we thank you
for supporting our initiative by purchasing and reading our
product We hope that you will find Toronto Notes 2023 to be a
useful companion on your medical journey, both now and for
years to come.

Thirty-nine years ago, Toronto Notes began as a humble
initiative, with medical students from the University of Toronto
collecting and circulating their notes. Nearly four decades later
- with annual editions and an ever-expanding vision - Toronto
Notes has become one of the most trusted medical review texts;
it is a resource that is cherished by trainees and physicians
throughout Canada and around the world.

The Toronto Notes for Medical Students Inc. is a nonprofit
corporation whose mission is to proride a trusted medical
resource in order to give back to our community. Keeping in
line with our values and community needs, all proceeds from
Toronto Notes sales are directly donated to support both
global and local initiatives. Among other initiatives, we have
supported U ofT Medicine class activities, student scholarships
and bursaries (such as the Mohammad and Zevnab Asadi-Lari
award ), our Daffy annual musical fundraiser for the Canadian
Cancer Society, and the entirety of our (over twenty-five)

student-led outreach programs that seek to enrich lives in the
community.

This is why we, and all the members of our U of T team, gladly
dedicated so many hours toward this immensely involved
project. As our valued reader, we thank you for your honest
and vital financial contribution through your purchase of our
textbook. Each book sold makes an important difference.

The 2023 edition features substantial content revisions to
the text, figures, and graphics of all 32 chapters, following a
comprehensive review by our student and faculty editorial
team. Up-to-date, evidence-based medicine studies are also
summarized in highlighted boxes throughout the text. In
particular, the Ethical Legal, and Organizational Medicine
chapter has been thoroughly revised and expanded, and all
chapters reflect the most-updated COV1D-19 guidelines. The
new MCCQE objectives on Clinical Informatics and Health

Sincerely,

rn
L JAnders W. Erickson, MD/PhD student

Jennifer Parker, MD/PhD student
Editors-in-Chief, Toronto Sotes 2023

+
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How To Use This Book

This book has been designed to remain as one book or to be taken apart into smaller booklets. Identify the beginning and end
of a particular section, then carefully bend the pages along the perforated line next to the spine of the book.Then tear the pages
out along the perforation.
The layout of Toronto Notes allows easy identification of important information.
These items are indicated by icons interspersed throughout the text:

Icon Icon Name Significance

This icon is found next to headings in the text. It identities key objectives and conditions as
determined by the Medical Council of Canada or the National Board of Medical Examiners
in the USA. If it appears beside a dark title bar, all subsequent subheadings should be
considered key topics.S Key Objectives

This icon is found in sidebars of the text. It identifies concise, important information which
will aid in the diagnosis or management of conditions discussed in the accompanying text.Clinical Pearl

This icon is found in sidebars of the text. It identifies helpful mnemonic devices and other
memory aids.

Memory Aid

(§) This icon is found in sidebars of the text.It indicates information or findings that require
urgent management or specialist referral.Clinical Flag

This icon is found in sidebars of the text.It identifies key research studies for evidence-
based clinical decision making related to topics discussed in the accompanying text.Evidence Based Medicine

This icon is found next to headings in the text. It indicates topics that correspond with
images found in the Colour Photo Atlas available online (www.torontonotes.ca).Wi Colour Photo Atlas

This icon is found next to headings in the text. It indicates topics that correspond to images
found in the Radiology Atlas available online (www.torontonotes.ca).EH Radiology Atlas

This icon is found next to headings in the text. It indicates topics that correspond with
electronic resources such as Functional Neuroanatomy or ECGs Made Simple, available
online (www.torontonotes.ca).S Online Resources

Chapter Divisions
To aid in studying and finding relevant material quickly, many chapters incorporate the following general framework:

Basic Anatomy/Physiology Review
• features the high-yield, salient background information students are often assumed to have remembered from their early medical school

education

Common Differential Diagnoses
• aims to outline a clinically useful framework to tackle the common presentations and problems faced in the area of expertise

Diagnoses
• the bulk of the book
• etiology, epidemiology, pathophysiology, clinical features, investigations, management, complications, and prognosis r “i

L J

Common Medications
• a quick reference section for review of medications commonly prescribed +
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Common Acronyms and Abbreviations Used in
Medicine

The following are common medical acronyms/abbreviations that may be used without definition throughout the Toronto
Notes text. These are typically not included in the acronym list at the beginning of each chapter. Please refer back to this
list for definitions.

U electrocardiogram
emergency department
electroencephalography
electromyography
cars, nose, and throat
erythrocyte sedimentation rate
cthanol/alcohol

ECC,concentration
beta human chorionic gonadotropinp-hCG ED

EEC
ABx antibiotics

angiotensin-converting enzyme
Adrenocorticotropic hormone
acquired immune deficiency syndrome
alkaline phosphatase
alanine aminotransferase
absolute risk
acetylsalicylic acid
aspartate transaminase
asymptomatic
abdominal x-ray

EMC.
ACE ENT
ACTH
AIDS

ESR
EtOH

ALP
family medical history
follicle stimulating hormone

ALT FMHx
AR FSH
ASA

glucosc-6-phosphate dehydrogenase
gamma-glutamyl transferase
growth hormone
gamma hydroxybutyrate
gastrointestinal
genitourinary

AST G6PD
aSx GG.T
AXR GH

GHB
twice a day (bis in die)
body mass index
blood pressure

BPM/bpm beats per minute

BID GI
BMI GU
BP

hemoglobin
human immunodeficiency disease
heart rate
hypertension
history

Hb
HIV

C/I contraindication
culture and sensitivity
coronary artery disease
complete blood count
chief complaint
congestive heart failure
chronic obstructive pulmonary disease
cardiopulmonary resuscitation
creatinine
corticotropin-releasing hormone
cerebrospinal fluid
computed tomography
chest x-ray

HR
C&S HTN
CAD Hx
CBC
CC I&D incision and drainage

intracranial pressure
intensive care unit
intramuscular
intravenous

CHF ICP
COPD ICU
CPR IM
Cr IV
CRH

jugular venous pressureCSF JVP
CT

lactate dehydrogenase
liver function test
luteinizing hormone
likelihood ratio

CXR LDH
LFT

D&C dilatation and curettage
diastolic blood pressure
differential diagnosis
diabetes mcllitus
do not resuscitate
diagnosis

LH r

dBP LR
DDx
DM +DNR
Dx
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Common Acronyms and Abbreviations Used in
Medicine

monoamine oxidase
monoamine oxidase inhibitor
metered-dose inhaler
myocardial infarction
magnetic resonance imaging
musculoskeletal

systolic blood pressure
subcutaneous
sublingual
systemic lupus erythematosus
shortness of breath
urgent or immediately (statum)
sexually transmitted infection
symptom(s)

MAO
MAOI

sBP
SC

MDI SL
MI SLE
MRI SOB
MSK STAT

STI
N/V nausea/vomiting

nasogastric
N-Mcthyl-D-aspartate
nothing by mouth (nil per os)
non-steroidal anti-inflammatory drug

Sx
NG

TlDM
T2DM

type 1 diabetes mellitus
type 2 diabetes mellitus
tuberculosis
three times a day (ter in die)
tumour, nodes, and metastases
thyroid releasing hormone
thyroid stimulating hormone
treatment

NMDA
NPO
NSAID TB

TID
OR TNMoperating room

over-die-counterOTC TRH
TSH

PCR polymerase chain reaction
pulmonary embolism
past medical history
oral administration (per os)
point-of-care ultrasound
proton pump inhibitor
as needed ( pro re nata)

Tx
PE
PMHx U/A urinalysis

ultrasound
urinary tract infection
urine toxicology screen

PO U/S
POCUS UTI
PPI UTox
PRN

VDRL Venereal Disease Research Laboratory test
four times a day (quatcr in die)QID

WBC white blood cell
weightred blood cell

randomized controlled trial
review of symptoms
medical prescription

RBC wt
RCT
ROS
Rx

pi

+
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Common Unit Conversions

To convert from the conventional unit to the SI unit,multiply by conversion factor

To convert from the SI unit to the conventional unit, divide by conversion factor

SI UnitConventional Unit Conversion Factor

0.22ACTH pg/mL pmol/L

Albumin g/dL 10 g/L

Bilirubin 17.1 pmol/Lmg/dL

Calcium 0.25mg/dL mmol/L

Cholesterol 0.0259mg/dL mmol/L

Cortisol 27.59 nmol/Lpg/dL

Creatinine 88.4mg/dL pmol/L

Creatinine clearance mL/smL/min 0.0167
0.217Ethanol mg/dL mmol/L

2.247Ferritin ng/mL pmol/L

Glucose 0.0555mg/dL mmol/L

% 0.01 proportion of 1.0HbA1c
Hemaglobin g/dL 10 g/L

0.0259HDL cholesterol mg/dL mmol/L

0.179Iron, total pg/dL pmol/L

Lactate (lactic acid) mg/dL 0.111 mmol/L

LDL cholesterol mg/dL 0.0259 mmol/L

x lO^ells/mm 3 x 109cells/LLeukocytes 1

Magnesium 0.411mg/dL mmol/L

pm3MCV fL1

x lO^ells/mm 3 x 109cells/LPlatelets 1

% of RBCs 0.01 proportion of 1.0Reticulocytes

Salicylate 0.00724mg/L mmol/L

Testosterone ng/dL 0.0347 nmol/L
Thyroxine (T4) ng/dL 12.87 pmol/L

Total Iron Binding Capacity 0.179pg/dL pmol/L

Triiodothyronine (T3) 0.0154pg/dL pmol/L

Triglycerides 0.0113mg/dL mmol/L

Urea nitrogen mg/dL 0.357 mmol/L

Uric acid mg/dL 59.48 pmol/L

Celsius •* Fahrenheit F = (C x 1.8) + 32 r
L J

Fahrenheit Celsius C = (F - 32) x 0.5555

Kilograms •* Pounds 1kg = 2.2 lbs

Pounds Ounces 1 lb = 16 oz +
Ounces •* Grams 1 oz = 28.3 g

Inches •* Centimetres 1 in = 2.54 cm
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Commonly Measured Laboratory Values

Conventional Units SI UnitsTest

Arterial Blood Gases
7.35-7.45
35-45 mmHg
80-105 mmHg

7.35-7.45
4.7-6.0 kPa
10.6-14 kPa

pH
PC02
PO2

Serum Electrolytes
Bicarbonate
Calcium
Chloride
Magnesium
Phosphate
Potassium
Sodium

22-28 mEq/L
8.4-10.2 mg/dL
95-106 mEq/L
1.3-2.1 mEq/L
27-4.5 mg/dL
3.5-5.0 mEq/L
136-145 mEq/L

22-28 mmol/L
2.1-2.5 mmol/L
95-106 mmol/L
0.65-1.05 mmol/L
0.87-1.45 mmol/L
3.5-5.0 mmol/L
136-145 mmol/L

Serum Nonelectrolytes
Albumin
ALP
ALT
Amylase
AST
Bilirubin (direct)
Bilirubin (total)
BUN
Cholesterol
Creatinine (female)
Creatinine (male)
Creatine Kinase - MB fraction
Ferritin (female)
Ferritin (male)
Glucose (fasting)
HbA1c
LDH
Osmolality

3.5-5.0 g/dL
35-100 U/L
8-20 U/L
25-125 U/L
8-20 U/L
0-0.3 mg/dL
0.1-1.0 mg/dL
7-18 mg/dL
<200 mg/dL
10-70 U/L
25-90 U/L
0-12 U/L

35-50 g/L
35-100 U/L
8-20 U/L
25-125 U/L
8-20 U/L
0-5 pmol/L
2-17 pmol/L
2.5-7.1 mmol/L
<5.2 mmol/L
10-70 U/L
25-90 U/L
0-12 U/L
12-150 pg/L
15-200 pg/L
3.8-6.1 mmol/L
<0.06
100-250 U/L
275-300 mOsm/kg

12-150 ng/mL
15-200 ng/mL
70-110 mg/dL
<6%
100-250 U/L
275-300 mOsm/kg

Serum Hormones
ACTH (0800h)
Cortisol (0800h)
Prolactin
Testosterone (male, free)
Thyroxine (T4)
Triiodothyronine (T3)
TSH

<13.2 pmol/L
138-635 nmol/L
<20 ng/mL
0.31-1 pmol/L
64-155 nmol/L
1.8-2.9 nmol/L
0.5-5 pU/mL

<60 pg/mL
5-23 pg/dL
<20 ng/mL
9-30 ng/dL
5-12 ng/dL
115-190 ng/dL
0.5-5 pU/mL

Hematologic Values
ESR (female)
ESR (male)
Hemoglobin (female)
Hemoglobin (male)
Hematocrit (female)
Hematocrit (male)

0-20 mm/h
0-15 mm/h
12.3-15.7 g/dL
13.5-17.5 g/dL
36-46%
41-53%
1.0-1.1
4.5-11 x 103cells/mm 3

88-100 pm 3

150-400 x 103/mm3

25-35 s
0.5-15% of RBC

0-20 mm/h
0-15 mm/h
123-157 g/L
140-174 g/L
36-46%
41-53%
10-1.1
4.5-11 x 109cells/L
88-100 fL
150-400 X 109/L
25-35 s
20-84 x 109/L

r "> \1 <- J J
INR
Leukocytes
MCV
Platelets
PTT
Reticulocytes

+
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further information on these topics can be found in the Objectives of the Considerations of the Legal, Ethical, and
Organizational Aspects of the Practice of Medicine (CLEO) - which can be downloaded free of charge from the Medical
Council of Canada website at http://mcc.ca/wp-content/uploads/CLEO.pdf.

There are three main types of law in Canada: criminal, civil, and administrative. The penalties for violating each are,
in general, as follows: criminal - fine or incarceration; civil - monetary damages paid to the wronged party; and
administrative - sanctions by the regulator (such as a suspension by the College of Physicians and Surgeons). All three
types of law can be engaged by a single act. l or example, a physician that inappropriately touches a patient can be liable
for criminal (sexual assault), civil (monetary' damages paid to the patient for the civil wrong of sexual assault), and
administrative (fines and sanctions up to and including loss of ability to practice medicine for sexual abuse) penalties.

Canadian law applicable to medical practice varies between jurisdictions and changes over time.

r n
L J

+Criminal law is nationwide, but civil and administrative law varies between provinces and territories. This section is meant
to serve only as a guide.Students and physicians should ensure that their practices conform to local and current laws.

EL0M1 Ethical, Legal, and Organizational Medicine Toronto Notes 2023
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Acronyms
CPSO College of Physicians and

Surgeons of Ontario
electronic medical record

IMCC Licentiate of the Medical Council PTMA
of Canada

MAID Medical Assistance in Dying
MCC Medical Council of Canada
OECD Organization for Economic Co- RDoC

operation and Development
OMA Ontario Medical Association
OTC over the counter
PHO Provincial House staff

Organization
PIPEDA Personal Information Protection

and Electronic Documents Act
POA Power of Attorney

Provincial/Territorial Medical
Association

RCPSC Royal College of Physicians and
Surgeons of Canada
Resident Doctors of Canada

SOM substitute decision-maker
IRC Truth and Reconciliation

Commission

AE adverse event
assisted reproductive
technologies
Canadian Federation of Medical FMEO
Students

ART
EMR

Federation medicale etudiante
du Quebec

CFPC College of Family Physicians of FRCPC Fellow of the Royal College of
Canada

CIHR Canadian Institutes of Health

CFMS

Physicians of Canada
FRCSC Fellow of the Royal College of

Surgeons of Canada
GA gestational age
GDP gross domestic product
HCCA Health Care Consent Act
IVF in vitro fertilization

Research
CMA Canadian Medical Association
CME continuing medical education
CMPA Canadian Medical Protective

Association

The Canadian Healthcare System

Overview of the Canadian Healthcare System
• one federal, three territorial, and ten provincial systems
• major complexities in establishment of Canadian health policy include geographical diversity,

socioeconomic divisions, and international pressures
• financed by both the public (70%) and private (30%) sectors
• each provincial /territorial plan must cover all medically necessary health services and remain in

compliance with the Canada Health Act in order to receive federal transfers
• provincial /territorial governments may choose to offer and fund supplementary services not covered

under the Canada Health Act, such as prescription drugs and vision care
• non-insured health services and fees are either covered by private insurance or by the individual
• workers’ compensation funds cover treatment for work-related injuries and diseases

Table 1. Division of Government Responsibilities in Healthcare

Principles of the Canada Health Act
1. Public Administration:provincial/

territorial health insurance programs
must be administered on a not-for-
profit basis by public authorities

2. Comprehensiveness: provincial/
territorial health insurance programs
must cover all medically necessary
diagnostic, physician, and hospital
services

3. Universality:all eligible residents
must be entitled to healthcare
services (including status First
Nations peoples and Inuit:note
that non-status First Nations and
Metis are included under all eligible
residents)

4. Portability:emergency health
services must be available to
Canadians who are outside their
home province, paid for by the home
province

5. Accessibility: provincial/territorial
plans must ensure reasonable access
to medically necessary hospital and
physician services without financial
or other barriers

Federal Government Provincial Government

Healthcare services for Indigenous peoples (Status First Nations
peoples and Inuit only,Non-Insured Health Benefits (NIHB)), federal
government employees (RCMP and armed tones),immigrants,and civil
aviation personnel
Marine hospitals and quarantine (Constitution Ad, 186?)

Investigations into public health
Regulation ol food and drugs

Inspection of medicaldevices
Administration of healthcare insurance

General information services related to healthconditions and practices

Role inhealth derives from constitutional responsibility over criminal
law.spending powers,and legislation for 'peace,order, and good
government.’ Examples include Canada Health Act, Food and Drugs Act.
Controlled SubstancesAct, and Canada Health IransferAct )

Establishment,maintenance,and management of hospitals,asylums,
charities,and charitable institutions {ConstitutionAct,1867)

licensing of physicians,nurses,and other hcallli professionals

Determining the standards for licensing all hospitals
Administering provincial medical insurance plans

Financing healthcare facilities
Delivery of certain public health services

Legal Foundation
• the legal foundation of the Canadian health system is based on:

• five constitutional documents:
1. Royal Proclamation (1763): the foundation for the rights of Indigenous peoples in Canada;

sets out the sovereignty of Indigenous peoples in Canada
2. Constitution Act (1867): deals primarily with the jurisdictional power between federal and

provincial governments
3. Treaty 6 (1876): included the Medicine Chest Clause, svhich addresses Indigenous sovereignty

in healthcare delivery and equitable access to all forms of medicine
4. Dreavervs. King court ruling (1935): provided the legal precedence for Non-Insured Health

Benefits
5. The Canadian Charter of Rights and f reedoms (1982): does not guarantee a right to

healthcare; but, if the government decides to finance healthcare, they are constitutionally
obliged to do so consistently with the rights and freedoms outlined in the Charter (including
the right to equality, physicians’ mobility rights, etc.)

two statutes:
I. Canada Health Act (1984): outlines the national terms and conditions that provincial health

systems must meet in order to receive federal transfer payments

The federal government can reduce its
contributions to provinces that violate
the key principles of the Canada Health
Act

ri
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2. Canada Health and Social Transfer Act (1996): federal government gives provinces a single
grant for healthcare, social programs, and post-secondary education; division of resources at
provinces’ discretion

History of the Canadian Healthcare System and Crown-
Indigenous Relations Pursuant to Healthcare

Europeans first arrive in Canada
• settlers find healthy inhabitants with complex societies, cultures, and belief systems
• Indigenous peoples’ have specific knowledge of local environment and medicines

• early instance of medical practice occurs when local Indigenous nation
( Haudenosaunee) used cedar as a source of vitamin C to treat scurvy experienced by
European settlers

1534

Royal Proclamation
• identifies Indian Country that was under British sovereignty but Indigenous possession
• sets out guidelines for European settlement of Indigenous territories in what is now

North America;statements include:Aboriginal title (a legal term for ancestral land
rights) has existed and continues to exist, and that all land would be considered
Aboriginal land unless ceded by treaty
• forbids settlers from claiming land from the Indigenous occupants, unless it was first

bought by the Crown and then sold to the settlers
• only the Crown can buy land from first Nations

1763

1764 Treaty of Niagara
• the treaty is signed with 24 Indigenous Nations represented
• Indigenous peoples and the Crown agree to co-exist and build their relationship on

Turtle Island

British North America Act (now Constitution Act 1867)
• establishes Canada as a confederacy
• “establishment, maintenance, and management of hospitals” under provincial

jurisdiction
• gives the federal government control over lands reserved for “Indians”

Manitoba Act
• Metis land is protected and they are given an additional 1.4 million acres for their

descendants
• this act was subsequently ignored and infringed upon as this land was given freely to

incoming settlers

1871-1921 Numbered Treaties
•transfer large tracts of Indigenous land to the Crown with various promises made to

Indigenous Peoples
• Treaty 6 explicitly includes medicine, while others contain agreements related to

social factors affecting health

1867

1870

Indian Act
•reinforces the federal government’s exclusive jurisdiction over Indians and lands

reserved for Indians
•gives complete control of “Indian bands," status, and reserves to the Canadian

government
•enfranchisement (the process of terminating one's legal Indian Status, identity, and

ancestral rights in order to gain full Canadian citizenship) becomes legally compulsory
in many situations (such as becoming a physician)

•outlaws the practice of Indigenous culture and spirituality
•imposes band councils and “Indian agents"

1884-1996 Residential Schools and Indian Hospitals
•legislated genocide (see Public Health and Preventive Medicine. PH7)

Execution of Metis leader Louis Riel
•leader of the North-West Rebellion against the federal government due to infringement

on Metis ancestral lands, rights, and way of life

1876

1885 r1
L J

Court Decision Reference Re Eskimo rules that the federal government is has similar
responsibility for Inuit people as Indigenous Peoples
• following tnis decision the government developed policies that enforced assimilation

and benefited governmental goals, with disregard for Inuit wellbeing.This leadto
extensive harms, some of which are noted below:

1939
+
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• coercive relocation to isolated and sedentary communities away from ancestral lands,
ending seasonally dynamic way of life

• sled dogs were killed, which discontinued the Inuit traditional way of life and forced
them to rely on government supplies

• discs, to be worn around the neck, were issued with numbers in lieu of Inuit
surnames and to ease bureaucratic workload

Royal Commission on Health Services (Hall Commission) recommends federal leadership
and financial support with provincial government operation

National Medical Care Insurance Act
•federal government's first legislation with the goal of free access to healthcare
•federal government to pay half of medicare costs in any province with insurance

plans that meet criteria of being universal, publicly administered, portable, and
comprehensive

•Indian Health Services budget is reduced under the guise of equality and social and
legal integration. Individuals can only receive support for healthcare services if they
prove they are Indigenous, have been refused funds from their band, and can not obtain
provincial health services, financial limits are set to prevent “overuse” of services.
This creates further barriers to accessing healthcare, while reducing barriers for non-
Indigenous peoples

Canada Health Act is passed by federal government
• replaces Medical Care Act (1966) and Hospital Insurance and Diagnostic Services Act

(1957)
•provides federal funds to provinces with universal hospital insurance
•maintains federal government contribution at 50% on average, with poorer provinces

receiving more funds
• medical insurance must be “comprehensive, portable, universal, and publicly

administered”
•bans extra-billing by new fifth criterion:accessibility

Bill C-31
• the Indian Act forced Indigenous women who married non-lndigenous men to lose their

Indian status
•Bill C-31 attempted to stop the involuntary enfranchisement of Indigenous women (and

their children) who married non-lndigenous men
• Bill C-3 in 2011 and later cases ensured that eligible grandchildren of women who lost

status could regain it

1965

1966

1984

1985

Oka Crisis
•land dispute over ancestral Kanienkehaka (Mohawk) territory
•brought about the Royal Commission on Aboriginal Peoples (1996)

Canada Health and Social Transfer Act passed by federal government
•federal government gives provinces a single grant for healthcare, social programs, and

post-secondary education; division of resources at provinces’discretion

1990

1996

Royal Commission on Aboriginal Peoples
•established in the wake of the Oka Crisis.The Commission’s Report, the product of

extensive research and community consultation, was a broad survey of historical and
contemporary relations between Aboriginal and non-Aboriginal peoples in Canada

• recommendations made on how to repair the relationship between Indigenous peoples
and Canada

1996

Kirby and Romanow Commissions appointed
• Kirby Commission (final report, October 2002)
•examines history of the healthcare system in Canada, pressures and constraints of

current healthcare system, role of federal government, and healthcare systems in foreign
jurisdictions

2001

Romanow Commission (final report, November 2002)
•dialogue with Canadians on the future of Canada's public healthcare system

first Ministers' Meeting on the future of Health Care produces a lOyearplan
•priorities include reductions in waiting times, development of a national pharmacare

plan, and primary care reform

L

2004

+
Chaoulli v.Quebec,Supreme Court of Canada decision
• rules that Quebec’s banning of private insurance is unconstitutional under the Quebec

Charter of Rights since patients cannot access the relevant services under the public
system in a timely manner

2005



EL0.M5 Ethical, Legal, and Organizational Medicine Toronto Notes 2023

Jordan's Principle
•Iordan Anderson was a First Nations child from Norway House Cree Nation born with

complex medical needs
•he spent two unnecessary years in hospital because provincial and federal governments

could not decide who was responsible for paying for the home-based care that Jordan
needed to be discharged.Consequently, he died in hospital at age 5 without ever going
home

2007

•Iordan's Principle is a legal obligation that promises that First Nations children will get
prompt and equitable access to healthcare and that payments (federal/provincial/local)
will be determined later

•in 2016, the Canadian Human Rights Tribunal found that the Canadian government was
racially discriminating against First Nations children and their families for its failure to
properly implement Jordan’s Principle, lhe Tribunal issued legally binding orders that
Canada has an obligation to fulfill

First progress report by the Health Council reviews progress toward 2004 First Ministers’
10 year plan
•significant reductions in wait times for specific healthcare areas (such as cancer care,

joint replacements, and sight restoration), but may have inadvertently caused increased
wait times for other services

•despite large investments into EMRs,Canada continues to have low uptake, ranking
last in the Commonwealth Fund International Health Policy survey, with only 37% use
among primary care physicians

•minimal progress in creating a national strategy for equitable access to pharmaceuticals;
however, there has been some success in increasing pharmacists’ scope of practice,
reducing generic drug costs,and implementing drug information systems

•increase Funding to provinces at 6% per annum until the 2016-2017 nscal year; from
then onwards, increases tied to nominal GDP at a minimum of 3% per annum

2011

Second progress report by the Health Council reviews progress towards 2004 First
Ministers’ 10 year plan
•funding is sufficient; however, more innovation is needed including incentivizing

through models of remuneration
•46 recommendations are made to address the lack of progress

Expiry of 10 Year Health Care Funding Agreement between federal and provincial
governments
•Canadian Doctors for Refugee Care v.Canada, the Federal Court of Canada rules that

the federal government could not significantly reduce/eliminate healthcare services for
refugee claimants, as to do so would constitute “cruel and unusual treatment" contrary
to the Charter of Rights and Freedoms

Negotiations underway for a new Health Accord with a S3billion investment over four
years to homecare and mental health services by the elected Liberal government

'lhe Truth and Reconciliation Commission releases 94 “calls to action" (or
recommendations) to further reconciliation between Canada and Indigenous peoples
•the full list of calls to action can be found here:http://trc.ca/assets/pdf/Calls_to_

Action
_English2.pdf, while health-specific calls and subsequent government actions

can be found here: https://www.rcaanc-cirnac.gc.ca/eng/15244990246l4/15575l 2659251
•the seven calls to action included under health are the following:

18. we call upon the federal, provincial, territorial, and Aboriginal governments to
acknowledge that the current state of Aboriginal health in Canada is a direct
result of previous Canadian government policies, including residential schools,
and to recognize and implement the health-care rights of Aboriginal people as
identified in international law, constitutional law, and under the Treaties

19. we call upon the federal government, in consultation with Aboriginal peoples,
to establish measurable goals to identify and close the gaps in health outcomes
between Aboriginal and non-Aboriginal communities, and to publish annual
progress reports and assess longterm trends.Such efforts would focus on
indicators such as: infant mortality, maternal health, suicide, mental health,
addictions, life expectancy, birth rates, infant and child health issues, chronic
diseases, illness and injury incidence, and the availability of appropriate health
services

20. in order to address the jurisdictional disputes concerning Aboriginal people
who do not reside on reserves, we call upon the federal government to recognize,
respect, and address the distinct health needs of the Metis, lnuit, and off-reserve
Aboriginal peoples

21. we call upon the federal government to provide sustainable funding for existing
and new Aboriginal healing centres to address the physical, mental, emotional,
and spiritual harms caused by residential schools, and to ensure that the funding
of healing centres in Nunavut and the Northwest Territories is a priority

2012

2014

2015

2015

LJ
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22. we call upon those who can effect change within the Canadian health-care
system to recognize the value of Aboriginal healing practices and use them in the
treatment of Aboriginal patients in collaboration with Aboriginal healers and
Elders where requested by Aboriginal patients

23. we call upon all levels of government to: i. Increase the number of Aboriginal
professionals working in the health-care field, ii. Ensure the retention of
Aboriginal health-care providers in Aboriginal communities, iii. Provide cultural
competency training for all healthcare professionals

24. we call upon medical and nursing schools in Canada to require all students to
take a course dealing with Aboriginal health issues, including the history and
legacy of residential schools, the United Nations Declaration on the Rights of
Indigenous Peoples,Treaties and Aboriginal rights, and Indigenous teachings
and practices. This will require skills-based training in intercultural competency,
conflict resolution, human rights, and anti-racism

Canada’s Minister of Indigenous Affairs announces their full support for the United
Nations Declaration on the Rights of Indigenous Peoples
•document describes individual and collective rights of Indigenous peoples and provides

guidance about how to maintain a relationship with Indigenous peoples based on
equality, partnership, good faith, and mutual respect

New 10 year Canada Health Accord is reached with a $11.5 billion federal investment
over 10 years to homecare and mental health services and a 3% annual rise in the Canada
Health Transfer (from 6% in the previous agreement)

Missing and Murdered Indigenous Women and Girls Inquiry Pinal Report and Calls for
justice
• reveals that persistent and deliberate human and Indigenous rights violations and

abuses amount to genocide and are the root cause behind Canada’s staggering rates of
violence against Indigenous women, girls, and 2SLGBTQQ1A people

•the report calls for transformative legal and social changes to resolve the crisis that has
devastated Indigenous communities across the country

2016

2017

2019

The federal government announces the creation of a national drug agency, it will negotiate
prices on benalfof Canada’s drug plans, assess the efficacy of prescription drugs, and

2019

develop a national formulary

Healthcare Expenditure and Delivery in Canada

• the projected total healthcare expenditure in 2019 was expected to reach $265.5 billion, or $7064 per
person. Health spending was expected to comprise 11.5% of Canada’s GDP that year

Sources of Healthcare Funding
•69% of total health expenditure in 2018 came from public-sector funding with 65% coming from the

provincial and territorial governments, and another 5% from other parts of the public sector: federal
direct government, municipal, and social security funds. 31% is from private sources including out of
pocket (16%), private insurance (12%), and other (3%)

• public sector covers services offered on either a fee for service, capitation, or alternate payment plan in
physicians' offices and in hospitals
• fee-for-service is a payment model where services are unbundled and paid for separately.This can

serve as an incentive for physicians to provide more services because payment is dependent on
the quantity of services provided
in Ontario, each service has a corresponding billing code defined by the Ministry of Health and
Long-term Care in the Physician Services under the Health Insurance Act

• capitation is a physician remuneration payment model determined by the number of patients
rostered
APP is a mutual agreement between a physician (or group of physicians) and their provincial
health authority.The agreement outlines the physician’s salary, incentives, and various after-hour
bonuses

• public sector does not cover services provided by privately practicing health professionals (e.g.
dentists, chiropractors, optometrists, massage therapists, osteopaths, physiotherapists, podiatrists,
psychologists, private duty nurses, and naturopaths), prescription drugs, OTC drugs, personal health
supplies, and use of residential care facilities

r T
cJ
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Capital$243 /3.4%
Public Health S384 / 5 4:r Administration S205 / 2.9%

OHS.Health Research S118 / 1.7%

OHS:Other Health Spending S351 / 7.8%

Other Professionals:
Other Health Professionals S171 / 2.4%

Hospital$1,880 / 26.6%Other Professionals:
Vision Care $151 / 2.1%

Other Professionals:
Dental Services $45016.4%

Other Institutions S772 / 10.9%
Drugs Prescribed S918 13.0%

Physicians S1,064 / 15.1%
OHS. Other Health Spending Drugs Non Prescribed$160/ 2.3%

Figure 1. Total health expenditure per capita by use of funds. Canada 2019 (dollars and percentage share)
Source:Canadian Institute for Health Information,NationalHealth Expenditure Trends.Total healthexpenditure per capita by health spending
category.Canada.2019 (dollars and percentage share),1975 to 2019.copyright 2020.Reprinted by Permission of CIHI

Delivery of Healthcare
•hospital services in Canada are publicly funded but delivered through private, not-for-profit

institutions owned and operated by communities, religious organizations, and regional health
authorities

•other countries have different systems of healthcare delivery, such as the United States (mix of public
and private funding, as well as private for-profit and private not-for-profit delivery), and the United
Kingdom (primarily public funding and delivery)

Physician Licensure and Certification

Table 2. Key Physician Certification and Licensing Bodies in Canada (and Ontario)
Certifying Body Description

Certifies physicians with the LMCC.LMCC acquired by passing the MCC Qualifying Examination PartsIandII
Certifies residents who complete an accredited residency program and pass the appropriate exam

Voluntary membership of the RCPSC is designated PRCPC or FRCSC
Certifies residents who complete an accredited family medicine residency program and pass the Certification
Examination in Family Medicine
13 provincial medical regulatory (licensing)authorities
All postgraduate residents and all practangphysicians must hold an educational or practice license from the
licensing body in the province in which theystudy or practice

Membership to theprovincial licensingauthority ismandatory
licensing authority functions include:
Provide non-transferable licensure to physicians

Maintaining ethical,legal,and competency standards and developing policies to guide physicians
Investigating complaints against physicians
Disciplining physicians guilty of professional misconduct or incompetence

At times ol license investiture and renewal,physicians must disclose if they have a condition (such as HIV positivity,
drug addiction, or other illnesses) that may impact their ability to practice safely

MCC
RCPSC

CfPC

licensingBody

CPSO

•physician certification is governed nationally, while the medical profession in Canada self-regulates
under the authority of provincial legislation

•self-regulation is based on the premise that due to the advanced education and training involved in
the practice of medicine, the lay person is not in a position to accurately judge the standards of the
profession; the self-regulating colleges have a mandate to regulate the profession in the public interest

•the RCPSC and CFPC are responsible for monitoring ongoing CME and professional development
•certification by the LMCC plus either the RCPSC or CFPC is a minimum requirement for licensure by

most provincial licensing authorities

+
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Role of Professional Associations

Table 3. Key Professional Associations
Advocacy and Diversity
• Similar to how the FMEQ represents

the interests of francophone medical
schools and the CFMS represents
those nation wide, other professional
associations serve and advocate on
behalf of different communities

• These associations may serve
traditionally underrepresented
groups, underserved communities,
communities facing structural
barriers, and/or communities with
unique health needs

• Some examples of professional
associations that physicians or
medical students may join are:Gay.
Lesbian, Bisexual and Transgender
(GLBT) Medical Students of Canada:
the Black Medical Students
Association of Canada: Black
Physicians Association of Ontario
(BPAO): Muslim Medical Association
of Canada and the Indigenous
Physicians Association of Canada
(IPAC): Indigenous Medical/Dental
Students Association (IMDSA.
Alberta)

Association Description

CMA Provides leadership to physicians and advocates for access to high quality care in Canada
Represents physician and population concerns at the national level
Membership is voluntary
Negotiates fee and benefit schedules with provincial governmentsPTMAs (such as the

OMA)

Represents the economic and professional interests of physicians
Membership is voluntary
Provide physician health support

Physician- run organiration that protects the integrity of member physicians
Provides legal defense against allegationsof malpractice or negligence

Provides riskmanagement and educational programs
Membership is voluntary but all physicians must havesome form of liability insurance

Upholds economic and professional interests of residents across Canada
Facilitates discussion amongst PHOs regarding policy and advocacy items

Medical students are represented at their universities by student bodies, which collectively form the CFMS or f M (0
FMfO membership includes that of francophone medical schools

CMPA

RDoCand PHO

CFMSandFMFO

Ethical and Legal Issues in Canadian Medicine

sIntroduction to the Principles of Ethics
• ethics involves thinking about what the best course of action maybe in a specific case, including:

1. principles and values that help us consider what might be morally permissible and/or
impermissible in specific circumstances

2. rights, duties, and obligations of individuals and groups
• as a self-regulated profession, ethical and professional practice is guided by a shared code of conduct

(the CMA code of ethics), and by our provincial licensing bodies ( through policies)
• the physician-patient relationship significantly depends on trust, which is recognized in the concept of

fiduciary duty/ responsibility of physician towards patient
• a fiduciary duty is a legal duty to act in another party’s interest. Profit from the fiduciary relationship

must be strictly accounted for with any improper profit (monetary or otherwise) resulting in sanctions
against the physician and potential compensation to the patient, even if no physical harm has befallen
the patient

Autonomy vs.Competence vs. Capacity
Autonomy: the tight that patients have
to make decisions according to their
values, beliefs, and preferences
Competence: the ability to make
a specific decision for oneself as
determined legally by the courts
Capacity:the ability to make a specific
decision for oneself as determined by
the clinicians proposing the specific
treatment

Table 4. The Four Principles Approach to Medical Ethics
Principle Definition

Recogniics an individual's right to make their own decisions in their own way(s) based on their wishes, beliefs, values,
and preferences

It may not be possible for a person to make a fully aulonomous decision and/or to have an autonomous decision
honoured in some circumstances. For instance, il an autonomous request for a medical intervention is deemed clinically
inappropriate from Ihe physician's perspective, then the physician need not offer it
Autonomy is nol synonymous with capacity
Obligation to provide benefit to Ihe patient, based on whal is considered lo be Ibeir best interests.Consideration of best
interests should consider Ihe patient's values, beliefs, and preferences, so far as these are known.Best interests extend
beyond solely medical considerations

May be limited by the principle of Autonomy (such as when differences exist between patient and clinician's conception
of best interests)

Paramount in situations where consent/choice isnot possible

Obligation to avoid causing haim:primum non nocere (“First, do no harm")

A limiting principle ol the Beneficence principle
Fail disliibufion ol benefils and harms within a community, regardless of geography, income, or other social factors
Concept ol fairness: Is the patient receiving whal they deserve - their fair share? Are they treated the same as equally
situaled patients? (equity) How does one set of frealmenl decisions impact others? (equality)
(quality and equity are different notions of justice, (quality involves providing Ihe distribution of resources lo all people
irrespective of differing needs, and equity involves distributing resources in a way that considers differing needs (such
as circumstance and social conlexl). Both concepts raise different considerations
Basic human rights, such as freedom from perseculion and Ihe right to have one's interests considered and respected

Autonomy

Beneficence

Non-Maleficence
r t

Justice

+

Note: The four principles approach (i.e.principlism) is just one approach to medical ethics.Thereexist many other ethical principlesthat are also
relevant to medicine fe.g.transparency,trust, etc.}.
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CMA Code of Ethics and Professionalism
• the CMA developed a Code of Ethics and Professionalism that provides standards of ethical practice

to guide Canadian physicians,which covers virtues that should be exemplified by an ethical physician,
fundamental commitments of the medical profession, professional responsibilities, and the relation of
the physician to themselves, colleagues, and society

• the Code of Ethics and Professionalism is:
• prepared by physicians for physicians and applies to physicians, residents, and medical students
• informs ethical decision- making, especially where existing guidelines are insufficient or values

and principles come into tension
not exhaustive; it is intended to provide standards of ethical practice that can be interpreted and
applied in particular situations
founded on other principles including the Hippocratic Oath, developments in human rights, and
recent bioethical discussions

• CMA policy statements address specific ethical issues/topics not mentioned by the code (e.g. abortion,
transplantation,and medical assistance in dying)

The CMA Code of Ethics and
Professionalism is a quasi-legal standard
for physicians;if the law sets a minimal
moral standard for physicians, the Code
seels to augments these standards

Table 5. CMA Code of Ethics and Professionalism
A.Virtues exemplified by the ethical physician

Compassion
Honesty
Humility

Integrity
Prudence

B.Fundamental commitments of the medical profession

Commitment to the well-being of the patient
Com mitment lo respect for persons
Commitment lo justice
Commitment to professional integrity and
CMfetNK

Commitment to professional excellence
Commitment to self-careand peer support
Commitment to inquiry and reflection

C. Professional responsibilities
Physicians and patients Patient -physician relationship

Decision -making
Patient privacy and the duty of confidentiality
Managing and minimizing conflicts of interest
Awareness of wellness services and promote health amongself
Seek support for professional and personal problems
Cultivate safe training and working environments
Treating colleagues with respect and dignity
lake responsibility for actions towards colleagues

Commitment tohigh quality healthcare services
Recognition of the social determinants of health
Supporting equitable access lo healthcare resources, and building collaborative
relationships with marginalized groups

Physicians and the practice of medicine

Physicians and self

Physicians and colleagues

Physicians and society

Confidentiality
Overview of Confidentiality
• when determining legal and ethical issues surrounding patient information, start from the

foundational assumption point that all information given by the patient is both confidential (meaning
it cannot be disclosed to others) and privileged (meaning it cannot be used in court), then determine
whether exceptions to this exist

• the legal and ethical basis for maintaining confidentiality is that a full and open exchange of
information between patient and physician is central to the development and maintenance of a
therapeutic relationship

• privacy is a right of patients (which they may forgo), while confidentiality is a duty of physicians
(which they must respect barring patient consent or requirements of the law)

• patients have the right to the expectation that their personal information will receive proper
protection from unauthorized access (see Privacy of Medical Records, ELOMIO)

• if confidentiality is inappropriately breached by a physician, that physician can be sanctioned by the
hospital, court, or regulatory authority

• based on the ethical principle of autonomy, patients have the right to control their own health
information

• confidentiality may be ethically and legally breached in certain circumstances (e.g.child abuse)
• while physician-patient privilege exists, it is limited in comparison to solicitor-client privilege.

During conversations with patients about confidentiality, physicians should avoid promising absolute
confidentiality or privilege,as it cannot be guaranteed by law

• physicians should seek advice from their local health authority or the CMPA before disclosing HIV
status of a patient to someone else

• many jurisdictions make mandatory not only the reporting of serious communicable diseases (e.g.
HIV), but also the reporting of those who harbour the agent of the communicable disease

• physicians failing to abide by such regulations could be subject to professional or civil actions
• legal duty to maintain patient confidentiality is imposed by provincial health information legislation

and precedent-setting court cases in the common law

Legal Aspects of Confidentiality
Advice should always be sought from
provincial licensing authorities and/or
legal counsel when In doubt

CMA Code of Ethics and
Professionalism
'Fulfill your duty of confidentiality to
the patient by keeping identifiable
patient information confidential;
collecting, using, and disclosing only as
much health information as necessary
to benefit the patient:and sharing
information only to benefit the patient
and within the patient's circle of care.
Exceptions include situations where
the informed consent of the patient
has been obtained for disclosure or as
provided for by law”

n
L J
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Statutory Reporting Obligations
•legislation has defined specific instances where public interest overrides the patient's right to

confidentiality; varies by province, but may include:
1. suspected child abuse or neglect - report to local child welfare authorities (e.g.Children’s Aid

Society)
2. fitness to drive a vehicle or fly an airplane - report to provincial Ministry of Transportation

(ieriatric Medicine.GM13)
3. communicable diseases - report to local public health authority (see Public Health and

Preventive Medicine, PH31)
4. improper conduct of other physicians or health professionals - report to College or regulatory

body of the health professional (sexual impropriety by physicians is required reporting in
some provinces)

5. vital statistics must be reported; reporting varies by province (e.g. in Ontario, births are
required to be reported within 30 d to the Office of Registrar General or local municipality;
death certificates must be completed by a physician then forwarded to municipal authorities)

6. reporting to coroners (see Physician Responsibilities Regarding Death, ELOM2Q )
•physicians who fail to report in these situations are subject to prosecution and penalty, and may he

liable if a third party has been harmed

Duty to Protect/Warn
•the physician has a duty to protect the public from a known dangerous patient; this may involve taking

appropriate clinical action (e.g. involuntary detainment of violent patients for clinical assessment),
informing the police, and/or warning the potential victim(s) if a patient expresses an intent to harm

•Canadian courts have not expressly imposed a mandatory duty to report, however, the CMA Code
of Ethics and some provincial/territorial regulator)'authorities may oblige physicians to report
(mandatory reporting rather than permissive)

•concerns of breaching confidentiality should not prevent the physician from exercising the duty to
protect; however, the disclosed information should not exceed that required to protect others

•applies in a situation where:
1. there is an imminent risk
2. to an identifiable person or group
3. of serious bodily harm or death

Ontario's Medical Expert Panel on Duty
to Warn
CMA J 1998;158(11):1473-1479
• There should be a duty to inform

when a patient reveals that they
intend to do serious harm to another
person(s) and it is more likely than
not that the threat will be carried out

• Where a threat is directed at a person
or group and there is a specific
plan that is concrete and capable
of commission and the method for
carrying it out is available to the
threatener.the physician should
immediately notify the police and.
in appropriate circumstances, the
potential victim. The report should
include the threat, the situation,
the physician's opinion, and the
information upon which it is based

• While Canadian courts have not
expressly imposed a mandatory
“duty to warn"on physicians to alert
third parties of a danger posed by
a patient.Canadian supreme court
decisions have held that a physician
is permitted to warn (permissive vs.
mandatory)

(«e

CMA Code of Ethics and
Professionalism
• Protect the health information of your

patients
• Provide information reasonable

in the circumstances to patients
about the reasons for the collection,
use:and disclosure of their health
information

• Be aware of your patients' rights
with respect to the collection, use.
disclosure, and access to their
health information;ensure that such
information is recorded accurately

Disclosure for Legal Proceedings
•disclosure of health records can be compelled by a court order, warrant, or subpoena

Privacy of Medical Records
•privacy of health information is protected by professional codes of ethics, provincial and federal

legislation, the Canadian Charter of Rights and Ereedoms, and the physician's fiduciary duty
•the federal government created the P1PEDA in 2000 which established principles for the collection,

use, and disclosure of information that is part of commercial activity (e.g.physician practices,
pharmacies, and private labs)

•PIPEDA has been superseded by provincial legislation in many provinces, such as the Ontario
Personal Health Information Protection Act, which applies more specifically to health information

Duties of Physicians with Regard to the Privacy of Health Information
•inform patients of information-handling practices through various means (e.g. posting notices,

brochures and pamphlets, and/or through discussions with patients)
•obtain the patient's expressed consent to disclose information to third parties

under Ontario privacy legislation, the patient's expressed consent need not be obtained to share
information between healthcare team members involved in the “circle of care.” However, the
patient may withdraw consent for this sharing of information and may put parts of the chart in a
“lockhox”
physicians have a professional obligation to facilitate timely transmission of the patient's medical
record to third parties (with the patient's consent), such as for insurance claims. Failure to do so
has resulted in sanctions by regulatory bodies
while patients have a right of access to their medical records, physicians can charge a “reasonable
fee” commensurate with the time and material used in providing copies/access

•provide the patient with access to their entire medical record;exceptions include instances where
there is potential for serious harm to the patient or a third party

•provide secure storage of information and implement measures to limit access to patient records
•ensure proper destruction of information that is no longer necessary
•regarding taking pictures or videos of patients, findings, or procedures, in addition to patient consent

and privacy laws, trespassing laws apply in some provinces
•CPSO published policy is designed to help Ontario physicians understand legal and professional

obligations set out under the Regulated Health Professions Act,1991, the Medicine Act, 1991, and
the Personal Health Information Protection Act,2004. This includes regulations regarding express
or implied consent, incapacity, lock boxes, disclosure under exceptional circumstances, mandatory
reporting, ministry audits, subpoenas, court orders, and police, as well as electronic records and
voice messaging communications: https://www.cpso.on.ca /Physicians/Policies-Guidance/Policies/
Protecting-Personal-Health-Information

Reasons to Breach Confidentiality. Child abuse
• Fitness todrive. Communicable disease
• Coroner report
• Duty to inform/warn

Lock Boxes
The term “lock boxes"applies to
situations where the patient has
expressly restricted their physician
from disclosing specific aspects of
their health information toothers, even
those involved in the patient’s circle
of care. Note that the Personal Health
Information Protection Act (PHIPA)
provisions denote that patients may
not prevent physicians from disclosing
personal health information permitted/
required by the law

+
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• it is the physician’s responsibility to ensure appropriate security provisions with respect to electronic
records and communications

with the advent of digital records, there have been increasing issues with healthcare providers
that are not part of a patient's circle of care accessing medical records inappropriately (e.g. out of
curiosity or for profit). All staff should be aware that most EMRs log which healthcare providers
view records and automatically flag files for further review in certain cases (e.g.same surname,
VIP patients, or audit of access to records)

CPSO Policy Consent
Obtaining valid consent before carrying
out medical, therapeutic, and diagnostic
procedures has long been recognized
as an elementary step in fulfilling the
physician's obligations to the patient

Consent and Capacity
Ethical Principles Underlying Consent and Capacity
• consent is the autonomous authorization of a medical intervention by a patient
• usually the principle of respect for patient autonomy must be balanced with the principle of

beneficence, since a physician need not offer an intervention that does not serve some benefit based on
their clinical judgment

• informed consent is a process, not a transaction or a signature on a page
• informed refusal is equivalent in principle and approach
• if a patient is deemed incapable of consenting to a proposed medical intervention, then it is the duty of

the SDM (or the physician in an emergency) to act on the patient's known prior wishes or, failing that,
to act in the patient's best interests

• there is a duty to discover, if possible, what the patient would have wanted when capable
• central to determining best interests is understanding and taking into account the patient's values,

beliefs, and preferences, including any relevant cultural and/or religious considerations and the
patient’s interpretation of those considerations

• more recently expressed wishes take priority over remote ones
• patient wishes may be expressed verbally or in written form
• patients found incapable of making a specific decision should still be involved in the decision-making

process as much as possible. If a patient found incapable expresses a willingness to pursue the
proposed treatment/intervention, then this is known as assent (rather than ‘consent,’ which requires
capacity)

• agreement or disagreement with medical advice does not determine findings of capacity/incapacity
• however, patients opting for care that puts them at risk of serious harm that most people would want

to avoid should have their capacity carefully assessed. Steer clear from the tendency to define what
reasonable person standards may be. If appropriate, look to discern patterns of justification offered
by patients and their individual values and beliefs, which may be influenced by social context, such as
culture and/or religion

• laws pertaining to consent and capacity may vary by province/territory and readers are encouraged to
consult provincial/territorial guidelines

PSO Policy on Capacity
Capacity is an essential component
of valid consent and obtaining valid
consent is a policy of the CMA and other
professional bodies

4 Basic Elements of Consent
• Voluntary
• Capable
• Specific
• Informed

Professional Considerations

Geriatric Patient
• Identify their goals of care and

resuscitation options (CPR or DNR)
(Note:we should aim to have goals
of care discussions with all patients,
regardless of age)

• Check for documentation of advance
care planning (commonly referred
to as ‘advance directives') and PQA
where applicable

Paediatric Patient
• Identify the primary decision-maker,

if applicable (parents, guardian,
wards-ofstate.emancipated)

• Regarding capacity assessment
(see Poediotric Aspects of Capacity,
ELOM14)

• Be aware of custody issues, if
applicable

Terminally III or Palliative Patient. Consider the SPIKES approach to
breaking bad news (see ELOM15)

• Identify the patient’s goals of
care (i.e. disease vs. symptom
management)?

• Identify whether an advance care
plan exists (See Palliative Medicine.
PM5)

• Determine the patient's SDM
according to the SDM hierarchy. If the
patient has a POA then obtain a copy
of the document

• Check for documentation of
resuscitation options (CPR or DNR)

Incapable Patient
• Note:Capacity is treatment-specific

and time-specific. An incapable
patient is only incapable for the
specific treatment at the specific time

• If not already present, perform a
formal capacity assessment and
thoroughly document

• Identify if the patient has an SDM or
who has their POA and locate it. if
applicable

• Check the patient’s chart for any
Mental Health Forms (e.g. Form1)
or any forms they may have on their
person (e.g. Form 42)

Four Basic Requirements of Valid Consent
1.Voluntary

consent must be given free of coercion or pressure (e.g. from family members who might exert
‘undue influence,' from members of the clinical team )

• the physician must not deliberately mislead the patient about the proposed treatment
the physician must engage in self-reflection prior to entering the conversation regarding their
position of power and privilege as well as take measures to mitigate the power differential within
the relationship

2.Capable
the patient must be able to understand and appreciate the nature
well as of the proposed treatment or decision

and effect of their condition as

3.Specific
• the consent provided is specific to the procedure being proposed and to the provider who

will carry out the procedure (e.g. the patient must be informed if students will be involved in
providing the treatment)-1. Informed
sufficient information and time must be provided to allow the patient to make choices in
accordance with their wishes, including:

the nature of the treatment or investigation proposed and its expected effects
all significant risks and special or unusual risks
disclose common adverse events and all serious risks (e.g. death), even if remote
alternative treatments or investigations and their anticipated effects and significant risks
the consequences of declining treatment
answers to any questions the patient may have

the reasonable person test - the physician must provide all information that would be needed “by
a reasonable person in the patient’s position" to be able to make a decision
it is the physician’s responsibility to make reasonable attempts to ensure that the patient
understands the information, including overcoming language barriers,or communication
challenges
physicians have a duty to inform the patient of all legitimate therapeutic options and must
not withhold information based on conscientious objections (e.g. not discussing the option of
emergency contraception)

+
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NoIs this a
"treatment"?

Use
common law

Yes

Is the patient
capable to
make this
decision?

Discuss
involvement

ofSDM

Is thisNo No* an
emergency?

Does patient
dispute the
finding of
incapacity

Review
Board

YesYes

No
Yes

Is tho SUM
capable to
make this
decision?

Is thoro
a SUM

available?

Doos tho
SOM

consent?

NoYes Yes Do not
treat

>

No No

Treat as omorgoncy following any known
prior capable wishes (c.g. Jehovah's

Witness card )

Does the
patient

consent?

No Do not
treat

If there is no SDM for the incapable patient, the doctor can
apply to the CCB to appoint a patient representative

I If tho doctor has good reason to think tho SDM is making
Inappropriate decisions for the incapable patient, an
application can be made to tho CCB to roview tho SDM's
decisions and appoint a new patient representative

Yes

[ Treat ]
CCB = consent and capacity board;SDM = substitute decision-maker

Figure 2. Ontario consent flowchart
Adapted by Hebert P Irom Sunnybrook Health Sciences Centre Consent Guidelines

Obtaining Legal Consent
•consent of the patient must be obtained before any medical intervention is provided; consent can be;

verbal or written,although written is usually preferred
a signed consent form is only evidence of consent - it does not replace the process for obtaining
valid consent
most important component is what the patient understands and appreciates, not what the signed
consent form states
implied (e.g. a patient holding out their arm for an immunization) or expressed
consent is an ongoing process and can be withdrawn or changed after it is given, unless stopping
a procedure would put the patient at risk of serious harm, and the patient is not informed of and/
or capable of considering these harms
if consent has been withdrawn during a procedure, the physician must stop treatment unless
stopping the procedure would threaten the patient’s life
in obtaining consent to continue the procedure, the physician need only re-explain the procedure
and risks if there has been a material change in circumstances since obtaining consent originally.
If there has been no material change in circumstances, simple assent to continue is sufficient
CCiarlariello v. Schacliler )

•HCCA of Ontario (1996) covers consent to treatment, admission to a facility, and personal assistance
services (e.g. home care)

Exceptions to Consent
1. Emergencies

treatment can be provided without consent where a patient is experiencing severe suffering,or
where a delay in treatment would lead to serious harm or death and consent cannot be obtained
from the patient or their SDM
emergency treatment should not violate a prior expressed wish of the patient (e.g. a signed
(ehovah s Witness card)
if patient is incapable, the physician must document reasons for incapacity and why situation is
emergent
patients have a right to challenge a finding of incapacity as it removes their decision-making
ability
if a SDM is not available, the physician can treat without consent until the SDM is available or the
situation is no longer emergent

LJ
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2.Legislation
mental health legislation allows for:

the detention of patients without their consent
psychiatric outpatients may be required to adhere to a care plan in accordance with
community treatment orders

Public Health legislation allows medical officers of health to detain, examine, and treat patients
without their consent (e.g. a patient with T'B refusing to take medication) to prevent transmission
of communicable diseases

3.Special Situations
public health emergencies (e.g. an epidemic or communicable disease treatment)
warrant for information by police

Consequences of Failure to Obtain Valid Consent
•treatment without consent is battery (a claim in tort, meaning a civil legal matter, as opposed to a

criminal legal matter ), even if the treatment is life-saving (excluding situations outlined in Exceptions
to Consent)

•treatment of a patient on the basis of poorly informed consent may constitute negligence, also a claim
in tort

•the onus of proof that valid consent was not obtained rests with the plaintiff (usually the patient)

Overview of Capacity
•capacity is the ability to:

understand information relevant to a treatment decision
appreciate the reasonably foreseeable consequences of a decision or lack of a decision

•capacity is specific for each decision (e.g. a person may be capable to consent to having a CXK, but not
for a bronchoscopy)

•capacity can change over time (e.g. temporary incapacity secondary to delirium)
•most Canadian jurisdictions distinguish capacity to make healthcare decisions from capacity to make

financial decisions; a patient may be deemed capable of one, but not the other
•a person is presumed capable unless there is good evidence to the contrary
•capable patients are entitled to make their own decisions
•capable patients can refuse treatment even if it leads to serious harm or death; however,decisions that

put patients at risk of serious harm or death require careful scrutiny

Assessment of Capacity
•the person undergoing the assessment of capacity must be informed that they will be assessed
• capacity assessments must be conducted by the clinician providing treatment and, if appropriate,

in consultation with other healthcare professionals (e.g. another physician or interprofessional
healthcare provider)

• clinical capacity assessment may include specific capacity assessment (i.e.capacity specific to the
decision at hand ):

1.effective disclosure of information and evaluation of patient's reason for decision
2.understandingof:

the condition
the nature of the proposed treatment
alternatives to the treatment
the consequences of accepting and rejecting the treatment
the risks and benefits of the various options

3.for the appreciation needed for decision-making capacity, a person must:
acknowledge the symptoms that affect them
be able to assess how the various options would affect them
be able to reach a decision, and make a choice, not based primarily upon delusional belief

• general impressions
• input from psychiatrists, neurologists, etc. for any underlying mental health or neurological condition

that may affect insight or decision-making
• employ “Aid to Capacity Evaluation" or any other capacity assessment tool/guideline
• a decision of incapacity may warrant further assessment by psychiatrist(s), legal review boards (e.g. in

Ontario, the Consent and Capacity Review Board (CCB)), or the courts; the patient has the right to a
hearing before the CCB

• if found incapable by the Consent and Capacity Review Board, patient must receive notice of their
ability to pursue judicial review (and essentially appeal the determination)

Treatment of the Incapable Patient in a Non-Emergent Situation
• obtain informed consent from SDM
• an incapable patient can only be detained against their will to receive treatment if they meet criteria

for certification under the Mental Health Act (see Psychiatry, PS62); in such a situation:
document assessment in chart

• notify patient of assessment using appropriate Mental Health form(s) under the Mental Health
Act (Form 42 or Form 30 in Ontario)
notify' Rights Advisor

Capacity Assessment Criteria in
Ontario
Test for understanding:can the patient
recite what you have disclosed to them
in their own words?
Test for appreciation: are their beliefs
responsive to evidence?
Refer to: JAMA The Rational Clinical
Examination “Does This Patient Have
Medical Decision- Making Capacity?"

Aid to Capacity Evaluation
J Gen Intern Med 1999:14(1); 2 7-34
• Ability to understand the medical

problem
• Ability to understand the proposed

treatment. Ability to understand the alternatives
fif any) to the proposed treatment

• Ability to understand the option of
refusing treatment or of it being
withheld or withdrawn. Ability to appreciate the reasonably
foreseeable consequences of
accepting the proposed treatment- Ability to appreciate the reasonably
foreseeable consequences of
refusing the proposed treatment

• Ability to make a decision that is not
substantially based on delusions or
depression

n \
i.J
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Substitute Decision-Makers
• SDMs must adhere to the following principles when giving informed consent:

act in accordance with any wishes that were expressed when capable
if wishes unknown, act in the patient's best interest, taking the following into account:
1. values and beliefs held by the patient while capable
2. whether well -being is likely to improve with vs. without treatment
3. whether the expected benefit(s) outweighs the risk of harm
4. whether a less intrusive treatment would be as beneficial as the one proposed

• the final decision of the SDM may and should be challenged by the physician if the physician believes
the SDM is not abiding by the above principles

Instructional Advance Care Planning
•allow patients to exert control over their care once they are no longer capable
• the patient communicates their decisions about future healthcare, including who they would allow to

make treatment decisions on their behalf and what types of interventions they would/would not want
•to be used once the patient is incapable with respect to treatment decisions
•in Ontario, a person can appoint a Power of Attorney for Personal Care to carry out their advance

directives
the legal threshold to appoint a Power of Attorney for Personal Care is intentionally set lower than
the legal threshold for capacity to consent to many complex medical treatments, ’this allows a
patient that lacks treatment capacity to appoint a person of their choosing to make the decision
for them

•patients should be encouraged to review these documents with their family and physicians and to
reevaluate them often to ensure they reflect their current wishes

Most provinces have legislated
hierarchies for SDMs:the hierarchy in
Ontario is:

• Legally appointed guardian
• Appointed attorney for personal

care, if a power of attorney confers
authority for treatment consent (see
Powers ot Attorney)

• Representative appointed by the
Consent and Capacity Board

• Spouse or common law partner
• Child (age16 or older) or parent

(unless the parent has only a right
of access)

• Parent with only a right of access
• Sibling
• Other relative(s)
• Public guardian and trustee

Other Types of Capacity Not Covered
by the HCCA. Testamentary (ability to male a will)
• Fitness (ability to stand trial)
• Financial (ability to manage property

- Form 21 of the Mental Health Act)
• Personal (ability to care for oneself

on a daily basis). Substitute consent for a procedure
whose primary purpose is research,
sterilization for non-therapeutic
purposes, or removal of organs or
tissue for transplantation (docs not
apply to those already declared
dead)

POWERS OF ATTORNEY
•all Guardians and Attorneys have fiduciary duties for the dependent person

Definitions
• Power of Attorney for Personal Care

a legal document in which one person gives another the authority to make personal care decisions
(healthcare, nutrition, shelter, clothing, hygiene, and safety) on their behalf if they become
mentally incapable

•Guardian of the Person
• someone who is appointed by the court to make decisions on behalf of an incapable person in

some or all areas of personal care, in the absence of a POA for personal care
•Continuing Power of Attorney for Property

legal document in which a person gives another the legal authority to make decisions about their
finances if they become unable to make those decisions

•Guardian of Property
someone who is appointed by the Public Guardian and Trustee or the courts to look after an
incapable person's property or finances

• Public Guardian and Trustee
acts as a SDM of last resort on behalf of mentally incapable people who do not have another
individual to act on their behalf

• Paediatric Aspects of Capacity Covered
no age of consent in all provinces and territories except Quebec; consent depends on patient’s
decision-making capacity

• Quebec has a specific age of consent, but common law and case law deem underage legal minors
capable, allowing these individuals to make their own choices
infants and children are assumed to lack mature decision-making capacity for consent but they
should still be involved in decision-making processes when appropriate (i.e. be provided with
information appropriate to their comprehension level)
adolescents are usually treated as adults
preferably, assent should still be obtained from patient, even if not capable of giving consent
in the event that the physician believes the SDM is not acting in the child’s best interests, an
appeal must be made to the local child welfare authorities
under normal circumstances, parents have right of access to the child’s medical record

There is no age of consent in Ontario
Capacity is assessed on an individual
basis

Negligence
n
L JEthical Basis

•the physician-patient relationship is primarily based on trust, which is recognized in the concept of
fiduciary duty, the responsibility to act in the patient’s best interest

• negligence or malpractice is a form of failure on the part of the physician in fulfilling their fiduciary
duty in providing appropriate care and leading to harm of the patient (and/or abuse of patient’s trust)

Legal Basis
• physicians are legally liable to their patients for causing harm (tort) through a failure to meet the

standard of care applicable under the circumstances

+
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• standard/duty of care is defined as one that would reasonably be expected under similar
circumstances of an ordinary, prudent physician of the same training, experience, specialization, and
standing

• liability arises from physicians' common law duty of care to their patients in the physician /patient
relationship (or in Quebec, from the Civil Code provisions regarding general civil liability)

• action(s) in negligence (or civil liability) against a physician must be launched by a patient within a
specific prescribed period required by the respective province in which the actions occurred

Truth-Telling
Ethical Basis
•helps to promote and maintain a trusting physician-patient relationship
• patients have a right to be told important information that physicians have regarding their care
• enables patients to make informed and autonomous decisions about healthcare and their lives

Legal Basis
• required for valid patient consent (sec Consent and Capacity, ELUMII )
• goal is to disclose information that a reasonable person in the patient's position would need in order to

make an informed decision (“standard of disclosure")
• withholding information can be a breach of fiduciary duty and duty of care
• obtaining consent based on misleading information and/or insufficient information can be seen as

negligent and/or coercive

Evidence about Truth-Telling
• it is a patient’s right to have the option of knowing about any clinical condition(s)/diagnoses that they

may have
• most patients want to be provided with information regarding their health
• although some patients may want to protect family members from bad news, they themselves would

want to be informed in the same situation
• truth-telling improves trust, adherence, and health outcomes
• informed patients are more satisfied with their care and most often receive news about their health

better than expected
• negative consequences of truth-telling can include decreased emotional well-being, anxiety, worry,

social stigmatization, and loss of insurability

CPSO Policy on Truth-telling
Physicians should provide patients
with whatever information that will,
from the patient's perspective, have a
bearing on medical decision-making and
communicate that information in a way
that is comprehensible to the patient

Medical Error
• medical error may be defined as ‘preventable adverse events (AEs)' caused by the patient's medical

care and not the patient’s underlying illness;some errors may be identified before they harm the
patient, so not all errors are truly ‘adverse’

• many jurisdictions and professional associations expect and require physicians to disclose medical
error; that is, any event that harms or threatens to harm patients must be disclosed to the patient or
the patient's decision-maker(s) and reported to the appropriate health authorities

• physicians must disclose to patients the occurrence of AEs or errors caused by medical management,
but should not suggest that they resulted from negligence because:

negligence is a legal determination
error is not equal to negligence

• disclosure allows the injured patient to seek appropriate corrective treatment promptly if possible
• physicians should avoid simple attributions as to the cause and sole responsibility of others or oneself
• physicians should offer apologies or empathic expressions of regret (e.g. “ I wish things had turned

out differently") as these may help to maintain and/or rebuild trust and are not admissions of guilt or
liability

• Apology Acts across Canada protect apologies, both as expressions of regret and admissions of
responsibility, from being used as evidence of liability and negligence

Errors of care are compatible with
non-negligent care if they are ones
that a reasonably cautious and skilled
physician could make (i.e. mistakes can
be made due to ‘honest error')

Adverse Event
An unintended injury or complication
from health care management resulting
in disability, death, or prolonged hospital
nay

Breaking Bad News
• ‘bad news’ may be any information that reveals conditions or illnesses threatening the patient’s sense

of well-being;different patients may classify‘bad news’ in different ways
• disclosing medical information in a poor or insensitive manner may be as harmful as non-disclosure

caution patients in advance of serious tests and about the possibility of bad findings
give time for patient to reflect upon the situation prior to disclosing such news
give warnings of impending bad news by reviewing prior discussions
provide time for the patient to ask questions
adequate supports and strategies should always be provided following the disclosure of difficult
news

• SPIKES protocol was developed to facilitate “breaking bad news” in a conscientious and effective
manner

Setting, Perceptions, Invitation, Knowledge. Empathy, Strategy (see Palliative Medicine, PM6)
other tools such as the Serious Illness Conversation Guide or Vital Talk can also assist with
conversations with patients with serious illness

Examples of Warning of Impending
Bad News
Remember to clarify (invite) the level of
knowledge desired by the patient
“I have something difficult to tell you..."
"Unfortunately, the results are not what
we were hoping for..."
"This may come as a shock to you, but
the tests indicate..."
“There is no easy way for me to tell
this, so I will tell you straight away t
you have a serious problem..."

r n
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Arguments Against Truth-Telling
•may go against certain cultural norms and expectations
•may lead to patient harm, but only in extreme, rare situations
•medical uncertainty may result in the disclosure of uncertain or inaccurate information

Ethical Issues in Health Care
Managing Controversial and Ethical Issues in Practice
• discuss the issue(s) in a manner that is as objective and non- judgmental as possible
• ensure patients have full access to relevant and necessary information to make informed decisions

about their care
• identify if any options are outside of the physician’s moral boundaries (e.g. something to which the

physician has a conscientious objection) and refer to another physician if appropriate
• consult with a bioethicist and /or the appropriate ethics committees or boards
• protect freedom of moral choice for students or trainees

The Tri-Coundl Policy Statement
1. Genetic treatment aimed at altering

germ cells is prohibited in Canada
and elsewhere

2. Embryo research is permitted up to
14 d post-fertilization

3. Embryos created for reproductive
purposes that are no longer required
may be used

4. Gamete providers must give free and
informed consent for research use

5. No commercial transactions in the
creation and use of the embryos are
permitted

6. Creation of embryos solely for
research purposes is prohibited

7. Human cloning Is strictly prohibited
8. Risks of coercion must be minimized

(i.e. the fertility treatment team may
not be pressured to generate more
embryos than necessary)

9. One may only discuss the option
of using fetal tissue for research
after the patient makes a free
and informed choice to have a
therapeutic abortion

10. Physicians responsible for fertility
treatment may not be part of a stem
cell research team

Reproductive Technologies
•people of all gender identities may access reproductive technologies
• the words “maternal, mother, and woman” may refer to gender diverse individuals

Overview of Maternal-Fetal Considerations
• medico-legally, maternal body and fetal body are considered one. In general, maternal and fetal

interests align; however, in general/unless otherwise indicated via appropriate consent processes,
maternal health takes precedence

Ethical Issues and Arguments
• principle of reproductive autonomy: pregnant individuals have the right to reproductive choice (e.g. to

make decisions that align with their personal values, interests, and beliefs)
• coercion of an individual to accept medical advice is an unacceptable infringement of their personal

autonomy. It is important to empower individuals to make informed decisions about their medical
care in relation to pregnancy. This involves providing the individual with information about any
relevant benefits and risks in relation to recommendations, giving them time to ask questions and
reflect upon the recommendation(s), etc. A fine, but important, line exists between making a strong
recommendation and coercing an individual into consenting to a medical recommendation, the latter
of which must be avoided. A recommendation is, precisely, a recommendation ( not forced )

• Canada’s colonial history includes a legacy of infringement of reproductive rights. It is important to be
mindful of one’s own inherent power and privilege when engaging in conversations

• biases; It is important to be cognizant of one’s potential biases in relation to reproductive decision-
making. Ensuring that one's personal values and preferences do not unduly influence a patient’s
decision-making process is of the utmost importance in order to enable autonomous decision-making

Legal Issues and Arguments
• the law protects a gestating individual's right to life, liberty, and security of person. Key aspects of the

gestating individual's rights include;
• an individual with capacity (recognizing that capacity is decision- and time-specific) has the right to

consent or refuse to consent to any medical recommendations irrespective of whether or not they are
gestating. It is up to the treatment-proposing clinician to ensure that all relevant information related
to a medical recommendation (e.g. risks, benefits) is provided to help ensure informed decision-
making

• the fetus docs not have legal rights until it is born alive and with complete delivery
• a pregnant person with comorbid substance use disorder cannot be detained and treated to protect the

fetus ( Winnipeg Child and Family Services (Northwest Area) v. G.(O.F.), [1997] 3 S.C.R.925)
• a fetus is not a “human being” within the meaning of the Criminal Code of Canada, thus medical

negligence during delivery resulting in the death of a fetus that has not been born alive does not
constitute criminal negligence causing death (manslaughter) and cannot attract criminal penalties ( R
v Sullivan)

• Assisted Human Reproduction Act (20(H) principles:
The Parliament of Canada recognizes and declares that

(a) the health and well-being of children born through the application of assisted human
reproductive technologies must be given priority in all decisions respecting their use;

(b) the benefits of assisted human reproductive technologies and related research for
individuals, for families and for society in general can be most effectively secured by taking
appropriate measures for the protection and promotion of human health, safety, dignity and
rights in the use of these technologies and in related research;

(c) while all persons are affected by these technologies, women more than men are directly and
significantly affected by their application and the health and well-being of women must be
protected in the application of these technologies;

+
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(d) the principle of free and informed consent must be promoted and applied as a fundamental
condition of the use of human reproductive technologies;

(e) persons who seek to undergo assisted reproduction procedures must not be discriminated
against, including on the basis of their sexual orientation or marital status;

(f) trade in the reproductive capabilities of women and men and the exploitation of children,
women and men for commercial ends raise health and ethical concerns that justify their
prohibition;and

(g) human individuality and diversity, and the integrity of the human genome, must be
preserved and protected.

Assisted Reproductive Therapies
• includes noil-coital insemination, hormonal ovarian stimulation, and IVI-'
• some commonly referenced, ethically complex topics related to assisted reproductive therapies (ART)

include, but are not limited to;
» donor anonymity vs.child-centred reproduction (i.e. knowledge about genetic medical history)

preimplantation genetic testing for diagnosis before pregnancy
use of new techniques without patients appreciating their experimental nature
moral status of embryo
access to ART
private vs. public funding of ART
social justice factors influencing one's access to and/or experiences with ART (e.g. same-sex
couples having an opportunity to access welcoming, morally safe 2SLGBTQ1A+ spaces to receive
care)
the‘commercialization’of reproduction (e.g. surrogates)

Fetal Tissue
• pluripotent stem cells can currently be derived from human embryonic and fetal tissue
• use of stem cells in research is reviewed by the Stem Cell Oversight Committee as part of the CIHR
• potential uses of stem cells in research:

studying human development and factors that direct cell specialization
evaluating drugs for efficacy and safety in human models
cell therapy: using stem cells grown in vitro to repair or replace degenerated /destroyed/malignant
tissues (e.g. Parkinson's disease)
genetic treatment aimed at altering somatic cells (e.g. myocardial or immunological cells) is
acceptable and ongoing

Induced Abortion
• CMA definition of induced abortion:the active termination of a pregnane)’before fetal viability (fetus

>500 g or >20 wk GA)
• full CMA policy on induced abortion can be accessed here:https://www.cmaj.ca /content/ l 39/12/1176a
• after a CMA) publication in 2006, several letters to the editor were published, questioning the CMA's

position on induced abortion. In response, the CMA published clarification of their stance.This
clarification can be accessed here: Clarification of the CMA’s position concerning induced abortion|
CMAJ (https://www.cmaj.ca/content/176/9/1310.l#ref-2)

Ethical and Legal Concerns and Arguments
• in Canada, there is no criminal prohibition regarding abortion
• termination of pregnancy is a medical and personal decision to be made in consultation with a

healthcare provider, alongside anyone else the patient wishes
• there exist various reasons as to why a person may inquire about and choose to pursue termination of

pregnancy
• termination of pregnancy is a value-laden and moralized topic. Healthcare providers, even those

who conscientiously object to termination of pregnancy,ought to treat all patients requesting such
termination with dignity, respect, and in a person-centred manner. It is of particular importance to be
cognizant of one’s own biases when caring for patients who want to receive a medical treatment that
does not accord with one's personal belief system and preferences

• if a medical practitioner does not provide termination of pregnancy, an effective referral to a willing
and available provider must be made without delay. From an ethics perspective, it is important to
demonstrate continued trustworthiness and support, recognizing that trusting one’s providers can
influence health outcomes

• 2nd and 3rd trimester abortions are legal in Canada, but are usually, though not exclusively, pursued
when there are risks to the person's health, if the fetus died in utcro, and/or if the fetus has a known
major irreversible condition which may subject them to poor health outcomes upon birth (e.g.
anencephaly). In any of these cases, however, it is the choice of the pregnant individual
or not they will maintain or terminate pregnancy

ri
as to whether

Prenatal/Antenatal Genetic Testing
• uses:

1. to confirm a clinical diagnosis
2.to detect genetic predisposition to a disease
3.genetic testing/learning of predispositions may allow for preventative steps to be taken and help the

person prepare for the future

+
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4.gives parents the option to terminate a pregnancy or begin early treatment if/as applicable
ethical dilemmas may arise because of the sensitive nature of genetic information; important
ethical complexities and considerations related to genetic testing may include:

the individual and familial implications (e.g. how will learning about information confirmed
via genetic testing influence one's family dynamic?)
its pertinence to future disease
its ability to identify disorders for which there are no effective treatments or preventive
steps (e.g. should a person know if they/their fetus is genetically predisposed to an incurable
disease? Would the potential harms of knowing this information potentially outweigh the
benefits?)
its ability to identify the sex of the fetus, which may or may not be desired and/or relevant
information to ones decision-making

« obtaining truly informed consent is difficult due to the complexity of genetic information and
the inability to know precisely what will/will not occur as a result of such testing (e.g. people
may receive unexpected and unwanted genetic information after consenting to the testing)
related to the above, consent to genetic testing and consent to disclosure of all genetic
information that results from the test may be distinct
some patients may want to be informed of genetic test results in particular ways (e.g.with a
support person present). In the case of delivering complex information, genetic counselling
maybe recommended
duty to maintain confidentiality vs.duty to warn family members (e.g. if a patient's
sister is likely predisposed to the same genetic condition as your patient, what are your
responsibilities to the sister, if any?)

» risk of psychological harm
risk of experiencing unjust social discrimination if such genetic information is disclosed to
certain parties

Legal Aspects
• as of 2017, the Genetic Non-Discrimination Act exists
• genetic testing requires informed consent
• physicians are obligated to inform patients that prenatal testing exists and is available
• in some specific circumstances, a physician may be able to breach confidentiality in order to warn

family members about a condition if harm can possibly be prevented via treatment or prevention.
In general, the patient’s consent is required, unless the harm to be avoided is sufficiently serious to
rise to the level of imminent risk of serious bodily harm or death (i.e. not a chronic condition, but an
acute life-threatening condition). It is recommended to consult with legal counsel and bioethics if
complexities arise in regard to breach of confidentiality/duty to warn

End-of-Life Care
Overview of Palliative and End-of-Life Care
•focus of care is comfort and respect for person nearing death and maximizing quality of life for

patient, family,and loved ones
palliative care is an approach that improves the quality of life of patients facing life-threatening
illness, through the prevention and relief of suffering, including treating pain, physical,
psychosocial, and spiritual concerns

•appropriate for any patient at any stage of a serious or life-limiting illness
•may occur in a hospital, hospice, in the community, or at home
•often involves an interdisciplinary team of caregivers
•addresses the medical, psychosocial, and spiritual dimensions of care
•palliative sedation: the use of sedative medications for patients that are terminally ill to relieve

suffering and manage symptoms
•withdrawing or withholding life sustaining interventions (e.g. artificial ventilation or nutrition) that

are keeping the patient alive but no longer wanted or indicated

Palliative Care- Not the Same as
Medical Assistance in Dying
Palliative care is an approach designed
to improve symptoms and quality of
life for the duration of a person's life,
but unlike Medical Assistance in Dying,
it docs not aim directly at or intend to
end the person's life. Many pallt.
care physicians are incorporatin

Illative
ig MAID

into their practice, though some may
conscientiously object

Medical Assistance in Dying
• medical assistance in dying: the administering or prescribing for self-administration, by a medical

practitioner or nurse practitioner, of a substance, at the request of a person, that causes their death

Common Ethical Arguments/Opinions
• criminally prohibiting medical assistance in dying may influence

lives and/or to endure intolerable suffering until their natural death occurs
• patient has the right to make autonomous choices about the time of their own death
• belief that there is no ethical difference between the acts of euthanasia/assisted suicide and forgoing

life-sustaining treatments
• belief that these acts benefit term inally ill patients by relieving suffering
• belief that patient autonomy has limits and that one cannot and/or should not be allowed to make an

autonomous request to end one’s life
• death should be the consequence of the morally justified withdrawal of life-sustaining treatments

only in cases where there is a fatal underlying condition, and it is the condition (not the withdrawal of
treatment) that causes death

some individuals to end their own
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•an argument presented in the Carter case (see below) suggested permitting MAID will detract support
for palliative care, since with proper palliative care, the number of requests for MAID would decrease.
This argument was rejected in Carter v. Canada,as it was deemed unacceptable to make people suffer
intolerably to potentially improve and/or increase support for palliative care

Legal Aspect
•in the Carter v.Canada decision of February 2015, the criminal prohibition on assistance in suicide

was ruled unconstitutional to the extent that they prohibit physician-assisted death for a competent
adult person who (1) clearly consents to the termination of life and (2) has a grievous and irremediable
medical condition that causes enduring suffering that is intolerable to the individual in the
circumstances of his or her condition

•Bill C-14 (|une 17, 2016) legalized MAID by amending the Criminal Code to create exemptions
permitting medical practitioners to provide MAID, specified the eligibility criteria, safeguards, and
required documentation and authorization from the Minister of Health, as well as new offences for
failure to comply with the new regulations. As the Bill C-14 criteria are narrower than the Carter
decision, there are ongoing constitutional challenges to the MAID framework as it currently stands

Bill C-14 Criteria for MAID
•patient is eligible for publicly-funded health services in Canada
•at least I8 yr, and has capacity for clear and freely given consent
•grievous and irremediable medical condition: in an advanced state of irreversible decline in capability
•suffering intolerable to the patient, not relieved under conditions they consider acceptable
•recent update eliminated criteria of “reasonable foreseeability of natural death”

•MAID process
1.eligibility criteria satisfied
2.patient signs and dates a written request for MAID
3. two independent witnesses sign the written request. Witnesses must be 18 yla, understand the

nature of MAID, and must not a) benefit (financially or otherwise) from the death, b) be an owner
or operator of the healthcare facility where the patient is receiving care, c) be directly involved in
the provision of health or personal care of the patient

4.healthcare provider must inform the patient that they can withdraw their consent at any time
5.two independent assessors (physician or nurse practitioner) must provide written confirmation

that eligibility criteria are met
6.10 clear days must elapse between the request and the day on which MAID is provided, unless

both healthcare providers agree that a shorter period is appropriate due to the patient’s imminent
death or loss of capacity

7. as per the new MAID legislation (updated in 2021), a patient may request MAID even if death
is not reasonably foreseeable, l'or a patient whose death is not reasonably foreseeable, their
eligibility assessment must be a minimum of 90 days unless the assessments are completed
sooner and the patient is at immediate risk of losing the capacity to consent.

8. throughout the 10 or 90 day period and immediately before providing MAID, the healthcare
provider must give the individual an opportunity to withdraw the request and ensure that the
patient gives express consent to receive MAID
• contravention of this process is an offence punishable by up to 5 yr in prison

9. as of changes to the legislation in 2021, a patient may waive the requirement for giving final
consent just before MAID is administered only if: (1) the patient's death is reasonably foreseeable
and (2) while the patient has decision-making capacity the patient is:

(a) assessed and approved for MAID
(b) advised that they are at risk of losing capacity to provide final consent and
(c) the patient makes a written arrangement with their health care provider where they

consent in advance to receive MAID on a chosen date if they (i.c. the patient) no longer
has capacity to consent on that date

Acceptable Use of Palliative and End-of-Life Care
•the use of palliative sedation with opioids in end-of-life care, knowing that death may occur as an

unintended consequence (principle of double effect) is distinguished from euthanasia and assisted
suicide where death is the primary intent

•the appropriate withdrawal of life-support is distinguished from MAID as it is seen as allowing the
underlying disease to take its 'natural course,' but this distinction may be more theoretical than real

•consent for withdrawal of life-support must be sought from the capable patient, or in case of incapable
patient the SDMs, as per the Health Care Consent Act and Substitute Decisions Act,and as re-affirmed
by the ruling in Cuthbertson v.Kasouli in 2013, as palliative care would be instituted and consent for
that would require SDM consent

•refusals of care by the patient that may lead to death as well as requests for a hastened death, ought
to be carefully explored by the physician to rule out any‘reversible factors’ (e.g. poor palliation,
depression, poverty, ill-education, isolation) that may be hindering authentic choice

•Government of Canada - Services and Information for End -of-Life Care:
• https://www.canada.ca/en/health-canada/topics/end-life-care.html
• options and decision making at end of life: palliative care, Do Not Resuscitate orders, refusal or

withdrawal of treatment, refusal of food and drink, palliative sedation, MAID
decisions at end of life:capacity for informed consent, SDM, advanced care planning (written
plan, will, or medical directive) often established through a family meeting

MAID: Ethically Appropriate Actions
• Respect capable decisions to forgo

available treatment options and/or
palliative care options

• Provide appropriate palliative
measures with patient consent

• Try to assess reasons for MAID
requests to see if there are
'reversible factors' that are directly
and unduly influencing one's desire
to receive MAID (e.g. depression,
pain, loneliness,anxiety) that can
be treated

Exploring the Experience of Supporting a Loved
One through a Medically Assisted Death in
Canada
Can fam Plryscian. 201S:64|5|:e38?-e393
Purpose: To explore the experience of family and
dose friends of patents seeking MAID In Canada.
Methods: Primary support givers ol clinic patients
seeking MAID were rdentihed during consultations
lor an assisted death evaluation. The idenblied
support givers were then invited to participate in the
study, and those interested were asked to contact
interviewers.Semi-structured interviews were
conducted, transected.coded,and subjected to
content analysis to elucidatecom mon themes.
Aesults: 18 support peoplefor patients seek log MAID
were interviewed.Ail participants were supportive
ol their loved one'swithes for MAID and provided
emotional and practical support in preparation lor
the procedure.Some participants reported feeing
opposed, however, changed their minds after seeing
the suffering their loved ones had toendure.The
time before the procedure involved saying goodbye
and ceremonial rituals.Those interviewed alter the
procedure found thedeath peaceful and reported that
it offeiedadranlaget compared with natural death in
their I oved one's individual circumstances.
Conclusion: Participants were supportive of their
loved one's wishes lor assistance in death to end
suffering and foatd the pmcessto be peaceful
overall.
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Physician Responsibilities Regarding Death
• physicians are required by law to complete a medical certificate of death unless the coroner needs

notification; failure to report death is a criminal offence
Coroner's Act,1990 (specific to Ontario,similar in other provinces) requires physicians to notify a
coroner or police officer if death occurs:

• due to violence, negligence, misconduct, misadventure, or malpractice
during pregnancy or is attributable to pregnancy
suddenly and unexpectedly
from disease which was not treated by a legally qualified medical practitioner
from any cause other than disease
under suspicious circumstances
death from MAID

• coroner investigates these deaths, as well as deaths that occur in psychiatric institutions, jails, foster
homes, nursing homes, hospitals to which a person was transferred from a facility, institution or
home,etc.

• in consultation with forensic pathologists and other specialists, the coroner establishes:
• the identity of the deceased

where and when the death occurred
the medical cause of death
the means of death (i.e. natural, accidental, suicide, homicide, or undetermined )

• coroners do not make decisions regarding criminality or legal responsibility
• while the Supreme Court of Canada noted that nothing in the Carter v. Canada decision compelled

a physician to participate in MAID, the College of Physicians and Surgeons of Ontario mandatory
referral policy, which has been upheld by the courts, requires physicians in Ontario to provide an
effective referral if the physician conscientiously objects to MAID

the impact of MAID on religious institutions’ obligation towards patients is not yet clear

Notify coroner if death occurs due to:
• Violence, negligence, misconduct
• Pregnancy
• Sudden or unexpected causes
• Disease not treated
• Cause other than disease
• Suspicious circumstances. MAID

Physician Competence and Professional Conduct
CanMEDS Competencies (Ethical/Policy Statement)
•a framework of professional competencies established by the Medical Council of Canada (MCC) as

objectives for the MCC Qualifying Exam
• further information on Medical Council of Canada objectives can be found at www.mcc.ca

Legal Considerations
• physicians’conduct and competence are legally regulated to protect patients and society via

mandatory membership to provincial governing bodies (e.g. the CPSO)
• physicians are legally required to maintain a license with the appropriate authority, and are thus

legally bound to outlined policies on matters of conduct within their medical practice
• the ultimate constraint on physician behaviour with regards to unprofessionalism is ‘conduct

unbecoming a physician,' such as inappropriate behaviour with colleagues, conflicts of interest,
untruthfulness, unethical billing practices, and sexual impropriety with patients

Common Policies on Physician Conduct
• physicians must ensure that patients have knowledge of/access to on-call coverage and are never

abandoned
physicians are required to comply with the law, including human rights laws

• sexual conduct with patients, even when consented to by the patient can lead to accusations of battery
and professional misconduct by the provincial governing body. Important notes on this topic include:

inappropriate sexual conduct includes intercourse, undue touching, inappropriate and unrelated
references to sexual matters, sexual jokes, and physician presence when capable patients undress
or dress

• in specific situations, physicians may have a personal relationship with a patient provided a year
has passed since the last therapeutic contact
physicians are permanently prohibited from personal relationships with patients whom they saw
for psychotherapy
in Ontario, physicians must report any colleagues of whom they have information regarding
sexual impropriety (as per CPSO Policy on Boundary Violations)

• physicians must maintain adequate records for each patient, which include:
• demonstration that care has been continuous and comprehensive

minimal standards for record-keeping, including readability,diagnosis,differential diagnosis,
appropriate tests and referrals, and a coherent patient record, including drugs, a cumulative
patient profile, and all aspects of charting that are required for safe patient care (full standards
available at www.cpso.on.ca).Another physician should be able to take over the safe care of the
patient based on the record

• records stored for 10 yr in most jurisdictions, though this ought to be verified with one’s
provincial governing bodies
although the medical record is the property of the physician or an institution:

the patient or the patient’s delegate must be allowed full access to information in the medical
record

CPSO Policy:Treating Self and Family
Members
Physicians will not diagnose or treat
themselves or family members e xcept
for minor conditions or in emergencies,
and only it no other physician is readily
available

ft
CPSO Policy: Ending the Physician-
Patient Relationship
• Discontinuing services that are

needed is an act of professional
misconduct

• Ex ceptions include patient request,
alternative services arranged, or
adequate notice has been given

CMA Code of Ethics
Report any unprofessional conduct by
colleagues to the appropriate authority

CanMEDS Competencies
• Communicator
• Collaborator
• Health Advocate
• Leader
• Professional. Scholar
• Medical Expert
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• the patient or delegate must obtain access within a reasonable period of time, usually upon a
written request
the physician can charge a reasonable fee for this service

•in the hospital, physicians must ensure their own competence, respect hospital by-laws and
regulations, practice only within the limits of granted privileges, cooperate with other hospital
personnel, and maintain hospital records

Research Ethics
Guiding Principles for Research Ethics
There are a number of principles that are
important to research ethics- the three
listed are primary ones that are typically
cited,but this list is non-exhaustive.
• Respect for persons:informed

consent. Beneficence:harm vs. benefit
• Justice:avoid exploitation/unjustified

exclusion criteria

•involves the systematic analysis of ethical dilemmas arising during research involving human subjects
to ensure that:

study participants are protected
study participants are treated in accordance with relevant research ethics norms, including but
not limited to: respect for persons, concern for welfare, and justice
clinical research is conducted to serve the interests of the participants and/or society as a whole

• the protection of research participants is of the utmost importance when conducting clinical research
• a Research Ethics Board (REB) is responsible for reviewing and approving proposed human research.

REB approval is required prior to commencing a research study involving humans
• an ethical dilemma arises for physician researchers when their obligation to patients as their physician

comes into conflict with research obligations and/or incentives as a researcher.Physicians pursuing
research should not be the primary point of contact responsible for recruiting and consenting their
own patients due to the possibility of therapeutic misconception and/or feelings of undue influence/
lack of voluntariness

• REB offices located within hospitals may have requirements about who can /cannot recruit and/or
consent patients for their possible participation in research

• the Human Research Standards Organization (HRSO) develops and publishes national standards
for those interested in overseeing, conducting, and/or participating in human research activities in
Canada. All published national standards can be accessed here: https://www.hrso-onrh.org

• in order to become aware of all relevant research ethics principles and norms, of which there are many
(the above-mentioned principles and norms are far from an exhaustive list), it is recommended that
you read Declaration of Helsinki, the Belmont Report, and complete the Tri-Council Policy Statement
Ethical Conduct on Research Involving Human Subjects (TCPS2) online training. The TCPS 2 (2018)
can be accessed here:Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans -
TCPS 2 (2018) (ethics.gc.ca)

Ethics on Research with Indigenous People
• the Ownership, Control, Access, and Possession (OCAP) principles are “a set of standards that

establish important ground rules about how Indigenous peoples' data should be collected, protected,
used,or shared”

• OCAP principles are:
control: Indigenous peoples, their communities, and representatives have the right
aspects of “research and information management processes that impact them"

access: “Indigenous peoples must have access to information and data about themselves and their
communities regardless of where it is held"
possession: Indigenous peoples are stewards of the data. As they possess the data, it is within
their jurisdiction and control

• researchers working with Indigenous communities are expected to uphold OCAP principles in their
research

• First Nations, Inuit. and Metis (FNIM ) communities are self-determining, and as such, may have
their own version of OCAP. Investigators should respect each community’s autonomy with respect to
research, data collection, analysis, interpretation, and knowledge transfer

• Chapter 9 of the TCPS2 discusses and provides considerations regarding research involving FNIM
Peoples of Canada.This chapter can be accessed here: Tri-Council Policy Statement:Ethical Conduct
for Research Involving Humans -TCPS 2 (2018) - Chapter 9: Research Involving the First Nations,
Inuit and Metis Peoples of Canada (ethics.gc.ca)

The First Nations Principles of OCAP' [Internet], Akwesasne (ON): First Nations Information Governance Centre (FNIGC):2020|cited 2020 Apr12], Available
from:www.f NIGC.crVOCAP. OCAP' is a registered trademark ol the First Nations Information Governance Centre [FNIGC)

Informed Consent for Research
• Purpose of study
• Expectations of the research

participant
• Name and probability of harm and

benefits
• whether and/or how participants

can withdraw their consent to
participate

• confidentiality (e.g. how will it
be maintained? Arc participants
going to be deidentified and
anonymized?)

• privacy (e.g. for how long will
participants' data be stored?)

• Nature of physician's participation
including compensation. Proposals for research must be
submitted to a Research Ethics Board
(REB)

to control all CMA and CPSO Guidelines for Ethically
Appropriate Physician-Industry
Relations
• The primary goal should be the

advancement of the health of
Canadians

• Relationships should be guided by
the CMA Code of Ethics

• The physician's primary obligation is
to the patient

• Physicians should avoid any self-
interest in their prescribing and
referral practices

• Physicians should always
maintain professionalautonomy,
independence, and commitment to
the scientific method

Physician-Industry Relations
• healthcare delivery in Canada involves collaboration between physicians and the pharmaceutical and

healthcare supply industries in the areas of research, education, and clinical evaluation packages (e.g.
product samples)

• however, unlike physicians, pharmaceutical and healthcare supply industries do not have a fiduciary
duty to patients and are profit-driven. There exists a motive for pharmaceutical companies, which
extends beyond your responsibility as a physician

literature is clear that our decision-making is influenced by items such as gifts provided by the
pharmaceutical and healthcare supply industries (e.g. pens with brand names inscribed, free
lunch and learn sessions)

r *L
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accepting such offers (e.g. saying “yes” to a lunch and learn session being offered by a
pharmaceutical company, personal injury law firm, etc.) can directly influence physician
practices and beliefs in favour of such promoted products. This influence can result in, for
instance, the prescription of medications for reasons other than their efficacy and safety profile,
recommending particular law firms to patients (which is outside of one’s scope)
ultimately, there is a reason as to why the pharmaceutical and healthcare supply industries spend
money to build relationships (namely, to influence decision-making in favour of the company)
the dissemination of free product samples by pharmaceutical companies is associated with
increased patient preference for new drugs that are often more expensive, thus incurring a greater
long-term cost for patients and the healthcare system

• new pharmaceutical products are not always more effective than previous standard of care and
may have less robust safety evidence by virtue of being new

• physicians must ensure that their participation in any collaborative efforts with pharmaceutical and
healthcare supply industries is in keeping with their duties to their patients and society; however,
physicians often struggle to properly identify situations in which a conflict of interest is present, it is
recommended that clinicians who want support in identifying and navigating potential conflicts of
interest gain bioethics support

• gifts or free products from the pharmaceutical industry are usually inappropriate:
sponsorship for travel and fees for conference attendance may be accepted only where the
physician is a conference presenter and not just in attendance
physicians receiving such sponsorship must disclose this at presentations and/or in written
articles; it is important to note, however, that the disclosure of conflicts does not eliminate the
potential influence that the conflict may have on physician behaviours

Resource Allocation
• definition: the distribution of any resource to programs and people (e.g. goods and services)
• if healthcare resources arc clinically indicated, physicians must make such resources available

to patients in a manner that takes into consideration equity, potential biases, and possible
discriminatory motivation of offering/not offering such resources

a person’s and/or society's need for and benefit of certain resources are morally relevant criteria
for determining allocation, particularly if resources are scarce
gender identity, sex, sexual orientation, religion, level of education, socioecnomic status, or age
alone are morally irrelevant criteria in and of themselves (i.e. one must not prevent a patient from
accessing a scarce resource exclusively on the basis of age)

• factors determining whether and/or how resources ought to be allocated must be balanced
against each other and weighed on a case-by-case, situation-by-situation basis. Tor instance, there
may be some cases where one’s age is relevant to determining how much a patient is expected to/
not to benefit from a particular resource,but in other cases, age may be entirely irrelevant

• ethical dilemmas that may arise when deciding how best to allocate scarce resources:
favouring best outcome vs.giving all patients fair access to limited resources (e.g. transplant list
prioritization)

• aggregation problem: providing modest benefits to many individuals vs.significant benefits to
few individuals
decision-making framework considerations:when to rely on a fair democratic process to arrive at
a decision, what does a‘fair’process look like?

Choosing Wisely Canada is the national
voice for reducing unnecessary tests
and treatments in healthcare Refer
to https://choosingwisclycanada.org/
recommendations/for a comprehensive
list of recommendations to assist in
decision making as healthcare stewards

Guidelines for Appropriately Allocating Resources
• protect and promote the welfare and best interests of patients
• enable informed, autonomous, and voluntary decision-making
• choose interventions known to be beneficial based on evidence of efficacy
• seek the test(s) or treatment(s) that will be most likely to accomplish the diagnostic or therapeutic goal

with minimal expected harms
• advocate for one's patients, but do not manipulate the system to gain unfair advantage
• resolve conflicting claims for scarce resources justly and equitably, on the basis of morally relevant

criteria such as need and benefit, using fair and publicly defensible procedures. Consult with external
resources (e.g. bioethics team) to help reduce potential biases in decision-making processes

• if appropriate, sensitively inform patients of the impact of cost constraints on care/the healthcare
system

• seek resolution of unacceptable shortages at the level of hospital management or government

Conscientious Objection r t
LJ

Patients Refusing Treatment
• in accordance with the principle of autonomy, it is generally acceptable for capable patients to make an

informed decision to refuse medical interventions, although exceptions may occur
• it is important to determine justification for refusal of recommended treatment, to ensure decision-

making is informed, etc., particularly if the risks of such refusal are significant
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• if SDMs make decisions that are not in the best interests (or, if known, previously expressed wishes)
of an incapable child, physicians may have grounds for administering treatment, depending on the
acuity of the clinical situation. It is best to consult with Legal Counsel, Bioethics, and one’s College if
you are considering the administration of treatment without consent since applications to gain this
permission (via the Consent and Capacity Board in Ontario, for instance) may be essential

in high-acuity scenarios (e.g. refusing blood transfusion based on religious grounds for a child in
hemorrhagic shock), physicians have a stronger obligation to act in the child’s best interests
in lower acuity scenarios (e.g. refusing childhood immunization in a developed nation), there is a
stronger obligation to respect the autonomy of the decision-makers

Working with Vaccine-Hesitant Parents:
An Update
Canadian feediatric Society 2018
1. Understanding the health provider's

key role in parental decision-making
and not dismissing vaccine refusers
from practice

2. Using presumptive and motivational
interviewing techniques to identify
specific vaccine concerns

3. Using effective and dear language
to present evidence for disease
risks and vaccine benefits fairly and
accurately

4. Managing pain during immunization
5. Reinforcing the importance of

parental responsibility for community
protection

Physicians Refusing to Provide Treatment
• it is the case that with justification provided, physicians may refuse to provide a desired treatment

(e.g. a treatment that is not clinically indicated and may cause harm ) and/or discharge/discontinue
relationships with patients (e.g. if there is no therapeutic relationship or trust due to a series of
conflicts), but must ensure these patients can access services elsewhere by way of referring the patient
to an available and willing practitioner

Implicit Bias
• implicit bias involves: implicit attitudes, thoughts, and/or feelings that may exist outside of conscious

awareness and are therefore difficult to acknowledge and control
there exist various types of (implicit) biases (e.g. related to age, race,sex, sexual orientation,
gender identity, socioeconomic circumstances)

• negative attitudes towards certain patients based on implicit biases may contribute to disparities
in quality of healthcare received

• these negative attitudes caused by implicit biases reflect constant pervasive exposure to
stereotypical portrayals of members of different “social groups"

• bias and stereotypes can be lethal
• on September 21, 2008, Brian Sinclair, an Indigenous man, presented to a Winnipeg emergency

department with a blocked catheter. His presence was not recorded by triage
while he waited in the emergency department waiting room, he lost consciousness, but was not
checked on by healthcare staff
after being in the waiting room for 34 h, he passed away without having received any medical
attention

• later, an inquest found that healthcare staff thought he was intoxicated or homeless
• a Manitoba court stated that Brian Sinclair's race, and consequently the stereotypes staff held

leading to the assumption that he was intoxicated, were relevant factors in his tragic and
preventable death

Suggestions for Noticing Implicit Bias
• before a clinical encounter, physicians are advised to check-in with themselves
• physicians may want to ask themselves:

• how are they feeling?
what are they worried about?

• what do they notice in their body?
• what is their intention for the interaction?

what do they need to feel more grounded and supported before going into the clinical space?
• how can they leave some of their assumptions and fears in the hall, instead of bringing them into

the examination room?

Clinical Informatics and Ethical Considerations

Key Terms
Health Informatics
• is the study of information design and use in healthcare

Clinical Informatics
• is the application of health informatics knowledge in the clinical setting to promote quality care. It has

three domains: collection of longitudinal personal health information for direct patient care, exchange
of health information between services and locations, and aggregation of health data for analysis
using analytics, artificial intelligence, and machine learning

Digital Health
• is the use of information technology and electronic communication tools, services, and processes to

deliver healthcare services

ri
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Overview of Digital Health Technologies

Table 6. Overview of Digital Health Technologies and Relevant Ethical Considerations
Digital Health
Technologies

Definitions Ethical Considerations

System of electronically stored patient health information in a
digital format

EMR (Electronic
Medical Record)

Impact of threats to healthcare information
Privacy and confidentiality
Security breaches
System implementation
Oata entry inaccuracies

EHR (Electronic Health Digital collection of medical information(e.g.patient'shealth
Record) history,allergies,immuniiations. treatment plans
LIS (laboratory Computer software that processes,stores,and manages data from
Information System) all stages of medical processes and tests

Computet software providing storage and access to images from
multiple modalities

PACS (Picture
Archiving and
Communication
System)

Indigenous Health

Overview of the History and Impact of Colonialism
•the Indigenous health crisis that exists today is a result of many factors, including the impact of

colonial laws, oppression, and genocide
• Indigenous health is deeply connected to the land and freedom that have been systematically stolen

from its people
• physicians can consider how oppressive legislation plays a role in precluding many Indigenous

patients from experiencing health
• you might find this timeline outlining "Key Moments in Indigenous History" helpful: http://education.

historicacanada.ca/files/426/Key_Moments_in_lndigenous_History_Timeline.pdf

• long before the arrival of European newcomers, Indigenous peoples lived on and cared for T urtle
Island (now known as North America). This history is richly steeped in culture, relationship, and a
holistic worldview. The Indigenous peoples had a nourishing trade, complex social and legal systems,
and scientific knowledge about astronomy, ecology, agriculture, and medicine. Despite hundreds of
years of adversity, Indigenous peoples and their rich cultures persist and thrive today - an indication
of the resilience and tenacity of Indigenous peoples and communities

• upon European arrival, Indigenous and non-lndigenous people formed friendships based on mutual
respect. These relationships were formalized through treaties. Treaties provided a framework for
relationships and the sharing of Indigenous lands in a peaceful and respectful way

• one example of how treaties were documented and enacted was through wampum belts. Wampum
belts are intricate visual displays made from clam shells.These belts serve as a living record of
agreements. The two-row wampum belt is particularly important for understanding the relationship
between Indigenous peoples and Europeans

• in 1613, Kanienkehaka (Mohawk) peoples noticed that settlers were using and living on their
traditional lands. The Haudenosaunee Confederation met and discussed now they could live and work
together peacefully on the land. Through these discussions, they learned much about one another and
the two-row wampum was created: “In one row is a ship with our White Brothers’ways; in the other
a canoe with our ways. Each will travel down the river of life side by side. Neither will attempt to steer
the other’s vessel.” This wampum represented three principles: friendship, peace, and the concept of
forever

• soon after these treaties were forged, greed and colonial policies began to erode these relationships.
• the treaties and the rights they established with Indigenous peoples became an inconvenience to the

expanding European empire, and consequently, they began to he ignored, as they continue to be today
• the Doctrine of Discovery' was the piece of colonial law that let European explorers‘discover’ lands

previously occupied for thousands of years. This doctrine arose from a series of statements from the
Hope, which morally and legally justified the dispossession of lands from their Indigenous inhabitants
(Terra Nullius)

• this justification is based erroneously on the supposed ‘inferiority’ of Indigenous peoples to their
‘superior’ European counterparts. This allowed monarchs to exploit North American land and
resources regardless of its original caretakers and use the power of this doctrine to extinguish
Indigenous rights. This doctrine continues to have devastating impacts on Indigenous peoples in
Canada
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Figure 3. Image of a two row wampum belt. It represents friendship, peace, and the concept of forever
Boriupottc 0. the two Row Wampum Belt: An Akwvsune Tradition ol the Vessel rind Canoe (Internet;, [place unknown;: The People's Voice. 2005 Aug
5[cited 2020 Apr 16J.Available from: htlpry/www.wampumchronides.com/tworowwampumbelLhtinl

•in 1763, King George 111 issued the Royal Proclamation that delineated the process of British
settlement of Indigenous lands. This proclamation gave ownership of North America to King George
111; however, it stated that Indigenous title existed and would continue to exist.Therefore, any land
would belong to the Indigenous people unless otherwise noted and agreed upon in a treaty. This
prevented European settlers from taking possession of land that was occupied by Indigenous peoples,
unless already purchased by the Crown

• this document unequivocally recognizes Indigenous rights, title, and self-determination. To this
day, no law has overruled the Royal Proclamation; therefore, it is still valid according to Canadian
law.Additionally, the notion of Indigenous rights is protected in section 25 of the Constitution Act.
Although Indigenous rights cannot be legally diminished or extinguished, the Canadian government
frequently disregards this fact

• in 1764, the year following the Royal Proclamation, the Treaty of Niagara would lay the foundation
for the relationship between the Crown and First Nations and their coexistence on Turtle Island. At
this instance, the Silver Covenant Chain of Friendship was affirmed and both Indigenous and British
sovereignty were recognized. The Treat)'of Niagara established a multinational familial relationship
between the Crown and the Indigenous nations

• over 2000 Indigenous dignitaries, representatives of 24 Indigenous nations across Turtle Island, were
present, and the 24-nation wampum belt was created. This wampum represents the relationship
between the Indigenous nations and the Crown

• the British North America (BNA) Act of 1867 (later renamed the Constitution Act,1982) gave the
Canadian government control over "Indians" (notably excluding lnuit and Metis peoples). This act
included New Brunswick, Nova Scotia, Ontario, and Quebec as a new self-governing federation. This
laid the foundation for Canada's laws and governance and the rights of those living in the territory
now defined as Canada.The BNA Act stated that the federal government had jurisdiction over
“Indians and lands reserved for Indians." Indigenous peoples were not involved in conversations or
proceedings associated with the passingof this act

• in 1857, An Act for the Gradual Civilization of the Indian Tribes in Canada passed and later absorbed
under the larger umbrella of the Indian Act

• “it is desirable to encourage the progress of Civilization among the Indian Tribes in this Province, and
the gradual removal of all legal distinctions between them and Her Majesty's other Canadian Subjects,
and to facilitate the acquisition of property and of the rights accompanying it, by such Individual
Members of the said T ribes as shall be found to desire such encouragement and to have deserved it"

• this act encouraged the voluntary enfranchisement of Indigenous people. Enfranchisement is the
legal process of exterminating one’s “Indian" status and ancestral rights in order to gain Canadian
citizenship. Later, involuntary enfranchisement would be enforced, This would extinguish the status
of any Indigenous person who served in the armed forces, received a university degree, or became a
professional (e.g. lawyer, engineer, physician)

• this act depicts the deliberate intentions of Canadian parliament to erase Indigenous culture and
diversity from Canada. Other assimilatory programs such as residential schools, the Sixties Scoop,
and Indian hospitals have been implemented over various time periods since Confederation. These
policies have created irreparable harm, and much of the poverty and current physical and mental
health crises facing Indigenous communities today can be traced back to these colonial injustices, as
well as ongoing colonialist policies

• a strong understanding of these historical factors can equip physicians to provide better care and
cultivate a more empathetic physician-patient relationship +

• the Indian Act (1876) allows the Canadian government to obtain complete control over First Nations,
status, and reserves. It precluded equal political and economic participation and actually made
cultural and spiritual practices illegal
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• the Indian Act still exists today but has morphed significantly since its establishment. This act has
taken total political control, imposed foreign governmental structures (band councils), and eliminated
the rights of Indigenous peoples to practice their sacred cultural and spiritual beliefs. Indian agents
were government workers who enforced these laws and were given the power to prevent Indigenous
peoples from leaving their communities. In 1887, Sir|ohn A. MacDonald stated, “The great aim of our
legislation has been to do away with the tribal system and assimilate the Indian people in all respects
with other inhabitants of the Dominion as speedily as they are fit to change”

• in terms of health, the Indian Act gives the Governor in Council control over the decisions made
surrounding regulations of public health and treatment. However, this act does not present any
obligation of the Canadian government to provide health services for Indigenous peoples

• Section 141 of the Indian Act prevented Indigenous peoples from gathering and discussing their rights
or hiring legal representation to fight against this oppression

• ) udge Alfred Scow describes the impact that this has had on his peoples: “This provision of the Indian
Act was in place for close to 75 years and what that did was it prevented the passing down of our oral
history. It prevented the passing down of our values. It meant an interruption of the respected forms
of government that we used to have, and we did have forms of government be they oral and not in
writing before any of the Europeans came to this country. We had a system that worked for us. We
respected each other. We had ways of dealing with disputes"

• in 1951, some amendments were made to the Indian Act. The more oppressive sections were amended
or erased, such as the outlawing of sacred practices, the inability to leave reserve without permission
of an Indian agent, the inability to hire legal counsel, and the inability of Indigenous women to vote in
Band Council elections

• the Indian Act continued to oppress Indigenous women uniquely by taking away their status if
they married a non-lndigenous man. This means that a woman would have to leave her family and
community, and consequently lose her treaty and health benefits, including her right to be buried
on reserve with her ancestors.The opposite held true for Indigenous men, as it allowed for non-
lndigenous women to gain Indian status through marriage

• in the 1970s-80s, Indigenous women began lobbying for equal rights and Bill C-31 was passed that
nullified this law, allowing many women to regain status. However, this law continues to pose
significant controversy as this status is only allowed to be passed down to one generation

• Indian status is defined under section 6 of the Indian Act and denotes who qualifies and therefore
becomes a ward of the government. This is a paternalistic legal relationship that creates two categories
of First Nations status

6(1): this person can pass on their status to their children regardless of their partner’s heritage
• 6(2): this person can only pass on their status if their partner is also Indigenous

• this idea of status complicates the identities of many Indigenous peoples (including non-status First
Nations, Metis, and Inuit peoples who do not fall under the Indian Act) who are prevented from
registering and therefore lose government support, their treaty, and health benefits.They also lose
their ability to:
• participate in community politics

partake in land claims
connect to their ancestral lands

• this displacement and the misconception that non-status peoples are “less Indian” is extremely
harmful and often serves as a platform for lateral violence. In this context, lateral violence refers to
when a member of an oppressed group behaves in a malicious or violent manner towards another
member of that same oppressed group or in a lower position of power, Lateral violence can be traced
back to the impact of colonialism

• Indigenous individuals are generally subject to full taxation, though individuals with status are
eligible for select tax exemptions through section 87 of the Indian Act. It is a pervasive and harmful
myth that Indigenous individuals do not pay taxes. For the most part, exemptions only apply to
financial matters located on-reserve, with complex and specific criteria to be met. Matters located off-
reserve are generally taxed in full. A summary of this is available in Bob )oseph’s “Dispelling Common
Myths about Indigenous Peoples" https://www.ictinc.ca/hubfs/ebooks/ebooks%202019/Common%20
Myths%20eBook%20July%202019.pdf

• the Indian Act is a controversial piece of legislature because it undermines the nationhood and
sovereignty of Indigenous peoples. However, it is important to understand the Indian Act because it
also provides the basis for the historical and constitutional relationship between Indigenous peoples
and the Canadian government Therefore, it cannot be easily removed without having significant
ramifications

LJ
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Movement Towards Reconciliation
• in 1991, the Royal Commission on Aboriginal Peoples (RCAP) was formed to address the inequities

that exist, and to work to repair the relationship between Indigenous peoples and Canada. This
commission was brought about after the Oka Crisis. The Oka crisis (The Mohawk Resistance) arose
from a long-standing history of rejection and ignoring of Indigenous land rights by the Canadian
government, and resulted in a 78-day protest of a proposed golf course expansion onto sacred Mohawk
territory. The RCAP report (1996) detailed extensive research and recommendations needed to heal
and restructure the relationship between Indigenous and non-Indigenous peoples.The majority of
these recommendations have not been implemented and there continues to be little government
interest in the constitutional issues that affect Indigenous peoples and communities

• in 2008, the Prime Minister of Canada apologized to all those who were affected by the residential
school system, where Indigenous children were forced into abusive schools (see Public Health and
Preventive Medicine.Colonization and Healthcare, PH7 ). The Truth and Reconciliation Commission
was born out of a settlement agreement between the government and residential school survivors. The
mission of this commission is to learn and tell the stories of those who attended these schools.This
commission hopes to bring about renewed relationships and healing based on mutual understanding
and respect. To achieve this goal, the commission put out 94 Calls to Action aiming to bring us closer
to reconciliation.These calls urge all levels of the Government of Canada to work together to address
systemic inequities by changing policies and programs that continue to oppress Indigenous peoples.
Under the category of health, the following recommendations are quoted below:

we call upon the federal, provincial, territorial, and Aboriginal governments to acknowledge
that the current state of Aboriginal health in Canada is a direct result of previous Canadian
government policies, including residential schools, and to recognize and implement the
healthcare rights of Aboriginal people as identified in international law, constitutional law, and
under the T reaties
we call upon the federal government, in consultation with Aboriginal peoples, to establish
measurable goals to identify and close the gaps in health outcomes between Aboriginal and non-
Aboriginal communities, and to publish annual progress reports and assess long-term trends.
Such efforts would focus on indicators such as: infant mortality, maternal health,suicide, mental
health, addictions, life expectancy, birth rates, infant and child health issues,chronic diseases,
illness and injury incidence, and the availability of appropriate health services
in order to address the jurisdictional disputes concerning Aboriginal people who do not reside
on reserves, we call upon the federal government to recognize, respect, and address the distinct
health needs of the Metis, Inuit, and off-reserve Aboriginal peoples
we call upon the federal government to provide sustainable funding for existing and new
Aboriginal healing centres to address the physical, mental, emotional, and spiritual harms caused
by residential schools, and to ensure that the funding of healing centres in Nunavut and the
Northwest Territories is a priority
we call upon those who can effect change within the Canadian healthcare system to recognize
the value of Aboriginal healing practices and use them in the treatment of Aboriginal patients in
collaboration with Aboriginal healers and Elders requested by Aboriginal patients

• we call upon all levels of government to:
1. increase the number of Aboriginal professionals working in the healthcare field
2. ensure the retention of Aboriginal healthcare providers in Aboriginal communities
3. provide cultural competency training for all healthcare professionals

we call upon medical and nursing schools in Canada to require all students to take a course
dealing with Aboriginal health issues, including the history and legacy of residential schools, the
United Nations Declaration on the Rights of Indigenous Peoples, Treaties and Aboriginal rights,
and Indigenous teachings and practices.This will require skills-based training in intercultural
competency, conflict resolution, human rights, and anti-racism

• going forward as healthcare professionals, we are uniquely responsible for knowing and
understanding the impact these historical and legal truths have on our patients. When addressing
health inequities that are disproportionately experienced by Indigenous peoples, we need to take into
account the impact of 500 years of colonialism. We need to understand how our patients and their
ancestors have experienced structural violence and trauma in order to address their physical, mental,
emotional, and spiritual health needs. Physicians need to understand that we are all treaty people,
and that the above legislation not only applies to Indigenous peoples, but to physicians as well, and all
those who benefit from these laws

r -i
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Indigenous Disproportionate Over-Representation of
Biological, Psychological, and Social Co-Morbidities

+• physicians may work in various settings in which Indigenous peoples make up a large proportion of
the population. T reatment approaches in these settings must consider issues unique to Indigenous
peoples, particularly considering that past colonial practices and historical traumas have led to their
over-representation in vulnerable groups. Indigenous peoples in Canada have shown great resilience
against a long history of colonialism, structural oppression, dispossession, and harmful policies.
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These historical realities perpetuate current structural barriers that impact the health of Indigenous
peoples (see Public Health and Preventive Medicine,Colonization and Healthcare,PH7)

• importantly, physicians will encounter Indigenous peoples from a wide variety of personal and
historical experiences. Individuals should be invited to share their backgrounds and perspectives if
they would like to do so, in an effort to understand the individual’s unique context and to endeavour
to provide culturally safe care (see Resources in Indigenous Health,ELOM29)

Those Receiving Child Welfare Services (The Cycle of Apprehension and the Millennial
Scoop)
• similar continuation of the legacies of the residential school systems and the Sixties Scoop, Indigenous

families face higher rates of child apprehension currently. In Canada, 52.2% of children (ages 0-14) in
foster care are Indigenous, while Indigenous children account for only 7.7% of all Canadian children
in this age range (2016)

• 38% of Indigenous children live in poverty compared to 13% of non-lndigenous non -racialized
children in Canada (2011)

• in 2016, the Canadian Human Rights Tribunal ruled that the federal government discriminates
against First Nations children on reserves by failing to provide the same level of funding for child
welfare services that exists for non-lndigenous children, resulting in inequitable services.Despite
the ruling recommending compensation, the Tribunal has issued 10 subsequent orders to ensure
Canada's compliance. In 2019, the federal government argued the T ribunal was the wrong forum to
discuss compensation and suggested there was no evidence of harm to individual children before the
Tribunal. The Tribunal rejected both arguments. In September 2019, the Tribunal found that Canadas
ongoing discrimination against First Nations children and families was “wilful and reckless" and that
it had caused serious pain and suffering for victims of the discrimination.Canada was ordered to pay

ights Act to compensate First Niitions
children, youth, and families who have been harmed by the child welfare system. In October 2019,
the federal government launched a court challenge at the Federal Court in an attempt to quash the
compensation order, which was subsequently denied

• only once the Tribunal reinforced the initial ruling in December 2019 did the federal government
pass an Act respecting First Nations, lnuit, and Metis children, youth, and families, which came into
effect in January 2020. This act allows Indigenous communities to exercise jurisdiction in the welfare
of their own children over Indigenous Services Canada and provincial or territorial governments.
However, the federal government continues to delay compensation and oppose the order for the
maximum allowable amount of compensation, despite other federal parties calling on the government
to pay

the maximum amount allowable under the Canadian Human Ki

Those in State Custody and the Colonial Legacy Within the Canadian Judicial System
• there is a direct link between family breakdown due to the residential school system, intergenerational

trauma and abuse from colonialism, and subsequent higher rates of child apprehension. Interacting
with the foster care system and the instability of multiple (sometimes abusive) homes is a predictor of
future interaction with the criminal justice system along with poverty and higher unemployment

• 27-30% of adults and 50% of youth taken into custody in 2016-17 were Indigenous,yet Indigenous
peoples make up only 4.1% and 8% of Canada’s adult and youth populations, respectively

• Indigenous youth are also overrepresented in community supervision
• from 2000 to 2010, the number of incarcerated Indigenous women increased by 86.4%, representing

the fastest growing incarcerated population
• Indigenous-based restorative (rather than punitive) justice programs have been proposed to lower

recidivism rates for Indigenous offenders

Those with no Fixed Address and the Colonial Legacy of Fiomelessness
• Toronto’s Indigenous population is approximately 2-4x larger than estimates reported by Statistics

Canada, as the National Household Survey relies on mailing addresses, and some Indigenous People
may be skeptical about providing information to the government given historical and ongoing
breaches of trust

• as the statistics significantly underestimate the Indigenous population, resource allocation is severely
compromised.More information is available here:http://www.welllivinghouse.com/wp-content/
uploads/2022/03/OHC-Toronto-2021-Population-Estimates.pdf

• in Toronto, Indigenous peoples make up roughly 15% of the homeless population, yet only 0.5% of the
total population (2010)

• enfranchisement (giving up Indigenous status in order to become a Canadian citizen), on-reserve
housing limitations and shortages, dislocation from community and lands in concert with poor
government funding and support are important links to Indigenous homelessness today

• attempts to serve the needs of Indigenous people in urban areas include the employment of traditional
healers or cultural coordinators in urban health centres as well as the use of traditional medicines (e.g.
sage, cedar, sweetgrass, tobacco)

Missing and Murdered Indigenous Women, Girls and Gender Diverse People
•in Canada, Indigenous women and girls are significantly more likely to be murdered or go missing

than any other demographic of women
• between 2001 and 2015, homicide rates for Indigenous women were nearly 6 times higher than for

non-lndigenous women

rn
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• interpersonal violence within Indigenous communities is closely tied to the lasting trauma suffered in
the residential school era and has far-reaching health impacts including acute injuries, chronic pain,
sexually transmitted infections, unplanned pregnancies, addiction, self-harm, and suicide

• loss of a mother, sister, or daughter also incurs multi-generational trauma on family and family
structure in Indigenous communities

Indigenous Health Coverage and Jurisdictions
• policy pertaining to the health of Indigenous peoples is considered to be shared amongst various levels

of government, the private sector, and First Nations communities themselves
• this current model relies heavily on state-imposed definitions of Indigenous identity and limits the

right to self-determination and self-governance for Indigenous peoples in Canada
• significant historical legislative vagueness, in combination with the multiplicity of authorities

involved, creates much variation across provinces and territories, contributing to inequitable
distribution of care for Indigenous peoples

• bureaucratic delays in approving and providing care, and jurisdictional debates between authorities
over the responsibilities of care, further contribute to a healthcare system which frequently fails to
adequately respond to the needs of Indigenous peoples and communities

• the federal government is responsible for the Non-Insured Health Benefits (N1HB) program, which is
managed by the First Nations and Inuit Health Branch of Indigenous Services Canada and is based on
the Indian Health Policy (1979) and the Health Transfer Policy (1989)

the role of the N1HB is to provide eligible First Nations and Inuit individuals with coverage for
specific health benefits and services (most predominantly: eye and dental care, pharmacare,
transport to and from medical appointments, and mental health counselling).There are very
strict criteria to have certain medications and procedures covered
the NIHB relies on state-imposed definitions of Indigenous identity; access to the N 1HB extends
only to individuals who are (1) registered under the Indian Act (and consequently referred to
using the paternalistic term “Status Indian"); (2) Inuk, as recognized by the Inuit Land Claim
Organization; or (3) a child under 18 months of age whose parent is registered First Nations or
recognized Inuk
access to care for non-status First Nations and Metis patients is consequently denied under NIHB
criteria, despite encountering similar social determinants of health and barriers to healthcare
experienced by eligible individuals

» clients deemed ineligible for NIHB must then rely on provincial or territorial health insurance,
social programs,or private insurance plans for healthcare
note that NIHB eligibility does not guarantee access to care, as the criteria for approved services
is subject to frequent changes and impacted by factors including whether the applicant lives on-
or off-reserve

• the Canadian healthcare system must recognize that Indigenous communities arc best positioned to
identify their own unique health priorities and manage and deliver health care in their communities

although there is some development and implementation of Indigenous-led and Indigenous-
directed healthcare services in Canada, the effects of colonialist policies and practices continue to
perpetuate inequities among Indigenous peoples
healthcare providers can work towards dismantling the effects of colonialism in a number of
manners, including allyship and advocacy, engaging in cultural safety training, and better
educating oneself on Indigenous history, the impact of colonialism, and resources available to
meet the unique needs of their patients (see Resources in Indigenous Health)
British Columbia (BC) has established a First Nations Health Authority as a step in addressing
Indigenous self-determination in healthcare

Resources in Indigenous Health

•please consider watching “The Unforgotten,” a 36-minute film, which consists of five segments: https://
theunforgotten.cma.ca/full-film/

• please consider reviewing this Indigenous Health Guide for Medical Students
https://temertymedicine.utoronto.ca/sites/default/files/lndigenousHealthinOntario-compressed.
pdf

• the following is a list of fact sheets, reports, and toolkits as well as organizational websites providing
resources relating to Indigenous health. All were created by or with Indigenous peoples and
organizations unless otherwise stated. These resources share the aim of highlighting Indigenous
resilience and promoting strength in Indigenous communities. Though not exhaustive, this list serves
as a foundation for the kinds of resources that are available to healthcare providers and/or Indigenous
Peoples seeking care. Of note, physicians have a responsibility to become familiar with local or
regional services that may be able to provide culturally safe trauma-informed care for Indigenous
People +



ELOM30 Ethical, Legal, and Organizational Medicine Toronto Notes 2023

Table 7. Resources in Indigenous Health
Ref #Resource

Healthcare
National Collaborating Centre lor Indigenous Health (NCCIH) Extensive database o( Indigenous Health research and resources across Canada. Please note that some of these 1

materials may have been collated without Indigenous consultation
Recommendations in culturally appropriate care for healthcare providers in Canada working with Indigenous 2

peoples, reviewed by the Aboriginal Health Issues Committee
Canadian Institutes for Health Research (CIHR)

Wellesley Institute
First Peoples.Second Class Treatment: The Role of Racismin the Health
and Well- being ol Indigenous Peoples in Canada
First Nations Health Authority|FNAH||BC)

Report looking in-depth at the relationship between racism,health, and the well-being of Indigenous peoples
in Canada

3

BC has its own health authority responsible for the planning,delivery, and funding of First Nations Health
Programs across the province

Indigenous Health Primer produced by the Royal College of Physiciansand An extensive document that discusses anti- racism interventions, trauma-informed care. Indigenous health
principles, impact of policies on Indigenous peoples, and the diversity of present Indigenous communities
Offers special skills,knowledge, and resources to healthcare workers providing caie to First Nations

communities.Has particular expertise in providing addiction care

4

5
Surgeons of Canada
Thunderbird Partnership Foundation 6

Child and Family
Fiist Nations Child and Family Services IFNCFS)
National Aboriginal Council of Midwives (NACM)

Interactive map of Canada with allFHCFS service provider locations
Subset of the larger organization. Canadian Association of Midwives, that provides Indigenous midwives for 8

natal care
Social programs,such as women’s shelters and income assistance in Indigenous communities, funded federally 9

by Indigenous Services Canada

7

Indigenous Services Canada

Population-Specific
The national represenfalional body for Inuit people in Canada, with publications on TB elimination strategies and TO

Inuil specific health literacy resources
Inuit Tapiriit Kanatami (ITK)

Patients Facing Additional Layers of Systemic Barriers
People withno fixed address Description of Indigenous homelessness from an Indigenous perspective, emphasizing criteria that are not

captured in colonial deflnilions of "homelessness*

Multitude of fact sheets published by the Native Women's Association of Canada covering issues such as housing,
violence, and health with an intersectional lens
The Final Report of the National Inquiry into Missing and Murdered Indigenous Women and Girls containing
testimonies from survivors and Knowledge Keepers, discussion of influencing factors such as intergenerational
trauma and insecure housing, as well as 231calls lor justice directed at Canadians and Institutions alike
The Centre for Suicide Prevention (branch of the Canadian Mental Health Association) offers many Indigenous-

specific resources on suicide prevention, life planning, trauma,and cultural sensitivity
Online course called "River of life,” created for people working with Indigenous youth ages 15 - 24, discusses
strategies to strengthen the protective factors of youth at risk of suicide

11

Indigenous women,girls, and gender diverse people 12

13

Mental health and suicide 14

15

16.17Trauma informed Indigenous programs, c.g. Biidaaban Healing lodge in Ontario and Tsow- Tun le turn Society
in BC

Building Cultural Competency
Indigenous Canada is a Massive Open Online Course (MOOC) from the Faculty of Native Studies that explores 18

Indigenous histories and contemporary issues in Canada.
Cancer Cate Ontario.Indigenous Relationship and Cultural Safely Courses 13 courses available lo provide knowledge about the history and culture of First Nations, Inuil and Metis people 19

and communities

University of Alberta’s Indigenous Canada online course

Resources:
1. National Collaborating Centre for Indigenous Health [Internet], Prince George (BC): National CollaboratingCentre lor Indigenous Health;(.2005- 2020. IndigenousHealth links Database; (cited 2020

Apr 19J. Available from:https://www.nccih.ca/511/Research_lnstitutes_and_ Organi2atlons.nccah.
2. Smylie J.A guide for health professionals working with Aboriginal peoples:Cross cultural understanding.J SOGC 2001:1-15.
3. Allan B.Smylie J.First Peoples.Second Class Treatment: The Role of Racism in the Health and Well-being of Indigenous Peoples in Canada [Internet].Toronto (ON): the Wellesley Institute:2015|cited

2020 Apr 19|. Available from: https://www.wulleslcyinstltute.com/wp-content /uploads/2015 02/Summary-First-Peoplcs-Second-Class-Treatrncnt-Firial.pdf .
4. First Nations Health Authority [Internet].Vancouver (BC): First Nations Health Authority: c2020 [cited 2020 Apr 19].Available from:https://www.fnha.ca/.
5. The Indigenous Health Writing Group of theRoyal College.Indigenous Health Primer [Internet].Ottawa (ON):Royal College of Physicians and Surgeons of Canada: 2019 [cited 2020 Jun 3].Available

from:http://www.royalcollege.ca/rcsite/documents/health-policy/indigenous-health-primer -e.pdf.
G. Thunderbird Partnership Foundation [lntcrnut|. Bothwull (ON): Thunderbird PartnershipFoundation: c2020 [cited 2020 Jun 2.. Available from:https://thunderbirdpf.org/.
7. Government of Canada.Child and Family Services [Internet].[Ottawa (ON)]:Government of Canada:[updated 2020 Jun 22].First Nations Child andFamily Services Interactive Map:c2012 [updated

2015 May 14:cited 2020 Apr 19].Available from:https://geo.aadnc-aand:.c;c /.d FNCFS-SEFPN/.
8. National Aboriginal Council of Midwives (Internet). [Montreal (OC)]:National Aboriginal Council ol Midwives; c 2020. Publications; 2012-2020 [cited 2020 Apr 19]. Available from:https://

Indigenousmldwifery.ca/publicatlons/.
9. Government of Canada.Indigenous Services Canada [Internet].[Ottawa (ON)J:Government of Canada:[updated 2020 Jun 22],Social Programs:[updated 2020 Apr 4:cited 2020 Apr 19J.Available

from:https://www.sac-isc.gc.ca/eng/1100100035072/1521125345192.
10. Inuit Tapiriit Kanatami [Internet).Ottawa (ON): Inuit Tapiriit Kanatami; c2020. Publications; 2001-2020[died 2020 Apr 19 ). Available from: https://www.itk.C4 category/publications/.
11. Homeless Hub.[Internet). Toronto (ON):Canadian Observatory on Homelessness:c2019. Definition of IndigenousHomelessness In Canada; 2017 [cited2020 Apr 19J.

Available from:https://www.homelesshub.ca/lndigenousHomelessness/.
12. Native Women’s Association of Canada (Internet).Ottawa (ON): Native Women's Association of Canada.Publications & Resources; 2003-2020 [cited 2020 Apr 19J.Available from:https://www.nwac.

ca/browse/.
13.National Inquiry IntoMissing and Murdered Indigenous Women and Girls.Reclaiming Power and Place: The Final Report of the NationalInquiry Into Missing and Murdered Indigenous Women and

Girls.Volume1a/1b.[Internet],[placeunknown]:National Inquiry Into Missing and MurderedIndigenous V/omen and Girls; 2019 Dec 6 [cited 2020 Apr 19].Available from:https://w ww.mmiwg-tfada.
co/flnal-report/.

14.Centre for SuicidePrevention [Internet].Calgary (AB):Centre for Suicide Prevention.Resources:[cited 2020 Apr 19].Available from:https://www.suicldeinfo.ca/resources/.
15.River of Life.River of Life Program [Internet], [place unknown]:River of Life: c2020[updated 2020; cited 2020 Apr 19L Available from:https://riveroflifeprogram.ca/.
16. The Biidaaban Healing Lodge [Internet.Heron Bay (ON): The Biidaaban Healing Lodge; n.d.(cited 2020 Apr 19]. Available from:http://www.biidaaban.com/.
17. Tsow-Tun le lum Society: Substance Abuse and Trauma Treatment Centre [Internet].Inntxville (BC): Tsow-Tun le lum Society ;n.d. [cited 2020 Apr 19]. Available ( torn:htlp://www.tsowtunlelum.org/.
18. Indigenous Canada.University of Alberta [cited 2021June 6] Available from:https://www.ualberta.ca/admlsslons-ptograms/online-courses/lndigenous-canada/lndex.html
19. Indigenous Relationship andCultural Safety Courses.Cancer Care Ontario. Available from:

https://www.cancercareontario.ca/en/resources-first-nations-inuit-metis/tirst-nations-inuit-metis-courses
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Acronyms
2.3 8PG 2.3-Bisphosphoglycerate
ABG arterial blood gas
ACC American College of Cardiology CVP
ACh acetylcholine
AChE acetylcholinesterase
ACV assist-control ventilation
AFib atrial fibrillation
AHA American Heart Association OKA
ALS amyotrophic lateral sclerosis OM
aPTT activated partial thromboplastin ETC02

time
ARDS acute respiratory distress

syndrome
ASA American Society of

Anesthesiologists
atmosphere

BBB blood brain barrier
BMV bag-mask ventilation

blood pressure
CCS Canadian Cardiovascular

Society
CHF congestive heart failure

creatine kinase
central nervous system
cardiac output

CPAP continuouspositive airway
pressure

CSF cerebrospinal fluid

CV cardiovascular
CVS cardiovascular system

central venous pressure
CVD cardiovascular disease
CXR chest X-ray
DIC disseminated intravascular LA

coagulation
diabetic ketoacidosis
diabetes mellitus
end-tidal CO2

ETT endotracheal tube
Fi02 fraction of oxygen in inspired air MAP
FFP fresh frozen plasma
FRC functional residual capacity MS
GA general anesthesia
GE gastroesophageal
GERD gastroesophageal reflux disease NPO

NYHA

international normalized ratio PCA
intraocular pressure
immune thrombocytopenic PEEP
purpura
intravenous
local anesthetic
long-acting g-agonist
lower esophageal sphincter
laryngeal mask airway
level of consciousness
minimum alveolar concentration RA
mean arterialpressure
malignant hyperthermia
multiple sclerosis
musculoskeletal
neuromuscular junction
nil per os
New York Heart Association SV
oral corticosteroids
orogastric
operating room
obstructive sleep apnea
pulmonary artery
arterial partial pressure of
carbon dioxide
arterial partial pressure of
oxygen
patient-controlled

INR patient-controlled analgesia
pressure-controlled ventilation
positive end-expiratory pressure
parasympathetic nervous
system
post-anesthetic care unit
postoperative nausea and
vomiting
positive pressure ventilation
peripheral vascular disease
regional anesthesia
rapid sequence induction
short-acting p-agonist
succinylcholine
syndrome of inappropriate
antidiuretic hormone
sympathetic nervous system
stroke volume
systemic vascular resistance
transient ischemicattack
total body water
total intravenous anesthetic
transurethral resection of
prostate
upper respiratory tract infection
ventilation'perfusion
ventricular tachycardia
venous thromboembolism

I0P PCV
ITP

IV
PACU
PONVLABA

LES
LMA PPV
LOC PVD
MAC

RSI
MH SABA

SCh
MSt SIADH

atm NMJ
SNS

Gl gastrointestinal
genitourinary
initial hemoglobin
final hemoglobin
hematocrit

GU OCS SVRBP
Hb(i) OG TIA
Hb(f| TBWOR

OSAHct TIVA
CK HES PA TURPhydroxyethyl starch

hyperosmolar hyperglycemic
state
heart rate
intracranial pressure
inhaled corticosteroids

CNS HHS PaC02
CO URTI

Pa02 VOHR
ICP VT
ICS PC VIE

Overview of Anesthesia
• anesthesia:lack of sensation /perception
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Preoperative Preoperative/Intraoperative Postoperative

3. Plan anesthetic
4. Re-medication
5. Airway management
6. Monitors
7. Induction
8. Maintenance
9. Emergence
10.Tracheal extubation

1. Preoperative assessment
2. Patient optimization

11. Postoperative care

EPreoperative Assessment
Purpose

• identify concerns for medical and surgical management of patient
• allow for questions to help allay any fears or concerns patient and/or family may have
• arrange further investigations, consultations, and treatments for patients not yet optimized
• plan and consent for anesthetic techniques

History and Physical
History

• age and gender
• indication for surgery
• surgical/anesthetic Hx: previous anesthetics, any complications, previous intubations, and PONV
• I MHx:abnormal anesthetic reactions, MH,and pseudocholinesterase deficiency (see Uncommon

Complications, A29 )
• medications and allergies (see Preoperative Optimization: Medications, A-/)
• PMHx

neuro: seizures, TIA/strokes, raised ICP, spinal disease, aneurysm, and conditions affecting NM|
(e.g. myasthenia gravis)
CVS:angina/CAD, Ml, CHI', HTN,valvular disease, dysrhythmias, PVD, conditions requiring
endocarditis prophylaxis, exercise tolerance, and CCS/NYHA class (see Cardiology and
Cardiac Surgery sidebar for CCS Classification, C31and sidebarfor Mew York Heart Association
Classification, C41)
respiratory: smoking, asthma, COPD, recent URT I, and sleep apnea
Cil:CitRD, liver disease, and N PC) status
renal: acute vs. chronic renal insufficiency, dialysis, and chronic kidney disease

• hematologic: anemia, coagulopathies, and blood dyscrasias
+
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• \1SK:arthritis (e.g. rheumatoid arthritis, scleroderma), cervical spine pathology (e.g.cervical
tumours,cervical infections/abscesses, trauma to cervical spine, and previous cervical spine
surgery), and cervical spine instability (e.g. trisomy 21)

• endocrine: DM, thyroid disorders, and adrenal disorders
other morbid obesity, pregnancy,and ethanol/recreational drug use

Physical Exam
• weight, height, BP, HR, respiratory rate, and Oa saturation
• focused physical exam of the CNS,CVS, and respiratory systems
• general assessment of nutrition, hydration, and mental status
• airway assessment is done to determine intubation difficulty (no single test is specificor sensitive) and

ventilation difficulty
cervical spine stability and neck movement - upper cervical spine extension, lower cervical spine
flexion (“sniffing” position - see Figure6C, A8)
Mallampati classification (see Figure 1 )
“3-3-2 rule’(see Figure 2)

3of patients own fingers can be placed between the incisors (incisor distance)
3 fingers along the floor of the mandible between the mentum and hyoid bone (hyoid-mental
distance)
2 fingers in the superior laryngeal notch (thyroid-hyoid distance)

thvromental distance (distance from the mentum to the thyroid notch in midline with neck
extended); <3 finger breadths (<6 cm) is associated with difficult intubation
anterior jaw subluxation; <1 finger breadth is associated with difficult intubation

• tongue size
• dentition, dental appliances/prosthetic caps, existing chipped/ loose teeth - pose aspiration risk if

dislodged and patients should be informed of rare possibility of damage
• nasal passage patency ( if planning nasotracheal intubation)
• assess potential for difficult ventilation
• examination of anatomical sites relevant to lines and blocks

bony landmarks and suitability'of anatomy for regional anesthesia (if relevant)
sites for 1V,CVP, and PA catheters

*Evaluation of Difficult Airway

LEMON
Look -obesity, beard, dental/facial
abnormalities, neck, facial/neck trauma
Evaluate -3-3-2 rule
Mallampati score (>3)
Obstruction -stridor, foreign bodies.
masses
Neck mobility

<§>
Assessment of Difficult Ventilation
Anesthesiology 2000:92:1229-1236

BONES
Beard
Obesity (BMI >26)
No teeth
Bderly (age >55)
Snoring Hx (sleepapnea)
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Post-pharyngeal wall Figure 2.3-3-2 Rule

Figure 1. Mallampati classification of oral opening

Cormack-Lehane Classification of
Laryngeal View [Figure3.A4)
• Grade1:all laryngeal structures

revealed
• Grade 2: posterior laryngeal showing

posterior vocal folds and arytenoids. Grade 3: larynx concealed, only
epiglottis

• Grade 4:neither glottis nor epiglottis

n
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Preoperative Investigations Epiglottis Vocal told

• routine preoperative investigations are only necessary if there are comorbidities or certain indications

Table 1. Suggested Indications for Specific Investigations in the Preoperative Period
IndicationsTest

CBC Major surgery requiring group and screen or cross and match; chronic CV, pulmonary, renal, or hepatic disease;
malignancy;known or suspected anemia; bleeding diathesis or myelosuppression;patient <1y/o

Genetically predisposed patient (hemoglobin electrophoresis ifscreen is positive)
Anticoagulant therapy, bleeding diathesis, liver disease

Sickle Cell Screen
INR. aPTT
Electrolytes and Creatinine H1N, renal disease,DM, pituitary or adrenal disease;vascular disease,digoxin, diuretic, or other drug therapies

affecting electrolytes
Fasting Glucose Level
Pregnancy|p-hCG|

DM (repeat on day of surgery)
Women of reproductive age
Heart disease, DM. other risk factors for cardiac disease; subarachnoid or intracranial hemorrhage,
cerebrovascular accident, head trauma

©Arisen Lin 2019ECG
Figure 3. Laryngeal views

exit Patients with new or worsening respiratory symplomslsigns
Guidelines to thePractice ot Anesthesia Revised Edition 2013.Supplement to the Canadian Journal of Anesthesia,Val GO.Dec. 2013.Reproduced
with permission Canadian Anesthesiologists' Society

American Society of Anesthesiology Classification
Continuation vs.Discontinuation of Antiplatelet
Therapy for Bleeding and Ischaemic Events in
A dults Undergoing Kon-Cardiac Surgery
Cochrane OB Syst Rev 2018;C0012584
Purpose: fo compare the effect of continuation
vs. discontinuation of antiplatelet therapy on the
occurrence of bleeding and ischaemic events in adults
undergoing non-cardiac surgery.
Methods: RCTsm Cochrane Central Register
of Controlled trials, MEDLINE, and Embase that
compared adults taking single or dual antiplatelet
therapy for al least two weeks, including patients
with at least one cardiac nsk factor. Included general,
spmal.and reg onal anesthesia and excluded minor
procedures involving only local anesthetio'sedation.
Results: 5 trials.(6$ adult patients. Co - tinnation or
discontinuation had no difference on mortality at 30
d postoperative (RR 1.21, 95T> Cl 0.34-4.22). blood
loss (RR 1.37, 55% Cl 0.83 2.26|. or ischaemic events
within 30 d of surgery(RR 0.62. 85% Cl0.25-1.221.
Conclusions:Moderate evdonee supporting
continuation or discontinuation ol antiplatelet
therapy makes no difference on bleeding requiring
transfusion, low evidence supporting no difference nr
mortality or Isthaemicevents.

• common classification of physical status at the time of surgery
• a gross predictor of overall outcome, NOT used as stratification for anesthetic risk (mortality rates)
• ASA 1; a healthy, fit patient
• ASA 2: a patient with mild systemic disease

• e.g. controlled T2DM, controlled essential HTN, obesity, smoker
• ASA 3: a patient with severe systemic disease that limits activity

e.g. stable CAD, COPD, DM, obesity
• ASA -i: a patient with incapacitating disease that is a constant threat to life

e.g. unstable CAD, renal failure, acute respiratory failure
• ASA 5: a moribund patient not expected to survive 24 h without surgery

e.g. ruptured abdominal aortic aneurysm ( AAA ), head trauma with increased ICP
• ASA 6:declared brain dead, a patient whose organs are being removed for donation purposes
• for emergency operations, add the letter 1:after classification (e.g. ASA 3E)

Preoperative Optimization
• in general, prior to elective surgery:

any fluid and/or electrolyte imbalance should be corrected
extent of existing comorbidities should be understood and these conditions should be optimized
prior to surgery

• medications may need adjustment

Medications Integration olthe Duke Activity Status Index into
Preoperalive Risk Evaluation
8 iJAnatsth 2020;t24|3):261 220
Purpose: Duke AcMy Status Index (DASI)
questionnaire could be integrated into preoperalive
risk assessment.
Methods: Nested cohort analysis ol the Measu'emenl
of Exercise tolerance (MEIS) study lo characterise
association ol preoperative DASI scores with
postoperative deaths and complications. Analysis
included 1546 patients >40 y/o at elevated cardiac
risk that had inpatient non-cardiac surgery.
Results: Results were non -lmear but threshold was
lound. Sell-reported functional capacity heller than
a DASI score ol 34 was associated with reduced odds
ol 30 d death or Ml (OR:0.92 per Ipoint Increase
above 34:95% Cl: 0.96 0.99) and 1yr death or new
disunity (OR : 0.96 per 1pent increase above 34;
95% Cl: 0.92 -0.99).
Conclusion:A DASI score ol 34 represents a threshotf
lor identifying patients at risk lor myocardial m.ury.
Ml. nroderale-to-severe complications,and new
disability.

• pay particular attention to cardiac and respiratory medications, opioids, and drugs with many side
effects and interactions

• preoperative medications to consider as prophylaxis
risk of Cili rellux: antacids (e.g. sodium citrate), H2 antagonists and/or prokinetic agents (e.g.
metoclopramide) 0.5- 1 h prior to surgery

• risk of infective endocarditis, GI/(iU interventions: antibiotics
• risk of adrenal suppression: steroid coverage

anxiety: consider benzodiazepines
• COED, asthma:bronchodilators
• CAD risk factors: nitroglycerin and p-blockers

• preoperative medications to stop prior to surgery
• oral antihyperglycemics: do not take on the day of surgery

angiotensin-converting enzyme inhibitors (ACE1) and angiotensin receptor blockers ( ARB):
do not take on the day of surgery (controversial - they increase the risk of hypotension post-
induction but have not been shown to increase mortality or adverse outcomes; therefore, some
people hold and some do not)
warfarin (consider bridging with heparin), antiplatelet agents (e.g. dopidogrel), Xa inhibitor,
direct thrombin inhibitors

discuss perioperative use of ASA and NSAIDs with surgeon (± patient’s cardiologist/internist )
+
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for patients undergoing non-cardiac surgery, starting or continuing low-dose ASA in the
perioperative period does not appear to protect against postoperative MI or death, but
increases the risk of major bleeding
note: this does not apply to patients with bare metal stents or drug-eluting coronary stents

herbal supplements (e.g. ephedra, garlic, ginkgo, ginseng, kava, St. John’s Wort, valerian,
echinacea - stop one week prior to elective surgery)

• preoperative medications to adjust
insulin (consider insulin/dextrose infusion or holding dose), prednisone, bronchodilators

Hypertension
• BP <180/110 is not an independent risk factor for perioperative cardiovascular complications
• target sBP <180 mmHg, dBP <110 mmHg
• assess for end-organ damage and treat accordingly

Coronary Artery Disease
• ACC/AHA Guidelines (2014) recommend that at least 60 d should elapse after a Ml before non-cardiac

surgery in the absence of a coronary intervention
» this period carries an increased risk of re-infarction/death

if operative procedure is essential and cannot be delayed, then invasive intra- and postoperative
1CU monitoring is required to reduce the above risk

• mortality with perioperative Ml is 20-50%
• perioperative p-blockers

may decrease cardiac events and mortality (but increases risk of perioperative strokes)
continue P-blocker if patient is routinely taking it prior to surgery
consider initiation of P-blocker in:

patients with CAD or indication for p-blocker
intermediate or high-risk surgery', especially vascular surgery

Perioperative p-blockers for Preventing Surgery-
Related Mortality aod Morbidity in Adults
undergoing CardiacSurgery
Cochrane OB Syst Re*20t9;MDfl13435
Purpose:To assess the effectiveness of
perioperathrety administered B-blockers for the
pretention of surgery-related mortality and morbidity
in adults undergoing cardiac surgery.
Conclusions:No evidence of a difference in early
all-cause mortabty.MI.cerebrovascular enents.
hypotension,and bradycardia.Konever, there may be
areduction inAFAand ventricular arrhytbm ias nben
8blockers are used.A larger sam pie sire is likely to
increase the certainty of thisevidence.

Respiratory Diseases
• smoking

adverse effects: altered mucus secretion and clearance, decreased small airway calibre, altered 02
carrying capacity, increased airway reactivity, and altered immune response
abstain at least 4-8 wk preoperatively if possible
if unable, abstaining even 24 h preoperatively has been shown to increase O2 availability to tissues

• asthma
» preoperative management depends on degree of baseline asthma control
» increased risk of bronchospasm from intubation

administration of short course (up to 1 wk) preoperative corticosteroids and inhaled p2-agonists
decreases the risk of bronchospasm and does not increase the risk of infection or delay wound
healing
avoid non-selective p-blockers due to risk of bronchospasm (cardioselective P-blockers
(metoprolol, atenolol) do not increase risk in the short-term)
delay elective surgery for poorly controlled asthma (increased cough or sputum production,
active wheezing)
ideally, delay elective surgery by a minimum of 6 wk if patient develops URT1

• COPD
anesthesia, surgery (especially abdominal surgery and upper abdominal surgery, in particular)
and pain predispose the patient to atelectasis, bronchospasm, pneumonia, prolonged need for
mechanical ventilation, and respiratory failure
preoperative ABG is needed for all COPD stage 11 and 111 patients to assess baseline respiratory
acidosis and plan postoperative management of hypercapnia

» cancel/delay elective surgery for acute exacerbation

Perioperativep-blockers for Preventing Surgery-
Related Mortality and Morbidity in Adults
undergoing Non-Cardiac Surgery
Cachrane 0 B Syst Rev 2019:9^ 0013438
Purpose:Assess effectiveness of preoperatively
administered Jl-Mockers in prevention of surgery-
related morbidity and mortality after non-cardiac
surgery.
Conclusions:No difference in cerebrovascular events
or ventricular arrhythmias.8- blockers may reduce
tf iband Ml.However, p-tilockersmay increase
bradycardia and probably increase hypotension.
Overall low quality and certainty evidence for these
findings.

8-blockers
• 81-receptors are located primarily in

the heart and kidneys
• 82-receptors are located in the

smooth muscle (i.e. bronchi, uterus). Non-selective 8-blockers block
81 and 82-receptors (labetalol*.
carvedilol", nadolol). Caution
is required with non-selective
8-blockers,particularly in patients
with respiratory conditions where
82 blockade can result in airway
reactivity

labetaMa belli jn a- andp-Nocksi-urrtdital Is alsobothan o- andp-btadter

Aspiration
• increased risk of aspiration with:

decreased LOG (drugs/alcohol, head injury, CNS pathology, trauma/shock)
delayed gastric emptying (non-fasted within 8 h, diabetes, narcotics)
decreased sphincter competence (GERD, hiatus hernia, nasogastric tube, pregnancy, obesity)
increased intra-abdominal pressure (pregnancy, obesity, bowel obstruction, acute abdomen)
unprotected airway (LMA mask vs. HIT)

• management
manage risk factors if possible
utilize protected airway (i.e. ETT)
reduce gastric volume and acidity

n
LJ
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• delay inhibiting airway reflexes with muscular reiaxants
employ RSI (see Rapid Sequence Induction, A16 )

Implementation of a Comprehensive Patient
Ble e d Men
Itienis a
MayoCInProc. 2021:96\12>:258C
Purpose to assess changes to itfiuooo of in pater
transfuses and the associated outcomes with
impe-entaton ot a Patient Blood Mareagenent
Program.
Methods: As observational study ns conducted
between 2010 and 2017 at a major IIS aca demic
centre.Transfusion usageandciskaioutcomes
were assessed.
Besilts:400998 admissions were assessed. Overall
usage oi rpatient transfusion decreased from 607
to 405 per 1000 admissions Also, length of stay a
hospital and in-hospital adverse events decreased.
Condnsion : This study e«h itorts that hospital - wide
patient hiood na na gemect protocols result in an
ovtra I decrease in transfusion sage and improved
clinics!ootroaes.

secernent Program for Hospitalized
ta large United StaiesMedical CenterFasting Guidelines

Fasting Guidelines Prior to Surgery (Canadian Anesthesiologists’ Society)
• fasting guidelines should change depending on patients’ pre-existing medical conditions. In the case

of emergent procedures, consider the risk of delaying surgery against the risk of aspiration
• before elective procedures, the minimum duration of fasting should be:

• 8 h after a large meal of solids particularly containing protein (e.g. meat ) or fatty foods
• 6 h after a light meal (e.g. non-fatty meal such as toast)

6 h after ingestion of infant formula, non-human milk, or expressed breast milk fortified with
additions
4 h after ingestion of breast milk

• 2 h after clear fluid intake (including water, pulp-free juice, complex carbohydrate beverages, and
tea or coffee without milk) for adults

• 1 h after clear fluid intake for infants and children

Hematological Disorders
• history of congenital or acquired conditions (sickle cell anemia, factor VIll deficiency, HR liver

disease)
• evaluate hemoglobin, hematocrit, and coagulation profiles when indicated (see Table 1, /14)
• anemia

• preoperative treatments to increase hemoglobin ( PC) or IV iron supplementation, erythropoietin,
or pre-admission blood collection in certain populations)

• coagulopathies
discontinue or modify anticoagulation therapies (warfarin, clopidogrel, ASA,apixaban,
dabigatran) in advance of elective surgeries
administration of reversal agents if necessary: vitamin K, FFP, prothrombin complex concentrate,
recombinant activated factor VI!

Interventions for PieoperaSvf Socking
Cessation
Ibcbrace 00 Syst Rev 2014;3TDO02294
Pnrpose:Assess the effect of preopeiative smoking
intervention on smoking cessation at the tune of
surgery and 12 mo postope-alively,and on the
ioodecce of postoperative compLcations.
Methods:5rstematic review aclodng IICIs that
recrated people who smoked pror to surgery, offered
a smokeg cessation mterxco:.and measured
pceoperatve and long-term ahsAneoce from smoking
or the -cdence of postoperative amplications
orML
Besilts:Thirteen trials enrol :-g 2010 participants
Inc..del Overall quality of erdeoce was moderate.
Compared studies involving mteusve intervention,
which mdoded molti -session face to face counselling
o;computer-based schedu'ed interventions.vs.
h-ef itftrvtntions.These mere pooled separately.
An effect on cessation at the time of surgery wa s
appa-ect n both subgroups, bat the effect was larger
for intensive intervention, for long term cessation,

onlytke aansivemterveotioo snowed effect. In
those Cat tad intensive mlervetboo there was
sjgmmcaot effect in preveoteg amy postoperative
enrapheatons.
Conclusion:There is evidencePrat preoperative
smokng interventions providing behavioural support
and o3ercg HIT increase short-term smoking
cessation and may teduce postoperative morbidity.
Intervertons that begin 4 to8 wk before surgery,

include weekly coimselirg.and use BIT are more
likely to have an impact on rang heatonsand long-
term smoking cessation.

Endocrine Disorders
• l)M

• clarify type 1 vs. type 2
• clarify treatment -oral anti-hyperglycemics and/or insulin

assess glucose control with history and HbAlc; patients with well-controlled diabetes have more
stable glucose levels intraoperatively
end organ damage:be aware of damage to cardiovascular, renal, and central, peripheral, and
autonomic nervous systems

• preoperative guidelines for DM:
• verify target blood glucose concentration with frequent glucose monitoring: <10 mmol/L in critical

patients, <7.8 mmol/L in stable patients
• use insulin therapy to maintain glycemic goals
• hold higuanides, a-glucosidase inhibitors, thiazolidinediones, sulfonylureas and GLP-1 agonists on

the morning of surgery
• consider cancelling non-emergency procedures if patient presents with metabolic abnormalities (e.g.

DKA, HHS, etc.) or glucose reading above 22.2-27.7 mmol/L
formulate intraoperative glucose management plan based on type (1 vs. 2), glucose control, and
extent of end organ damage

• hyperthyroidism
• can experience sudden release of thyroid hormone (i.e. thyroid storm) if not treated or well-

controlled preoperatively
treatment: p-blockers and preoperative prophylaxis

• adrenocortical insufficiency (e.g. Addison’s, exogenous steroid use)
• consider intraoperative steroid supplementation

Preoperatnre Anemia and Post:perativo
Outcomes in Non-Cardiac Snrgery:A
Mtrospective Cohort Study
Lancet 2011:378:1396-1407
Purpose: Assess effect of preoperatiw anemia on 30
d postooe-eiie morbidity and morality in patients
undergo eg major non-cardiacsu-gery.
Methods:Patents undergoing major non-cardiac
surgery m2008 from the Anercan College oi
Surgeons' national Surgical O.a hy improvement
Program database.
Besilts:227425 adult patents.Postoperative
mo-teSty et 30 d was higher m pete*with anemia
tnan those without (081.42,95V Cl131-134).
Coodtsio*:Preoperat ve a

_
e — a. even to a

mild degree, is independently associated with an
increased risk of 30 d morb dty a-d mortality.

Obesity and Obstructive Sleep Apnea
• assess for co-morbid conditions in obese patient (independent risk factor for CVD, DM, OSA,

cholelithiasis, HTN)
• previously undiagnosed conditions may require additional testing to characterize severity
• severity of OSA may be determined from sleep studies and prescribed pressure settings of home CPAP

device

r T
L J
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Monitoring
Pre-Anesthetic ChecklistCanadian Guidelines to the Practice of Anesthesia and Patient Monitoring

• an anesthetist present:“the only indispensable monitor”
• a completed preanesthetic checklist:including ASA class, NPO policy, and Hx and investigations
• a perioperative anesthetic record: HR and BP every 5 min, O’saturation, E I CO’,dose and route of

drugs and fluids
• continuous monitoring: see Routine Monitors for y\ll Coses

Routine Monitors for All Cases
• pulse oximeter, BP monitor, ECG, capnography (required for GA and deep procedural sedation,

Ramsay Sedation Scale 4-6), and an agent-specific anesthetic gas monitor when inhalational
anesthetic agents are used

• the following must also be available: temperature probe, peripheral nerve stimulator, stethoscope,
appropriate lighting, spirometry, and manometer to measure ETT cuff pressure

Elements to Monitor
• anesthetic depth

end-tidal inhaled anesthetic monitoring and EEG monitoring, such as a Bispectral Index monitor,
can be used as assessments of anesthetic depth
inadequate: blink reflex present when eyelashes lightly touched, HTN, tachycardia, tearing, or
sweating. However, these findings are non-specific

• excessive: hypotension, bradycardia
• oxygenation: pulse oximetry, 1'iOi
• ventilation: verify correct position of ETT,chest excursions, breath sounds, ETCO’analysis, end-tidal

inhaled anesthesia analysis
• circulation: HR, rhythm, BP, telemetry, oximetry, pulmonary capillar)'wedge pressure
• temperature
• hourly urine output

MS MAIDS
Machine:connected, pressures okay,
all metres functioning, vaporizers full
Suction: connected and working
Monitor: all monitors appropriate for
the case
Airway: laryngoscope and blades. ETT,
syringe, stylet, oral and nasal airways,
tape.bag.and mask
IV:second IV set-up and ready if
needed
Drugs: case-specific drugs ready and
emergency medications in correct
location and accessible
Special equipment: OG tube. CVP
monitor, shoulder roll. etc.

Screening for OSA
Br J Anaesth 2012:108:768-775

STOP-BANG
Snoring- loud
Tiredness- day-time
Observed apnea - during sleep
Pressure- HTN
Body mass index - >35
Age - >50 y/o
Neck - large neck circumference
Gender - male

* 70—- Heart RateTelemetry-
Systemic Arterial
Pressure

134 / -65BP from
Arterial Line
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Figure 5. Landmarks for intubationFigure 4. Typical anesthesia monitor

Airway Management

Airway Anatomy nThis Patient Be Difficult to titubate?
JJHS 2019:321:493-503
Purpose:To identify risk facasawl j-yscal undings
that predictdifficull intubaL-oe.
Methods:Systematic review cdNEDlK and EMBASE
databases.
Results: 62studies. 33S59 patients. Pnyvcal
ear ration findings that best p-fdeted a difficult
rtabat on included grede of class 3cn upper ip bite
5st | o*er incisors cannot reach upper Sp:IS14.95%
093-221.shorter hynmena dstaxe(<3-5ion; LB
9.4.95% 4.1-101, lelrognsthia|~endCste <9cn from
a- pie of|aw to tip of chin; LI 6.0.95% Cl 3.1-111.and a
Hala=pati score ?3|lfi 4.1.95% Cl 3.0-5.6).

• resistance to airflow through nasal passages accounts tor approximately 2/3of total airway resistance
• pharyngeal airway extends from posterior aspect of the nose to cricoid cartilage
• glottic opening: triangular space formed between the true vocal cords; narrowest segment of the

laryngeal opening in adults
• space through w hich one visualizes proper placement of the ETT

• trachea begins at the level of the thyroid cartilage, C6, and bifurcates into the right and left main
bronchi at T4-T5 (approximately the sternal angle)

r i
i
_
j
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Methods of Supporting Airways
Equipment for Intubation1. non-definitive airway (patent airway)

jaw thrust/chin lift
oropharyngeal and nasopharyngeal airway
bag mask ventilation- LMA

2. definitive airway ( patent and protected airway)
• ETT (oral or nasal)
• surgical airway (cricothyrotomv or tracheostomy)

MDSOLES
Mon itors
Drugs
Suction
Oxygen source and self inflating
bag with oropharyngeal and
nasopharyngeal airways
laryngoscope
ETT (appropriate sire and one size
smaller)
Stylet. Syringe for tube cuff inflationTable 2. Methods of Supporting the Airway

Bag and Mask ETTIMA

Advantages/
Indications

Basic
Mon-invasive
Readily available

Easy to insert
Less airway Iraoma/untetion
than ETT
Frees up hands (vs. face mask)
Primarily used inspontaneously
ventilating patient

Indications for intubation (SPs)
Patent airway
Protects agamst aspiration
Positive pressure ventilation
Pulmonary toilet (suction)
Pharmacologic administration
during hemodynamic instability

Insertion can bedifficult
Muscle relaxant usuallyneeded
Most invasive - setCompbcotionsDuring
Laryngoxopf and Intubation. /9
Supraglottic/glotfac pathology fiat would preclude
successful intubation

Medications that can be given through
the ETT

NAVEL
Naloxone
Atropine
Ventolin
Epinephrine
Lidocaine

Disadvantages/
Contraindications

Risk of aspiration if decreased Risk of gastric aspiration
PPV«20 cm HiO neededIOC

Cannot ensure airway patency Oropharyngeal,retropharyngeal
Inability to deliver precise
tidal volume
Operator fatigue

pathology or foreign body
Does not protect against
laryngospasm or gastric
aspiration A. Oral axis I0A)Other Facilitate airway patency

with jaw thrust and chin lift
Can use oropharyngeal /
nasopharyngeal airway

Sizing by body weight (approx.):
40-50 kg:3
50-70kg:4
70-100 kg:5

Auscultate to avoid endobronchial intubation
Sizing (approx.):

Male:8.0-9.0mm
Female:7.0-8.0mm
Paediatric UncuBed (age >2 yfo):(age/4) - 4 mm

Tongue
Epiglottis —-Pharyngeal

JjT' axis (PA)

Laryngeal
axisILA)Trachea /EsophagusTracheal Intubation

Preparing for Intubation
• failed attempts at intubation can make further attempts more difficult due to tissue trauma
• plan, prepare, and assess for potential difficulties (see Preoperative Assessment, AJ )
• ensure equipment is available and working (test ETT cuff,check laryngoscope light and suction,

machine check)
• pre-oxygenate/denitrogenate: patient breathes 100°o Ol for 3-5 min or for 4-8 vital capacity breaths
• may need to suction mouth and pharynx first

Proper Positioning for Intubation
• align the three axes (mouth, pharynx, and larynx) to allow visualization from oral cavity’ to glottis
• “sniffing position”: flexion of lower C-spine (C5-C6), bow head forward, and extension of upper

C-spine at atlanto-occipital joint (Cl), nose in the air (see Figure 6Q
• contraindicated in known/suspected C-spine fracture/instability
• poor/no view of glottic opening can be remediated by anterior laryngeal pressure

• laryngoscope tip placed in the epiglottic vallecula in order to visualize cord

B.
0A

-

Figure 6.Anatomic considerations in
laryngoscopy
A. Neutral position
B. C-spine flexion
C. C-spine flexion with atlanto-
occipital extension

r *i
L J
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Figure 7. Sagittal view of airway with laryngoscope in vallecula mTube Insertion
•laryngoscopy and H I T insertion can incite a significant sympathetic response via stimulation

of cranial nerves IX and X due to a “foreign body reflex” in the trachea,including tachycardia,
dysrhythmias,myocardial ischemia, increased BP,and coughing

•a malpositioned ETT is a potential hazard for the intubated patient
if too deep, may result in right endobronchial intubation,which is associated with left-sided
atelectasis and right-sided tension pneumothorax

• if too shallow, may lead to accidental extubation, vocal cord trauma,or laryngeal paralysis as a
result of pressure injury by the ETT cuff

•the tip of ETT should be located at the midpoint of the trachea at least 2 cm above the carina, and the
proximal end of the cuff should be placed at least 2 cm below the vocal cords

•approximately 20-23 cm mark at the right corner of the mouth for men and 19-21 cm for women

Confirmation of Tracheal Placement of Endotracheal Tube
•direct

visualization of ETT passing through cords
bronchoscopic visualization of ETT in trachea

•indirect
ETCO 2 in exhaled gas measured by capnography (gold standard for confirming the ETT is in the
airway)

• auscultate for equal breath sounds bilaterally and absent breath sounds over epigastrium
bilateral chest movement,condensation of water vapour in ETT visible during exhalation, and no
abdominal distention
refilling of reservoir bag during exhalation
CXR (rarely done):only confirms the position of the tip of ETT, not its location in the trachea vs.
esophagus, but can confirm endobronchial intubation

•esophageal intubation suspected when:
• ETCO:zero or near zero on capnograph

abnormal sounds during assisted ventilation
impairment of chest excursion

• hypoxia/cyanosis
presence of gastric contents in ETT
breath sounds heard when auscultating over epigastrium/left upper quadrant

• distention of stomach/epigastrium with ventilation

Complications During Laryngoscopy and Intubation
•dental damage
•laceration flips,gums, tongue, pharynx, vallecula, esophagus)
•laryngeal trauma
•esophageal or endobronchial intubation

Differential Diagnosis of Poor Bilateral
Breath Soundsafter Intubation

DOPE
Displaced ETT
Obstruction
Pneumothorax
Esophageal intubation

n
LJ
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• accidental extubation
• insufficient cuff inflation or cuff laceration: results in leaking and aspiration
• laryngospasm (see Extubation, A20, for definition)
• bronchospasm
• accidental extubation

Difficult Airway
• difficulties with bag-mask ventilation, supraglottic airway, laryngoscopy, passage of ETT through the

cords, infraglottic airway, or surgical airway
• algorithms exist for difficult airways (Can I Anesth 2013;60:1119- 1138 ), see .\ppcndkcs. A30
• preoperative assessment (history of previous difficult airway, airway examination) and pre-

oxygenation are important preventative measures
• if difficult airway expected, consider:

• awake intubation
intubating with bronchoscope, fiberoptic laryngoscope, video laryngoscope, etc.

• if intubation unsuccessful after induction:
1. CALL FOR HELP
2. ventilate with 100% O’ via bag and mask
3. consider returning to spontaneous ventilation and/or waking patient

• if bag and mask ventilation inadequate:
1. CALL FOR HELP
2. attempt ventilation with oral airway
3. consider/attempt LMA
4. emergency invasive airway access (e.g. surgical or percutaneous airway, jet ventilation, and

retrograde intubation)

If you encounter difficulty with tracheal
intubation, oxygenation is more
important than intubation

Oxygen Therapy
• in general, the goal of O’ therapy is to maintain arterial 02 saturation (SaO’) >90%
• small decrease in saturation below SaO’of90% corresponds to a large drop in PaO’
• in intubated patients, O’ is delivered via the ETT
• in patients not intubated, there are many O:delivery systems available; the choice depends on O’

requirements (F'iO’) and the degree to which precise control ofdelivery is needed
• cyanosis can be detected at Sa02 <85%, frank cyanosis at Sa02 - 67%

100 -1
Tp H90 - 12,3-BPG
iTemp80 -

70 - --
60 - 12,3-BPG

fTemp50 -
3«-ooLow Flow Systems

• provide O’at flows between 0-10 L/min
• acceptable if tidal volume 300-700 mL, respiratory'rate (RR) <25 breaths/min, consistent ventilation

pattern
• dilution of 02 with room air results in a decrease in Fi02
• an increase in minute ventilation (tidal volume x RR ) results in a decrease in ROi
• e.g. nasal cannula ( prongs)

well tolerated if flow rates <5-6 L/min;drying of nasal mucosa at higher flows
nasopharynx acts as an anatomic reservoir that collects O 2
delivered O 2 concentration (FiOa) can be estimated by adding 4% for every additional litre of O’
delivered
provides FiO’of 24-44% at 02 flow rates of 1-6 L/min

33 - 3
20 .

-10 -
j

0
) 1(f 20504,

05lS 60
,
70 d096 lOb ' '

PaO?

Figure8. Hb02saturation curve

Reservoir Systems Composition of Air
• use a volume reservoir to accumulate 02 during exhalation, thus increasing the amount of ()2 available 78.1% nitrogen

for the next breath 20.9% oxygen
0.9% argon
0.04% carbon dioxide• simple face mask

• covers patient’s nose and mouth and provides an additional reservoir beyond nasopharynx
• fed by small bore O2 tubing at a rate of at least 6 L/min to ensure that exhaled CO: is flushed

through the exhalation ports and not rebreathed
• provides F'iO’of 55% at O2 flow rates of 10 L/min

• non-rebreather mask
a reservoir bag and a series of one-way valves prevent expired gases from re-entering the bag
during the exhalation phase, the bag accumulates with 02
provides FiO’of 80% at O2 flow rates of 10-15 L/min

nHigh Flow Systems
• generate flows of up to 50-60 L/min
• meet/exceed patient’s inspiratory flow requirement
• deliver consistent and predictable concentration of O2
• Venturi mask

delivers specific F'iOi by varying the size of air entrapment
» O’concentration determined by mask's port and NOT the wall flow rate

enables control of gas humidity
• Fi02 ranges from 24-50%

+
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Ventilation
• ventilation is maintained with PPV in patients given muscle relaxants
• assisted or controlled ventilation can also be used to assist spontaneous respirations in patients not

given muscle relaxants as an artificial means of supporting ventilation and oxygenation

Mechanical Ventilation
• indications for mechanical ventilation

Tracheostomy
Tracheostomy should be considered in
patients who require ventilator support
(or extended periods ol time. Shown
to improve patient comfort and give
patients a better ability to participate in
rehabilitation activities

apnea
• hypoventilation/acute respiratory acidosis

intraoperative positioning limiting respiratory excursion (e.g. prone, Trendelenburg)
required hyperventilation (to lower 1CP)

• deliver PEEP
• increased intrathoracic pressure (e.g. laparoscopic procedure)

• complications of mechanical ventilation
airway complications

a tracheal stenosis, laryngeal edema
• alveolar complications

a ventilator-induced lung injury (barotrauma, volutrauma, atelcctatrauma), ventilator-
associated pneumonia (nosocomial pneumonia), inflammation, auto-PEEP, patient-ventilator
asynchrony

cardiovascular complications
» reduced venous return (secondary to increased intrathoracic pressure), reduced cardiac

output,hypotension
• neuromuscular complications

a muscle atrophy
a increased ICP

• metabolic complications
a decreased CO’due to hyperventilation
a alkalemia with overcorrection ofchronic hypercarbia

Changes in peak pressures in ACV
and tidal volumes in PCV may reflect
changes in lung compliance and/or
airway resistance- patient may be
getting better or worse

Positive End Expiratory Pressure
(PEEP)
• Positive pressure applied at the

end of ventilation that helps to
keep alveoli open,decreasing V/O
mismatch. Used with all invasive modes of
ventilationVentilator Strategies

• mode and settings are determined based on patient factors (e.g. ideal body weight, compliance,
resistance) and underlying reason for mechanical ventilation

• hypoxemic respiratory' failure: ventilator provides supplemental 02, recruits atelectatic lung segments,
helps improve V/Q mismatch,and decreases intrapulmonary shunt

• hypercapnic respiratory failure:ventilator augments alveolar ventilation;may decrease the work of
breathing, allowing respiratory muscles to rest

Monitoring Ventilatory Therapy
Pulse oximetry.ETCO2 concentration
Regular arterial blood gases
Assess tolerance regularly

Modes of Ventilation
• assist-control ventilation (ACV) or volume control (VC)

everybreath is delivered with a pre-set tidal volume and rate or minute ventilation
extra controlled breaths may be triggeredby patient effort; if no effort is detected within a
specified amount of time the ventilator will initiate the breath

• pressure control ventilation (PCV)
a minimum frequency is set and patient may trigger additional breaths above the ventilator
all breaths delivered at a pre-set constant inspiratory pressure
in traditional PCV, tidal volume is not guaranteed, thus changes in compliance and resistance
affect tidal volume

• synchronous intermittent mandatory ventilation (SIMV)
ventilator provides controlled breaths (either at a set volume or pressure depending on whether in
VC or PCV, respectively)
patient can breathe spontaneously (these breaths may be pressure supported) between controlled
breaths

• pressure support ventilation (PSV )
• patient initiates all breaths and the ventilator supports each breath with a pre-set inspiratory

pressure
• useful for weaning off ventilator

• high-frequency oscillatory ventilation (HEOV )
» high breathing rate (up to 900 breaths/min in an adult), very low tidal volumes

used commonly in neonatal and paediatric respiratory failure
• occasionally used in adults when conventional mechanical ventilation Is falling

• non-invasive positive pressure ventilation (NPPV )
• achieved without intubation by using a nasal or face mask
• Bi-level positive airway pressure (BiPAP): increased pressure (like PSV ) on inspiration and lower

constant pressure on expiration (i.e. PEEP)
• CPAP:delivers constant pressure on both inspiration and expiration

Patients who develop a pneumothorax
while on mechanical ventilation require
a chest tube

Causes of Intraoperative Hypoxemia

Inadequate Oxygen Supply
eg. breathing system disconnection,
obstructed or matpositioned ETT, leaks in
the anesthetic machine,loss of oxygen
supply
Hypoventilation
Ventilation-Perfusion Inequalities
e.g. atelectasis, pneumonia, pulmonary
edema,pneumothorax
Reduction in Oxygen Carrying Capacity
e.g. anemia, carbon monoxide
poisoning, methemoglobinemia.
hemoglobinopathy
leftward Shift of the Hemoglobin-
Oxygen Saturation Curve
e.g. hypothermia, decreased 2,3-BPG,
alkalosis, hypocarbia.carbon monoxide
poisoning
Right-to-left Cardiac Shunt

LJ
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Table 3. Causes of Abnormal End Tidal CO2 Levels
Hypocapnea (Decreased CO2) Hypercapnea (Increased CO2) Reservoir
Hyperventilation
Hypothermia (decreased metabolic rate)

Decreased pulmonary blood flow (decreased cardiac output)

Technical issues
Incorrect placemenl ol sampling catheter
Inadequate sampling volume

Hypoventilation
Malignant hyperthermia, other hypermetabolic states
Improved pulmonary blood flow after resuscitation or hypotension

Technical issues
Water in capnogtaphy device
Anesthetic breathing circuit error

Inadequate fresh gas flow
Rebreathing
Exhausted soda lime
Faulty circuit absorber valves

Low bicarbonate

Fresh
gas inlet

V CarbonJ dioxide
! absorber

Uni-direcbonal '
valves

XInspiratory 'Qlimb >* j ^Expiratory
lbV/0 mismatch

Pulmonary thromboembolism
Incipient pulmonary edema
Air embolism Y piece

n<55Intraoperative Management -
2/ lj

Temperature Figure 9. The anesthesia circuit

Causes of Hypothermia (<36.0°C)
• intraoperative temperature losses are common (e.g.90% of intraoperative heat loss is transcutaneous),

due to:
OK environment (e.g. cold room, IV fluids, instruments)

• open wound
• prevent with forced air warming blankets/warm-water blankets, heated humidification of inspired

gases, warmed IV fluid, and increased OK temperature

Causes of Hyperthermia (>37.5-38.3°C)
• drugs (e.g.atropine)
• blood transfusion reaction
• infection/sepsis
• medical disorder (e.g. thyrotoxicosis)
• hypermetabolic states (e.g. malignant hyperthermia, neuroleptic malignant syndrome,

pheochromocytoma)
• over-zealous warming efforts

Impact of Hypothermia (<36°C)
• Increased risk of wound infections

due to impaired immune function- Increases the period of
hospitalization by delaying healing

• Reduces platelet function and Impairs
activation of coagulation cascade,
increasing blood loss and transfusion
requirements

• Triples the incidence of VT and
morbid cardiac events. Decreases the metabolism of
anesthetic agents, prolonging
postoperative recovery

Sec landmark Anesthesiology Trills table for nort
nlornuboa on results from study of Wound Infection
a nd Temperature, which details the impactof
mxmotbennia on wound healing and length of stay
asseen in 200 patieimaged 18-80 yr who underwent
electhee colorectal surgery.

Heart Rate
Cardiac Arrest
• pulseless arrest occurs due to 4 cardiac rhythms divided into shockable and non-shockable rhythms

shockable: ventricular fibrillation (VF) and ventricular tachycardia (pVT)
non-shockable:asystole and pulseless electrical activity (PEA)

• for VF/pVT, key to survival is good early CPK and defibrillation
• for asystole/ PEA, key to survival is good early CPK and exclusion of all reversible causes
• reversible causes of PEA arrest (5 Hs and 5 Ts)

5 Hs: hypothermia, hypovolemia, hypoxia, hydrogen ions (acidosis), hypo/hyperkalemia
• 5 Ts: tamponade (cardiac), thrombosis (pulmonary), thrombosis (coronary), tension

pneumothorax, toxins (overdose/poisoning)
when a patient sustains a cardiac arrest during anesthesia, it is important to remember that there
are other causes on top of the Hs and Ts to consider (e.g. local anesthetic systemic toxicity (LAST),
excessive anesthetic dosing,etc.)

• for management of cardiac arrest, see Appendices, A30

Intraoperative Tachycardia
• tachycardia - HK >100 bpni; divided into sinus tachycardia ( HK = 100-150 bpm) or supraventricular

tachycardia (SVT)
• SVT: can be further divided into narrow complex or wide complex tachycardia

narrow complex: atrial fibrillation/flutter, accessory pathway mediated tachycardia, paroxysmal
atrial tachycardia

• wide complex:VT, SVT with aberrant conduction
• causes of sinus tachycardia

shock/hypovolemia/blood loss
anxiety/pain/light anesthesia
full bladder
anemia

+
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febrile illness/sepsis
drugs (e.g.atropine, cocaine, dopamine, epinephrine, ephedrine, isoflurane, isoproterenol,
pancuronium) and withdrawal
hyper- metabolic states: malignant hyperthermia, neuroleptic malignant syndrome,
pheochromocytoma, thyrotoxicosis, serotonin syndrome

•for management of tachycardia, see Appendices, A30

Intraoperative Bradycardia
•bradycardia - HR <50 bpm; most concerning are 2nd degree (Mobitz type 11) and 3rd degree heart

block, which can both degenerate into asystole
•causes of sinus bradycardia

• increased parasympathetic tone vs. decreased sympathetic tone
• must rule out hypoxemia
• arrhythmias (see Cardiology and Cardiac Surtterv. C19)
• baroreceptor reflex due to increased ICE or increased BP
• vagal reflex (oculocardiac reflex, carotid sinus reflex, airway manipulation)
• drugs (e.g. opioids,edrophonium, neostigmine, halothane, digoxin, p-blockers)

high spinal/epidural anesthesia
• hypothermia and hypothyroidism

•for management of bradycardia, see Appendices, A30

m
Intraoperative Shock Box

SHOCKED
Sepsis or Spinal shock
Hypovolemic/Hemorrhagic
Obstructive
Cardiogenic
anaphylactiK
Endocrine'other (e.g. Addison's disease,
hyperthyroidism, transfusion reaction)
Drugs

a
BP - CO x SVR.where CO - SV x HR
SV is a function of preload, afterload,
and contractility

Blood Pressure
Causes of Intraoperative Hypotension/Shock
• shock: inability of cardiovascular system to maintain adequate end-organ perfusion and delivery of

02 to tissues
a) septic shock

see Infectious Diseases,1D20
b) spinal/neurogenic shock

decreased sympathetic tone
hypotension without tachycardia or peripheral vasoconstriction (warm skin)

c) hypovolemic/hemorrhagic shock
most common form of shock, due to decrease in intravascular volume

d) obstructive shock
obstruction of blood into or out of the heart
increased J VP, distended neck veins, increased SVR, insufficient CO
e.g. tension pneumothorax, cardiac tamponade, pulmonary embolism (and other emboli - i.e.
fat, air)

e) cardiogenic shock
inability of the heart to pump an adequate volume of blood
increased|VP, distended neck veins, increased SVR, decreased CO
e.g. myocardial dysfunction, dysrhythmias, ischemia/infarct, cardiomyopathy, acute valvular
dysfunction

f) anaphylactic( K) shock
see Emergency Medicine. PR 29

g) endocrine /other
transfusion reaction, Addisonian crisis, thyrotoxicosis, hypothyroid, aortocaval syndrome
see Hematology and Endocrinology

h) drugs
vasodilators, high spinal anesthetic interfering with sympathetic outflow

Causes of Intraoperative Hypertension
• inadequate anesthesia causing pain and anxiety
• pre-existing H I N, coarctation, or preeclampsia
• hypoxemia/hypercarbia
• hypervolemia
• increased intracranial pressure
• full bladder
• drugs (e.g.ephedrine, epinephrine,cocaine, phenylephrine, ketamine) and withdrawal
• allergic/anaphylactic reaction
• hypermetabolic states: malignant hyperthermia, neuroleptic malignant syndrome, serotonin

syndrome, thyroid storm,pheochromocytoma (see Endocrinology, E29, E40)
n
LJFluid Balance and Resuscitation

• total requirement = maintenance + deficit + ongoing loss
• in surgical settings, this formula must take into account multiple factors including preoperative

fasting/decreased fluid intake, increased losses during or before surgery, and fluids given with blood
products and medications

• increasingly, Enhanced Recover)'After Surgery protocols recommend consumption of clear fluids up
to 2 h prior to surgery

+
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•both inadequate fluid resuscitation AND excessive fluid administration increase morbidity
postoperativelv

Maintenance Fluid
•average healthy adult requires approximately 2500 mL water/d

200 mL/dGl losses
800 mL/d insensible losses ( respiration, perspiration)
1500 mL/d urine (beware of renal failure)

• maintenance should not exceed 3 mL/kg/h
•increased requirements with fever, sweating, Cil losses (vomiting, diarrhea, NG suction),adrenal

insufficiency, hyperventilation, and polyuric renal disease
•decreased requirements with anuria /oliguria, SIADH, highly humidified atmospheres, and CHT
•maintenance electrolytes

Na ’: 3 mEq/ kg/d
K' : I mEq /kg/d

•4-2-1 rule: 4 mL/h first 10 kg, 2 mL/h next 10 kg, I mL/h for every kg after to calculate maintenance
fluid requirement

alternatively, may add 40 to adults who weigh £20kg to calculate maintenance fluid requirement
in mL/h

•e.g. a 50 kg patient's maintenance requirements
fluid = (4 mL/h x 10 kg) t (2 mL/h x 10 kg) + (1 mL/h x 30 kg) * 40 mL/h + 20 mL/h + 30 mL/h =
90 mL/h * 2160 mL/d
Na ' = 150 mhq/d (therefore 150 mEq/2.16 L/d « 69 mEq/L)
K * = 50 rnEq/d (therefore 50 mEq/2.16 L/d * 23 mEq/L )

•above patient's requirements roughly met with 2/3 dextrose 5% in water (D5W ), 1/3 normal saline
(NS) 0.9%

• 2/3 + 1/3at 100 mL/h with 20 mEq KC1 per litre

Fluid Deficit
• patients should be adequately hydrated prior to anesthesia
• total body water (TBW) = 60% or 50% of total body weight for an adult male or female, respectively

(e.g. for a 70 kg adult male TBW = 70 x 0.6 = 42 L)
• total Na 'content determines ECE volume; [ Na ' ] determines ICE volume
• hypovolemia due to volume contraction

extra-renal Na floss
« Gl: vomiting, NG suction, drainage, fistulae, diarrhea

skin/respiratory: insensible losses (fever), sweating, burns
vascular: hemorrhage
renal Na ’and H:0 loss
diuretics
osmotic diuresis
hypoaldosteronism
salt-wasting nephropathies
renal H’O loss
diabetes insipidus (central or nephrogenic)
hypovolemia with normal or expanded ECE volume
decreased CO
redistribution

• hypoalbuminemia:cirrhosis, nephrotic syndrome
• capillary leakage: acute pancreatitis, rhabdomyolysis, ischemic bowel, sepsis, anaphylaxis
• replace water and electrolytes as determined by patient’s needs
• with chronic hyponatremia, correction must be done gradually over >48 h to avoid central pontine

myelinolysis

TBW (42 U
I

1
23 1 3

ICFI28 L) ECFI14 L1
1

i i
3/4 1/4

Interstitial (10.5 L) Intravascular (3.5 L)
(Starting's forces maintain balance)

Figure 10. Total body water division
in a 70 kg adult

Table 4. Signs and Symptoms of Dehydration
Percentage of
Body Water Loss

Severity Signs and Symptoms

3% Decreased skin turgor, sunken eyes, dry mucous membranes, dry tongue, reduced sweating
Oliguria, orthostatic hypotension, tachycardia, low volume pulse, cool extremities, reduced
filling of peripheral veins and CVP, hemoconcentration,apathy

Profound oliguria or anuria and compromised CNS function with or without altered sensorium

Mild
6% Moderate

Severe9%

What are the Ongoing Losses?
• traditionally thought that fluid loss during surgery resulted from blood loss, losses from Eoley

catheter, NG, surgical drains, and minor losses due to sequestration of fluid into other body
compartments

• fluid therapy accounting for these losses often resulted in excess crystalloid administration
• goal-directed fluid regimens associated with lower rate of postoperative complications compared to

predetermined calculations, these can be done using point of care ultrasound ( HOCUS), esophageal
doppler, or pulse or pressure variation available either using arterial line monitoring or certain pulse
oximetry

n
J
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IV Fluids
Colloids»s.Crystalloids lor Floid Resuscitation in
Critically IIIPeople
tncteare 06 Syst ter 20t8:C0000567
Purpose: lo assesseftect of colloids vs.crystal cIs
incnticaly ill patients on mortality,need for
transfusions or renal replacement therapy,and
adverse events.
Methods Systematic ev en of tCTs and qsasi-RCTs
irvolvmg trauma,boms,or medical conditons (i.e.
sepsis).Searched CENTRAL.MEDLINE.and Emdase.
Outcomes:65 studes.30020 pancipants.Serenes,
dertrans.aibsmm or FfP (moderate-certainty
erdence).or gelatins (ton-certainty evidence) vs.
crystalloids has no difference onmortality.Starches
slightly increase the need for bind transfusion
(moderate-certairty evidence),and a bumin or FFP
may make littleor no difference to the need for
renal replacement therapy (lorn-certainty erdencel.
Evdence for blood transfusions for deifans.and
aSummorfFP.isaittrtain.

• replacement fluids include crystalloid and colloid solutions
• IV fluids improve perfusion but NOT O’ carrying capacity of blood

Initial Distribution of IV Fluids
• H’O follows ions/molecules to their respective compartments

Crystalloid Infusion
• salt-containing solutions that distribute only within ECF
• consensus guidelines recommend use of balanced crystalloid (i.e. Ringer’s lactate) over NS for routine

replacement and resuscitation
• maintain euvolemia in patient with blood loss: 3 mL crystalloid infusion per 1 mL of blood loss for

volume replacement (i.e. 3:1 replacement)
• best practice is to use goal-directed therapy
• if large volumes are to be given, use balanced fluids such as Ringer’s lactate or Plasmalyte’, as too

much NS may lead to hyperchloremic metabolic acidosis

Colloid Infusion
« includes protein colloids (albumin and gelatin solutions) and non-protein colloids (dextrans and

starches, (e.g. hydroxyethyl starch) ( HES))
• distributes within intravascular volume
• 1:1 ratio (infusiomblood loss) only in terms of replacing intravascular volume
• the use of HES solutions is controversial because of recent RCl's and meta-analyses highlighting

their renal (especially in septic patients) and coagulopathic side effects, as well as a lack of specific
indications for their use

colloids are being used based on mechanistic and experimental evidence but there is a paucity of
definitive studies investigating their safety and efficacy; routine use of colloids should be avoided

Calculating Acceptable Blood Losses
(ABL)
• Blood volume

term infant
adult male

adult female

80 mL/kg
70 mL'kg
60mL/kg

• Calculate estimated blood volume
(EBV) (e g. in a 70 kg male,approx.
70 mL'kg)
EBV -70 kg x 70 mL'kg- 4900 mL

• Decide on a transfusion trigger.i.e.
the Hb level at which you would
begin transfusion (e.g.70 g/L for
a person with Hb(initial) ~150 g/L)
Hb(final) = 70 g/L

• Calculate
ABL-Hb(i) -HbfflxEBV

Table 5. IV Fluid Solutions
ECF Ringer’s

Lactate
0.9% NS 0.45% NS D5W

in D5W
2/3 D5W Plasmalyte
1/3 NS

mEq/L 142 130 1S4 77 51 140Na‘

5K 4 4
Ca:" 34

Hb(i)Mg' ' 3 3 -150 - 70 x 4900
ct- 103 109 154 77 51 98 150

- 2613 mL
• Therefore,in order to keep the Hb

level above 70 g/L.FtBCs would have
to be given after approximately 2.6 L
of blood has been lost

HC03- 27 28’ 27
mOsm/L 280-310 273 308 252 269 294154

7.4 6.5 5.0 4.5 4.0 4.3 7.4pH
’Converted Irom lactate

Table 6. Colloid HES Solutions
Concentration Plasma Volume

Expansion
Duration (h) Maximum Daily Dose

(mL/kg)
Transfusion Infection Risks

Virus Risk per1unit
pRBCs

6% 4-6 33-50Voluven 3

Pentaspan1

1:1
10% 1:1.24.5 18 -24 28

1in 21millionHIV

Hepatitis C virus

Hepatitis B virus

1in13 million

Blood Products 1in25 million

1m1-1.3 millionHTLV• see Hematology, H54
Symptomatic
Bacterial Sepsis

1in 40.000 from
platelets and1in
250.000 from SBC

West Nile virus No cases since 2003

Source:C4kimJL Pidkertce PR Bloody Easy Fourth
E&ticoed.Tor onto: Snnrytrcok and Women's Coftege
Heattti Science Centre:2016
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Induction
toenroniinis.Secdsykhorne for Sapid
Sepaer.ee InducticnIntubation
C ochraae 06 SrstIn20«:C0002788
Pirpoie:Ine“et raciroums treetesursbatug
conditions comparable to“ose of soctnylcbofse
during RSJ iJrtsi«tio--s.
Methods:Systematic rer ew of ICTs or CCIs wi'a
dose of at least 0.6opt)for rotaroseaasd1erg ng
for SiCtnr'tfOlire.
lesolts:S0tr-.ai.it51berttrperis.SotccySci-a me
was super®.'to rocaroaea for actiering eiceBest
rt*atso ro-dtoa(M0.86.95% Cl 0.810 52) ard
dinically acceptable nrtubaboucosdtiocs {IS057.
95% Cl 055-055).
Conclusion:SutanjictKPtcse treated Superior

irtabatoa coed-toss tomaroonra a acberng
excellent andctacatj acteptePe istsPatng
conditions.

Routine Induction vs. Rapid Sequence Induction
• routine induction is the standard in general anesthesia; however, an RSI is indicated in patients at risk

of regurgitation/aspiration (see Aspiration, A5 )
• RSI uses

1. pre-determined doses of induction drugs given in rapid succession to minimize the time patient is
at risk for aspiration (e.g. from the time svhen they are unconscious without an HIT until the time
when the HIT is inserted and the cuff inflated)

2. no bag mask ventilation
3. cricoid pressure may be applied (although there are some exceptions, e.g. trauma to upper airway)
4. use of rapid onset muscle relaxant (i.e. SCh)

Table 7. Comparison of Routine Induction vs. RSI
Steps Routine Induction RSI

Equipment Preparation Check equipment,drugs,suction,and monitors;prepare an alternative laryngoscope blade and a second ETT tube
one size smaller,suction on

100% 02 for 3minor 4-8 vital capacity breaths:reduce risk of hypoxemia during apneic period following induction
Most

Soluble
Haiothare

Pre-Oxygenationl
Denitrogenation

Pre-Treatment Agents
Iscriurane

Use agent of choice to blunt physiologic Use agent of choice to blunt physiologic responses to airway
responses to airway manipulation 3 min prior manipulation:if possible,give 3 min prior to laryngoscopy,but

can skip this step in an emergentsituation

Use IV or inhalation induction agent of choice Use pre-determined dose of fast acting induebon agentof choice
Muscle relaxant of choice given after the onset Predetermined dose of fast acting muscle relaxant (SCh or high

dose rocuronium) given IMMEDIATELY after induction agent

DO NOT bag ventilate -can increase risk of aspirabon

Cricoid pressure (Sellick Maneuver) toprevent regurgitation

Sevo;jrsne
to laryngoscopy

DesfluraneInduction Agents
Muscle Relaxants Least

Soluble Nitrous Oxideof the induction agent

Ventilation
Additional Helpful
Maneuvers

Bag-mask ventilation
External Laryngeal Manipulation using
Backwards.Upwards.Rightward Pressure
(BURP)

Intubate,inflate cuff, confirm ETT position Intubate once paralyzed (“45 s after SCh given),inflate cuff.
confirm ETT position:cricoid pressure maintained until ETT cuff
inflated and placement confirmed

Secure ETT.and begin manual/machine ventilation

Figure 11. Solubility of volatile
anesthetics in blood

Intubation

Effects of CricoidPresssre Compared with a Sfaaa
Procedure in the Sapid SeqaenceInduction of
A nesthesia:TheIrisBaadoaized ClinicalTrial
JAMA Sarg 2015:154|T|5-17
Purpose:To determne :f cricoidress.'c nqaets

Dulmocary £sp-'ction pec-? e.ndergoi-g rapid
seq.e:ce sdaction (SSI) of aKSlftesa.
Methods:Jrtozedc*d c Jtelio
assess3472 patiatsnotary! tugrapidsetjsoce
induction of aresttesia at W academe centers.
Results:ResritsdesMStrated thatOctets_nde:go;-g anesfesic asirg RSI eper.erce
ncreasedpmeriaaof palaonary aspiration

using ocodpressure»aes compared to thessaa
condition.
Conclusion:This stsdy prordeseiiJe:eto show
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iissuper.or to tSe sham procedine inprevoSag
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Induction Agents
•induction of general anesthesia may be achieved with intravenous agents and/or volatile inhalational

agents

Intravenous Agents
•IV induction agents are non-opioid drugs used to provide hypnosis, amnesia, and blunt reflexes to

laryngoscopy
•these are initially used to establish the plane of anesthesia rapidly and smoothly

most commonly used is propofol or ketamine
a continuous propofol infusion may be used as an alternative to inhalational volatile agents
during the maintenance phase of general anesthesia. An indication would be malignant
hyperthermia

Table 8. Intravenous Induction Agents
Propofol
(Diprivan:)

Thiopental (sodium
thiopental, sodium
thiopentone)'

Ketamine (Ketalar 1,
Ketaject )

Benzodiazepines (midazolam Etomidate
(Versed (.diazepam (Valium ),
lorazepam (Ativan ))

Methohexital
(Brevital )

Alkylphenol - hypnotic Short acting thiobarbiturate Phencyclidine (PCP) derivative -
•hypnotic

Inhibitory at CABA synapse
Decreased cetebral
metabolic rate and blood
flow, decreased CPP,

blood llow,decreased decreased CO.decreased
BP.decreased reflex
tachycardia, decreased
respiration

Class Benzodiazepines - anxiolytic Imidazoledenvatrve • Ultra short-acting
barbituratedissociative hypnotic

Action Inhibitory at GABA
synapse
Decreased cerebral
metabolic rate and

May acton NMDA (antagonistically). Inhibitory at GABA synapse
opiate,and other receptors
Increased HR.increased BP.
increased SVR, increased coronary Minimal cardiac depression
flow,increased myocardial 02
uptake
CNS and respiratory depression,
bronchial smooth muscle relaxation

Decreases
concentration of GABA chloride
required to activate
receptor
CNS depression
Minimal cardiac or
respiratory depression

Snds to the
Produces anbannety and skeletal
muscle relaxant effects rotiophore site of

GABA -A receptor

ICP.decreased SVR,
decreased BP.and
decreased SY

Indications Used for sedation,amnesia,and
anxrolysis

ProceduralInduction
Maintenance
Total intravenous
anesthesia (TIVA)

Induction when sympathetic
Control of convulsive states, stimulation required (e.g.major
obstetric patients

Induction Induction
Poor cardiac function, induebon
severe valve lesions,
uncontrolled
hypertension

trauma,hypovolemia). IM induction Electroconvulsive
therapy (ECt) +in children'uncooperative adults

fee.when there is lack of IV
access),severe asthma because
sympathomimetic

'As of 2011. Thiopental has been discontinued from production for North America
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Table 8. Intravenous Induction Agents
Thiopental (sodium
thiopental, sodium
thiopentone)’

Ketamine (Ketalar ,
Ketaject )

Benzodiazepines (midazolam Etomidate
(Versed ).diazepam (Valium 5),
lorazepam (Ativan ))

Methohexital
(Brevital )

Propofol
(Diprivan )

Caution Patients who cannot
toleratesudden
decreased BP (e.g.
futed cardiac output
or shock)

Allergy to barbiturates
Uncontrolled hypotension,
shock,cardiac failure
Porphyria,liver disease,
status asthmalicus,
myxedema
IV induction:3-5 mg/kg
Unconsciousabout 30 s
Lasts 5 min
Accumulation with
repeal dosing - not for
maintenance
tut - 5-10 h
Postoperative sedation
lasts hours

Marked respiratory depression Postoperative nausea Contraindicated in
acute intermittent
porphyria

Ketamine allergy
1CA medication (interaction causes
HTH and dysrhythmias)
History of psychosis
Patients who cannot tolerate HTN
(e.g.CHF.increased ICP.aneurysm)
IV induction1-2 mgfkg
Dissociation in 15 s, analgesia,
amnesia,and unconsciousness in
4S 60 s
Unconsciouslor 10-15 min,
analgesia for 40 min,amnesia
for 1-2 h
lvj* «3 h

and vomiting
Venous irritation

Dosing IV induction:1.5 -2.5
mg/kg (less with
opioids)
Unconscious'1mm
lasts 4 - 6 min
l>1" 55 min
Oecreascd
postoperative
sedation,recovery
time.M/ V

Onset <5minilgiven IV
Ouralion of action long but variable/
somewhat unpredictable

IV induction 0.3 mg/kg IV induction1to
Onset 30-60 s
lasts 4 3 min

1.5 mg/kg ol a 1%
solution;doses
must be titrated
to clfed

Special
Considerations due to vasodilation

Reduce burning at IV
site by mixing with
lidocaine

-300 decreased BP Combining with rocuronium
causes precipitates to form

High incidence of emergence
reactions (vivid dreaming, out-of-
body sensation,illusions)
Pretreat with glycopyrrolate to
decrease salivation

Antagonist; flumazenil (Anexate -) Adrenal suppression
competibve inhibitor,0.2 mg IV over after first dose,cannot
15 s,repeat with 0.1mg/min (max of 2 repeat dose or use as
mg),tw of 60 min
Midazolam also hasamnestic

infusion
Myoclonic movements

(antegrade)effectand decreased risk during induction
of thrombophlebitis

*As of 2011, Thiopental has been discontinued from production lor North America

Volatile Inhalational Agents
• e,g. sevofluratio, dcslluranc, isoflurano, enflurane, halothanc, and nitrous oxide

Table 9. Volatile Inhalational Agents
See landmark Anesthesiolsgy trials table for more
informationonMYtUO trial, which details the
impact of votat leanesthetits vs.total intravenous
anesthesia inpatents undergoing CABG.

Sevoflurane Desflurane’ Isoflurane" Enflurane Halothane Nitrous oxide
(N20)’”

MAC 2.0 6.0 1.2 1.7 0.8 104
(% gas into)
CNS Increased ICP Increased ICP Decreased cerebral

metabolic rate
IncreasedICP

Respiratory depression (severely decreased TV.increased RR).decreased response to respiratory CO;
reflexes,bronchodilation

ECG seizure-like
activity
IncreasedICP

Increased ICP and
cerebral blood flow

Rcsp

Stable HR.
decreased

theoretical chance ol contractility
coronary steal* *

Decreased BP.CO.
HR.and conduction
Sensitizes myocardium paediatric patients
lo epinephrine-induced with existing heart

disease

Can cause
decreased HR in

CVS less decrease Tachycardia with Decreased BP and
of contractility, rapid increase in CO. increased HR.
stable HR concentration

arrhythmias

Muscle relaxation,potentiationol other muscle relaxants.uterine relaxationMSK
'Airway irritant: desflurane can provokebreath holding, laryngospasm. and salivation, so it is not used lor inhalational induction
"Coronary steal:isoflurane causes small vessel dilation which may compromise blood flow to areas ot Uie heart with fixed perfusion (e.g. stents.
atherosclerosis)
'"Properties and Adverse Effects of NrrO
Due to its high MAC.NzO is combined with other anesthetic gases to attain surgical anesthesia.A MAC of 104% is possible in a pressuiized chamber
only
Second Gas Effect
Expansion ol closed spaces:closed spaces such as a pneumothorax, the middle ear.bowel lumen,and ETT cuff will markedly enlarge if NzO is
administered
Diffusion hypoxia:during anesthesia, the washout of NrO front body stores kilo alveoli can dilute Uie alveolar (O2),creating a hypoxic mixture il the
original IQuJis low

Minimum Alveolar Concentration
• minimum alveolar concentration (MAC) is the alveolar concentration of a volatile anesthetic at one

atmosphere (atm) of pressure that will prevent movement in 50% of patients in response to a surgical
stimulus (e.g. abdominal incision )

• potency of inhalational agents is compared using MAC
• MAC of halogenated volatile anesthetics decreases by approximately 6% per additional decade of age

in adults
• 1.2-1.3 times MAC will often ablate response to stimuli in the general population
• MAC values are roughly additive when mixing N’O with another volatile agent; however, this only

applies to movement, not other effects such as BP changes (e.g. 0.5 MAC of a potent agent + 0.5 MAC
of N 20 = 1 MAC of potent agent)

• MAC-intubation: the MAC of anesthetic that will inhibit movement and coughing during
endotracheal intubation; generally 1.3 MAC

• MAC-block adrenergic response (MAC-BAR): the MAC necessary to blunt the sympathetic response to
noxious stimuli; generally 1.5 MAC

• M AC-awake: the MAC of a given volatile anesthetic at which a patient will open their eyes to
command; generally 0.3-0.5 of the usual MAC

Factors increasing MAC:chronic
alcohol use.hyperthyroidism,
hyperthermia, acute amphetamine use,
cannabinoids.young age
Factors decreasing MAC: acute
alcohol intoxication,hypothermia,
sedating drugs,advanced age.chronic
amphetamine use. drugs (opioids,
benzodiazepines),a 2 adrenergic
agonists,nitrous oxide,IV anesthetics,
shock r1

c. J

+
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Muscle Relaxants and Reversing Agents

Prejunctional
motor nerve ending

Vesicles with ACh

Lower [K-]

Depolarization and
muscle contraction

tPost synaptic ACh receptor
muscle membrane

Higher (Na)

54. Change inmembiane permeability
5 AChEhydrolyzes ACh
6.Action potential spreads across musclemembrane

( Action potential arrives
2 Release of ACh into cleft
3.ACh binds to ACh leceptor,ion channels open

:

—>
Q

Figure 12. Review of anatomy and physiology of the neuromuscular junction (NMJ)

Muscle Relaxants
•two types of muscle relaxants

1. depolarizing muscle relaxants:SCh
2. non-depolarizing muscle relaxants: rocuronium, mivacurium, vecuronium, cisatracurium,

pancuronium
•block nicotinic cholinergic receptors in NM|
• provides skeletal muscle paralysis, including the diaphragm, but spares involuntary muscles such as

the heart and smooth muscle
• never use muscle relaxants without adequate preparation and equipment to maintain airway and

ventilation
• muscle relaxation produces the following desired effects:

1. facilitates intubation
2. assists with mechanical ventilation
3. prevents muscle stretch reflex and decreases muscle tone
4. allows access to the surgical field (intracavity surgery)

• nerve stimulator (i.e. train of four) is used intraoperatively to assess the degree of nerve block; no
twitch response seen with complete neuromuscular blockade

Pseudocholinesterase
Pseudocholinesterase is produced
by the liver and metabolizes SCh and
mivacurium. A prolonged duration of
block ade by SCh occurs with:
(a)decreascd quantity of plasma

cholinesterase (e.g.congenital
(hereditary), liver disease,pregnancy,
malignancy,malnutrition, collagen
vascular disease,hypothyroidism)

(b)abnormal quality of plasma
cholinesterase (e.g. normal levels
but impaired activity of enzymes,
genetically inherited)

rn
L J
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Table 10. Depolarizing Muscle Relaxants (Non-Competitive): Succinylcholine (SCh)
Mechanism ol Mimics ACh and binds toACh receptors causing prolonged depolarization:Initial fiiscleulalion may be seen, followed by

temporary paralysis secondary to blocked ACh receptors by SChAction
Intubating M.5
Dosc (mglkg)

Onset

Duration
Metabolism

30-60 s - rapid ( fastest olall muscle relaxants)

3-5 min- short (no reversing agent (or SCh)
SCh is hydrolyzed by plasma cholinesterase (i.e.pseudocholinesterase), found only in plasma and notat the NMJ

Assist intubation
Increased risk of aspiration (e.g.full stomach,hiatus hernia,obesity,pregnancy,trauma);need rapid paralystsand airway
control)
Short procedures

Indications

ECT
Laryngospasm
1.SCh also stimulates muscarinic cholinergic autonomic receptors (in addition to nicotinic receptors;maycause bradycardia,
dysrhythmias, sinus arrest,increased secrelions of salivary glands (especially inchildren))
2.Hyperkalemia

Disruption of motor nerve activity causes proliferation ol extrajunctional (outside NMJ) cholinergic receptors
Depolarization ol an increased number ol receptors by SCh may lead lo massive release of potassium out of muscle cells
Patients at risk
3rd degree burns 24 h - 6 mo after injury
Traumatic paralysis or neuromuscular diseases (e.g.muscular dystrophy)
Severe intra-abdominal Infections
Severe dosed head injury
Upper motor neuron lesions

3.Can trigger MH (seeMalignant Hyperthermia. A29)
4.Increased ICPNntraocular pressure/ intragastric pressure (no increased risk of aspiration if competent LES)
5.Fasciculations.postoperative myalgia - may be minimized if small dose of non depolarizing agent given before SCh
administration

Side Effects

Contraindications

Known hypersensitivity or allergy,positive history of MH.myotonia (m.congenita,m.dystrophica.paramyotonia congenital),
high-risk for hyperkalemic response

Known history of plasma cholinesterase deficiency,myasthenia gravis,myasthenic syndrome, familialperiodic paralysis,open
eye injury

Absolute

Relative

Table 11. Non-Depolarizing Muscle Relaxants (Competitive)
Mechanism of Action Competitive blockade of poslsynaptic ACh receptors preventing depolarization

Classilicalion Short Intermediate tong
CisalracuriumMivacurium Rocuronium PancuroniumVecuronium

0.2 0.61.0 0.1 0.2 0.1Intubating Oosc
(mg/kg|
Onset (min)

Duration (min)

Metabolism

23 1.5 2-3 3 35
15 -25 30 45 45 -60 40-60 90120
Plasma
cholinesterase

Liver (major)
Renal (minor)
0.6-1.0

Liver Hofmann
Elimination

Renal (major)Liver
(minor)

Intubating Dose
(mg/kg|

Indications

0.2 0.1 0.2 0.1

Assist intubation, assist mechanical ventilation in some ICU patients,reduce fasciculations,and postoperative myalgias
secondary to SCh

Side Effects

Histamine Release Ves
Other -

No No NoNo

- Tachycardia

Cisalracurium is Pancuronium if increased
good for patients HR and BP desired
with renal or hepatic
insufficiency

Considerations Increased duration of Ouick onset of rocuronium
action in renal or liver allows its use in rapid

sequence inductionlailure

Reversal Agents
• sugammadex is a selective relaxant binding agent and can be administered immediately alter dose of

NMDR
• neostigmine, pyridostigmine, and edrophonium are acetylcholinesterase inhibitors - these are

competitive inhibitors and therefore can only be administered when there has been some recovery of
blockade (i.e. train of four muscle response to stimulation)
can only reverse the effect of non-depolarizing muscle relaxants

• anticholinergic agents (e.g. atropine, glvcopvrrolate) are simultaneously administered to minimize
muscarinic effect of reversal agents (i.e. bradycardia, salivation, increased peristalsis, and
bronchoconstriction)

r i
L J
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Table 12. Reversal Agents for Non-Depolarizing Relaxants
Pyridostigmine Edrophonium SugammadexAgent Neostigmine

Onset Slow Intermediate Intermediate fast
Mechanism ol ACNE: inhibit emymalic degradation ol ACh, increase ACh at nicotinic and

muscarinic receptors,displace non-depolariring muscle relaxants
Muscarinic elfecls ol reversing agents include unwanted bradycardia, salivation. amount ol agent available to bind to
and increased bowel peristalsis*

0.04 0.08
Glycopyrrolalc

Encapsulates and Inactivates rocuronium
and vecuronium »Action

receptors in NMJ
Dose (mg/kg) 0.1 0.4
Recommended Glycopyrrolalc
Anticholinergic
Ooscol
Anticholinergic
(per mg)

0.5-1 216
Atropine N/A

0.2 mg0.05 mg 0.014 mg N/A

'Atropine and glycopyrrolate are anticholinergic agents administered to mlnlmire muscarinic ellccts ol reveisal agents

Analgesia
• options include opioids (e.g. morphine, fentanyl, hydromorphone), NSA1DS/COX-2- inhibitors,

acetaminophen, ketamine, gabapentinoids, and local and regional anesthetics (see Table 15, A25)

Maintenance
• general anesthesia is maintained using volatile inhalation agents and/or IV agents (i.e. propofol

infusion)
• analgesia (usually IV opioids)

± muscle relaxants given as needed

See landmark Anesthesiology Trials tablefor more
nformabon on results from the ENGAGES trial, which
d etals the efficacy of using EEG goided anesthetic
administration in patients with postoperative
detuiom.

Extubation
• criteria: patient must no longer have intubation requirements

• patency:airsvay must be patent
protection: airsvay reflexes intact

» patient must be oxygenating and ventilating spontaneously
• general guidelines

• ensure patient has normal neuromuscular function (peripheral nerve stimulator monitoring) and
hemodynamic status
ensure patient is breathing spontaneously with adequate rate and tidal volume
allosv ventilation (spontaneous or controlled ) with 100% 02 for 3-5 min

• suction secretions from pharynx, deflate cuff, remove ETT on inspiration (vocal cords abducted)
» ensure patient is breathing adequately after extubation

ensure face mask for 02 delivery available
proper positioning of patient during transfer to recovery room (supine, head elevated)

Complications of Extubation
• early extubation: aspiration, laryngospasm
• late extubation: transient vocal cord incompetence, edema (glottic, subglottic), pharyngitis, tracheitis

Laryngospasm
• defined as forceful involuntary spasm of laryngeal muscles caused by stimulation of superior

laryngeal nerve (by oropharyngeal secretions, blood, early extubation)
• causes partial or total airway obstruction
• more likely to occur in semi-conscious patients
• prevention: extubate while patient is still deeply under anesthesia or fully awake
• treatment: suction, remove oral airway/LMA, apply sustained positive pressure (CHAP) with

anesthetic reservoir bag and partial closure of APL valve BMV with 100% O2, low-dose propofol (0.5-
1.0 mg/kg) optional, low-dose SCh (approximately 0.25 mg/kg), and re-intubate if hypoxia develops

ri
LJ
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Regional Anesthesia Benefits of Regional Anesthesia
• Reduced perioperative pulmonary

complications
• Reduced perioperative analgesia

requirements
• Decreased PONV
• Ability to monitor CNS status during

procedure
• Improved perfusion
• Lower incidence of VTE
• Shorter recovery and improved

rehabilitation
• Pain blockade with preserved motor

function

•local anesthetic applied around a peripheral nerve at any point along the length of the nerve (from
spinal cord up to, but not including, the nerve endings) for the purpose of reducing or preventing
impulse transmission

•no CNS depression (unless overdose of LA); patient remains conscious
• regional anesthetic techniques categorized as follows:

epidural and spinal anesthesia (neuraxial anesthesia)
peripheral nerve blocks
IV regional anesthesia (e.g. Bier block)

Patient Preparation
•sedation and /or anxiolysis may be indicated before block
• monitoring should be as extensive as for CiA Q

Epidural and Spinal Anesthesia Landmarking Epidural/Spinal
Anesthesia
• Spinous processes should be

maximally flexed
• L4 spinous processes found between

Iliac crests
• T7 landmark at the tip of the scapula

•most common for surgeries performed below the level of umbilicus but can be extended to any level
(useful in thoracic, abdominal, and lower extremity surgeries). Typically placed in thoracic or lumbar
spine

Anatomy of Spinal/Epidural Area
•spinal cord extends to L 1; dural sac to S2 in adults
• nerve roots (cauda equina ) from 1.2 to S2
• needle inserted below 1.2 should not encounter cord, thus L3- L4, 1.-1-1.5 interspace commonly used
•structures penetrated (outside to Inside)

• skin
subcutaneous fat
supraspinous ligament
interspinous ligament

* ligamentum flavum (last layer before epidural space)
dura + arachnoid for spinal anesthesia

Classic Presentation of Dural Puncture
Headache
• Onset 6 h 3 d after dural puncture
• Postural component (worse when

sitting)
• Occipital or frontal localization
• ±tinnitus,diplopia

Effectof Anaesthesia type on Postoperative
Mortality and Morbidities:A Matched Analysis of
the NSOIP Database
Br J Anaesth 2017:118:105-111
Purpose: Determine the effects ol PA vs. CA on
postoperative survival and morbidities.
Methods Matched surgical procedures anil type ol
anesthesia using IhellS national Surgical Quality
Improvement database. Primary outcome was 30 d
postoperative mortality and secondary outcomes
were hospital length of stay and postoperative orgao
system dyshmeioo.
Results: there was np difference in 30 d mortality. RA
was significantly associated with increased likelihood
of early discharge (HR1.09; P< 0.001|.There were
lower odds of intraoperative complications (47%).
respiratory corn cations (24%|. DVT (TS%|. and
any one postoperative complication (15%) (OR 0.8S;
P < 0.0011.
Conclusion: RA was associated with significantly
lower odds of several postoperative complications,
decreased hospital length ol stay, but not mortality
when compaitd with CA.

Table 13. Epidural vs. Spinal Anesthesia
SpinalEpidural

Deposition Site t A injected in epidural space (space between ligamentum
llavum and dura)
Initial blockade Is at the spinal tools followed by some
degree of spinal cord aneslhesia as LA diffuses into the
subarachnoid space through the dura
Significant blockade requires10-15 min
Slower onset of side effects

IA injected into subarachnoid space in the dural sac
surrounding the spinal cord and nerve toots

Onset Rapid blockade (onsetin 2-5 min)

Effectiveness Effectiveness of blockade can be variable
Difficulty

Patient
Positioning Post- an issue
injection
Specific Gravity/
Spread

Very effective blockade
Easier to perform due fo visual confirmation of CSF flow
Hyperbaric LAsolution - position ol patient important

Technically more difficult;greater failure rate
Position of patient not as important:specific gravity not

Epidural injections spread throughout the potential space:
specific gravity ol solution does not affect spread

IA solution may be made hyperbaric (of greater specific
gravity than the CSF by mixing with 10% dextrose, thus
increasing spread of LA to the dependent flow) areas of the
subarachnoid space)
Smaller dose ol LA required (usually < toxic IV dose)

None
larger rolume/dosc of LA (usually > toxic IV dose)

Use ol catheter allows for continuous infusion or repeal
injections
Failure of technique
Hypotension
Bradycardia if cardiac sympathetics blocked (only if »T4
block), e.g.“high block"
Epidural or subarachnoid hematoma
Accidental subarachnoid injection can producespinal
anesthesia (and any of the above complications)
Systemic toxicity ol LA (accidental intravenous)
Catheter complications (shearing, kinking, vascular, or
subarachnoid placement)
Infection
Post -dural puncture

Combines the benefits of rapid, reliable, intense blockade ol spinal anesthesia together with the flexibility of an epidural
catheter

Dosage

Continuous
Infusion
Complications Failure of technique

Hypotension
Bradycardia if cardiac sympathetics blocked (only if -14
block), e.g.‘high spinal"
Epidural or subarachnoid hematoma
Post -spinal headache (CSF leak)
transient paresthesias
Spinal cord trauma
Infection

Combined Spinal-
Epidural +
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L2 Supraspinous ligament
Interspinous ligament

•Ligamentumflavum

/

Lumbar
spinous ]
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Safe injection
below12/13 '

•Dura mater
CSF in lumbar cistern
Cauda equina

L3
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Figure14.Sagittal cross-section of the anatomy of neuraxial anesthesia Epidural space v**-1

Oura mater —
Contraindications to Spinal/Epidural Anesthesia
• absolute contraindications

• lack of resuscitative drugs/equipment
patient refusal
allergy to local anesthetic
infection at puncture site or underlying tissues
coagulopathies/bleeding diathesis

• raised 1CP
• sepsis/bacteremia
• severe hypovolemia

cardiac lesion with fixed output states (e.g. severe mitral/aortic stenosis)
• lack of IV access

• relative contraindications
pre-existing neurological disease (e.g. demyelinating lesions)

• previous spinal surgery; severe spinal deformity
• prolonged surgery
• major blood loss or maneuvers that can compromise reaction

L4

Subarachnoid
spacewith , L5
CSF

S2X
x

Peripheral Nerve Blocks Figure13.Landmarks for placement
of epidural/spinal anesthesia

• deposition of LA around the target nerve or plexus
• ultrasound guidance and peripheral nerve stimulation (needle will stimulate target nerve/plexus) may

be used to guide needle to target nerve while avoiding neural trauma or intraneural injection
• most major nerves or nerve plexuses can be targeted (e.g.brachial plexus block, femoral nerve block,

sciatic nerve block)
• performed with standard monitors
• approximately 2-4 per 10000 risk of late neurologic injury
• resuscitation equipment must be available

Contraindications to Peripheral Nerve Blockade
• absolute contraindications

• allergy to LA
patient refusal

• relative contraindications
certain types of pre-existing neurological dysfunction (e.g. ALS, MS,diabetic neuropathy)
local infection at block site
bleeding disorder

n
LJ

Local Anesthesia
+Local Anesthetic Agents

• see Table 14, A23,forlist of LA agents
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Definition and Mode of Action
• LA are drugs that block the generation and propagation of impulses in excitable tissues: nerves,

skeletal muscle, cardiac muscle, brain
• LA bind to receptors on the cytosolic side of the Na Tchannels, inhibiting Na +flux and thus blocking

impulse conduction
• different types of nerve fibres undergo blockade at different rates

Absorption, Distribution, and Metabolism
• LA readily crosses the BBB once absorbed into the bloodstream
• ester-type LA (e.g. procaine, tetracaine) are broken down by plasma and hepatic esterases; metabolites

excreted via kidneys
• amide-type LA (e.g. lidocaine, bupivacaine) are broken down by hepatic mixed-function oxidases

(P450 system); metabolites excreted via kidneys

Selection of LA
• choice of LA depends on:

onset of action:influenced by pKa (the lower the pKa, the higher the concentration of the base
form of the LA, and the faster the onset of action)
duration of desired effects: influenced by protein binding (longer duration of action when protein
binding of LA is strong)
potency: influenced by lipid solubility (agents with high lipid solubility penetrate the nerve
membrane more easily)

• unique needs (e.g.sensory blockade with relative preservation of motor function by bupivacaine
at low doses)
potential for toxicity

Table 14. Local Anesthetic Agents
Maximum Dose
(mg/kg)

Maximum Dose with Potency
Epinephrine (mg/kg)

Duration Onset

chloroprocaine 11
lidocaiiie
mep'nracaine 5
bupivacaine 2.5
rophracaine 2.5

14 Lon 15-30 min Fast
5 7 1-2 h FastMedium

Medium7 3-6 h Fast
3 High 3-8 h Slow
3 High 2-8 h Medium

Systemic Toxicity
•see Table 14 for maximum doses, potency, and duration of action for common LA agents
•occurs by accidental intravascular injection, LA overdose, or unexpectedly rapid absorption

CNS Effects
•CNS effects first appear to be excitatory due to initial block of inhibitory fibres, followed by subsequent

blockade of excitatory fibres
•effects in order of appearance

numbness of tongue, perioral tingling, metallic taste
disorientation, drowsiness

• tinnitus
• visual disturbances

muscle twitching, tremors
unconsciousness
convulsions, seizures
generalized CNS depression, coma, respiratory arrest

CVS Effects
•vasodilation, hypotension
•decreased myocardial contractility
•dose-dependent delay in cardiac impulse transmission

• prolonged PR, QRS intervals
sinus bradycardia

•CVS collapse

y . : .< : .iv.r
r collapse

v
>^Comi
Convulsions

/ Unconsciousness
'Muscle twitching

• 'C - , aL I „• :/ ILc. iisMliSsturbjrcciti
SLigMheededness
\ -- r . 1

=’

r1
L JITreatment of Systemic Toxicity

•earlv recognition of signs;get help
•100% Oz, manage ABCs
•diazepam or other anticonvulsant to prevent potential onset of seizures
•manage arrhythmias
•Intralipid* 20% to bind local anesthetic in circulation

Ml M

Figure15.Local anesthetic systemic
toxicity +
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Local Infiltration and Hematoma Blocks
Local Infiltration
• injection of tissue with LA, producing a lack of sensation in the infiltrated area due to LA acting on

nerves
• suitable for small incisions, suturing, and excising small lesions
• can use fairly large volumes of dilute LA to infiltrate a large area
• low concentrations of epinephrine (1:100000-1:200000) cause vasoconstriction, thus reducing

bleeding and prolonging the effects of LA by reducing systemic absorption

Fracture Hematoma Block
• special type of local infiltration for pain control during manipulation of certain fractures
• hematoma created by fracture is infiltrated with LA to anesthetize surrounding tissues
• sensory blockade may only be partial
• no muscle relaxation

Topical Anesthetics Local Anesthetics aid Regional Anaesthesia vs.
Conventional Analgesia for Preventing Persistent
Postoperative Pain in Adults and Children
Cochrane OBSyst Rev 2018:6:C0007105
Purpose:Compare L A and RA vs.convCBtional
anesthesia for the prevention of persistent
postoperative pain fPPP) beyond 3mo.
Methods:Searched CENTRAL MEDUNE. and
Embase to December 2016. RCTs comparing RAis.
conventional anesthesia were included.
Results: Total 63 RCTs included.Data on RA for the
prevention of PPP beyond 3mo after surgery from
39studies,enrolling a total of 3027 participants in
inclusive analysis.Moderate quality evidence favoring
RA over conventional for thoracotomy.C-secbon (OR
0.52 and OR 0.46 respectively).Moderate quality
evidence showing the infusion of IV LA lor the
prevention of PPP3-6 mo after breast cancer surgery
with an OR of 0.24.Low quality evidence in RA for the
prevention of PPP3-12 mo after breast cancer surgery
with an OR of 0.43.
Conclusions:There is moderate-quality evidence
that RA may reduce the risk of developing PPP
after 3-t8 mo after thoracotomy and 3-T2 mo after
caesarean section.Further studies iocludhig larger
populations are needed.

• various preparations of LAs available for topical use, which may be a mixture of agents (e.g. EMLA
cream is a combination of 2.5% lidocaine and prilocaine)

• must be able to penetrate the skin or mucous membrane

Postoperative Care
• pain management should be continuous from OR to PACU to hospital ward and home

Common Postoperative Anesthetic Complications
Uncontrolled/Poorly Controlled Pain
• See below

Nausea and Vomiting
• hypotension and bradycardia must be ruled out
• pain and surgical manipulation also cause nausea
• often treated with dimenhydrinate (Gravol*), ondansetron (Zofran*), granisetron (Kytril*),

dexamethasone (Decadron*), metoclopramide (Maxeran*; not with bowel obstruction),
prochlorperazine (Stemetil*)

Confusion and Agitation
• ABCs first - confusion or agitation can be caused by airway obstruction, hypercapnia, hypoxemia
• neurologic status (Glasgow Coma Scale, pupils), residual paralysis fro
• pain,distended bowel/bladder
• fear/anxiety/separation from caregivers, language barriers
• metabolic disturbance (e.g. hypoglycemia, hypercalcemia, hyponatremia - especially post-'l'URP)
• intracranial cause (e.g. stroke, raised 1CP)
• drug effect (e.g. ketamine, anticholinergics, serotonin, benzodiazepines, opioids)
• elderly patients are more susceptible to postoperative delirium

Risk Factors for PONV. Young age*

• Female*. History of PONV
• Non-smoker*

• Type of surgery:ophtho,ENT,abdo/
pelvic,plastics

• Type of anesthetic:NvO,opioids,
volatile agents

These factors relef lo the Apiel tool lor PONV risk
itiaUliuhon and management

m anesthetic

Respiratory Complications
• susceptible to aspiration of gastric contents due to PONV and unreliable airway reflexes
• airway obstruction (secondary to reduced muscle tone from residual anesthetic, soft tissue trauma

and edema, or pooled secretions) may lead to inadequate ventilation, hypoxemia, and hypercapnia
• airway obstruction can often be relieved with head tilt, jaw elevation, and anterior displacement of the

mandible. If the obstruction is not reversible, a nasal or oral airway may be used

Hypotension
• must be identified and treated quickly to prevent inadequate perfusion and ischemic damage
• reduced cardiac output (the most common cause is hypovolemia) and/or peripheral vasodilation (e.g.

residua) anesthetic agent)
• first step in treatment is usually the administration of fluids ± inotropic agents

Hypertension
• pain, hypercapnia, hypoxemia, increased intravascular fluid volume, and sympathomimetic drugs

can cause hypertension
• IV nitroglycerin, hydralazine, calcium channel blockers, or p-blocking drugs (e.g. esmolol and

metoprolol ) can be used to treat hypertension

Set Landmark Anesthesiology Trials table for more
information on results from the IMPACT trial which
comparesthe efficacy of six wel testaWished
prophylactic antienetic interventions in patients
sclredjled to undergo elective surgery during general
anesthesia at high risk for postoperative nausea
and vomiting.

r T

See landmark Anesthesiology Trials table lor more
information on results from the DREAMS trial, which
details the effect of preoperative deiainethasone
administration in patients with postoperative
vomiting.

+
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Pain Management
Definitions
• pain: an unpleasant sensory and emotional experience associated with, or resembling that associated

with, actual or potential tissue damage (International Association for the Study of Pain (IASP);
definition updated in 2020)

• nociception: detection, transduction, and transmission of noxious stimuli

See Landmark Anestlresnlngi1 Trials table for
more information on study by HJ Shin et al. 2019.
which highlights differences inpostoperative
analgesic effectol intreopeiitnre sedation with
deimedetomidine (OEXfrs. propofol.

Pain Classifications
• temporal: acute vs. chronic
• mechanism: nociceptive vs. neuropathic

Acute Pain
• pain of short duration (<6 wk) usually associated with surgery, trauma, or acute illness; often

associated with inflammation
• usually limited to the area of damage/ trauma and resolves with healing

Opioid for moderate to severe pam
(e g morphine)

i Non-opioid,iAdjuvant
.=
cd

\!Sensorv cortexVentral posterior
lateralnucleus of
thalamus

Opioid for mild to moderate pain ©
(eg. codeine)

i Non-opioid,iAdjuvant3rd order
afferent neuron

Tissue
damage by:
•thermal
•chemical
•mechanical forces

' jy/ A Non-opioid
leg.NSAID)

z. Non-opioid, .iAdjuvantvJ Modulatory
i neurons release:

' j*) •endorphins
, i •enkephalins

'IT'' v / •norepinepluine
•serotonin
•GABA

’ y
A Figure 17. WHO analgesia ladderr

Nociceptors
detect pain

stimulus
X/ u

LX

STT

1st order
afferent neuron

Inhibit release ot
substance P or make
post-synaptic
membrane more
difticultto polaiize

:
iDorsal horn

olspinal cord Ia.2nd order
afferent neuronSTT:spinothalamic tract Qj

Figure 16. Acute pain mechanism

Pharmacological Management of Acute Pain
• ask the patient to rate the pain out of 10 or use visual analog scale to determine severity
• pharmacological treatment guided by WHO analgesia ladder ( Figure 17)

Table 15. Commonly Used Analgesics
Acetaminophen NSAIDs Opioids

Tylenol 5 Oral:codeine, oxycodone,morphine,hydromorphone
Parenteral:morphine,hydromorphone.fenlanyl
Oral:moderate acutepain
Parenteral:moderate- severe acute pain

Dampens nociceptive transmission between Island 2nd order
neurons in the dorsal horn
Activates ascending modulatory pathways resulting inrelease
of inhibitory neurotransmitters
Inhibits peripheral inflammatory response and hyperalgesia
Allccts mood and anxiety - alleviates the affective
component of perceivedpain

Limited by analgesic No analgesic ceiling(except lor codeine)
ceiling beyond which there Can be administered intrathecally (e.g.spinal block) or by
is no additional analgesia continuous infusion
Opioid-sparing
Significant inter-individual anti emetics.laxatives
variation in efficacy

Aspirinr.ibuprofen,
naproxen,ketorolac (IV)
Mild-moderate pain

Examples

Indications First -line lor mildacute pain

Mechanism of Unclear,hypothesized
cyclooxygenase-2 (C0X-2)
inhibition
Unclear,hypothesized
modulation olendogenous
cannabinoid system

Nonsclective C0X-1 and
-2 inhibition reducing
proinflammalory
prostaglandin synthesis

Action

r TCautionary Use of NSAIDs in Patients
with:
• Asthma
• Coagulopathy
• G! ulcers
• Renal insufficiency
• Pregnancy,3rd trimester

L J
Dosing/ limited by analgesicceiling
Administration beyond which there is no

additional analgesia
Opioid-sparing
Max dose ot 4 g/24 h

Consider breakthrough dose and/or co-administration with
+
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Table 15. Commonly Used Analgesics
Acetaminophen NSAIDs Opioids

Gastric ulceration/blcedinq Respiratory depression
Decreased renalperfusion Constipation and abdominal pain

Urinary retention
Sedation

Side Effects/
Toxicity

Considered relatively safe
liver toxicity in elevated doses

Photosensitivity
Premature closure ol
the ductus arteriosus in N/V

Pruritus
Confusion (particularly in the elderly)
Dependence

pregnancy

Table 16. Opioids
Relative Dose
to 10 mg
Morphine IV

Onset Duration Special ConsiderationsAgent Moderate
Dose Opioid Conversion

Parenteral Equivalent
(IV) Oral Dose

10 mg 30 mg
4 mg

200 mg
20 mg

Codeine 100 mg IV
200 mgP0

15-30 mg PO Late Moderate
(4-6 h)

Primarily postoperative use,not for IV use
Not ideal,as analgesic effect depends on
highly variable CYP2D6 metabolism

Anticholinergic,hallucinations, less pupillary
constriction than morphine,metabolite build
up may cause seizures
Decreased use lor pain management due to
potential toxicity compared to other opioids.
Typically reserved to treat postoperative
shivering.Absolute contraindication in
patients taking MAO-inhibitors
Histamine release leading lo decrease in BP

(30- 60 min) Morphine
Hydromorphone 2 mg

120 mgCodeine2 3 mg/kg IVMeperidine
(Demerol )

75 mg IV Moderate
(10 min)

Moderate
(2-4 h) Oxycodone

Fentanyl
N' A

100 pg N/A

10 mg IV
30 mg P0

0.2-0.3 mg/kg IV Moderate
0.40.6 mg/ (5 -10 min)

Morphine Moderate
(4 5h)

kg P0
Morphine Extended
Release (e.g
MEslon .MS
Contin - )
Oxycodone Controlled
Release (Oxyneo:)

Oxycodone Regular
Tablet (OxylR *)
Hydromorphone
(Dilaudid1)

Hydromorphone
Extended Release
(e.g.Hydromorph
Contin)

Fentanyl

20 mg PO 5 - 20 mg P0 Do not split,crush, or chew lablelLate long

20 mg P0 10-20 mg P0 Late (30- 45 min) Long (8-12 h) Do not split crush,or chew tablet (but can be
difficult to swallow)

Percocel ' - oxycodone 5 mg *
acetaminophen 325 mg
less pruritus.N/ V.and sedation compared
to morphine
Do not split,crush or chew tablet

(no IV)

20 mg P0|no IV) 5 -15 mg P0 Moderate
(15 min)

Moderate
(15 min)

Moderate
(3 6 h)
Moderate
(4 5 h)

Lale (30- 45 min) long

1.5-2.0 mg IV
6 8 mgP0
4.0-6.0 mg P0

40 60 pg/kg IV
2-4 mgP0
3-12 mg P0

tOOpgIV 2-3 pg/kg IV Short Transient muscle rigidity in very high dosesRapid
(<5 min) (0.5-1h)
Rapid (1-3 min) Ultra short Only use during induction and maintenance

(«10 min) ol anesthesia
Rapid (8 min) 15-90 h (24 h Can only be prescribed byfederally/

average) provincially licensed physicians andnurse
practitioners
Acts through both NMDA and p-opioid
receptors
Challenging due tovariable equianalgesic
dose and half -life
Alter titration,accumulates In tissue for
once/twice daily dosing
Metabolized by CYP3A4
Caution with high doses,may cause 01
prolongation,baseline ECG required
For moderate to severe chronic pain and
opioid addiction
Ceiling effect for respiratory depression but
not analgesia
High affinity lo p- oproid receptors,very
resistant to reversal with opioid antagonists

Remilentanil TOOpgIV 0.54.5 pg/kg IV

Methadone (opioid
agonist)

Morphine to
methadone
conversion is
variable based
on patient's
morphine dose.
Ranges (rom1/4
to1/20

15 -40 mgrd in
divided doses

PCA Parameters
• Loading dose
• Bolus dose
• Lockout interval
• Continuous infusion (optional)
• Maximum 4h dose (limit)

Buprenorphine
(opioid agonist
antagonist)

Film:2 mg up to
max of 24 mg

Moderate (30 6-8 hVaries depending
on route of
administration
(pill/film,
transdcrmal)

min)

In general,parenteral route is2-3x more potent than oral
r t

Patient Controlled Analgesia
• patient controlled analgesia (PCA) involves the use of computerized pumps that can deliver a constant

infusion and bolus breakthrough doses of parenterally-administered opioid analgesics
• limited by lockout intervals
• most commonly used agents: morphine and hydromorphone
• see Table 17 for suggested infusion rate, PCA dose, and lockout intervals

L JAdvantages of PCA
• Improved patient satisfaction
• Fewer side effects
• Accommodates patient variability
• Accommodates changes in opioid

requirements +
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Table 17. Opioid PCA Doses
PCA Dose PCA Lockout Interval PCA 4 h MaximumAgent

Patient Controlled Opioid Analgesia vs.
Non-Patient Controlled Opioid Analgesia for
fcstoperative Pain
Cochrane D8 Sys!Rev 2015:CD003348
Purpose:To evaluate the efficacy of patient
controlled analgesia (PCA|vs. non patient controlled
opiod analgeua of as-needed opioid analgesia for
postoperative pain icliel.
Methods: Meta-analyses of RCIs comparing PCA
ss.conventional administration ol opioid analgesia.
Assessmentemployeda visual analog scale|YAS|
for pan intensity along with overall analgesic
consumption, patient satisfaction, length of stay, and
adverse side effects.
Results:49 studies with a total of 1725 patients
receiving PCAand 1687 patients assigned to a control
group.PCA had a lower VAS pain intensity score vs.
non-patient controlled analgesia over most lime
itervals in the first 48 h. PCA was associated with

higher patient satisfaction and consumed higher
amounts of opiods than controls. PCA was also
associated with higher incidence ol pruritus hut not
Othei adverse events.
Conclusions: Moderate lo low quality evidence
that PCA a an efficacious alternative to non -patient
controlled systemic analgesia for postoperative
pain control.

Morphine
Hydromorphone

Fentanyl

1-2 mg
0.2-0.4 mg
25-50 pg

5 min
5 min

30 mg
10 mg

5 min 400 pg

Opioid Antagonists (naloxone, naltrexone)
• indication: opioid overdose (manifests primarily at CNS, e.g. respiratory depression )
• mechanism of action: competitively inhibit opioid receptors, predominantly p-opioid receptors

• naloxone is short-acting (tl /2 = I h); effects of narcotic may return when naloxone wears off;
therefore, the patient must be observed closely following its administration
naltrexone is longer acting (tl /2 = 10 h); less likely to see return of opioid effects

• side effects: relative overdose of naloxone may cause nausea, agitation, sweating, tachycardia, H'l' N,
re-emergence of pain, pulmonary edema, seizures (essentially opioid withdrawal)

Neuropathic Pain
• see Neurology. N43

Chronic Pain
•chronic pain: pain greater than 3 mo,or recurrent pain that occurs at least 3 times throughout 3 mo

period
pain of duration or intensity that persists beyond normal tissue healing and adversely affects
functioning

•in the perioperative period, consider continuing regular long-acting analgesics and augmenting with
regional techniques, adjuvants, additional opioid analgesia, and non-pharmacological techniques (e.g.
mindfulness, physiotherapy, acupuncture)

Nociceptive Pathways in Labour and
Delivery
Labour
• Cervical dilation and cffacemcnt

stimulates visceral nerve fibres
entering the spinal cord at T10- L1

Delivery
• Distention of lower vagina and

perineum causes somatic nociceptive
impulses via the pudendal nerve
entering the spinal cord at S2-S4

Central Sensitization
•central sensitization: hyperalgesia ( i.e. increased sensitivity to pain ) as a result of CNS mechanisms
• may have nociceptive and neuropathic components; dysregulation of analgesic pathways implicated
•plays a role in fibromyalgia

Chronic Post-Surgical Pain
•chronic post-surgical pain (CPSP): pain that develops after surgery and persists for at least 2 mo
•primary predictor of CPSP is history of chronic pain; other risk factors include female gender, surgical

procedure/approach, poor social supports, catastrophizing behaviour

ipidntil vs. Non Epidural or Ho Analgesia lor Pain
Management in labour
Cocfra -e DB Syst Rev 201SCD00033I
Purpose: to assess effectiveness and safety of an
types of epidural analgesia when compared with
non-epidural or no pain relief during labour.
Methods:Systematic renew of BCIs comparing
epdural with any form of pain relief not involving
regonal blockade, or no pan relief in labour.
Results:52 studies involving over 11000 women
were included:34 studies compared epidural
analgesia with opioids. Epidural analgesia was
associated with lower pain intensity, higher
satisfaction, and decreased need for additional pam
relief vs.opiods While it was also associated w t:

creased risk pi assisted vaginal birth ( AR 1.44. 95%
(11.29 -1.60). post- hoc analysisofstudies conducted
after 2005 elimi nates this risk (RR 1.19. 95% 00.97-
1.46).Women with epidural analgesia expenenced
more hypotension, motor blockage, (ever,and urinary
retention with less risk ol respiratory depresson and
nauseafromiting.Iherewas no differencem neonatal
outcomes, admission to NIC U. caesarean section
rates, or maternal long-term backache.
Conclusions: Ep dural analgesia may be more
efiective in reducing pain during labour and

creasing maiernal satisfaction than non - epidural
methods and. when considering modern approaches,
is not associated with increased instrumentation.
Epidural analgesia had no impact on the risk ol
caesarean section or long-term backache, and did
not a ppear to have an enmediate effect on neonatal
status as determined by Apgar scores or m admissions
to MCI).

Obstetrical Anesthesia
Anesthesia Considerations in Pregnancy
• Airway

possible difficult airway as tissues becomes edematous and friable, especially in labour
• Respiratory System

decreased TRC and increased 02 consumption cause more rapid desaturation during apnea
• Cardiovascular System

increased blood volume > increased RBC mass results in mild anemia
• decreased SVU proportionately greater than increased CO results in decreased BP
• prone to decreased BP due to aortocaval compression (supine hypotensive syndrome) - a

pregnant patient is positioned in left uterine displacement (approximately 15° - angle) using a
wedge under her right Hank when supine

• Central Nervous System
decreased MAC due to hormonal effects
increased block height due to engorged epidural veins

• Gastrointestinal System
delayed gastric emptying
increased volume and acidity of gastric fluid

• decreased LtS tone
increased abdominal pressure

• combined, these lead to an increased risk of aspiration; therefore, for surgery, a pregnant patient
is given sodium citrate 30 cc PC) immediately before surgery to neutralize gastric acidity

Options for Analgesia during Labour
• psychoprophylaxis - Lamaze method

• patterns of breathing and focused attention on fixed object
+
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•systemic medication
• easy to administer, but risk of maternal or neonatal respiratory depression

opioids most commonly used if delivery is not expected within 4 h; fentanyl can be considered
•inhalational analgesia

easy to administer, makes uterine contractions more tolerable, but does not relieve pain
completely

• 50% nitrous oxide is insufficient alone but good safety profile for mother and child
•neuraxial anesthesia

provides excellent analgesia with minimal depressant effects
• hypotension is the most common complication

maternal BP monitored q2-5 min for 15-20 min after initiation and regularly thereafter
• epidural usually given as it preferentially blocks sensation, leaving motor function intact

Techaiques lor Preventing Hypotension During
Spinal Anaesthesia for Caesarean Section
Cochrane DflSyst Rev 2011:8:00002251
Purpose:In assess the effects of prophylactic
interventions for maternal hypotension following
spinal anesthesia for caesarean section.
Methods: Searched Cochrane Pregnancy and
Childbirth 's trials Register and reference lists,
lododed RCIs comparing interventions to prevent
hypotension with placebooc alternative treatment.
Results:126 studies were included involving 9565
participants. Identified 3 intervention groups
which were IV fluids (corod vs.crystalloid vs. no
fluid), pharmacological interventions (ephedrine
vs.phenylephrine, orondansetron vs.control),and
physical interventions (lower bmb compression, or
lying vs.walking), til groups showed better control
ol hypotension with no differences between colloid
vs. crystalloid, ephedrine vs. phenylephrine, or lying
vs. walking, til evidence was very-low quality to
low-quality.
Conclnsions:Wlale interventions such as
crystalloids, colloids,ephedrine, phenylephrine,
ondansetron, or lower leg compression can redoce
the incidenceol hypotension, none have been shown
to be super ior to t lit other.

Options for Caesarean Section
•neuraxial: spinal or epidural
•general: used if contraindications or time precludes regional blockade (see Regional Anesthesia,

Epidural and Spinal Anesthesia, A21)

Paediatric Anesthesia
Respiratory System
• in comparison to adults, anatomical differences in infants include:

• large head, short trachea/neck, large tongue, larynx positioned more superior and anterior,
adenoids, and tonsils

• narrow nasal passages (obligate nasal breathers until 5 mo)
narrowest part of airway at the level of the cricoid vs.glottis in adults
epiglottis is longer, U-shaped and angled at 45°; carina is wider and is at the level of T2 ( 14 in
adults)

• physiologic differences include:
faster respiratory rate, immature respiratory centres that are depressed by hypoxia/hypercapnia
(airway closure occurs in the neonate at the end of expiration)
less 02 reserve during apnea - decreased total lung volume, vital capacity, and FRC together with
higher metabolic needs

• to increase alveolar minute ventilation in neonates, increase respiratory rate, not tidal volume
• neonate:30-40 breaths/min

age 1-13: (24 - [age/2]) breaths/min
greater V/Q mismatch - lower lung compliance due to immature alveoli (mature at 8 yr)
greater work of breathing -greater chest wall compliance, weaker intercostals/diaphragm, and
higher resistance to airflow

Cardiovascular System
• blood volume at birth is approximately 80 mL/kg; transfusion should be started if >10% of blood

volume is lost. children have a high HR and low BP
• CO is dependent on HR, not SV because of low heart wall compliance) therefore, bradycardia severely

compromises CO

Adult Upper Airway

pharynx

((^VertebralIgbodyCB
Thyroid cartilage JfA
Cricoid cartilage —+3

Trachea
T0

© Nicole Clough 2014

Child Upper Airway

Temperature Regulation
• vulnerable to hypothermia
• minimize heat loss by use of warming blankets, covering the infant’s head, humidification of inspired

gases, and warming of infused solutions

I
|

i
iCentral Nervous System

• MAC of halothane is increased compared to the adult (0.75% adult, 1.2% infant, 0.87% neonate)
• NM ) is immature for the first 4 wk of life, and thus, there is an increased sensitivity to non-

depolarizing relaxants
• parasympathetics mature at birth, sympathetics mature at 4-6 mo; thus, there is an autonomic

imbalance
• infant brain is 12% of body weight and receives 34% of CO (adult:2% body weight and 14% CO)

Glucose Maintenance
• infants <1 yr can become seriously hypoglycemic during preoperative fasting and postoperatively if

feeding is not recommenced as soon as possible
• after 1 yr, children are able to maintain normal glucose homeostasis in excess of 8 h

Pharmacology
• higher dose requirements because of higher TBW (75% vs. 60% in adults) and greater volume of

distribution
• barbiturates/opioids more potent due to greater permeability of BBB

o

£

M
I. Large head
2 Newborns are obligate nasal breathers
3.Adenoid and tonsils
4. Larger tongue in proportion to mouth
5. Smaller pharynx
6 Larger and more flaccid epiglottis
7. Larynx is more superior and anterior
8 Narrowest point at cricoid cartilage
9. Trachea Is more narrow and less rigid

Figure 18. Comparison of paediatric
vs. adult airway +
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• muscle relaxants
• non-depolarizing

immature NM ), variable response
depolarizing

must pre- treat with atropine or may experience profound bradycardia and/or sinus node
arrest due to PNS > SNS (also dries oral secretions)
more susceptible to arrhythmias, hyperkalemia, rhabdomyolysis, myoglobinemia,
spasm, and malignant hyperthermia

ETT Siring in Paediatrics
Diameter (mm) of tracheal tube in
children after 1 year - (age/4) 4
length (cm) of tracheal tube - (age/2)
* 12

masseter

See landmark Anesthesiology trials table lor more
information on a study by Su n et a I.. 2016.which
details tbe association between a single general
anesthesia exposure prior age 3G months and
neurocognitive outcomes in later childhood.

Uncommon Complications

Malignant Hyperthermia
•hypermetabolic disorder of skeletal muscle
•due to an uncontrolled increase in intracellular Ca 2<(because of an anomaly of the ryanodine

receptor that regulates Ca 2tchannel in the sarcoplasmic reticulum of skeletal muscle)
•autosomal dominant inheritance
•incidence of 1-5 in 100000, may be associated with skeletal muscle abnormalities such as dystrophy or

myopathy
•anesthetic drugs triggering MH include:

all inhalational agents except nitrous oxide
• depolarizing muscle relaxants: SCh

Signs of Malignant Hyperthermia
• unexplained rise in ETCO2
• increase in minute ventilation
• tachycardia. rigidity
• hyperthermia (late sign)

Clinical Picture
•onset: immediate or hours after contact with trigger agent

increased O2 consumption
increased ETCO2 on capnograph
tachycardia/dysrhythmia
tachypnea/cyanosis
diaphoresis
HTN
hyperthermia (late sign )

•muscular symptoms
trismus ( i.e. masseter spasm) common but not specific for MH (occurs in 1% of children given
SCh with halothane anesthesia)
tender, swollen muscles due to rhabdomyolysis
trunk or total body rigidity

Bask Principles of MH Management

"Some Hot Dude Better Get Iced Fluids
Fast"
Stop all triggering agents, give 100%
0.
Hyperventilate
Dantrolene 2.5 mg/kg every 5 min
Bicarbonate
Glucose and insulin
IV fluids:cool patient to 38°C
Fluid output: consider furosemide
Fast Heart [tachycardia]:be prepared
to treat VT

Complications
•coma
•D1C
•rhabdomyolysis
•myoglobinuric renal failure/hepatic dysfunction
•electrolyte abnormalities (e.g. hyperkalemia) and secondary arrhythmias
•ARDS
•pulmonary edema
•can be fatal if untreated

Prevention
» suspect MH in patients with a family history of problems/death with anesthetic
•avoid all trigger medications, use vapour-free equipment, use regional anesthesia if possible
•central body temp and b I CO 2 monitoring

Malignant Hyperthermia Manager
Based on Malignant Hypcrlhermia Association of the U.T.|M
1. notify surgeon, discontinue volatile agents and SCh, hyperventilate with 100% O2 at flows of 10 L/min

or more, halt the procedure as soon as possible
2. dantrolene 2.5 m

repeat untilt
3. bicarbonate 1-2 mbq/kg if blood gas values are not available for metabolic acidosis
4. cool patients with core temperature >39°C

lavage open body cavities, stomach, bladder, rectum; apply ice to surface; infuse cold saline IV
• stop cooling if temperature is <38°C to prevent drift to <36°C

5.dysrhythmias usually respond to treatment of acidosis and hyperkalemia
use standard drug therapy except Ca -^channel blockers as they may cause hyperkalemia and
cardiac arrest in presence of dantrolene

merit
HAUS] Guidelines. 2008

g/kg IV, through large-bore IV if possible
here is control of signs of MH; up to 30 mg/kg as necessary

nu

+
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6. hyperkalemia
• treat with hyperventilation, bicarbonate, glucose/insulin, calcium
• bicarbonate 1-2 mEq/kg 1 V', calcium chloride 10 mg/kg, or calcium gluconate 10-50 mg/kg for

life-threatening hyperkalemia and check glucose levels hourly
7. follow ETCO’, electrolytes, blood gases, creatine kinase (CK), core temperature, urine output/colour

with Foley catheter, coagulation studies
if CK and/or potassium rises persistently or urine output falls to <0.5 mL/kg/h, induce diuresis to
>1 mL/kg/h urine to avoid myoglobinuric renal failure

8.maintain anesthesia with benzodiazepines, opioids, and propofol
9. transfer to 1CU bed

Abnormal Pseudocholinesterase
• pseudocholinesterase hydrolyzes SCh and mivacurium
• individuals with abnormal pseudocholinesterase will have prolonged muscular blockade
• SCh and mivacurium are contraindicated in those with abnormal pseudocholinesterase
• if SCh or mivacurium are given accidentally, treat with mechanical ventilation until function returns

to normal (do not use cholinesterase inhibitors as it will cause rebound neuromuscular blockade once
cholinesterase inhibitor effect is terminated)

Appendices

Difficult Tracheal Intubation in Unconscious Patient

3:

o ( Optimized primary approach to intubation unsuccesslul ]QC< Q-I;s ( Does lacemask or SGD venlilation maintain adequate SpO,?I 1

£

X YES NOo
Can oxygenate

you have TIME for other option
Cannot oxygenate

you have NO TIME for other option
o
QCc o t<ii Failed oxygenation

Up to 2 further intubation attempts
•Alternative device
•Different operator

OR proceed directly to exit strategy

Succeeds
2

£
<

Failed intubation
One attempt at SGD il

not already triedOptions — consider
• Awakening patient (not always

feasible or appropriate)
• Proceeding with case (or

temporizing) using face mask or SGD
ventilation

• Obtaining expert help or equipment
for additional controlled intubation
attempt

• Cricothyrotomy or tracheotomy (in
rare circumstances only)

>- >-CD
O >z ®

LU

LU Failed
LU
CD <ccC/3 ocLU

s LU
t f

Cricothyrotomy

Figure 19. Difficult tracheal intubation encountered in the unconscious patient
SGD - uipf•glOtllC devkO

riReprinted with permission , law JA, Broemllng N. Copper RM. et at. The difficult eirwny with recommendutions for imimigement - Part 1- Difficult
tracheal intubation encountered in an unconsdous/induccd patient. Can J Anesth 2013;60:1089-1118. L J
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Difficult Tracheal Intubation

^
Is local or regional

anesthesia leasbile for
surgical case?

(Airway exam or history predicts difficult tracheal intubation )

A
NOIf general anesthesia is induced . ..

i
«Is tracheal intubation predicted to succeed in no more than 3 attempts?

2. II tracheal intubation fails,will face mask or SGO ventilation succeed?
I

... and are other patient and contextual issues favourable?
1.Rapid oxygen desaturation unlikely with onset of apnea?
2. Little risk of aspiration once unconcsious?
3. No obstructing airway pathology?
4. Additional skilled help available?
5. Clinician skilled in planned technique(s) and equipment available?

NO flYES Significant risk of failed
oxygenation if induced

Low risk of failed oxygenation
if induced

' f ’i

Consider intubation after induction
of general anesthesia

•e g. IV induction (e.g. RSI)
•e.g. inhalational induction

Is awake intubation feasible?
•Patient can cooperate
•Situation acuity permits

Other options
•e.g. induction with "double

set-up" preparation for
immediate cricothyrotomy
or tiacheotomy

Consider awake
intubation/techniques
•e.g. awake oral/nasal
•e.g. awake tracheotomy

YES NO

Figure 20. Anticipated difficult tracheal intubation
SGD = supraglottic device

Reprinted with permission:Law JA.Broemling N.Copper RM.et al.The difficult airway with recommendations for management - Part 2 - The
anticipated difficult airway.Can J Anesth 2013;60:1119-1138.
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Advanced Cardiac Life Support Guidelines

Adult Cardiac Arrest CPR Duality
•Push hard Winches 15 cmll and fast

1100 120'mini and allow complcta chest
recoil

• Mimrmto interruptions in compressions
• Avoid excessive ventilation
• Rotate compressor every 2 min,or sooner

if fatigued
•If no advanced airway,30:2

compression ventilation ratio
•Quantitative wavrrform capnography

If P.ujflO minHg, attempt to improve
CPR quality

Shock Energy

1 Start CPR
• Give oxygen
• Attach monitor/defibrillalor

I
[Rhythm shockable? J

I NoYes
Y

^ Asystole/PEA j
•Biphasic:Manufacturer recommendation

(e g initial dose of 120 200 J).if unknown,
use maximum available Second and
subsequent doses should be equivalent,
and hiohei doses may be considered

•Monophasic: 360 J

Drug Therapy
• Epinephrine IV/10 Dose: 1 mg every

3 5 min
• Amiodarone IV/10 Oosc:

First doso 300 rna bolus
Second dose ISO mg

• lidocainc IV/10 Dose:
- First dose:M.5 mg/kg
- Second dose: 0.5-0.75 mg/kg

10

CPR 2 min
• IV/10 access

Y 11
Rhythm shockable? J CPR 2 min

* IV/10 access
* Epinephrine every 3-5 min
* Consider advanced airway,
capnography

Advanced Airway
6 •Endotracheal intubation 01 supragloftic

advanced airway
• Waveform capnography or capnomotiy

to confirm and monitor ET tuba placomont
• Once advanced airway in place,give t

breath every 6 sec 110 breaths/minl with
continuous chest compressions

CPR 2min
• Epinephrine every 3-5 min
• Consider advanced airway,

capnography

Yes[ Rhythm shockable? ]

* No

^ Rhythm shockable?J Return of Spontaneous Circuletion IROSCI
• Pulse and blood pressure
• Abrupt sustained increase in P ,

(typically >40 mmHgl
•Spontaneous arterial pressure wavas

with intra - arterial monitoring

i2rCPR 2 min
• Treat reversible causes

Reversible Causes8 CPR 2 mill
• Amiodarone or lidocaine
• Treat reversible causes

Hypovolemia
Hypoua
Hydrogen ion lacidosrsl
Hypo /hyperkalemia

- Hypothermia
Tension pneumothorax
Tamponade,cardiac
Toxins
Thrombosis,pulmonary
Thrombosis, coronary

f Rhythm shockable? 1

No Yes

Y
13 Goto

5 or 7
* If no signs ol return of spontaneous

circulation (ROSC),go lo 10 or 11
* II ROSC. goto

Post-Cardiac Arrest Care
* Consider appropriateness of

continued resuscitation

Figure 21. Adult cardiac arrest algorithm
Reprinted with permission:Punchal AR. B.utus JA. Cabanas JG.et ul. Part 3: Adult Basic and Advanced life Support: 2020 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.Circulation 2020;142:S366-S4G8.
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Adult Tachycardia with a Pulse
1 Assess appropriateness tor clinical condition

Heart rate typicallyi150/min if tachyarrhythmia

2 Identify and treat underlying cause
• Maintain patent airway; assist breathing

as necessary
• Oxygen (if hypoxemic)
• Cardiac monitor to identify rhythm;

monitor blood pressure and oximetry
• IV access
• 12-Lead ECG,if available

Doses/Details
Synchronized Cardioversion
Refer to your specific device's
recommended energy level to
maximize fust shock success
Adenosine IV Dose:
First dose.6 mg rapid IV push; follow
with NS flush
Second dose:12 mg if required

£
« ;4 Synchronized cardioversion

• Consider sedation
Yes * If regular narrow complex,

consider adenosine

3
Persistent tachyarrhythmia

causing:
• Hypotension?
• Acutely altered mental status?
• Signs of shock?
• Ischemic chest discomfort?
• Acute heart failure?

Antiarrhylhmic Infusions tor
Stable Wide OHS Tachycardia

Procainamide IV Dose:
20 SO mg.min until oirhylhmia
suppressed,hypotension ensues,
QRS duration increases >50%, or
maximum dose 17 rngfkg given
Maintenance infusion: 1 4 mg/min
Avoid if prolonged QT or CHF

Amiodarone IV Dose:
First dose ISO mg over 10 min
Repeat as needed if VT recurs
Follow by maintenance infusion of
1 mg/mm for first 6h

Sofalol IV Dose:
100 mgll.Smgi’kgl over 5 min
Avoid if prolonged QT

6
Consider

• Adenosine only
if regular and monomorphic

• Antiarrhythmic infusion
• Expert consultation

No

Yes5 Wide QRS?
i).12 s

No

If refractory, consider
•Underlying cause
• Need to increase energy

level for next cardioversion
• Addition of anti-arrhythmic drug
•Expert consultation

7 • Vagal maneuvers
• Adenosine (il regular)
• (JBIocker or calcium channel
blocker
• Consider expert consultation

<

Figure 22. Adult tachycardia with a pulse algorithm
Reprinted with permission:ACLS Provider Manual.Copyright 2020 American Heart Association. Inc.

Adult Bradycardia with a Pulse
1r Assess appropriateness for clinical condition

Heart rate typically <5Q/min if bradyarrhythmia

Identify and treat underlying cause
• Maintain patent airway;assist breathing as necessary
• Oxygen (if hypoxemic )
• Cardiac monitor to identify rhythm;

monitor blood pressure and oximetry
• IV access
• 12-Lead ECG if available; do not delay therapy
• Consider possible hypoxic and toxicologic causes

Doses/Details
Atropine IV Dose:
First dose: 1 mg bolus
Repeat every 3-5 min
Max:3 mg
Dopamine IV Infusion:
Usual infusion rate is
5-20 g/kg per minute.
Titrate to patient response;
taper slowly.
Epinephrine IV infusion:
2-10 g per minute infusion.
Titrate to patient response.
Causes:
•Myocardial ischemia/infarction
•Drugs/toxicologic (e.g.

calcium-channel blockers,
p-blockers,digoxin)

•Hypoxia
•Electrolyte abnormality (e g.

hyperkalemia)

3 Persistent bradyarrhythmia
causing:

• Hypotension?
• Acutely altered mental status?
•Signs of shock?
• Ischemic chest discomfort?
•Acute heart failure?

*[Monitor and observe^
Yes

Atropine
If atropine ineffective:
• Transcutaneous pacing

and/OR
* Dopamine infusion

OR ri
LJ* Epinephrine infusion

'’
Consider:

* Expert consultation
• Transvenous pacing +

Figure 23. Adult bradycardia algorithm
Reprinted with permission:ACLS Provider Manual.Copyright 2020 American Heart Association.Inc.
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Landmark Anesthesiology Trials
Clinical Trial DetailsTrial Name Reference

INTRAOPERATIVE MANAGEMENT
NtJM 1996; 334:1209 1216 Title:Perioperative Hormolhcrmia to Reduce the Incidence ol Surgical Wound Infection and Shorten Hospilalication

Purpose:1o lest ilhypothermia increases susceptibility lo surgical wound infection and lengthens hospitalization.
Methods:Colorectal surgery patients (n- 200) were randomly assigned to routine intraoperative thermal care (hypothermia group)
or additional warming(normothermia group in a double blind protocol). Vfounds evaluated daily until discharge and at 2 wh clinic
visit.Wounds with pus and positive cultures were considered infected.
Results: Intraoperative core temperature was found lo be significantly different inboth groups. Normothermia group had fewer
infected wounds, earlier suture removal, and prolonged hospital slay of 2.6 d (20%).
Conclusion:Hypothermia itself may delay healing and predispose patients lo wound infections.
Title:Volatile Anesthetics vs. Total Intravenous Anesthesia for CardiacSurgery
Purpose:Volatile agents have cardioprotective effects which could improve clinical outcomes in cardiacsurgery patients.
Methods:Multicenter,single blind, controlled tiial.Patients scheduled to undergo elective CABG were randomly assigned to an
intiaoperativc anesthetic regimen that included a volatile anesthetic (dcsflurane.isollurane,or sevoflurane) or lo TIVA. Ihe primary
outcome was all - cause mortality al1yr.
Results: A total ol 5400 patients were randomized.No significant difference between the groups with respect to all-causemorlality
was seen at1yr (2.8% in the volatile anesthetics group and 3.0% in the TIVA group:RR,0.94;95% Cl.0.69 to1.29; P

_
0.71).or at 30

d (1.4% and1.3%.respectively;RR.1.11:95% Cl.0.70 to 1.76).There were no significant differences between the groups in any of the
secondary outcomes or in the incidence of prespecified adverse events,including Ml.
Conclusion: Among patients undergoing elective CABG.anesthesia witha volatile agent did not result insignificantly lower deaths
at 1yr than TIVA.

Study ol Wound Infectionand
Temperature

IIEJM 2019:380:1214-1225MYRIAD

POSTOPERATIVE MANAGEMENT
IMPACT IIEJM 2004;350:2441-2451 Title:A Factorial Trial of Six Interventions for the Prevention of Postoperative Nausea and Vomiting

Purpose:To compare the efficacy of six well-established antiemetic strategies and lo determine the extent to which efficacy could
be improved by combining two or three interventions.
Methods: Patients (n'$199) were randomly assigned lo receive prophylactic antiemclics Independently,in combination or placebo.
Primaiy outcome was nausea and vomiting within 24 h after suigery.
Results: Ondansetron,dexametliasone.and droperidol each reduced risk olpostoperative nausea and vomiting by 26%.Propofol
reduced risk by 19%,and nitrogen by 12%.Relative risks associated with combined interventions could be estimated by multiplying
Ihe relative risks associated with each intervention. Absolute risk reduction vras a critical function of patients' baseline risk.
Conclusion:All interventions were similarly effective and acted independently.The safest or least expensive should be used first.
Moderate-risk patients may benefit from a single intervention andhigh-risk palienls fiom multiple interventions.
Title:Dexametliasone vs.Standard Ireatmcnl lor Postoperative Nausea andVomiting inGastrolntcslinal Surgery: Randomised
Controlled Trial (DREAMS Trial)
Purpose:Whether preoperative dexametliasone reduces postoperative nausea and vomiting (P0NV) inpatients undergoing elective
bowel surgery and whether it is associated with other measurable benefits during recovery from surgeiy.
Method:Pragmatic two-arm parallel-group randomized trial wilh blinded postoperative care and outcome assessment.
Results: Administration of 8 mg IV dexametliasone al induction was associated wilh lower rales of vomiting within 24 h olsuigery
(NHI-13) and reduced need lor nnliemetics up lo 72 h (NNI-8) vs. standard of care.
Conclusions: A single dose of dexamethasonc at induction of anesthesia significantly leduccs incidence of P0NV and need lor lescue
antiemetics postoperatively with no increase in adverse events.

Anesth Analg 2019:129:1512- Title:Comparison of Intraoperative Sedation With Dexmedetomidinevs.Propofol onAcute Postoperative Pain in Total Knee
Arthroplasty Under Spinal Anesthesia: A Randomized Trial
Purpose:Compare Ihe postoperative analgesic effect of intraoperative sedation wilhdcxmcdctomidine (OCX) vs.propofol.
Methods: Patients (n * 48) were enrolledand randomly assigned lo either DEX or propofol group.After the initial predetermined
loading dose,drug infusion rate vras determined according lo sedalion level.Cumulative amounts of PCA fenlanyl were recorded at
24-48 h postoperatively (primary outcome).Ihe postoperativenumerical rating scale for pain was assessed at 6.12,24.and 48 h
(secondary outcome).
Results: DEX significantly reduced postoperative fentanyl consumption at all of the studies time points.Ihe numerical rating scale
for pain was significantly lower atall timepoints.
Conclusion: Intraopcralivc DEX sedalion was associated with a small bul clinically impoilanl reduction inpostoperative opioid use
alter total knee arthroplasty.
Title:Effect of EEG -Guided Anesthetic Administration on Postoperative Delirium Among Oldei Adults Undergoing Major Surgery:The
ENGAGES RCT
Purpose:To assess whether EEG-guided anesthetic administration decreases the incidence of postoperative delirium.
Methods: RCT of 1232 adults >60 yr old undergoing major surgeiy and receiving guided anesthetic.Patients randomized1:1lo
receive EEG -guided anesthetic administration or usual care.Primary outcome was incident delirium during postoperative days1- 5.
Results: Delirium during postoperative days1-5 occurred in 26.0% olIhe guided group and in 23.0% of the usual care group|P-.22).
Median end- tidal volatile anesthetic concentration was significantly lower in the guided group than theusual care group,andmedian
cumulative time with EEG suppression was significantly less (7 vs.13 min; difference.-6.0 [95% Cl, -9.9 to -2.11).
Conclusion:Tltere is no difference in postoperative delirium between EEG- guided anesthetic or usual care of older adults.

DREAMS BMJ 2017:357:j14SS

Comparison of
Intraoperative Sedalion With 1518
Dcxmedclomidincvs.Propofol
on Acute Postopcralive Pain
m Total Knee Arthroplasty
Under Spinal Anesthesia: A
Randomized Trial.Shin et al..
2019

ENGAGES JAMA 2019:321:473-483
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Trial Name Reference Clinical Trial Details
COMPLICATIONS
Association Between a Single JAMA 2016:315:2312-2320
General Anesthesia Exposure
Before Age 36 Months and
Neurocognilive Outcomes in
taler Childhood.Sun el al..2016

Title:Association Between a Single General Anesthesia Exposure Before Age 36Months and Heurocognitive Outcomes in Later
Childhood
Purpose:To examine if a single anesthesia exposure in otherwise healthy young children was associated with impaired
neurocognilive development and abnormal behaviour in later chidhood.
Methods:Sibling matched cohort study. Included sibling pairs within 36 mo in age and currently 8-15 y/o witha single exposure lo
GA during inguinalhernia surgery In the exposed sibling and noanesthesia exposure in the unexposed sibling,before age 36 mo.
The primary outcome was global cognitive lundion III}).Secondary outcomes included domain- specific neurocognilive functions and
behaviour.
Results:Sibling pairs (n 1̂05) were included,with age of testing around 10 y/o.Mean10 scores between exposed siblings and
unexposed siblings werenot significantly different. Nosignificanl differences in mean scores were found between sibling pairs in
memory/learning,motor/processing speed,visuospalial function,attention,executive function,language,or behaviour.
Conclusions: Among healthy children with a single anesthesia exposure bclore age 36 mo.compared with healthy siblings with no
anesthesia exposure,(here were no statistically significant differences in neurocognilive outcomes.
Title:Tranexamic Acid in Patients Undergoing Noncardiac Surgery
Purpose: To assess the efficacy of tranexamic acid in reducing bleeding in non-cardiac surgery.
Methods:9535 patients were randomized to receive tranexamic acid or a placebo during surgery.Life -threatening bleeding,major
bleeding,and bleeding into a critical organ were assessed.
Results: A bleeding event occurred in 433 of 4757 patients in the treatment group as opposed to 561bleeding events in the placebo
group.
Conclusion: Iheuse of tranexamic acid was shown to significantly reduce the number of bleeding events innon-cardiac surgery.

POISE -3 NEJM 2022:386(21):1986
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Acronyms
CRT-D LVOT left ventricular outflow tract

MAP mean arterial blood pressure
MAT multifocal atrial tachycardia

myocardial infarction
myocardial perfusion imaging
mitral regurgitation

MS mitral stenosis
MVD multivessel coronary artery

disease
MVP mitral valve prolapse
MUGA multigatcd acquisition scan
NSR normal sinus rhythm
NSTEMI non-ST elevation myocardial SA
infarction
NYHA New York Heart Association
OMT optimal medical therapy
OPCAB off-pump coronary artery bypass SCO
OS opening snap
PAC premature atrial contraction
PCI percutaneouscoronary

intervention

RBBB right bundle branch block
RCA right coronary artery
RCC right coronary cusp
RCM restrictive cardiomyopathy
RIMA right internal mammary artery
RITA right internal thoracic artery
RLSB right lower sternal border

radiofrequency
right ventricle

RVAD right ventricular assist device
RVH right ventricular hypertrophy
RVOT right ventricular outflow trunk

sinoatrial
SAM systolic anterior motion
SAVR surgical aortic-valve

replacement
sudden cardiac death

SEM systolic ejection murmur
SGLT2 sodium-glucose colransporter 2
SNS sympathetic nervous system
SOBOE shortness of breath on exertion

A atrium
abdominal aortic aneurysm
arterial blood gas
angiotensin converting enzyme CVP
inhibitor
advanced cardiovascular life DOAC

cardiac resynchronization
therapy defibrillator
cardiovascular
central venous pressure
dilated cardiomyopathy
direct oral anticoagulant
deep vein thrombosis
enteric coated ASA
extracorporeal membrane
oxygenation
end diastolic pressure
ejection fraction
electrophysiology studies
forced expiratory volume in the
first second
hypertrophic cardiomyopathy
heart failure
heartfailure with preserved
ejection fraction
heart failure with reduced
ejection fraction
heart failure survival score
hypertrophic obstructive
cardiomyopathy
hypertension
implantable cardioverter-
defibrillator
Infective endocarditis
internal mammary artery
internal thoracic artery
jugular venous pressure
left atrium
left anterior descending artery
left atrial enlargement
left bundle branch
left bundle branch block
left coronary artery
left coronary cusp
left circumflex artery
left internal mammary artery
left internal thoracic artery
left lower sternal border
low molecular weight heparin
left ventricle
left ventricular assist device
left ventricular ejection fraction
left ventricular hypertrophy

AAA
cvAB '.-

ACEI Ml
DCM MPI

ACLS MR
DVTsupport

ACS acute coronary syndrome
ACT activatedclotting time
AFib atrial fibrillation

acute kidney Injury
aortic regurgitation

ARB angiotensin receptor blocker EPS
ARDS acute respiratory distress

syndrome
ARM angiotensin receptor-neprilysin HCM

inhibitor
aortic stenosis

ASA acetylsalicylic acid (Aspirin')
ASD atrial septal defect
AV atrioventricular
AVNRT atrioventricular nodal re-entrant HFSS

tachycardia
AVR aortic valve replacement
AVRT atrioventricular re-entrant

tachycardia
BIMA bilateral internal mammary

artery
BBB bundle branch block
8NP brain natriuretic peptide
8PM beats per minute
BiVAD biventricular assist device
CABG coronary artery bypass graft LAD
CAD coronary artery disease
CCB calcium channel blocker
CHD coronary heart disease
CM cardiomyopathy
CMR cardiovascular magnetic

resonance imaging
CO cardiac output
COPD chronic obstructive pulmonary LITA

disease
CPB cardiopulmonary bypass
CRT cardiac resynchronization

therapy
CRT-P cardiac resynchronization

therapy pacemaker

ECASA
ECMO

RF
RV

AKI EDP
AR EF

FEVi

HB
AS HFpEF

HFrEF

PCSK9 proprotein convertase subtilisin/ STEMI ST elevation myocardial
kexin type 9

PCWP pulmonary capillary wedge SV
pressure

PDA posterior descending artery
pulmonary embolism

PEA pulseless electrical activity
PFO patent foramen ovale

posterior interventricular artery
PMI point of maximal impulse
PND paroxysmal nocturnal dyspnea
PR pulmonary regurgitation

pulmonary stenosis
pulmonary trunk

PTCA percutaneous transluminal
coronary angioplasty
peptic ulcer disease

PVC premature ventricular
contraction

PVD peripheral vascular disease
PVR pulmonary vascular resistance V

right atrium
RAAS renin-angiotensin-aldosterone VFib

system
right atrial enlargement

RBB right bundle branch

HOCM infarction
stroke volume

SVC superior vena cava
SVR systemic vascular resistance
SVT supraventricular tachycardia
SYNTAX synergy between percutaneous

coronary intervention with taxus
and cardiac surgery

TAVI transcatheter aortic-valve
Implantation

TAVR transcatheter aortic-valve
replacement

TEE transesophageal
echocardiography

TIA transient ischemic attack
tricuspid regurgitation
tricuspid stenosis

TTE transthoracic echocardiography
UA unstable angina

ventricle

HTN
ICO

PE
IE
IMA
ITA PIV
JVP
LA

LAE PS
LBB PT
LBBB
LCA
LCC PUD TR
LCx TS
LIMA

LLSB
LMWH RA VAD ventricular assist device

ventricular fibrillation
valvular heart disease
ventricular septal defect
ventricular tachycardia
venous thromboembolism
Wolff -Parkinson- White

LV
LVAD VHD

VSDLVEF RAE
LVH VT

VTE
WPW

Basic Anatomy Review

Coronary Circulation
• arterial supply to the heart arises from the right and left coronary arteries, which originate from the

root of the aorta. RCA:
conus artery
acute marginal branches
AV nodal artery. PDA or PIV

• LCA:
LAD- septal branches

- diagonal branches
LCx

- obtuse marginal branches
• dominance of circulation

» determined by whether the RCA or the LCx supplies the PDA
right-dominant circulation: PDA and at least one posterolateral branch arise from RCA (80%)
left -dominant circulation: PDA and at least one posterolateral branch arise from LCx (15%)
balanced circulation: dual supply of posteroinferior LV from RCA and LCx (5%)

• the sinoatrial (SA) node is supplied by the SA nodal artery, which may arise from the RCA (60%) or
LCA (40%)

• the AV node is supplied by the AV nodal artery, which may arise from the RCA (90%) or LCx (10%)
• most venous blood from the heart drains into the RA through the coronary' sinus, although a small

amount drains through Thebesian veins into all four chambers, contributing to the physiologic R- L
shunt

r T
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Lettmam coronary artery ILCA)

Left circumflex artery (LCx)

, Left anterior descending (LAOIRight coronary
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Septal perforatorI
\
) Obtuse marginal
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/AV nodal
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interventricular
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Acute marginal

Figure 1. Anatomy of the coronary arteries (right anterior oblique projection)
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Figure 2b. Mitral valve apparatus
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Figure 2c. Fibrous skeleton of the heart



Of Cardiology and Cardiac Surgery Toronto Notes 2023

Cardiac Anatomy
• layers of the heart

• endocardium, myocardium,epicardium, visceral pericardium, pericardial cavity, parietal
pericardium

• valves
• semilunar valves:3 leaflets separating outflow tracts from the great arteries

aortic valve: noncoronary cusp, LCC, RCC; RCC and LCC have coronary ostia; separates LVOT
and ascending aorta
pulmonary valve: anterior cusp, left cusp, right cusp; separates RVO'l and PI

atrioventricular valves: subvalvular apparatus present in the form of chordae tendineae and
papillary muscles

mitral valve: anterior (2/3 valve area, 1/3 valve circumference) and posterior leaflets (1/3 valve
area, 2/3 valve circumference);separates LA and LV
tricuspid valve: anterior, posterior, and septal leaflets; separates RA and RV

• conduction system
• SA node

located at the junction of SVC and roof of RA
governs pace-making;heartbeat originates here
anterior-, middle-, and posterior-internal nodal tracts carry impulses in the RA with the
atrial impulses converging at the AV node and along Bachmann's bundle in the LA

• AV node
located within the triangle of Koch which is demarcated by:superior margin of the coronary
sinus, tendon of Todaro,and hinge of the septal leaflet of the tricuspid valve

AV node is the conduit for electrical impulses from atria to ventricles, unless an accessory AV
pathway (c.g. WPW syndrome) is present

bundle of His
AV node connects to the bundle of His, which divides into LBB and RBB

- LBB further splits into anterior and posterior fascicles
- RBB and fascicles of LBB give off Purkinjc fibres which conduct impulses into the

ventricular myocardium

SA node _ _ Bachmann's bundle

Internodal
pathways:

- Anterior tract
' 'AV node

.Bundle of His
1- Middle tract

.Lett bundle branches- Posterior fascicle•Posterior tract'll
tnducardiuirMyocardium

Left bundle branches- Anterior fascicleEpicardium V\
/

Right bundle branch

© Young M. Kim 2010

Figure 3. Conduction system of the heart

Systole Djastole Legend:
AV-aortic valve
LA-left atrium
LV — left ventricle
MV-mitral valve

AV closes Aortie
essure

120 -|AV opens "* • •
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Heart S.SJS
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Figure 4. Cardiac cycle
Grey shaded bars indicate isovolumic contraction (left) and isovolumic relaxation (right)
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• cardiovascular innervation
• sympathetic nerves

» innervate the SA node, AV node, ventricular myocardium, and vasculature
increased activity of the SA node via the pi receptor leads to increased HR via more frequent
impulse from pacemaking cells (increased chronotropy - increased HR)

cardiac muscle (pi ) fibres increase contractility (inotropy - leads to increased SV)
stimulation of pi - and p2-receptors in the skeletal and coronary circulation causes
vasodilatation

parasympathetic nerves
innervate the SA node, AV node, and atrial myocardium but few vascular beds
at rest, vagal tone dominates the tonic sympathetic stimulation of the SA node and AV node,
resulting in slow AV' conduction,and consequently a prolonged PR interval or second or third
degree AV block (i.e. reduced dromotropy (if only affecting AV' node conduction))
parasympathetics have very little impact on total peripheral vascular resistance

Differential Diagnoses of Common
Presentations

Note: bold text indicates most common, underlined text indicates life threatening condition

Chest Pain
• often described as pressure, heaviness, discomfort

note: ischemic pain is usually dull and diffuse while chest wall and pericardial pain are often
sharp, localized, and worse on inspiration (i.e. pleuritic)

• cardiac
• Ml, stable myocardial ischemia (angina), myocarditis, and pericarditis/Dressler’s syndrome,

tamponade, aortic valve disease
• pulmonary

• PE, pneumothorax/hemothorax, tension pneumothorax, pneumonia, empyema, pulmonary
neoplasm, bronchiectasis, pleuritis, asthma,COPD, pleuritis, sarcoidosis, pulmonary
hypertension, and TB

• gastrointestinal
esophageal: GEKD.esophageal rupture, spasm, esophagitis, ulceration, achalasia, neoplasm, and
Mallory-Weiss syndrome

• other structures:PUD,gastritis, pancreatitis, and biliary colic
• mediastinal

• lymphoma, thymoma
• vascular

dissecting aortic aneurysm, aortic rupture
• drug use: methamphetamine or cocaine intoxication
• surface structures
• costochondritis
• rib fracture
• skin (bruising, herpes zoster)
• breast
• anxiety/psychosomatic
• referred pain
• trauma

Loss of Consciousness
1. causes of true syncope (impaired cerebral perfusion )

reflex mediated/rellex dysfunction
vasovagal (most common;also known as reflex mediated syncope, neurocardiogenic syncope)
situational (micturition, cough, carotid hypersensitivity)
autonomic dysfunction (often associated with neurologic diseases)
postural hypotension (e.g.central nervous system disorders, antihypertensive drugs)

inadequate circulating volume (bleeding, hypovolemia with orthostasis)
obstruction to blood flow

tamponade
pulmonary embolism
severe pulmonary HTN
severe obstructive valve disease (MS and AS)
left ventricular outflow obstruction (HCM)
cerebrovascular events (e.g.cerebrovascular accident)

arrhythmia leading to sudden loss of CO
tachyarrhythmia, (e.g. Al- ib, SVT, VT, Vl'ib)
severe bradycardia (sinus arrest, AV block)

r1

»



C6 Cardiology and Cardiac Surgery Toronto Notes 2023

2. loss of consciousness NOT due to impaired cerebral perfusion
• seizure

hypoglycemia
severe hypoxia or hypercarbia
psychiatric
head trauma

Local Edema
• venous or lymphatic obstruction

thrombophlebitis/deep vein thrombosis, venous insufficiency, chronic lymphangitis, lymphatic
tumour infiltration, filariasis

• inflammation/infection
• trauma

Generalized Edema
• increased hydrostatic pressure/fluid overload

HT, pregnancy, drugs (e.g. CCBs), iatrogenic (e.g. IV fluids)
• decreased oncotic pressure/hypoalbuminemia

• liver cirrhosis, nephrotic syndrome, malnutrition
• increased interstitial oncotic pressure

myxedema
• increased capillary permeability

• severe sepsis
• hormonal

hypothyroidism,exogenous steroids, pregnancy, estrogens

Palpitations
• subjective sense of abnormal/irregular heartbeats
• palpitations that may have continuous rapid heart action:

conditions causing sinus tachycardia:endocrine (thyrotoxicosis, pheochromocvtoma, and
hypoglycemia), systemic (anemia, fever), drugs (stimulants and anticholinergics), and psychiatric
(panic attacks, generalized anxiety disorder, and somatization)

• conditions causing pathologic tachycardia: SVT (atrial tachycardia, Al'ib, and atrial flutter) and
re-entrant SVT, VT

• palpitations that may have irregular/intermittent sensations (e.g. FACs, PVCs)

Dyspnea
• exercise

elevated pulmonary venous pressure
poor Hb-oxygen dissociation curve kinetics

• cardiovascular
due to elevated pulmonary venous pressure: acute Ml, CH17LV failure, aortic/mitral stenosis, AS/
MS, AR/MK,arrhythmia, cardiac tamponade, constrictive pericarditis, and left-sided obstructive
lesions (e.g. left atrial myxoma)

• respiratory
airway disease

asthma, COPD exacerbation, and upper airway obstruction (anaphylaxis, foreign body, and
mucus plugging)

parenchymal lung disease
pneumonia, interstitial lung disease

• pulmonary vascular disease
Pt, pulmonary'HTN, and pulmonary' vasculitis

• pleural disease
pneumothorax, pleural effusion

• neuromuscular and chest wall disorders
cervical spine injury

polymyositis, myasthenia gravis, Ciuillain- Barre syndrome, and kyphoscoliosis
• anxiety/psychosomatic
• hematological/metabolic

• anemia, acidosis, and hypercapnia

r ->
LJ
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Cardiac Diagnostic Tests

Electrocardiography Basics
Description

• a graphical representation (amplitude of electrical vector projection over time) of the heart's electrical
activity

• on the ECG graph
• the horizontal axis represents time (at usual paper speed of 25 mm/s)

1 mm (1 small square) = 40 msec
5 mm (1 large square) = 200 msec

the vertical axis represents voltage (at usual standard gain setting of 10 mm/mV )
I mm (1 small square) = 0.1 mV
10 mm (2 large squares) = 1 mV

standard leads of 12-lead ECG
limb (bipolar) leads: 1, 11, 111, aVL, aVK, aVE
precordial (unipolar) leads: VI -V6 (V1-V2 (septal), V3-V4 (anterior), and V5-V6 (lateral))

additional leads
right-sided leads: V3R-V6R (useful in RV infarction and dextrocardia)
posterior leads: V7-V9 (useful in posterolateral infarction)

leads that indicate specific regions of the heart:
lateral wall = 1, aVL, V5, V6
inferior wall = II, 111, aVF
anterior wall= VI-V4

Figure 5. ECG lead placement

Indications for brief (12-lead ECG) or prolonged (24 h or more) monitoring
• myocardial injury, ischemia,or history of prior infarction
• conditions associated with palpitations or risk of serious arrhythmias (e.g. WFVV, long QT, HCM,

heart block, and bradycardia)
• conduction abnormalities (e.g. LBBB/RBBB)
• electrolyte abnormalities (e.g. hyperkalemia/hypokalemia)
• investigation of syncope, near syncope, or palpitations (“symptom/rhythm correlation”)
• can be used for:

recording of cardiac rhythm during symptoms or antiarrhythmic drug monitoring
assessment of cardiac structure and function (e.g. RVH/LVH and cardiomyopathy)
detection of non-sustained arrhythmias that require prophylactic intervention

DURATION
(msec)

120-200 1/2 RR

Figure 6. ECG waveforms and normal
values

For more examples and practice visit
www.ecgmadesimple.comApproach to ECGs

Introduction
Below, we are presenting both the classical approach and the newer PQRSTU approach to provide
students with different ways to view' the ECG.Despite methodological differences, the rigor and final
result is the same. Classical Approach to ECG

• Rate. Rhythm (defined by R-R or P-P
intervals between beats)Classical Approach to ECGs • Axis

• Conduction abnormalities
• Hypcrtrophy/chamber enlargement

Ischemia/infarction
• Miscellaneous ECG changes (e.g.OT

interval)

RATE
• normal = 60-100 bpm
• atrial rates above normal range:

150-250 bpm = paroxysmal tachycardia
• 250-350 bpm atrial flutter

>350 bpm = AFib (note: atrial “rate" is not discernible)
• regular rhythm (defined by equal R-R or P-P intervals between beats)

rate can be calculated using either of the following two methods:
divide 300 by the number of large squares between 2 QRS complexes (there are 300 large
squares in 1 min:300 x 200 msec = 60 s)
use the square counting method by counting the number of big boxes between the R waves
using the following sequence of numbers:300 (1 box)-150 (2 boxes)-100 (3 boxes)-75 (4
boxes)-60 (5 boxes)-50 (6 boxes)

Differential Diagnosis for Left Axis
Deviation
• Normal variant (physiologic, often

age-related change)
• Left anterior hemiblock. LVH
• Inferior Ml. WPW
• RV pacing
• Elevated diaphragm
• Lead misplacement
• Congenital heart disease (e.g.

prlmum ASD.endocardial cushion
defect)

• Hyperkalemia
• Emphysema

• irregular rhythm
rate = 6 x number of R-R intervals in 10 s (a standard ECG is 10 s)

• atrial escape rhythm in case of sinus node failure = 60-80 bpm, junctional escape rhythm = 40-60
bpm, ventricular escape rhythm 20-40 bpm +
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RHYTHM
• regular: R-R interval is the same across the tracing
• irregular: R-R interval varies across the tracing
• regularly irregular: repeating pattern of varying R-R intervals (e.g. atrial flutter with variable block)
• irregularly irregular: R-R intervals vary erratically (e.g. Al:ib, VI ib)
• normal sinus rhythm (NSR)

• P wave precedes each QRS; QRS follows each P wave
P wave axis is normal ( positive in 2 of the following 3 leads: I, II, aVF)

• rate between 50-100 bpm

Differential Diagnosis for Right Axis
Deviation
• Normal variant (vertical heart with an

axis of 90°). RVH
• Left posterior hemiblock
• Pulmonary embolism. C0PD
t Lateral Ml. WPW
• Dextrocardia
• Septal defects

AXIS
• mean axis indicates the direction of the mean vector
• can be determined for any waveform ( P, QRS, T)

the standard EC(i reported QRS axis usually refers to the mean axis of the frontal plane it
indicates the mean direction of ventricular depolarization forces

• QRS axis in the frontal plane
• normal axis: -30° to 90° (i.e. positive QRS in leads I and 11)
• left axis deviation (LAD): axis <-30°

right axis deviation ( RAD): axis >90°
• QRS axis in the horizontal plane is not routinely calculated

transition from negative to positive is usually in lead V3

Table1. Conduction Abnormalities
Left Bundle Branch Block (LBBB) Right Bundle Branch Block (RBBB) Figure 7.Axial reference system

Each lead contains a ( *) area
displayed by the bold arrows.
Impulses traveling toward the positive
region of the lead result in an upward
deflection in that lead.Normal QRS
axis is between -30° and < 90°

Complete LBBB
ORS duration >120 msec
Broad notched R naves In leads I. aVl.VS, and V6
Deep broad S waves in leads VI-2
Secondary SI-T changes|-ve in leads with broad notched R waves. -*ve
in VI-2) are usually present
IBBB can mask ECG signs of Ml
IBBB: lead VI negative. V6 positive and notched

Complete RBBB
ORS duration >120 msec
Positive ORS in lead V1 (rSR ' or occasionally broad R wave)
Broad S waves in leads I. V5-6 ( -40 msec)
Usually secondary I wave inversion in leads V1- 2
Frontal axis determination using only the first GO msec
RBBB:VI is positive (rSR 'l, V6 has broad S wave

Left Bundle
Branch BlockLeft Anterior Fascicular Block (LAFB) Left Posterior Fascicular Block (LPFB) Bifascicular Block

(Left Anterior Hemiblock) (Left Posterior Hemiblock)
VI V5Right Axis Deviation (110° to 180°)

Small 0 and prominent R in leads I and aVl Small R and prominent S in leads I and aVl
Small R and prominent S in leads II. III. and aVF Small 0 and prominent R in leads II. III. and aVF The lirsl 60 msec (1.S small squares) of the ORS

shows the pattern of LAFB or LPFB
Bifascicular block refers to impaired
conduction in two ol the three fascicles, most
commonly a RBBB and left anterior hemiblock:
the appearance on an ECG meets the criteria
for both types of blocks

left Axis Deviation (-30° to -90*| RBBB Pattern
Small 0 and prominent R r*

Right Bundle
Branch Block

VI V5Nonspecific Intraventricular Block
• QRS duration >120 msec
• absence of definitive criteria for LBBB or RBBB

Table 2. Hypertrophy/Chamber Enlargement
Lett Ventricular Hypertrophy Right Ventricular Hypertrophy

S in Vt * R in V5or V6 >3S mm above age 40. (»40 mm tor age 31-40.
»45 mm for age 21-30)
RinaVL »11 mm
Rini -* Sin III >25 mm
Additional criteria

IV strain pattern (asymmetric SI depression and I wave inversion in
leads I. aVL.and V4- V6)
Left atrial enlargement

N.B. The greater the number of criteria, the more likely the diagnosis
is IVH. II only one voltage criteria present , it is called minimal voltage
criteria lor IVH (may be a normal varianl)
left Atrial Enlargement

Brphasic P wave with the negative terminal component of the P wave in P wave »2.5 mm in height in leads il. Ill, or aVf (“ P pulmonale”)
lead V1»1mm wide and »1 mm deep
P wave »100 msec, could be notched in lead II ("P mitrale")

Right axis deviation
R /S ratio »1or qR in lead Vt
RV strain pattern:SI segment depression and I wave inversion in leads

Left Ventricular
Hypertrophy

VI V5VI-2

Right Vontricular
HypertrophyRight Atrial Enlargement

r

l I
I

l

© +
Figure 8.Complete LBBB.RBBB,
LVH,and RVH (please see online
examples for the full range of
waveforms and the text for additional
characteristics)
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ISCHEMIA/INFARCTION
• look for the anatomic distribution of the following ECG abnormalities (see Table 3)

• ischemia
• ST segment depression

T wave inversion (most commonly in V1-V6)
injury/infarct
• transmural (involving the epicardium)

- ST elevation in the leads facing the injured/infarcted area
subendocardial

- marked ST depression in the leads facing the affected area
may be accompanied by enzyme changes and other signs of Ml

Left Atrial Enlargement
I

LEAD II

It -y.r-
Right Atrial Enlargement

LEAD II

""T1 'Vfv
VI

LJ J

IAcute
days

(avg. 3-5 hours)
ST segment elevation

Recent
weeks-months

T wave inversion

Old
months-ycars

(avg. >6 months)
Persistent Qs

Figure 10. LAE, RAE (please see
online examples and the text for
characteristics)

Figure 9. Typical ECG changes with infarction
Note that 0 waves may gradually appear over time (not shown here)

• ST elevation
new ST elevation in two contiguous leads of >0.1 mV (in all leads other than leads V2-V3)
for leads V2-V3: £0.2 mV in men £40 yr, £0.25 mV in men <40 yr, or £0.15 mV in women

• “typical" sequential changes of evolving Ml
1.hyperacute T waves (tall, symmetric T waves) in the leads facing the infarcted area, with or without

ST elevation
2.ST elevation (injury pattern) in the leads facing the infarcted area

usually in the first hours post-infarct
in acute posterior MI, there is ST depression in V 1-V3 (reciprocal to ST elevation in the
posterior leads that are not recorded in the standard 12-lead ECG) hence get a 15-lead ECG

3.significant Q waves: >40 msec or >1/3 of the total QRS amplitude and present in at least 2
consecutive leads in the same territory (hours to days post-infarct)

Q waves of infarction may appear in the very early stages, with or without ST changes
non-Q wave infarction: there may be only ST or T changes despite clinical evidence of
infarction

4.inverted T waves (one day to weeks after infarction)
• completed infarction

abnormal Q waves (Q waves may be present in lead 111 in normal individuals due to initial septal
depolarization)
duration >40 msec (>30 msec in aVE for inferior infarction)
Q wave is >1/3of the total QKS amplitude
present in at least 2 consecutive leads in the same territory
abnormal R waves ( RIS ratio >1, duration >40 msec) in VI, and occasionally in V2, are found in
posterior infarction (usually in association with signs of inferior and/or lateral infarction)

Table 3. Areas of Infarction/Ischemia (right dominant anatomy)
Vessel Usually Involved Infarct Area (LAD and LCx) Leads (LAD and LCx) &
LAO V1. V2AnteroscpUl

Anterior
Anterolateral

Extensive anterior
Inferior
Right ventricle
Posterior Ml (associated with inferior Ml)

Lateral
Isolated posterior Ml

Pacemakers
• Atrial pacemaker has discharge

(“spike”) prior to P wave
• Ventricular pacemaker has a

pacemaker spike prior to the 0RS
which is usually broader with a LBB8
morphology

V3. V4
l.aVL, V 3-6
I.aVL, V1-6

RCA II. lll.aVF
V3R. V4R (right -sided chest leads)
VI,V2 (prominent R waves)
I.aVL, V5-6
VI. V2 (prominent R waves)

LCx

MISCELLANEOUS ECG CHANGES

nElectrolyte Disturbances
• hyperkalemia

mild to moderate ( K +5-7 tnmol/L): tall, peaked T waves
severe (K + >7 mmol/L):progressive changes whereby P waves flatten and disappear, QRS
widens and may show abnormal morphology, axis shifts left or right,ST shift with tall T waves,
eventually becomes a “sine wave" pattern

• hypokalemia
ST segment depression, prolonged QT interval (with risk for Torsades de Pointes VT if extreme),
low T waves, prominent U waves (U>T)
enhances the toxic effects of digitalis

LJ
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• hypercalcemia
• shortened QT interval (more extracellular Ca -'means shorter plateau in cardiac action potential)

• hypocalcemia
• prolonged QT interval (less extracellular Ca 2+means longer plateau in cardiac action potential)

T wave I1 K -4A
Figure 11. Hyperkalemia

JL- I Uwave
U/V

Figure 12. Hypokalemia

Hypothermia
• sinus bradycardia
• when severe, prolonged QRS and QT intervals
• Al;ib with slow ventricular response and other atrial/ventricular dysrhythmias
• Osborne ) waves: “hump-like” waves at the junction of the|point and the ST segment

Pericarditis
• early: diffuse ST segment elevation ± PR segment depression, upright T waves
• later: isoelectric ST segment, flat or inverted T waves
• ± tachycardia

Drug Effects
• digitalis (cardiac glycoside) poisoning rare in 2021; <1/1000 cardiac patients overall

therapeutic levels may be associated with “digitalis effect"
ST downsloping or “scooping”
T wave depression or inversion
QT shortening ± U waves
slowing of ventricular rate in Al'ib
most common rhythm disturbance: PVCs

• toxic levels associated with:
arrhythmias: paroxysmal atrial tachycardia (PAT) with conduction block, severe bradycardia
in Al'ib, accelerated junctional rhythms, PVCs, VT (seeArrhythmias, Cl 9)

“regularization" of ventricular rate in Al'ib due to complete heart block with junctional
escape rhythm

• amiodarone, quinidine, phenothiazines, mood stabilizing medications (including tricyclic
antidepressants and antipsychotics), some antihistamines, antifungals, and some antibiotics

prolonged QT interval, U waves

Figure 13. Osborne J waves of a
hypothermic patient

Mlmill
J : l i t::: : : ]_jig« 1 : Digitalis Side Effects

Palpitations, fatigue, visual changes
(yellow vision),decreased appetite,
hallucinations, confusion, and
depression

SiTtT

Figure 14. AFib, ST change due to digitalis (“digitalis effect”)

Pulmonary Disorders
•cor pulmonale (often secondary to CQPD)

low voltage, right axis deviation (RAD), poor R wave progression in precordial leads- RAE and RVH with strain
multifocal atrial tachycardia

•massive pulmonary embolism
sinus tachycardia and Al'ib/atrial flutter are the most common arrhythmias
RAD, RVH with strain
most specific sign is S1Q3T3 (S in 1, Q and inverted T wave in 111) but rather uncommon

ri
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Alternative PORSTU Approach to ECGs
Note: the PQRSTU Approach is organized a different way based on the anatomy of the ECG

<D
PORSTU Approach to ECGs
Pwave
P-R interval
ORS complex
ST segment
T wave
O-T interval
Uwave

ventriu _ ar
repolarization

t ECG

LEAD II

© Ashley Hui 2015

Figure 15. ECG correlations with heart activity

PWAVE
•the P wave represents atrial contraction, best seen in leads:11 and V1

lead 11: the P wave should be rounded, <120 msec and <2.5 mm in height
• lead V 1: the P wave is biphasic with a positive phase slightly greater than the negative phase

•atrial flutter: “sawtooth ” P wave with continuous atrial activity at 300 bpm indicates the interval
(Hints: flip the ECG upside-down and check inferior leads (II, III,and aVP) to see it better)

•APib: absent P wave, may have fibrillatory wave, irregular rhythm
•RAE: tall P w'ave (>2.5 mm) in II or VI (P pulmonale)
•LAE: biphasic P wave with negative deflection >1 mm deep

notched P wave in II may be present (P mitrale)
or >1 mm wide in VI, wide (>100 msec)

P-R INTERVAL
•the P-R interval indicates the interval between sinus node activation and the start of ventricular

depolarization
includes the impulse traveling through the atria, the AV node, and the bundle of His. The
magnitude of the conduction velocity is referred to as “dromotropy" (faster = positive
dromotropy, slowrer = negative dromotropy)
positive dromotropy associated with increased conduction velocity (e.g. sympathetic stimulation ),
while negative dromotropy is associated with decreased velocity (e.g. vagal stimulation)

•P-R interval should be 120-200 msec
•long P-R interval (>200 msec)

heart block (may be due to disease, delay in the AV node, or delay in distal (His-Purkinje)
conduction system)

first degree: fixed, prolonged P-R interval (though every P wave has a QRS following)
second and third degree AV block:some P waves are NOT followed by a QRS
second degree Mobitz I (Wenckebach): gradual prolongation of the P-R interval precedes a
dropped P wave
second degree Mobitz 11 (Hay): fixed P-R interval with ratio of atrial to dropped ventricular
beats (e.g. for every 3 atrial beats, there is one ventricular beat (3:1))
third degree/complete: constant P-P and R-R intervals but variable P-R intervals

Significant ECG Changes
• Look for ST changes starting at 60

msec from J point
• J point - the junction between the

ORS complet and theST segment
• ST elevation:at least1mm in 2

adjacent limb leads, or at least 1-2
mm in adjacent precordial leads

• ST depression:downsloping or
horizontal

• 0 Wave: pathological if 0 wave >1
small square (>40 msec) or >1/3of
the total ORS amplitude

+
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hypokalemia
• “trifascicular" block:long PR segment (first degree AV block) and bifascicular block

•short P-R interval (<120 msec)
pre-excitation syndrome (delta wave: upsloping of the first part of the QRS complex) due to
accessory pathways

• low atrial rhythm, P waves inverted in 11, 111, and aVP

QRS COMPLEX
•represents ventricular contraction
•rate: check if R-R interval matches the P-P interval
•amplitude:check for hypertrophy (see Table 2, CS )
• narrow QRS (<120 msec) means that the His-Purkinje system is being used
•wide QRS (>120 msec) means that the His-Purkinje system is being bypassed or is diseased

BBB, VT, ventricular hypertrophy, cardiomyopathy, WPVV, ectopic ventricular beat,
hyperkalemia, or drugs (e.g. tricyclic antidepressants, antiarrhythmics)

•Q wave: the first downward deflection of the QRS complex
• significant Q wave (>40 msec or >1/3 of total QRS amplitude) indicates myocardial necrosis (new

or old)
•R and S wave abnormalities typically show pathology in terms of BBB or intraventricular

abnormalities

Insignificant 0 Wave
• Septal depolarization by the left

bundle. Seen in leadsI, II, III, aVL,V5, and V6. <40 msec
• 0 wave <V3 of the total QRS

amplitude

ST SEGMENT
•located between QRS complex and the beginning off wave

• corresponds to the completion of ventricular depolarization
• normally at the same level as baseline (T'-P segment)
•ST elevation:see Infarction,C9
•ST depression: ischemia

• ischemia that causes ST depression can result in myocardial damage ( NSTEMI)
lateral ST depression ( leads 1, aVL, V5, V6) may actually indicate a STEM!in the right heart
ST depression may be nonspecific,or associated with remote MI or ischemia

T WAVE
• repolarization phase of ventricles (repolarization of the atria is obscured by the QRS complex)
•typically positive (except in aVR and V 1) on ECG but normal isolated negative T waves may be present

(especially in VI and V2)
•T wave variation in consecutive leads may indicate pathology

inversion: BBB, ischemia, hypertrophy, drugs (e.g.digitalis), pulmonary embolism (lead HI as
part ofSlQ3T3 sign)

• elevation: infarction (STEM!, Prinzmetal, hyperacute), hyperkalemia (wider, peaked )
• flattened: hypokalemia, pericarditis, drugs (e.g. digitalis), pericardial effusion

flat T waves are nonspecific with no clinical significance (common)
variations:T wave alternans;beat-to-beat variations due to PVC overlap (R on T phenomenon
which may precipitate VT or Vl-'ih)

•appropriate T wave discordance: in BBB, T wave deflection should be opposite to that of the terminal
QRS deflection (i.e.T wave negative if ends with R or R’; positive if ends with S)
• inappropriate T wave concordance suggests ischemia or infarction

Q-T INTERVAL
•duration of ventricular depolarization plus repolarization;often difficult to interpret
•corrected QT (QTc) corrects for the repolarization duration (since QT interval normally shortens with

increased HR)
QTc = QT + VRR (Bazett's formula. NOTE: Bazett formula is inaccurate at rapid rates (e.g. > 100/
min))

• normal QTc is 360-450 msec for males and 360-460 msec for females
• increased (>450 msec for males and >460 msec for females): risk of Torsades de Pointes (lethal

tachyarrhythmia; rare if <520 msec)
genetic long QT syndrome (often a channelopathy)
drugs: antiarrhythmics (classes I and 111), antipsychotics (haloperidol, ziprasidone),
antidepressants (dtalopram), antibiotics (erythromycin, azithromycin )
electrolytes: low Ca 2', low K', low Mg2*
others: hypothyroidism, hypothermia, cardiomyopathy

• decreased (<360 msec): risk of Vl-'ib (very rare)
electrolytes: high Ca2'
drugs:digoxin
others:hyperthyroidism

Differential Diagnosis of ST Segment
Changes

ST Elevation- I HELP A PAL
Ischemia with reciprocal changes
Hypothermia (Osborne waves)
Early repolarization (normal variant,
need old ECGsto confirm)
LBBB
Post-Ml
Acute STEMI
Prinzmetal’s (Vasospastic) angina
Acute pericarditis (diffuse changes)
Left/right ventricular aneurysm

ST Depression- WAR SHIP
WPW syndrome
Acute NSTEMI
RBBB/LBBB
STEMI with reciprocal changes
Hypertrophy (LVH or RVH) with strain
Ischemia
Post-Ml

r ^LJ

U WAVE
•origin unclear but may be repolarization of Purkinje fibres or delayed /prolonged repolarization of the

myocardium
•more visible at slower heart rates
•deflection follows T wave with <25% of the amplitude
•variations from norm could indicate pathologic conditions

prominent (>25% of f wave): electrolyte (low K+), drugs (digoxin, antiarrhythmics)
• inverted (from T wave): ischemia, volume overload

+
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Cardiac Biomarkers
• provide diagnostic and prognostic information in acute coronary syndromes and in HI- —-TroponinT(early repartition!

5Table 4. Cardiac Enzymes
f Z4troponin iEnzyme Peak Duration Elevated DDx ot Elevation
5“Oj 35Troponin I, Troponin ? 12-24 h Upto 2 wk Ml.CHF,AFib, acute PE.aortic dissection,

myocarditis, pericarditis, endocarditis, cardiac defibrillation,

myocardial damage, infiltrative cardiomyopathy, ischemic
stroke, intracranial hemorrhage,acute hypotension, chronic
renal insufficiency, sepsis, hypovolemia, acute respiratory
distress syndrome, chronic hypertension, diabetes mellitus,
hypothyroidism, rhabdomyotysis

Ml.myocarditis, pericarditis, muscular dystrophy, cardiac
defibrillation, chronic renal insufficiency

I”

iTTnTaflfRAst'icBtn'iirtuisteffifi!' ' '

Time after acute myocardial infarction|h)
3dCreatine Kinase-MB

(CK -MB)
1 d

Figure 16. Cardiac enzymes

• timing for troponin measurements is dependent on the assay used
high-sensitivity troponin I and T assays detect elevations in cardiac troponin earlier than
traditional assays

• new CK-MB elevation can be used to diagnose re-infarction
• other biomarkers of cardiac disease

• CK-MB, AST,and lactate dehydrogenase ( LDH ) also increases in Ml (low specificity)
BNP and N-terminal prohormone of BNP (NT-proBNP): secreted by ventricles in response to
increased end-diastolic pressure and volume

DDx of elevated BNP:CHF, AFib, PH, pulmonary HTN

Ambulatory ECG
• description

• provides a view of two or three leads of electrocardiographic data over an extended period of time
permits evaluation of changing dynamic cardiac electrical phenomena

• the choice of monitor depends on the patient’s reported symptom frequency
if daily symptoms, use a 24 h or 48 h continuous EGG (Holter) monitor
if less frequent (i.e. weekly or monthly), use prolonged continuous monitoring (1-2 wk) or an
event monitor

• continuous ambulatory monitor: a small, lightweight, battery-operated recorder ( box or patch )
which records two or three channels of electrocardiographic data

patient activated event markers
minimum of 24-72 h, up to 14 d

• implantable loop recorder (ILR):subcutaneous monitoring device for the detection of cardiac
arrhythmias

typically implanted in the left pectoral region and stores events when the device is activated
automatically according to programmed criteria or manually with magnet application

generally used for months to years
note: devices implanted for bradyarrhythmias (pacemakers) or tachyarrhythmias
(defibrillators) also record rhythm continuously and have algorithms for automatic rhythm
detection and storage

• external event monitor
post-event monitoring device: placed on patient’s chest after symptom onset and records
“real-time” rhythm for a specified period (e.g. 30-150 s)

event/loop recorder: constantly records patient’s rhythm for a period of time but only saves
the data when the patient experiences symptoms and presses the event button (usually 30-60
s recall)
auto-triggered event recorder: uses programmed algorithms to auto-detect, capture, and save
asymptomatic arrhythmias in addition to patient-triggered events

• patient administered single lead E(Xi
wrist or finger electrodes, commercially available direct to consumer (e.g. Apple Watch,
Kardia Mobile)

• indications
evaluation of cardiac rhythm abnormalities, especially as they correlate with symptoms and
provoking factors
has also been used for assessing pacemaker and implantable cardioverter-defibrillator function,
evidence of myocardial ischemia, late potentials, and HR variability LJ
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Echocardiography
Transthoracic Echocardiography
• description

non-invasive ultrasound directed across the chest wall to obtain real time images of the heart
• indications

evaluation of cardiac anatomy and functioningincluding: chamber size,wall thickness,wall
motion,valve morphology,proximal great vessel morphology,and LVE1-
evaluation of clinical cardiac abnormalities including: chest pain with hemodynamic instability,
peripheral edema with elevated )VP,murmurs,unexplainedhypotension,and syncope with
suspected structural cardiac cause
evaluation of suspected cardiac diseases including:aortic dissection,congenital heart disease,LV
thrombus,Ml,pericardial effusion,and pericardial tamponade

Transesophageal Echocardiography
• description

ultrasound probe inserted into the esophagus to allow for better resolution of the heart and
structures
better visualizationofposterior structures,includingLA,mitral,aortic valves,and inter-atrial
septum

• indications
» initial test incertain life-threatening situations (e.g.aortic dissection) when other tests

contraindicated (e.g.CT angiography in patient with renal failure or when TTE is technically
inadequate
key indication is to evaluate valvular morphology,vegetation (e.g. infective endocarditis),and
function (e.g. stenosis and regurgitation) especially of the aortic,mitral,and prosthetic valves if
present
evaluate cardiac disease including:aortic dissection,aortic atheromas,intracardiac thrombi,
tumours,and shunts
evaluation for left atrial thrombus/left atrial appendage thrombus in a patient with Al'ib/atrial
flutter to facilitate clinical decision making regarding electrical cardioversion or ablation. risks

• serious complications are extremely rare (<1 in 5000)
esophageal perforation

• gastrointestinal bleeding
pharyngeal hematoma

Stress Echocardiography
• description

echocardiography using exercise (treadmill or bicycle) or pharmacologic agents (dobutamine or
adenosine) as physiological stressor

• indications
when other stress imaging modalities are unequivocal or when ECG isnon-diagnostic
intermediate pre-test probability with normal/equivocal exercise HCG

• post-ACS to decide on potential efficacy of revascularization (i.e. myocardial viability)
evaluate the clinical significance of valvular heart disease: AS,MS,MR,or AK
evaluation of cardiac disease:LV systolic dysfunction ofunclear etiology,latent or established
pulmonary HTN,LVOT obstruction in HCM,and syncope ofunclear etiology

• dobutamine
pharmacologic stress for patients physically unable to exercise; same indications as exercise
stress echo

« low dose dobutamine stress echo can be used to assess myocardial viability and to assess AS
with LV systolic dysfunction

• contraindications
absolute contraindications to exercise testing (see below)

• contraindications to dobutamine stress echocardiography: tachyarrhythmias and systemic
hypertension
relative contraindications toboth exercise and dobutamine stress echocardiography:AAA,
electrolyte abnormalities,left main CAD,and moderate stenotic valvular disease

Contrast Echocardiography with Agitated Saline Contrast
• description

improves visualization and provides real-time assessment of intracardiac blood flow
conventional agent is agitated saline (contains microbubbles of air)
visualization ofright heart and intracardiac shunts,most commonly PFO and intrapulmonary
shunt

• in a normal heart,microbubbles are still seen but only in the right heart and eventually diffuse
into lungs after travelling through pulmonary circulation

n
LJ
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• indications
detection of right-to-left shunts the presence of microbubbles in the left heart chambers indicates
a right-to-left intracardiac or extracardiac shunt

• Doppler signal enhancement agitated saline enhances tricuspid Doppler signals; this could be
used to assess transvalvular velocity and to estimate right ventricular systolic pressure
diagnosis of persistent left superior vena cava if contrast injected in left arm vein appears in the
coronary sinus before the RA

Contrast Echocardiography with Transpulmonary Contrast Agents
• description

newer contrast agents such as Definity* contrast can cross the pulmonary bed and achieve left
heart opacification following intravenous injection; these contrast agents improve visualization of
endocardial borders and enhance evaluation of LVEF and wall motion abnormalities (in patients
with technically inadequate echocardiograms) and intracardiac mass (e.g. LV thrombus)

• risks
• major complications (e.g. risk of non-fatal M1 and death are rare)
• ultrasound contrast agents may cause back pain, headache, urticaria, and anaphylaxis
• caution in patients with significant intra-cardiac shunts

Stress Testing
Most Commonly Used Treadmill Stress
Test Protocols

• The Bruce Protocol: 7 stage test
with each stage lasting 3 min.With
each successive stage, the treadmill
increases In both speed (2.7 km/h to
9.6 km/h) and grade (10% with a 2%
increase per stage up to 22%). The Modified Bruce. Modified
Naughton Protocol:for older
individuals or those with limited
exercise capacity

EXERCISE TESTING
• description

• cardiovascular stress test that uses treadmill or bicycle exercise with electrocardiographic and
blood pressure monitoring for the detection of inducible myocardial ischemia, exercise related
symptoms (e.g. arrhythmias), or objective measures of exercise tolerance
exercise test results stratify- patients into 3 risk groups:

1. low-risk:can treat medically without invasive testing
2, intermediate-risk: may need additional testing in the form of exercise imaging studies or

cardiac catheterization
3. high-risk: refer for cardiac catheterization

• indications
patients with intermediate (10-90%) pretest probability of myocardial ischemia (usually due to
CAD) based on age, gender, and symptoms

• ST depression < 1 mm at rest, LBBB, digoxin or estrogen use make the ST changes difficult to
interpret however, graded exercise stress test can still be valuable
important prognostic and diagnostic information (beyond ST changes) is obtained from
symptoms, total exercise time, HR, and BF response to exercise, if arrhythmia is provoked

note: this is a diagnostic test with false positives and false negatives. Management needs to
take into account symptoms and exercise tolerance

• absolute contraindications
acute Ml (within 2 d) or unstable angina pectoris
uncontrolled arrhythmias causing symptoms of hemodynamic compromise

• symptomatic severe valvular stenosis
uncontrolled symptomatic HF
active endocarditis, acute myocarditis, or pericarditis

• acute aortic dissection
acute pulmonary or systemic embolism
acute non-cardiac disorders that may affect exercise performance or may be aggravated by
exercise
termination of exercise testing
• target HR achieved

patient’s desire to stop
drop in sBF of >10 mmHg from baseline despite an increase in workload, when accompanied
by other evidence of ischemia

• moderate to severe angina
• ST elevation (>1 mm ) in leads without diagnostic Q-waves (other than VI oraVR)
* increasing nervous system symptoms (e.g. ataxia, dizziness, or near syncope)

signs of poor perfusion (cyanosis or pallor)
technical difficulties in monitoring ECG or sBF

• sustained VT

Important Contraindications to
Exercise Testing

• Acute Ml.aortic dissection.
pericarditis, myocarditis, PE. Severe AS.arterial HTN

• Inability to exercise adequately

Important Prognostic Factor
Duke Treadmill Score (DTS)
Weighted Index Score. Treadmill exercise time using

standard Bruce protocol
• Maximum net ST segment deviation

(depression or elevation)
• Exercise-induced angina provides

diagnostic and prognostic
information (such as1yr mortality)

DTS•exercise time- (5 x MaxST) -
(4 x angina index)
Angina index:0 (no angina),1(angina
but not exercise-limiting), 2 (exercise-
limiting angina)
DTS z5:0.25%1 yr mortality
DTS 4 to -10:1.25%1yr mortality
DTS < -11:5.25%1yr mortality
Aim Mem Med1987:106:193-800

• risks L J
death, Ml,arrhythmia, hemodynamic instability, and orthopaedic injury (<1-5/10000 superv ised
tests) Patients with normal imaging (nuclear

perfusion or stress echo) studies at peak
stress have a <1%/yr incidence of death
or nonfata! Ml and are thus often spared
further invasive evaluation +
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NUCLEAR CARDIOLOGY
• description

• MP1 with ECG-gated single photon emission computed tomography (SPECT), using radiolabelled
tracer
evaluates myocardial viability, detects ischemia, and assesses perfusion and LV function
simultaneously
predicts the likelihood of future cardiac event rates independent of the patients history',
examination, resting ECG,and stress ECG
often denoted as MIBI scan with reference to radiolabelled tracer (sestamibi)
stress with either treadmill or IV vasodilator stress (e.g.dipyridamole, adenosine, regadenoson)

• images of the heart obtained during stress and at rest 3-4 h later
tracers

Thallium-201 ( 20,n.a K‘analogue)
Technetium-99 ( ^Ici-labeled tracer (sestamibi/Cardiolite* or hexamibi/Myoview*)

• indications
to diagnose CAD in possible ACS patients with non-diagnostic ECG and negative serum
biomarker
exercise MP1

when ECG cannot be interpreted appropriately due to LBBB or abnormal baseline ECG
intermediate pre-test probability with normal/equivocal exercise ECG
in patients with previous imaging whose symptoms have changed
to diagnose ischemia

dipyridamole/adenosine MPI
exercise testing is always preferred
pharmacological stress imaging test for patients who cannot exercise or do not want to hold
cardiac medications ((5-blockers/CCBs)

same indication as exercise MPI
• contraindications

vasodilators (i.e. adenosine, regadenoson, and dipyridamole) are contraindicated in patients with
hypotension, sick sinus syndrome, high-degree AV block (in the absence of backup pacemaker
capability), and reactive airways disease

• pregnancy
• risks

radiation exposure

STRESS ECHOCARDIOGRAPHY
• see Echocardiography, C14

Cardiac Catheterization and Angiography
Right Heart Catheterization (Swan-Ganz Catheter)
• description

also known as pulmonary artery catheterization
• obtain direct measurements of central venous, right-sided intracardiac, pulmonary artery, and

pulmonary artery occlusion pressures
can estimate CO,SVR,and PVR as well as mixed venous oxyhemoglobin saturation, oxygen
delivery, and oxygen uptake
right atrial, right ventricular, and pulmonary artery pressures are recorded

• can also be used to measure the Cardiac Index (Cl), a measure of cardiac function
Cl = CO/body surface area
2.6-4.2 L/min/m -is considered normal while <1.8 L/min/m 2usually means cardiogenic
shock- PCWP
obtained by advancing the catheter to wedge in the distal pulmonary artery'
records pressure measured from the pulmonary venous system
in the absence of pulmonary venous disease, reflects left atrial pressure

• indications
unexplained or unknown volume status in shock
severe cardiogenic shock (e.g. acute valvular disease,suspected pericardial tamponade)

• suspected or known pulmonary artery HTN
severe underlying cardiopulmonary'disease (e.g.congenital heart disease, left-to-right shunt,
severe valvular disease,pulmonary HTN) and undergoing surgery (e.g.corrective)

• contraindications
• infection at the insertion site

presence of a right VAD
• insertion during cardiopulmonary bypass

n
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• risks
• complications for diagnostic catheterization: <1%

inadequate diagnostic procedures occur in <1% of cases
complications of insertion:atrial and/or ventricular arrhythmias (~3% of patients)
catheter misplacement or knotting (uncommon)
perforation of a cardiac chamber and rupture of a cardiac valve or the pulmonary artery (rare)
complications of catheterization: pulmonary artery rupture, pulmonary infarction,
thromboembolic events, infection,and data misinterpretation
within 24 h of catheterization:death, Ml,or stroke (0.2% to 0.3% of patients)

Thermistor port
Right atrial port

Pulmonary artery port
Inflation port Pulmonary

capillary
bed

Pulmonary

Balloon
is inflateder stor

lumen opening
tnc e -

Pulmonary Arteiy
(Balloon wedge)

Right Atrium Right Ventricle Pulmonary Artery

® Kateryna Procunier 2015

Figure17.Swan-Ganz catheter placement

Left Heart Catheterization
• description

accomplished by introducing a catheter into the radial, brachial, or femoral artery and advancing
it through the aorta, across the aortic valve,and into the LV
evaluates mitral and aortic valvular defects and myocardial disease
systolic and end-diastolic pressure tracings recorded
LV size, wall motion, and ejection fraction can be assessed by injecting contrast into the LV (left
ventriculography) via femoral/radial artery catheterization

• indications
identification of the extent and severity of CAD and evaluation of left ventricular function

• assessment of the severity of valvular or myocardial disorders (e.g. AS or insufficiency,MSor
insufficiency, and various cardiomyopathies) to determine the need for surgical correction
collection of data to confirm and complement non-invasive studies
investigating CAD in patients with confusing clinical features or chest pain of uncertain origin

• contraindications
severe uncontrolled HTN
ventricular arrhythmias

• acute stroke
severe anemia
active gastrointestinal bleeding
allergy to radiographic contrast
acute renal failure

i i
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• uncompensated congestive failure (patient cannot lie flat)
unexplained febrile illness or untreated active infection
electrolyte abnormalities (e.g. hyperkalemia)
severe coagulopathy

• risks
major complications of diagnostic catheterization (Le.death,Ml, stroke): <3 in 1000
minor complications (e.g. vascular access issue, kidney dysfunction): <1 in 100

• inadequate diagnostic procedures occur in <1% of cases

+
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Coronary Angiography
description

radiographic visualization of the coronary vessels after injection of radiopaque contrast media
coronary vasculature accessed via the coronary ostia

• indications
to define the coronary anatomy and the degree of luminal obstruction of the coronary arteries
to determine the presence and extent of obstructive CAD
to assess the feasibility and appropriateness of various forms of therapy,
by percutaneous or surgical interventions

• can be used when the diagnosis of CAD is uncertain and cannot be excluded by non-invasive
techniques

• contraindications
severe renal failure due to contrast agent toxicity (must check patient’s renal status)

ACC/AHA 2011 Recommended
Indications for Coronary Angiography

• Disabling chronic stable angina (CCS
classes II and IV) despite medical
therapy

• High-risk criteria on clinical
assessment or non-invasive testing

• Serious ventricular anhythmia or CHF
• Uncertain diagnosis or prognosis

after non-invasive testing
• Inability to undergo non-invasive

testing

such as revascularization

• risks
major complications of diagnostic catheterization (Le.death, Ml, stroke); <3in 1000
minor complications (e.g. vascular access issue, kidney damage): <1 in 100

Coronary Angiography
Gold standard for localizing and
quantifying CAD

^^arotid Hemodynamically significant stenosis is
defined as 70% or more narrowing of the
luminal diameter1 - Inferobasal

2 - Inferoapical
3- Apical
4 - Anteroapical
5 - Anterobasal

Figure18. Coronary angiogram schematic
AM = acute marginal:LAD = left anterior descending; OM = obtuse marginal; RAO = right anterior oblique;RCA =
right coronary artery

Diagnostic Catheterization
• provocative pharmacological agents can be used to unmask pathology

fluid loading may unmask latent pericardial constriction
afterload reduction or inotropic stimulation may be used to increase the outflow tract gradient in
HCM
coronary vasoreactive agents (e.g. methylergonovine,acetylcholine)
a variety'of pulmonary vasoreactive agents in primary'pulmonary HTN (e.g.oxygen, CCBs,
adenosine, nitric oxide, prostacyclin)

Contrast-Enhanced CT Coronary Angiography
• description:fast ECG-synchronized multi-slice CT image acquisition in the heart to enable non-

invasive imaging of the coronary arterial tree
• indications: often used to assess coronary artery and previous graft stenosis/viability that could not

be seen during coronary angiography
• sensitivity = 85%, specificity = 90% for the diagnosis of obstructive coronary'disease with >50%

stenosis
• contraindications: allergy to contrast dye; severe renal dysfunction; irregular heart rhythm or

tachycardia which may impact image quality
• risks: radiation exposure; and contrast induced nephropathy

Magnetic Resonance Imaging
• description

offers high spatial resolution,eliminates the need for iodinated contrast, and does not involve
exposure to ionizing radiation
often used with gadolinium injection to assess myocardial scar

• indications
valuable in assessment of congenital cardiac anomalies, abnormalities of the aorta, assessment of
viable myocardium, and assessment of cardiomyopathies

most accurate measure of ejection fraction
especially valuable for assessing RV
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• contraindications
metallic foreign bodies/implants (e.g. pacemaker,1CD,CRT, cerebral aneurysm clips, metal
shrapnel, piercings)
kidney dysfunction due to gadolinium contrast medium

• risks
hazards posed by certain metallic devices inside patients

CARDIAC DISEASE

Arrhythmias

Mechanisms of Arrhythmias
Alterations in Impulse Formation :<

Sinus Arrhythmia- Normal P waves, with variation of
the P-P interval, especially with
respiration, due to varying rate of SA
node depolarization

Respiratory SA
• Seen more often in young adults
• Normal, physiologic results from

changes in autonomic tone during
respiratory cycle

• Rate increases with inspiration, slows
with expiration

Non-Respiratory SA
• Seen more often in the elderly
• Can occur in the normal heart; if

marked may be due to sinus node
dysfunction (e.g. in heart disease or
after digitalis toxicity). Usually does not require treatment

A.Normal Automaticity
impulses from the SA node,caused by spontaneous depolarization, result in the basic cardiac
pacemaker function. “Downstream"cells in the AY node and Purkinje fibres also depolarize
spontaneously, but at a slower rate; they serve as the “backup" pacemaking cells if the upstream
rate is slower than the more distal spontaneous rate
normal automaticity is influenced by:
• neurohormonal tone (sympathetic tone increases and parasympathetic tone decreases

spontaneous firing rate and thus HR)
• myocardial ischemia /infarction or other cardiac pathology (e.g. HF) may alter HR via these

mechanisms
• abnormal metabolic conditions (e.g. hypoxia, acidosis, hypothermia)
• electrolyte abnormalities, especially hyperkalemia which slows HR
• drugs (e.g.digitalis, p-blockers, CCB)
• athletic training:endurance athletes often have sinus bradycardia
• age:elderly often have sinus bradycardia
• increased circulatory demand can result in sinus tachycardia (e.g.pregnancy, anemia,

exercise)

B.Abnormal Automaticity due to Triggered Activity (due to Afterdepolarizations)

1.Early Afterdepolarizations
during the terminal plateau or repolarization phases of action potential

• consequence of the membrane potential transiently becoming more positive during
rcpolarization (depolarization interrupting repolarization)
• these are called EADs and DADs (early and delayed afterdepolarization, respectively)

may result in self-maintaining oscillations of depolarization, giving rise to action potentials
thereby generating a tachyarrhythmia (e.g. new baseline voltage is greater than threshold, which
automatically triggers a new action potential after the refractory period ends)
EADs are the basis for the arrhythmias associated with QT prolongation, either congenital or
acquired; termed “Torsades de Pointes”

2.Delayed Afterdepolarizations
occur after the action potential has fully repolarized, but before the next usual action potential
commonly occurs in situations of high intracellular calcium (e.g.digitalis intoxication, ischemia)
or during enhanced catecholamine stimulation (e.g.“twitchy” pacemaker cells)

Alterations in Impulse Conduction

A.Re-Entry Circuits
the presence of self-sustaining re-entry circuit causes rapid repeated depolarizations in a
region of myocardium (see figure 27,C24,for an example in the context of AV nodal re-entrant
tachycardia)
the conditions necessary for re-entry include block of an impulse into a region of the heart
that is refractor)' (non-excitable tissue or because of local functional block, where the impulse
encounters tissue still in its refractor)' period), followed by “re-entry" of the impulse around a
region of block to the site of origin, forming a complete re-entry circuit

e.g.myocardium that is infarcted/ischemic will consist of non-excitable and partially
excitable zones which will promote the formation of re-entry circuits
most sustained tachyarrhythmias are due to re-entry

n
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B.Conduction Block
ischemia, fibrosis, trauma, and drugs can cause transient or permanent, unidirectional or
bidirectional block

• most common cause of block is “functional block" due to refractory myocardium
(cardiomyocytes are in refractory period ) or “anatomical block ” (area of myocardium unexcitable
due to fibrosis);cells in the conduction system distal to the block can assume pacemaking control
if the block occurs along the specialized conduction system
the consequence of conduction block are reentry arrhythmias (tachyarrhythmias - see above) or
failure of impulses to conduct to ventricular cells (bradycardia)

• conduction block in the AV node or His Furkinje tissue can lead to bradycardia

C.Bypass Tracts
normally, the only electrical connection between atria (As) and ventricles (Vs) is the AV node and
connected penetrating Bundle of His;
an accessory bypass tract is a direct connection between A and V, histologically similar to atrial
tissue, through the valve ring which is normally impenetrable to electrical impulses (hence
"accessory atrio-ventricular bypass tract”)

see Pre-Excitation Syndromes.C25
Arrhythmias

1

Bradyarrhythmias l<G0 bpm)
• Sinus bradycardia
• Sinoatrial block
• Sinus arrest
• AV block (2nd and 3rd degree)
• Junctional rhythm
• Idioventricular rhythm

Tachyarrhythmias (>100 bpm)

1 ;
Regular Irregular

1; :;
Narrow QRS (SVTs)
• AFib
• Atrial flutter with variable

block
• Multifocal atrial

tachycardia
• Premature artrial

contraction

Narrow QRS (SVTs)
• Sinus tachycardia
• Atrial tachycardia
• Junctional tachycardia
• AVNRT
• AVRT (orthodromic)
• Atrial flutter

Wide QRS
• SVT with aberrancy/BBB
• Ventricular tachycardia
• AVRT (antidromic)

Wide QRS
• AFib with BBB
• Atrial flutter with BBB and

variable block
• Polymorphic VT
• Premature ventricular

contraction

Figure 19. Clinical approach to arrhythmias

Bradyarrhythmias

Table 5. Types of Bradyarrhythmias
1.SA NODAL DYSFUNCTION

• P axis normal ( P waves positive in I and aVF)
• Rate < 60 bpm; marked sinus bradycardia (<S0 bpm)
• May be seen in normal adults, particularly athletes, and in elderly individuals
• Increased vagal toneor vagal stimulation
• Drags (e.g. P-blockers.CCS)
• Iscbemiafinfarction

Atropine: pacing lor sick {
sinus syndrome

Figure 20. Sinus bradycardia

2.AVCONDUCTION BLOCKS
A.first Degree AV Block. Prolonged PR interval (»220 msec)
• Frequently found among otherwise healthy adults

No treatment required

Figure 21.First degree AV block
B.Second Degree AV Block;Type I (Mobitz I)

. Gradual prolongation of the PR interval precedes the failure of conduction of
a P wave (Wenckebach phenomenon). AV block is usually in AV node (proximal) triggers (usually reversible):
increased vagal tone (eg.following surgery). RCAmediated ischemia

J c r 1
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Figure 22. Second degree AV block with Wenckebach phenomenon
(Mobitz I) (4:3 conduction) (lead V1) +
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Table 5. Types of Bradyarrhythmias
C.Second Degree AV Block:type II (Mobitz II)

• the PR interval is constant; there is an abrupt failureol conduction of a P
wave

• Often associated with distal conduction system disease (BBB)
• AV block Is usually distal to the AV node|i.c. bundle ol His); increased risk ol

high grade or third degree AV block Figure 23.Second degree AV block (Mobitz II) (3:2 conduction) (lead
V1)

D.Third Degree AV Block

• Complete failure of conduction of the supraventricular impulses to the
ventricles

• Ventricular depolarization initiated by an escape pacemaker distal to the
block

• Wide or narrow ORS. P P and R - R intervals are constant, variable PR intervals
• No relationship between P waves and ORS complexes|P waves “marching

through")

Management (see
(leclticol Pacing.C29) :

Figure 24.Third degree AV block (complete heart block) (leadII)

Supraventricular Tachyarrhythmias
Presentation for SVT (and Pre-Excitation Syndromes)
• presentation can include: palpitations, dizziness, dyspnea, chest discomfort, presyncope/syncope
• may precipitate CHF, hypotension, or ischemia in patients with underlying cardiovascular disease
• untreated tachycardias of long duration (i.e.days) can cause tachycardia- induced cardiomyopathy

(rare, potentially reversible with treatment of SVTs)
• arrhythmias involving the AV node (i.e. AVNRT and AVRT) may terminate spontaneously, after vagal

stimulation, or after adenosine treatment

Supraventricular Tachyarrhythmias
• tachyarrhythmias that originate in the atria or involve the AV junction
• this term is used when a more specific diagnosis of mechanism and site of origin cannot be made
• characterized by narrow QRS unless there is pre-existing BBB or aberrant ventricular conduction

(abnormal conduction due to a change in cycle length)

1. Sinus Tachycardia
• sinus rhythm with rate >100 bpm
• causes:

anxiety, exercise
metabolic (e.g. thyrotoxicosis, pheochromocytoma)
systemic demand (e.g. pregnancy, anemia, exercise, pain, fever, hypotension, hypovolemia,
anemia, CHF,Ml, shock, PH)
pharmacologic (e.g. cocaine, caffeine, alcohol, (3-adrenergic agonists, anticholinergic drugs)
idiopathic ( i.e.1ST- u idiopathic/inappropriate sinus tachycardia”) or POTS ( postural orthostatic
tachycardia syndrome)

• treatment:
• treat underlying disease; consider P-blocker if symptomatic, CCB if (3-blockers contraindicated;

ivabradine may be considered as an alternative agent for inappropriate sinus tachycardia

2. Premature Beats
• premature atrial contraction

ectopic supraventricular beat originating in the atria
P wave morphology of the PAC usually differs from that of a normal sinus beat

• junctional premature beat
• ectopic supraventricular beat that originates in the vicinity of the AV node

P wave is usually absent or inverted, which may come before or closely follow the QRS complex
(referred to as a retrograde, or “traveling backward” P wave)

• treatment usually not required

3. Atrial Flutter
• rapid, regular atrial depolarization from a macro re-entry circuit within the atrium (most commonly

RA involving isthmus of tissue between tricuspid annulus and inferior vena cava (1VC))
• atrial rate 250-350 bpm, usually 300 bpm
• AV block usually occurs; it may be fixed (e.g. 2:1,3:1, 4:1, etc.) or variable
• etiology:HTN,cardiomyopathy in association with AFib

less often:CAD, thyrotoxicosis, mitral valve disease, cardiac surgery, COPD, PE, pericarditis, in
association with long term endurance sport/exercise

• ECG: “sawtooth" flutter waves (most common type of flutter, called “isthmus-dependent, typical
flutter") in inferior leads, 11, 111, aVF; narrow QRS (unless aberrancy); commonly seen as 2:1 block
with HR of ISO

'TP ^ r -\
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Figure 25. Atrial flutter with variable ~l~
block
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• in atrial flutter with 2:1 block, carotid sinus massage (after checking for bruits), Valsalva maneuver, or
adenosine may decrease AV conduction and allow flutter waves to be more easily seen

• treatment of acute atrial flutter
if unstable (e.g. hypotension, CHF, angina): electrical cardioversion
if stable:

1. ratecontrol:(5-blocker, diltiazem,verapamil, or digoxin
2. chemical cardioversion: sotalol, amiodarone, type 1 antiarrhythmics, or electrical

cardioversion
3. anticoagulation guidelines same as for patients with AFib

• long-term treatment of atrial flutter to prevent recurrences includes antiarrhythmics and
radiofrequenq’(RF) ablation (for isthmus dependent, typical flutter, treatment of choice is RF
ablation)

4. Multifocal Atrial Tachycardia (MAT)
• irregular rhythm caused by presence of 3 or more atrial foci (may mimic AFib)
• atrial rate 100-200 bpm

3or more distinct P wave morphologies
PR intervals vary

• some P waves may not be conducted
• more common in patients with COPD or hypoxemia; less commonly in patients with hypokalemia,

hypomagnesemia, sepsis, theophylline use, or digitalis toxicity
• treatment: treat the underlying cause; calcium channel blockers may be used (e.g.diltiazem,

verapamil); (5-blockers may be contraindicated because of severe pulmonary disease
• no role for electrical cardioversion, antiarrhythmics, or ablation

5. Atrial Fibrillation
• see CCS Atrial Fibrillation Guidelines 2020 for details (free mobile app iCCS available on iOS and

Android)
• the most common sustained arrhythmia
• risk factors include:older age,hypertension, heart failure, valvular disease (especially leading to

dilated LA), recent cardiac surgery, lung disease, excessive alcohol consumption, sepsis (particularly
pneumonia)

• symptoms:palpitations, exercise intolerance, fatigue, dyspnea, dizziness, syncope, may precipitate or
w'orsen HF

• classification
“lone”:generally occurs in persons <65 yr and in whom no clinical or echocardiographic causes
are found
nonvalvular: not caused by valvular disease (usually MS), or prosthetic heart valves,or valve
repair

valvular disease is observed in patients/people with MS, prosthetic heart valves,or those who
have undergone valve repair

paroxysmal episodes that terminate spontaneously
• persistent:AFib sustained for more than 7 d or Al'ib that terminates only with cardioversion

permanent/chronic:continuous AFib that is unresponsive to cardioversion or in which clinical
judgement has led to a decision not to pursue cardioversion

recu rrent: two or more episodes of A l ib
secondary: caused by a separate underlying condition or event (e.g. Ml,cardiac surgery,
pulmonary disease, hyperthyroidism)

• initiation
single circuit re-entry and /or ectopic foci, mostly arising from the pulmonary veins, act as
aberrant generators producing atrial tachycardia (350-600 bpm)

this leads to multiple re-entry circuitry (microre-entry)
impulses are conducted irregularly across the atrial myocardium to give rise to fibrillation
in most cases, ectopic foci have also been mapped to the pulmonary'vein ostia and can be ablated

• maintenance
the tachycardia causes atrial structural and electrophysiological remodelling changes that further
promote AFib; the longer the patient is in AFib, the more difficult it is to restore normalsinus
rhythm

• consequences
the AV node irregularly filters incoming atrial impulses producing an irregular ventricular
response (usually <200 bpm); tachycardia leads to suboptimal CO

fibrillatory conduction of the atria promotes blood stasis increasing the risk of thrombus
formation

- AFib is an important risk factor for stroke or thromboembolic events (stroke risk can be
assessed by CHADS2 score in Alib; CHADS2-VASc if the former gives a score of 0 or I )

- all valvular Afib (those with mechanical valves or MS) need anticoagulation but CHADS
determines treatment for AS and MR

r T
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Table 6. CHADS2 Risk Prediction for Non-Valvular AFib
Risk Factor Points CHADS2 Score Stroke Risk (%/Yr)

Ike 2020CaiadiaiCartiorascalar Society/
Caaadiaa Heart tkyttn Society Comprehensive
Cadetiaes fortke Management of Atrial
Fibrillation
Car J Cardiol 2020;36:1S47-T9-i8
Bateaid Btryttra Controt Long-tens rate
natal tterapy a Af0 patents is reennnended
ta redacesjrptocs ant preient CV events- Based
oa tte parity of data informing HB targets, it is
recoamerded In state rate-controllingagents to
actme a resteg HB <100 bpm durng Af-.b.BSyttrm
coitroi at long-term antarrtydunicdrug tterapy
cgltsct coepletely suppressJFBrand Hassbcold
be fbcssed oo sysptw relief, improving functional
capacity.ard rerLting tealticare utilization, fibyttm
cottrni strategies are rtcommended for patients
am esaPrsadAKb wbo remain symptomatic wntlr
rate cortro tberapy. nr in atom rate control tterapy
is unitety to control symptoms. In patents with
new y tagrosed AFib.as initial strategy n!rbytbm
contol nas been assorted at- redoced CV death
and redsced incidence of stroke. It is recommended
to enrsder tatreter ablation of AFib as a reasonable
Menibve to pbaraacologc rate or rbytbm control.
Aatitbroabotk Tberapy io AFib: In patients win
AFd and coronary or artenal rascclar disease.Ibe
ctoce of antdtroabotc tberapy should be based on
a ba arced risk assessment of AFib-refafed stroke,
seberr c corosaryeverts.and doically relevant
Peed og.If as ora:antcoagnlant is indicated, non-
Vta- r lalegars!ora a-iicnagnlanis (NOACs) are
recommended orer warfare.

Congestive HF 0 1.9 (low)
2.8 (low-mod)

4.0-S.9 (mod), need anticoagulation
8.5-18.2 (high), need anticoagulation

1
HTN 1 1

Age >75
Diabetes

2-31
4- 61

Stroke/1IA (prior) 2
Can J Cardiol 2014:30:1114-30

• HCG findings
no organized P waves due to rapid atrial activity (350-600 bpm) causing a chaotic fibrillatorv
baseline
irregularly irregular ventricular response (typically 100-180 bpm), narrow QRS (unless aberrancy
or previous BBB)
wide QRS complexes due to aberrancy may occur following a long-short cycle sequence (“Ashman
phenomenon')

• loss of atrial contraction, thus no “A" wave seen in|VP, no S-t on auscultation

mmsm
Figure 26. AFib (lead II)

• management (adapted from CCS Atrial Fibrillation Guidelines 2020)
primary goal is symptom control

• stroke prevention is crucial, since patients who are not anticoagulated for AFib have, on average, a
4-5% annual stroke risk
all patients should be assessed for stroke risk and receive anticoagulation independent of the rate
or rhythm treatment
newly discovered AFib

if the episode is self-limited and not associated with severe symptoms, no need for
antiarrhythmic drugs
if AFib persists, consider one of the following:

1. rate control and anticoagulation (as indicated below)
2. cardioversion (as indicated below)

an initial rhythm control strategy for patients with newly diagnosed AFib (i.e. within past
year), is associated with reduced cardiovascular death and stroke rate

• recurrent or permanent AFib
if episodes are brief or minimally symptomatic, antiarrhythmic drugs may be avoided; rate
control and anticoagulation are appropriate
patients who have undergone at least one attempt to restore sinus rhythm may remain in AFib
after recurrence; permanent AFib may be accepted (with rate control and antithrombotics as
indicated by CHADS2 score) in certain clinical situations

» if symptoms are bothersome or episodes are prolonged, antiarrhythmic drugs should be used
• drug selection for rhythm control

no or minimal heart disease: tlecainide, propafenone once proven to have no underlying CAD
(may consider exercise stress testing)

LV dysfunction: amiodarone
CAD: (3-blockers, amiodarone
if antiarrhythmic drugs fail or are not tolerated, can consider RF ablation for rhythm/
symptom control

treatment of AFib (RACE):all patients with AFib (paroxysmal, persistent, or permanent), should
be stratified using a predictive index for stroke risk and risk of bleeding, and most patients should
receive either an oral anticoagulant (OAC) or ASA

1. Rate control:(3-blockers, diltiazem, verapamil (in patients with H1-: digoxin, amiodarone)
- digoxin can be used to achieve rate control in patients whose response to|3-blockers

and/or CCB is inadequate, contraindicated, or not tolerated
2. Anticoagulation: use either warfarin or DOACs (e.g. apixaban, dabigatran, rivaroxaban,

edoxaban) to prevent thromboembolism
- DOAC use is preferred to warfarin
- for patients with non-valvular AFib (N VAF), OAC use is recommended for those >65

vr and/or with a CHADS2 >1. N VAF is defined as AF not due to mechanical valve or
moderate-severe mitral stenosis

- ASA 81 mg is recommended only for patients with none of the risks outlined in the
CCS algorithm (age <65 and no CHADS2 risk factors) who also have arterial disease
(coronary, aortic, or peripheral)
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3. Cardioversion (electrical)
- if AF'ib <48 h, can usually cardiovert without anticoagulation (<12 h if high stroke risk)
- if AFib >48 h,anticoagulate 3 wk before and 4 wk after cardioversion due to risk of

unstable intra-atrial thrombus
- if patient is unstable (hypotensive,active angina due to tachycardia, uncontrolled HF),

cardiovert immediately
4. Etiology

- HTN, obesity', sleep apnea, CAD,heart failure,valvular disease, pericarditis,
cardiomyopathy, myocarditis, ASD,postoperative, PE,COPD, thyrotoxicosis, sick sinus
syndrome, alcohol (“holiday heart”)

- may present in young patients without demonstrable disease (“lone AFib") and in the
elderly without underlying heart disease

- studies of patients with AF'ib suggest that there is no difference in long-term survival
when treating patients with a rhythm-control vs. rate-control strategy ( recent large
study suggests benefit of rhythm control for recent onset AF- see above)

- many patients with a significant underlying structural heart lesion (e.g. valve disease,
cardiomyopathy) will not tolerate AFib well (since may be dependent on atrial kick) and
these patients should be cardioverted (chemical or electrical) as soon as possible

•surgical management in AF'ib ablation
sutured lesion

Cox-maze 111:definitive surgical treatment of chronic AF'ib; indicated in patients who
have failed maximal medical therapy and have had embolic events or are symptomatically
compromised by AF'ib; 90-95% postoperative freedom from AF'ib; less likely to be successful
in patients with large left atria (>5 cm) or with longstanding AF'ib (>5 yr)
modified maze and pulmonary vein isolation: more limited patient sets but takes less
time to perform than classical maze procedure; selected cases can be done off bypass with
concomitant OPCAB;60-75% postoperative freedom from AFib

• energy lesion
cryoablation: seeCatheter Ablation, C29
radiofrequency ablation: see Catheter Ablation, C'29
current experimental trials include use of laser ablation, microwave ablation, and ultrasound
ablation

6. AV Nodal Re-Entrant Tachycardia
•re-entrant circuit using dual pathways (fast conducting (3-fibres and slow conducting a-fibres) within

or near the AV node;often found in the absence of structural heart disease
cause is commonly idiopathic, although familial AVNRT has been reported

•sudden onset and offset with patients often describing"neck pounding” and “shirt flapping"

•fast regular rhythm of 150-250 bpm
•usually initiated by a supraventricular or ventricular premature beat
•AVNRT accounts for 60-70% of all paroxysmal SVTs
•retrograde P waves may be seen but are usually lost in the QRS complex
•treatment

• acute; Valsalva maneuver or carotid sinus pressure technique, adenosine is first choice if
unresponsive to vagal maneuvers; if no response, try metoprolol, digoxin, diltiazem, electrical
cardioversion if patient hemodynamically unstable (hypotension, angina, or CHF)
long-term:1st line radiofrequency ablation (>98% cure rate and < < 1% complication rate),
(3-blocker, diltiazem,digoxin; 2nd line flecainide, propafenone

® Laura E.Smith»12 ^
Figure 27. AVNRT

N.B. Refer to ECG Made Simple for
further discussion and an animation of
the mechanism ( www.ecgmadesimple.
com)
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Bundle ol Kent
• Can exist in right

or left heart
Pathway A . , Pathway B• Slow conduction APB • Fast conduction• Short refractormessl , I. Long refractoriness

Della Wave

J2/LPathway A
• Slow conduction
• Short refractoriness

Pathway B
Fast conduction
Long refractoriness 2.An atrial premature beat (APB) after a normal

depolarizing beat conducts through A (since
repolarized) but not B (still refractory-thus
producing unidirectional block)

The impulse travels along A and reaches the distal
end of B which has now repolarized, allowing
retrograde conduction to establish a re-entry circuit

© Young M.Kim 2011

Figure 29. Accessory pathway
conduction in WPW. Early ventricular
activation leads to the appearance
of a delta wave (slurred upstroke of
the QRS) on the ECG before usual
conduction across the AV node

1. Setup for AVNRT:
Presence of fast and slow tracts in AV node

Figure 28. Mechanism for AVNRT

Pre-Excitation Syndromes
•refers to a subset ofSVTs mediated by an accessory pathway which can lead to ventricular pre-

excitation

AV Re-Entrant Tachycardia (AVRT)
•re-entrant loop in antegrade via normal conduction system and retrograde via accessory pathway
•usually' in patients with an antegradely conducting bypass tract (WPW ); may also occur if there is an

exclusively retrogradely conducting (i.e. concealed) bypass tract - in these cases the ECG is normal
and there are no delta waves

•initiated by a premature atrial or ventricular complex
•treatment

acute; treatment is similar to AVNRT but avoid long-acting AV nodal blockers (e.g.digoxin and
verapamil)

• long-term; for recurrent arrhythmias, ablation of the bypass tract is recommended
• drugs such as flecainide and procainamide can be used

Wolff-Parkinson-White Syndrome
•congenital defect present in 1.5-2/1000 of the general population
•an accessory conduction tract (bundle of Kent; can be in R A or LA ) abnormally allows early electrical

activation of part of one ventricle
•impulses travel at a greater conduction velocity across the bundle of Kent thereby effectively

‘bypassing’AV node
since the ventricles are activated earlier, the ECG shows early ventricular depolarization in the
form of initial slurring of the QRS complex the so-called “delta wave"

•atrial impulses that conduct to the ventricles through both the bundle of Kent and the normal AV
node/His-Purkinje system generate a broad “fusion complex"

•ECG features of WPW
PR interval <120 msec
delta wave; slurred upstroke of the QRS (the leads with the delta wave vary with site of bypass)
widening of the QRS complex due to premature activation
secondary'ST segment and T wave changes
tachyarrhythmias may occur most often AVRT and AEib

•orthodromic AVRT: the most common arrhythmia in WPW stimulus from a premature complex
travels up the bypass tract (ventricles to atria) and down the AV node (atria to ventricles) with narrow
QRS complex (no delta wave because stimulus travels through normal conduction system)

comprises 95% of the re-entrant tachycardias associated with WPW syndrome
•antidromic AVRT:more rarely, the stimulus goes up the AV node (ventricles to atria) and down the

bypass tract (atria to ventricles);wide and abnormal QRS as ventricular activation is only via bypass
tract

+
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AFib in WPW Patients
• AFib is the index arrhythmia in up to 20% of patients with WPW syndrome

usually intermittent rather than persistent or permanent
• rapid atrial depolarizations in AFib are conducted antegradely through the bypass tract which is not

able to filter impulses like the AV node can and thus the ventricular rate becomes extremely rapid
(>200 bpm) and the QRS complex widens ( “pre-excited AFib” )
treatment: electrical cardioversion, IV procainamide,or IV amiodarone

do not use drugs that slow AV node conduction during pre-excited AFib (e.g. digoxin, p-blockers)
as this may cause preferential conduction through the bypass tract and increase the risk of VFib

note: even without drug administration, AFib with WPW can lead to VFib and would be an
indication for an urgent FPS and ablation (especially with very rapid ventricular rates during
AFib)

long-term:ablation of bypass tract

Accessory
Pathway

11Ventricular Tachyarrhythmias
Premature Ventricular Contraction or Ventricular Premature Beat
• QRS width >120 msec, no preceding P wave, bizarre QRS morphology
• origin:LBBB morphology of VI'= RV origin; RBBB morphology of VT = LV origin
• PVCs may be benign, but are usually significant in the following situations:

consecutive (S3 = VT) or multiform (varied origin)
PVC falling on the T wave of the previous beat (“ R on T phenomenon"): may precipitate VT or
VFib

risk of sustained arrhythmia depends on the clinical situation (i.e.Ml, HF), not the PVCs themselves
• treatment

lifestyle changes (e.g. limiting or eliminating alcohol, caffeine, and stimulants) may be sufficient
in patients with mild symptoms
in patients with more severe symptoms or underlying structural disease, p-blockers, catheter
ablation, or antiarrhythmic therapy may be indicated

t

Orthodromic AVRT

Accelerated Idioventricular Rhythm
• ectopic ventricular rhythm with rate of 50-100 bpm
• more frequently occurs in the presence of sinus bradycardia and is easily overdriven by a faster

supraventricular rhythm
• frequently

valvular h

Accessory-at ' i .'. ay

occurs in patients with acute Ml or other types of heart disease ( i.e. cardiomyopathy, HTN,
eart disease) but it does not affect prognosis and does not usually require treatment

Ventricular Tachycardia
• 3or more consecutive ectopic ventricular complexes

rate >100 bpm (usually 140-200)
ventricular flutter: if rate approximately 300 bpm and monomorphic sinusoidal pattern
“sustained VT” if it lasts longer than 30 s or requires termination due to hemodynamic instability
FCG characteristics: wide regular QRS tachycardia (QRS usually >140 msec)
AV dissociation, bizarre QRS pattern
also favour diagnosis of VT: left axis or right axis deviation, nonspecific intraventricular block
pattern, monophasic orbiphasic QRS in VI with RBBB, QRS concordance in V1-V6

occasionally,during VT,supraventricular impulses may be conducted to the ventricles; these
impulses generate QRS complexes with normal /aberrant supraventricular morphology (I.e.
“ventricular capture") or summation pattern (i.e. “fusion complexes")
by itself, nonsustained VT (<30 s without hemodynamic collapse) independently increases
mortality and cardiovascular events such as stroke; it can also indicate higher than usual risk of
subsequent sustained VT,especially with structural heart disease

• monomorphic VT
• identical complexes with uniform morphology

more common than polymorphic VT
can degenerate into polymorphic VT or VFib
typically result from intraventricular re-entry circuit, may be idiopathic without any structural
heart disease
potential causes:chronic infarct related scarring, cardiomyopathies, myocarditis,
arrhythmogenic right ventricular dysplasia, idiopathic, drugs (e.g. cocaine), electrolyte
disturbances

• polymorphic VT
complexes with constantly changing morphology, amplitude, and polarity
more frequently associated with hemodynamic instability due to faster rates (typically 200-250
bpm)

• potential causes: acute Ml, severe or silent ischemia, valvular heart disease, HCM, dilated
cardiomyopathies, myocarditis, congenital heart disease, WPW with anterograde accessory
pathway, electrolyte or acid-base disturbances, and predisposing factors for QT prolongation

Antidromic AVRT

Figure 30. Orthodromic vs.
antidromic AVRT

Premature Ventricular Contraction (PVC)

JU
Premature Atrial Contraction (PAC)

Note This diagram also shows invoited T waves r t
L JSCaitlin LaFlamme 2009

Figure 31. PVC (with bigeminy
pattern) and PAC. Note the difference
between the normal ORS/T wave and
the PVC-generated QRS/T wave +
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• treatment
sustained VT (>30 s) is an emergency requiring immediate treatment
hemodynamic compromise: treat VT with electrical cardioversion and ACLS
no hemodynamic compromise: treat VT with electrical cardioversion, amiodarone, Type1A
agents (e.g.procainamide, quinidine)

• every patient with sustained VT/Vl'ih and comorbid structural heart disease, in the absence of
reversible causes, should be considered for 1CD implantation to prevent SCD

As
jj;ij

Figure 32. VT (monomorphic)

Table 7. Wide Complex Tachycardia:Clues for Differentiating VT vs. SVT with Aberrancy* Arrhythmias that may present as a
Wide QRS Tachycardia

• VT (this is most common, especially
in older patients or those with
structural heart disease)

• SVT with aberrant conduction (rate
related)

• SVT with preexisting BBB or
nonspecific intraventricular
conduction defect

• AV conduction through a bypass
tract in WPW patients during an atrial
tachyarrhythmia (e.g. atrial fluttec
atrial tachycardia)

• Antidromic AVRT in WPW patients
(seePre-Exatotion Syndromes.C2S)

Clinical Clues ECG Clues
VTPresenting symptoms

History of CAD andprevious HI VT

Physical exam
Cannon“a" waves
Variable S1

Carotid sinus massageadenosine SVT"
terminates arrhythmia

Not helpful AV dissociabon
Capture or fusion beats

ORS width»140 msec
Extreme axis deviation(leftor
right superior axis)

Positive OPS concordance
(P wave across chest leads)

Negative OPS concordance
(S wave across chest leads)

Axis Shift during arrhythmia

VT

VT
VI VI

VI

May suggest VI

VT (polymorphic)
•If patient >65yr and previous Ml or structural heart disease, then chance of VT >95*«
"May terminate VT in some patients with no structural heart disease

Torsades de Pointes
• a variant of polymorphic VT that occurs in patients with baseline QT prolongation “twisting of the

points”

• looks like usual VT except QRS complexes “rotate around the baseline,” changing their axis and
amplitude

• usually starts following a post extrasystolic pause ( “pause dependent” )
• ventricular rate >100 bpm, usually 150-300 bpm

usual onset after a post-PVC pause associated with “pause dependent" QT prolongation)
• etiology:occurs in association with prolonged QT intervals

• congenital long QT syndromes
• drugs:e.g. class 1A (quinidine), class 111 (sotalol ), phenothiazines (TCAs), erythromycin,

quinolones, antihistamines
• electrolyte disturbances: hypokalemia, hypomagnesemia
• nutritional deficiencies causing above electrolyte abnormalities

• treatment: IV magnesium, temporary pacing (5 blocker, correct the underlying cause of prolonged QT
• electrical cardioversion and ACLS if hemodynamic compromise

Figure 33. Torsades de pointes

Ventricular Fibrillation
• chaotic ventricular arrhythmia, with very rapid irregular ventricular hbrillatory waves of varying

morphology without clear QRS complexes
• terminal event, unless advanced cardiac life-support (ACLS) procedures are promptly initiated to

maintain ventilation and CO, and electrical defibrillation is carried out
• most frequent cause of sudden death
• refer to ACLS algorithm for complete therapeutic guidelines

L J

VW\ AA 55^
+Figure 34. VFib
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Sudden Cardiac Arrest
Definition
• cessation of cardiac electrical activity with circulatory collapse (loss of pulses) and gasping

respirations or lack of spontaneous breathing
• patient becomes suddenly unresponsive
• presenting rhythms may be PEA, asystole, VFib (less commonly pulseless VT)

Etiology
• the likelihood of an underlying cardiac cause is proportional to age at time of arrest

• cardiac causes (especially CAD) are more likely in older adults
• non-cardiac causes are more likely in children and young adults (<35 yr)

Table 8. Etiology of Cardiac Arrest
Cardiac Causes Non-Cardiac Causes

SHMI
NS1EMI
Coronary spasm coronary
dissection
Anomalous coronary artery

myocardial Ischemia Vascular Pulmonary embolism
Aortic dissection
Aortic rupture
Stroke

Ischemic Cardiomyopathy HF Neurologic Sudden unexplained death in
epilepsy
Neurogenic
Subarachnoid
Intracranial
Gastrointestinal

Scar

Non-lschemic Cardiomyopathy Dilated CM
Hypertrophic CM
Infiltrative CM myocarditis
Arrhythmogenic RV CM
Hypertensive CM
VHD with IVfailure

Hemorrhagic

Valvular Heart Disease AS Infection Sepsis
PneumoniaMR

Heritable ion channel disorders long 01syndrome
Brugada syndrome

Respiratory Respiratory arrest
Tension pneumothorax
Substance overdose
Ketoacidosis
Trauma

Primary Arrhythmogenic Acquired 01prolongation
Idiopathic
Complete heart block

Other

WPW

Congenital Heart Disease Tetralogy olFallot»1
Post-Surgical scar

Management
• acute: resuscitate according to ACLS guidelines (see Anesthesia, A 32)

resuscitation can be grouped into those with and without shockable rhythms
• activation of emergency systems and high-quality chest compressions are essential for any

bystander
• investigate underlying causes using cardiac catheterization, electrophysiologic studies,

echocardiography
patients with ST -elevation require emergent coronary angiography and revascularization

sand therefore

See Urdu it Cardiac Inals for more information
on COACT. ninth dethilstte1-yr clinical outcomes ol
atgiogreplty timing on survival in resuscitated cardiac
arrest patients nrithourt SIEMI.

patients without ST-elevation can still have clinically relevant coronary lesion
benefit from coronary angiography on a non-emergent basis

• initiate targeted temperature management to optimize neurologic recovery regardless of presenting
rhythm

• treat underlying cause
• antiarrhythmic drug therapy:amiodarone, lidocaine, p blockers
• 1CD for secondary prevention

Electrophysiologic Studies
• invasive test for the investigation and treatment of cardiac rhythm disorders using intracardiac

catheters
• provide detailed analysis of the arrhythmia mechanism and precise site of origin when ECG data are

nondiagnostic or unobtainable
• bradyarrhythmias:define the mechanisms of SA node dysfunction and localize site of AV conduction

block ( rarely performed)
• tachyarrhythmias: map for possible ablation, assess indudbility of VT prior to ICD implant

r n
L J

+



C29 Cardiology and Cardiac Surgery Toronto Notes 2023

Electrical Pacing
•the decision to implant a pacemaker usually is based on symptoms of a bradvarrhy thmia or

tachyarrhythmia with intermittent bradycardia precluding rate limiting medications

Pacemaker Indications
•SA node dysfunction (most common):symptomatic bradycardia ± hemodynamic instability
•common manifestations include: syncope, presyncope,or severe fatigue
•SA node dysfunction is commonly caused by: intrinsic disease within the SA node (e.g. idiopathic

degeneration, librosis, ischemia, or surgical trauma), abnormalities in autonomic nervous system
function, and drug effects

•AV nodal - infranodal block: Mobitz II, complete heart block

Pacemaker Complications
•complications related to surgical implantation include venous access (pneumothorax, hemothorax,

air embolism), pacemaker leads (perforation, malposition ), packet hematomas, and infection; rarer
complications include venous stenosis or thrombosis, and tricuspid regurgitation

•complications specific to the pacemaker include a failure to pace, failure to sense, pulse generator
failure, pacemaker syndrome, lead fractures, and pacemaker-mediated tachycardia

Pacing Techniques
•temporary: transvenous (jugular, subclavian, femoral) or external (transcutaneous) pacing
•permanent: transvenous into RA, apex of RV, or both
•single or dual chamber:can sense and pace atrium, ventricle, or both
•rate responsive, able to respond to physiologic demand
•biventricular pacing (cardiac resynchronization therapy): leads are guided to RV and LV to stimulate

both ventricles

Implantable Cardioverter Defibrillators
• SCI) usually results from Vl-ib, sometimes preceded by monomorphic or polymorphic VT
• ICDs detect ventricular tachyarrhythmias and are highly effective in terminating VT/VFib and in

aborting SCD
• mortality benefit vs.antiarrhythmics in secondary prevention and selected patients for primary

prevention
• CRT'-D may be of benefit in patients with LBBB, prolonged QRS, and LVEF
• see Heart l-'ailure, C40 for current treatment recommendations

<35%

Catheter Ablation
Modalities
• radiofrequency (RF) ablation: a low-voltage high-frequency form of electrical energy (similar to

cautery); RF ablation produces small, homogeneous, necrotic lesions approximately 5-7 mm in
diameter and 3-5 mm in depth

• cryoablation: technology which uses a probe with a tip that decreases in temperature to -20‘C and
-70"C;small necrotic lesions are produced in a similar fashion to RF ablation; when brought to -20‘C,
the catheter tip reversibly freezes the area; when brought to -70°C for 5 min, it permanently scars the
tissue

advantage:can “test" areas before committing to an ablation
disadvantage: takes much longer than RF (5 min per cryoablation vs. 1 min per RF ablation)
cryoablation is most commonly used for AFib

Indications
• paroxysmal SVT

AVNRT:accounts for more than half of all cases; slow AV nodal pathway is targeted for ablation
in these cases

• accessory pathway (orthodromic reciprocating tachycardia): 30% of SVT
re-entrant rhythm with an accessory AV connection as one of the limbs
corrected by targeting the accessory pathway

• atrial flutter: re-entry circuit in RA
• AFib:primarily isolation of pulmonary vein triggers, usually with additional ablation in the atrial

chambers
• idiopathic VT:focus arises from the right ventricular outflow tract or left ventricular outflow tract and

less commonly originates in the inferoseptal LV near the apex
scar mediated VT most commonly due to scarring from previous Ml or other cardiomyopathies;
ablation less often successful and not first line therapy
significant benefit was seen with catheter ablation vs. antiarrhythmic drug escalation among
patient with amiodarone-resistant VT, in contrast to non-amiodarone resistant VT

r i
LJ
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Major Complications
• cardiac: high grade AV block requiring permanent pacemaker ( less risk with cryoablation), new or

worsening arrhythmia, tamponade, pericarditis
• vascular: hematoma, vascular injury, thromboembolism, TIA/stroke
• pulmonary: Ft

Ischemic Heart Disease
Epidemiology
• refer to CCS guidelines - 2014 Stable Ischemic Heart Disease Guidelines for Diagnosis and

Management for more information
• most common cause of cardiovascular morbidity and mortality
• patients may have asymptomatic or symptomatic disease
• silent myocardial ischemia may be a predictor of adverse coronary events and cardiac mortality

• needs to be monitored via intracardiac monitoring of physiological and hemodynamic
parameters, metabolic indicators of ischemia in the coronary sinus, and hemodynamic factors
optimal medical therapy ( reduction of HR and BP) and myocardial revascularization

• atherosclerosis and thrombosis are the most important pathogenetic mechanisms
• M:F=2:1 with all age groups included (Framingham study), 8:1 for age <40, 1:1 for age >70

• CHD incidence in women triples shortly after menopause
• peak incidence of symptomatic IHD is age 50-60 ( men) and 60-70 (women)
• for primary prevention of ischemic heart disease see Family Medicine. FM8

HTN DM Smoking Dyslipidemia Rheumatoid Arthritis
JI

Endothelial injury

I
Monocyte recruitment

Enhanced LDL permeability

Monocytes enter into initial space and dillerentiate into macrophages - LDL is converted into oxidized-LDLI0X-L0LI
I

Macrophages take up OX-LDLvia scavenger receptors to become foam cells ('fatty streak' and lipid core of plaque)

I
Cytokine and growth factor signalling Irom damaged endothelium and macrophages promote medial smooth muscle

cell migration into the intima,proliferation (intimal hyperplasia),and release ol matrix to form the fibrous cap of plaque
- rupture depends on balance of pro- and anti-proteases,magnitude of necrosis,and location ol plaque (bifurcation

sites are exposed to greater shear stress)

t lT T
Calcification Plaque rupture Hemorrhage into plaque Fragmentation Wall weakening

I I ;
Thrombosis Emboli AneurysmIncreased vessel

wall rigidity

Figure 35. Pathophysiology of atherosclerosis

Lumen narrowing

Table 9. Risk Factors and Markers for Atherosclerotic Heart Disease
Non-Modifiable Risk Factors Modifiable Risk Factors 5 Markers of Disease

Elevated high-sensitivity C - reactive protein (hsCRP)

Coronary artery calcification
Carotid IMl/plaque

Ankle - brachial index

Age Hyperlipidemia'

HIM'Male, postmenopausal female
Family history (FHx) of Ml *

first degree male relative «55 yr Cigarette smoking*

First degree female relative *65 yr Psychosocial stress
Abdominal obesity
Sedentary lifestyle
Heavy alcohol intake
Mot consuming fruits and vegetables daily

Elevated lipoprotein (a)

Hyperhomocysteinemia

DM'

r “t
iJ

* Major risk factors
S Modlliablo risk factors account tor >90% olMis
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Chronic Stable Angina
Definition
• symptom complex resulting from an imbalance between oxygen supply and myocardial oxygen

demand in the myocardium
Chronic stable angina is most olten
due to a fixed stenosis caused by an
atheroma
ACSs ate the result of plaque rupture
which causes a cascade resulting in
thrombosis

Etiology and Pathophysiology
• factors that decrease myocardial oxygen supply:

decreased luminal diameter: atherosclerosis, vasospasm
decreased duration of diastole: tachycardia (decreased duration of diastolic coronary perfusion)
decreased hemoglobin:anemia
decreased Sa02: hypoxemia
congenital anomalies

• factors that increase myocardial oxygen demand:
• increased HR: hyperthyroidism, exercise, anemia, pregnancy

increased contractility: hyperthyroidism
• increased wall stress: myocardial hypertrophy, AS

Signs and Symptoms
• typical

Canadian Cardiovascular Society (CCS)
Functional Classification of Angina

• Class I: ordinary physical activity
(walking, climbing stairs) does not
cause angina:angina with strenuous,
rapid, or prolonged activity

• Class II:slight limitation of ordinary
activity: angina brought on at >2
blocks on level or climbing >1flight of
stairs, or by emotional stress

• Class III: marked limitation of
ordinary activity:angina brought on
at <2 blacks on level or climbing <1
flight of stairs

• Class IV: inability to carry out any
physical activity without discomfort:
angina may be present at rest

1. retrosternal chest pain, tightness or discomfort radiating to left (± right) shoulder/arm/neck/
jaw,associated with diaphoresis, nausea, anxiety

2. predictably precipitated by the “3 Es": exertion, emotion, eating
3. brief duration, lasting <10-15 min and typically relieved by rest and nitrates

• atypical/probable angina (meets 2 of the above)
• non-cardiac chest pain (meets none or I of the above)
• Levine’s sign:clutching fist over sternum when describing chest pain
• anginal equivalents: dyspnea, acute LV failure, flash pulmonary edema
• ischemia may present differently in understudied populations

Clinical Assessment
• history including directed risk factor assessment and physical exam
• labs: Hb, fasting glucose, fasting lipid profile, HbAlc, renal function tests, liver function tests, and

thyroid function test
• 12-lead ECG (at rest and during episode of chest pain if possible)
• CXR (suspected HI', valvular disease, pericardial disease, aortic dissection/aneurysm,or signs/

symptoms of pulmonary disease)
• stress testing (see Stress Testing,C15 ) or angiography
• echo for other causes of chest pain:

• aortic dissection
valvular heart disease- HCM
LV dysfunction and/or wall motion abnormality
Pericardial disease/effusion

Differential Diagnosis
• see Differentia ] Diagnoses of Common Presentations , C5

Treatment of Chronic Stable Angina
refer to 2019 European Society of Cardiology guidelines for more information Initial Invasive or ConsenratneStrategy for

Stable Coronary Disease (ISCHEMIA )
NEJM 2020:382:1395 1«?
Purpose: Assessclinical outcomes in stable coronary
if lease treated with Invasive pins medical lberapps.
medical therapy alone.
Methods: 5119 patents were randomliedto invasive
therapy (angiography and revascularization} plus
medical therapy or medical therapy alone plus
angiography upon failure of initial conservative
approach. Ihe primary outcome was a composite ol
mortality from CV causes.Ml. hospitalitation for UA.
HF or resuscitated cardiac arrest .
Jesuits: Ovei a median ol 3.2 yr. 318 and 352 primary
outcome even Isoccurred In the uvasive strategy and
cotiscrvatlve- strategy groups, respectively.It 5 yr,
the cumulative event rate was16.4% and18.2% in the
invasive-strategy and coaservatne -strategy groups,
respectively.
Conclusion: In
ifcease, there was no evidence thatan initial invasive
strategy reduced ischemic CV eventsor death from
any cause ove r a median of 3.2 yr.compared with
initial conservative medical therapy.

1.General Measures
• goals: to reduce myocardial oxygen demand and/or increase oxygen supply
• lifestyle modification (diet, exercise, smoking cessation)

treatment of risk factors: e.g. statins (see Endocrinology, E5, family Medicine.1 Ml 1 for target
lipid guidelines), antihypertensives
pharmacological therapy to stabilize the coronary plaque which will prevent rupture and
thrombosis

2. Antiplatelet Therapy (first-line therapy)
• ASA

dopidogrei when ASA contraindicated
• low dose rivaroxaban in combination with ASA ( based on COMPASS trial) pt

3. p blockers (first-line therapy improves survival in patients with HTN)
increase coronary perfusion and decrease demand (HR, contractility) and BP (afterload)
cardioselective agents preferred (e.g. metoprolol, atenolol) to avoid peripheral effects (inhibition
of vasodilation and bronchodilation via 02 receptors)
avoid intrinsic sympathomimetics (e.g. acebutolol) which increase demand

patients with chronic stable coronary

+
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4.Nitrates (symptomatic control, no clear impact on survival)
decrease preload (venous dilatation) and afterload (arteriolar dilatation), and increase coronary
perfusion
maintain daily nitrate-free intervals to prevent tolerance (tachyphylaxis)

5.Calcium Channel Blockers (CCBs,second-line or combination)
increase coronary perfusion and decrease demand (HR, contractility) and BP (afterload)
caution:verapamil/diltiazem combined with p-blockers may cause symptomatic sinus
bradycardia or AV block
contraindicated in patients with LV systolic dysfunction

6. Renin-Angiotensin-Aldosterone System Blockade
angina patients tend to have risk factors for CV disease which warrant use of an ACE1 (e.g. HTN,
DM, proteinuric renal disease, previous Ml with LV dysfunction)

• ARB can be considered in patients intolerant to ACEI
benefit in all patients at high-risk for CV disease (e.g. those with concomitant DM, renal
dysfunction, or LV systolic dysfunction)

7. Invasive Strategies
revascularization (see Coronary Revascularization, C37)

VARIANT ANGINA (PRINZMETAL’S ANGINA)
• myocardial ischemia secondary to coronary artery vasospasm with or without atherosclerosis
• uncommonly associated with infarction or LV dysfunction
• typically occurs between midnight and 8 am, unrelated to exercise, relieved by nitrates
• typically ST elevation is observed on ECG
• diagnosed by provocative testing with ergot vasoconstrictors (rarely done)
• treat with nitrates and CCBs
• strongly recommend patient to stop smoking

SYNDROME X
• typical symptoms of angina but normal angiogram
• may show definite signs of ischemia with exercise testing
• thought to be due to inadequate vasodilator reserve of coronary resistance vessels
• better prognosis than overt epicardial atherosclerosis

Acute Coronary Syndromes
Definition
• ACS includes the spectrum of UA, NSTEM1, and STEM): this distinction aids in providing the

appropriate therapeutic intervention
UA is clinically defined by any of the following:

accelerating pattern of pain: increased frequency, increased duration, decreased threshold of
exertion, decreased response to treatment
angina at rest
new-onset angina
angina posl-MI or post-procedure (e.g. PCI, CABCi)

Ml (STEM1/ NSTEM1) is defined by evidence of myocardial necrosis and is diagnosed by a rise/fall
of serum markers plus any one of:

symptoms of ischemia (chest/upper extremity/mandibular/epigastric discomfort: dyspnea)
ECG changes (ST-T changes, new BBB, or pathological Q waves)
imaging evidence (myocardial loss of viability, wall motion abnormality, or intracoronary
thrombus)

if biomarker changes are unattainable, cardiac symptoms combined with new ECG changes
is sufficient

NSTEM I meets criteria for Ml without ST elevation or BBB
• STEMI meets criteria for Ml characterized by ST elevation or new BBB

• possible ACS in women, diabetics, and older adults is more likely to present with “atypical” symptoms
such as dyspnea or weakness even in the presence of acute coronary-related ischemia

Efficacy a ltd Sif ety of L
Myocardial Infarction (COICOI)
HE JM 2019:381:2497 2S0S
Purpose lo determine if colchicine hwns risk of
futureCVevtntsfollowinq Ml.
Methods: Pat ents|n -IMS) who had an Ml within
the last 30 d were randoanted to colchicineonce
daily or placebo. Ihe primary efficacy endpoml was
a composite of death from CV canes, resuscitated
cardiac arrest.Ml.stroke, or urgent hospitaktation
for angina.
Results: Median folow up was 22.0 mo. Ihe preiory
endpoint occurred in 5.5*and f.1% of patients in the
coichicme and placebo groups, respettuely (P-0.02).
Pneumonia was observed In 0.9% of the patents in
the colchicine group and in 0.4% of patients m the
placebo group (P-0.03).
Conclusion In patients with recent Ml.colchicine
lowered the risk of subsequent CV eventsas
compared to placebo.

on Oose Colchicine af ter

Investigations
• history and physical

• note that up to 30% of Mis are unrecognized or “silent" due to atypical symptoms more common
in women, patients with DM, elderly, post-heart transplant ( because of denervation). EGG. CXR

+
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• labs
serum cardiac biomarkers for myocardial damage (use of high-sensitive cardiac troponin (hs-
cTn) with a validated 0 h/2 h algorithm recommended blood sampling at 0 h and 2 h) (see Cardiac
Biomarkers,C13)
CBC, International Normalized Ratio (lNR)/prothrombin time test (PIT), electrolytes,
magnesium, creatinine, urea, glucose, and serum lipids

• draw serum lipids within 24-48 h because values are unreliable from 2-48 d post-Ml

Complete Revascularization with Hiltivessel PCI
for Myocardial Infarction (COMPLETE)
NUM 2019:381:1411-1421
Purpose: In determine if PCI of non -culpnt lesions, in
addition to culprit lesions, former reduces the risk ol
CV events or Ml In patients with SIEU.
Methods: Patients with SIEMI andmuhivessel CAD
who had undergone culprit-lesion PCI (#’4041) were
randomized toeither complete revascularization with
PCI (of significant non-culprit lesions)or mfarther
revascularization, the two main outcomes measured
included:t) the composite of CV death or Ml, and 2)
the composite of CV death.Ml.or ischemia-driven
revascularization.
lesults: The fust outcome wasohsetrtd in 7.8%
of the complete revascularization group aad18.5%
of the culprrt-lesion-only PCI group (P-0.004).
Ihe second outcome was observed in 8.9% of the
complete revascularization group aod16.71of the
culprrt-lesion- only PCI group ( P’0.001).
Conclusions:In patients with STEMI and muliivesse I
CAD.complete revascularization try PCI further
reduced the risk of CV death or Ml as compared to
culprit-leslon-only PCI.

MANAGEMENT OF ACUTE CORONARY SYNDROMES

1.General Measures
ABCs:assess and correct hemodynamic status first

• bed rest, cardiac monitoring, oxygen
nitroglycerin sublingual (SL) followed by IV

• morphine IV

2. Antiplatelet and Anticoagulation Therapy
• see also 2018 CCS/CAIC Antiplatelet Guidelines, 2012 and 2010 CCS Antiplatelet Guidelines, and

2009 CCS Position Statement on Dual Antiplatelet Therapy in Patients Requiring Urgent CABG
for details (free mobile apps available on iOS and Android platforms in the CCS app stores).
Also see 2020 ESC guidelines on ACS management in patients without persistent ST-segment
elevation, 2017 ESC guidelines on STEM1 management, and 2019 CCS guidelines on acute STEM1
management (focused update on regionalization and reperfusion)

• ASA chewed
• NSTEM1

ticagrelor + ASA f LMVVH /IV unfractionated heparin (Ul-'H), unless contraindications- LMWH, except in renal failure or if CABG is planned, within 24 h
- fondaparinux also commonly used in Canada for initial medical management of

NSTEM1/ UA based on OASIS-5 results
clopidogrel used if patient ineligible for ticagrelor

if PCI is planned: ticagrelor or prasugrel and consider IV glycoprotein Ilb/llla inhibitor (e.g.
eptifibatide, tirofiban)

clopidogrel used if patient ineligible for ticagrelor and prasugrel
prasugrel contraindicated in those with a history of stroke/TI A, and its avoidance or lower
dose is recommended for those >75 yr or weighing <60 kg (T’RITON-TTMI 38)

anticoagulation options depend on reperfusion strategy:
primary PCI: UEH during procedure;bivalirudin is a possible alternative
thrombolysis: LMWH (enoxaparin) until discharge from hospital; can use UFH as alternative
because of possible rescue PCI
no reperfusion: LMWH (enoxaparin) until discharge from hospital

• continue LMWH or UPH followed by oral anticoagulation at discharge if at high-risk for
thromboembolic event (large anterior Ml, severe LV dysfunction, CHI', previous DVT' or PE, or
echo evidence of mural thrombus)

in patients with APib (CHA2DS2-VASc score 21 in men and 2 in women ), use triple
antithrombotic therapy for up to I wk and then transition to dual antithrombotic therapy
(using a NOAC and an antiplatelet agent (preferably clopidogrel))

3. (3-blockers
• STEMI:contraindications include signs of HE, low output states, risk of cardiogenic shock, heart

block, asthma, or airway disease; initiate orally within 24 h of diagnosis when indicated
• if p-blockers are contraindicated or if (3-blockers/nit rates fail to relieve ischemia, non-

dihydropyridine CCB (e.g. diltiazem, verapamil ) may be used as second-line therapy in the
absence of severe LV dysfunction or pulmonary vascular congestion (CCB do not prevent Ml or
decrease mortality)

4. Invasive Strategies and Reperfusion Options
UA/NSTEM1:early coronary angiography ± revascularization if possible is recommended with
any of the following high-risk indicators:

diagnosis of NSTEMI
recurrent angina/ischemia at rest despite intensive anti-ischemic therapy
CHE or LV dysfunction
hemodynamic instability
high (>3) Thrombolysis in Myocardial Infarction (T1M1) risk score (tool used to estimate
mortality following an ACS)

GRACE risk score >140
sustained ventricular tachycardia
dynamic ECG changes, transient ST-elevation
high-risk findings on non-invasive stress testing
PCI within the previous 6 mo
repealed presentations for ACS despite treatment and without evidence of ongoing ischemia
or high-risk features
note: thrombolysis is NOT administered for UA/NSTEM1

TIMI Risk Score for UA/NSTEMI
Characteristics Points
Historical

Age e6Sgrr
>3 risk factors for CAD
Known CAD (stenosis zS0%)
Aspirin‘useinput 7 d
Presentation
Recent (<24 h) severe angina
ST-segment d eriation >0.5star

Increased cardiac marker

1
1
1
1

LJ1
1
1

tthk Score = Total Pujols

II TIMI risk sure >3.toiaidnurlyLMWHamt
anpogrnplty
IIMI - IliiomUolysA In iwyourMMwttion
IAA •unstable angina
JAMA 2000:284:83S-S42
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• ST EMI
after diagnosis ofSTEM1is made, do not wait for results of further investigations before
implementing reperfusion therapy

goal is to re-perfuse artery: thrombolysis (“EMS-to-needle”) within 30 min or primary PCI
(“EMS-to-balloon”) within 90 min (if available)

Newer, more accurate risk quantification
scores for UANSTEMI east such as the
GRACE Risk Score:however.TIMI is stil
used most oftenPCI

- early PCI (<12 h after symptom onset and <90 min after presentation) improves
mortality vs. thrombolysis with fewer intracranial hemorrhages and recurrent Mis

- primary PCI:without prior thrombolytic therapy method of choice for reperfusion in
experienced centres

- rescue PCI:following failed thrombolytic therapy (diagnosed when ST segment
elevation fails to resolve below half its initial magnitude after thrombolysis and patient
still has chest pain)

thrombolysis
- assuming no contraindications, use if <12 h since symptom onset and primary PCI

cannot be conducted within 120 min of STEMI diagnosis- note: benefit of thrombolysis is inversely proportional to time from symptom onset;
in patients meeting the above criteria, the later the presentation (>3 h ), the more one
should consider using primary PCI instead (depending on clinical circumstances)

HTN DM Smoking Dyslipidemia Rheumatoid Arthritis
I

Endothelial injury

*Monocyte recruitment
Enhanced LDL permeability

Monocytes enter into initial space and differentiate into macrophages- LDL is converted into oxidized-LDLIOX-LDL)

Macrophages take up OX-LDLvia scavenger receptors to become foam cells ('fatty streak' and lipid core of plaque )

*Cytokine and growth factor signalling from damaged endothelium and macrophages promote medial smooth muscle
cell migration into the intima. proliferation (intimal hyperplasia), and release of matrix to form the fibrous cap of plaque
- rupture depends on balance of pro- and anti-proteases, magnitude of necrosis, and location of plaque (bifurcation

sites are exposed to greater shear stress)

ij i i
Calcification Plaque rupture Hemorrhage into plaque Fragmentation Wall weakening

II* *T 1 - L.i; Emboli AneurysmIncreased vessel
wall rigidity

Lumen narrowing

Figure 36. Reperfusion strategy in STEMI

Table 10. Contraindications for Thrombolysis in STEMI
RelativeAbsolute

Prior intracranial hemorrhage
Known structural cerebral vascular lesion
Known malignant intracranial neoplasm

Significant closed-head or facial trauma(s3 mo)

Ischemic stroke (<3 mo)

Active bleeding
Suspected aortic dissection

Chrome,severe,poorly controlled HIN
Uncontrolled HIN|sSP >180. d8P >110)

Current anticoagulation

Noncompressible vascular punctures
Ischemrc stroke (>3 mo)

Decent internal bleeding (<2-4 wk)

Prolonged CPR or major surgery (<3 wk)

Pregnancy
Active peptic ulcer disease

Long-Term Management of ACS
• risk of progression to Ml, or recurrence of MI, or death is highest within 1 mo
• at 1-3 mo after the acute phase, most patients resume a clinical course similar to that in patients with

chronic stable coronary disease
• pre-discharge workup: ECG and echo to assess residual LV systolic function
• drugs required in hospital to control ischemia should be continued after discharge in all patients
• other medications for long-term management of ACS are summarized below

r n

.General Measures
• education

risk factor modification
+
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2. Antiplatclct and Anticoagulation Therapy
see also CCS Antiplatelet Guidelines 2018 for details (free mobile apps available on iOS and
Android platforms in the CCS app stores)

• ECASA 81 mg daily
ticagrelor 90 mg BID or prasugrel 10 mg daily (at least 1 mo, up to 9-12 mo; if stent placed at least
12 mo)
clopidogrel 75 mg daily can be used as alternatives to ticagrelor and prasugrel when indicated
± warfarin x 3 mo if high-risk (high-risk patients include those with large anterior Ml, LV
thrombus, LVEF <30%, history of VTE,chronic Alib)

» rivaroxaban 2.5 mg BID (based on COMPASS trial)

Is this Patient having a Ml?
From I lie RationalCImical iin naton
JAMA 1998:381(14):1256-1263
Study: Systematic review of articlesassBS'igthe
accuracy and precision ol ttiedincaleun ia the
diagnosis oi an acute Ml.
Results: h patients with normal onton-dagnostic
ECG, no estattished CAO.and prolonged or recurrent
chest pam typical of their usual discomfort, radiation
of pain to the shoulder OR troth anus had the highest
positive likelihood ratio (-LR) of 4.1ard a negatne
likelihood raho (-LR) of 0.68. Radiatmntothe right
arm had a HR of 3.8 and -IR of 0.86.vomitmg had a
HR of 3.5 and -IR of 0.8).while radutionto the left
arm only hod a HR oft.3 and a -IRof 0.1.
Conclusions lire most compe ng teats res that
inc lease likelihoodo!an III areSi-segment and
cardiac eniyme elevation, new 0-wave, and presence
of an S3 heart sound . In patients where the dagnosis
of Ml is uncertain, radiation of pan to the shoulder OR
both arms, radiation to the right arm.and nor ibng
had the best predictive values, while radiation to the
leftarm is relatively non -diagnostic.

3. (3-Blockers (e.g. metoprolol 25-50 mg BID or atenolol 50-100 mg daily)

4. Nitrates
alleviate ischemia but do not improve outcome

• use with caution in right-sided Ml patients who have become preload dependent

5.Calcium Channel Blockers ( NOT recommended as first line treatment, consider as alternative to
P-blockers)

6. ACEIs
prevent adverse ventricular remodelling
recommended for asymptomatic high-risk patients (e.g. diabetics), even if LVEF >40%
recommended for symptomatic CHE, reduced LVEF (<40%), anterior Ml

* use ARBs in patients who are intolerant of ACE1; avoid combining ACE1 and ARB

7.± Aldosterone Antagonists
if already on ACE1 and P-blockers, svith and LVEF <40% and CH F or DM
significant mortality benefit shown with eplerenone by 30 d

8. Lipid Lowering Therapy Statins (early, intensive, irrespective of cholesterol level; e.g. atorvastatin 80
mg daily)

• atorvastatin 80 mg daily (ezetimibe or PCSK9 inhibitor if LDL <2 mmol/L)

9. Invasive Cardiac Catheterization if indicated (risk stratification )

Post-Infarction Risk Stratification
1; i

Intermediate/Low-Risk (65-70%)High Risk (30-35%)
•Prior Ml
•CHF
•Recurrent Ischemia
•High-Risk Arrhythmia

I
Noil-Invasive Stress Testing

1f
Ischemia or Poor

Functional Status
Normal Results

!jCardiac Catheterization 4
'note: echo done routinely post-MI

No further testing
at this time

Figure 37. Post-MI risk stratification

Prognosis following STEMI
• 5-15% of hospitalized patients will die

• risk factors
infarct size/severity
age
comorbid conditions
development of HF or hypotension

• post-discharge mortality rates
6-8% within first year, half of these within first 3 mo

• 4% per year following first yr
• risk factors

LV dysfunction
« residual myocardial ischemia

ventricular arrhythmias
history of prior Ml

Complications of Ml

CRASH PAD
Cardiac Rupture
Arrhythmia
Shock
Hypertension/Heart failure
Pericarditis/Pulmonary embolism
Aneurysm
DVT

r -1
L J

Resting LVEF is a useful prognostic factor

+
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Table 11. Complications of Ml
Complication Etiology Presentation Therapy

Treatment of NSTEMI
Arrhythmia

1. tachycardia
2. Bradycardia

Myocardial Rupture

1. LV free wall
2. Papillary muscle ( * MR)

3. Ventricular septum (• VSD)
Shock/CHF

itt Jbihytlimias. CIO
BEMOAN
p blocker
Enoxaparin
Morphine

Sinus. AFib, VI.Vfrb
Sinus. AV block

First 48 h
First 43 h

OzSurgery
Surgery
Surgery
Inolropes. intra aortic balloon
pump

Aggressive medical therapy
PCIorCABG
Aggressive medical therapy
PCIorCABG
Anticoagulation

Transmural infarction
Interior infarction
Septal Infarction
Infarction or aneurysm

1-7 d ASA
Nitrates1-7 d

1- 7 d
Within 48 h

Post-Infarct Angina Persistent coronary stenosis
Multivessel disease
Reocclusion

Anytime

Recurrent Ml Anytime

7-10 d. up to 6 moThromboembolism Mural/apical thrombus
DVI

Pericarditis
Dressler's Syndrome

Inflammatory
Autoimmune

1- 7 d ASA
2-8 wk

Treatment Algorithm for Acute Coronary Syndrome

Symptoms Indicating Possible
Acute Coronary Syndrome (ischemia or infarction) Contraindications to nitrates:seveie aortic stenosis,

hypertrophic cardiomyopathy, suspected right
ve ntricular infarct,hypotension,marked bradycardia
or tachycardia, and recent use of phosphodiesterase
S inhibitors.

T
EMS and Pre-Hospital Care

1. Monitor support ABCs.Readiness for CPR and/or defibrillation
2 Obtain 12 Lead ECG; STEMI ST olovation should bo roportod to the recoiving facility
3 Medications to give ASA, oxygon.SL nitroglycorino, and morphino
4 Hospital should proporo to respond to STEMI

MUST BE
PERFORMED
IMMEDIATELY- -

MUST BE
PERFORMED
IMMEDIATELY

Immediate ED Assessment and Treatment
12 Lead ECG (if not done pre hospital)
Obtain vital signs; 02sat
Oxygen if 0:sat <94%; 4 L then titrate
Piovido ASA160 325 mg
Piovido nitroglycorino sublingual or spray coagulation tosts
Establish IV and givo morphino (if noodod) Puitablo chost x ray (<30 min)

Perform brief, targeted Hx and physical exam
Review fibrinolytic checklist.Check
contraindications
Obtain cardiac marker lovols, electrolyte, andMUST BE

PERFORMED
IN LESS THAN
10 MINUTES

READ ECG

T
j ( ST Depression (NSTEMI) ] c( ST Elevation (STEMI) Normal ST Segment

11 i r

• Sturt uppropriuto thorapios:
heparin, NTG.pbtockors

* Roporfusion therapy STAT

Elevated Troponin or
High-Risk Patient

Signs for invasive therapy:
• Continued chest discomfort
• Continued ST deviation
• Unstable hemodynamics
• Heart failure

Ventricular tachycardia

• Possible admission: monitor
serial ECG and cardiac markors

• Considor non invasive testing
(treadmill or thallium stress tost)

NO
Symptoms <12 h YES

'Develops 1 or more:
• ECG changes (ST elevation/

depression)

• Troponin olovutod
• Worsening chost discomfort

^ or arrhythmias

YES

•Goal lor stent placement or
balloon inflation should bo
within 90 min

• Goal lor fibrinolysis should be
30 min

Adjunctive Therapies
• Nitroglycerine (IV/PO)

• Heparin (IM/IV)
• Possibly:

^blockers, clopidogrel.
^

glycoprotein llb/llla inhibitor
^

UN0

• Abnormal results from
non invasive diagnostic tests

• Abnormal results from ECG or
troponin

r1
L J

• Admit to monitored bod
• Continue ASA.hopurin, and

other indicated thorapios
• ACEI/ARB
• Statin therapy
• Expert consultation to assess

cardiac risk factor

YIS W N0

Discharge and schedule
follow-up +

Figure 38. AHA ACLS acute coronary syndrome algorithm
Adopted from: Jeffery Medio Productions 201C. Amsterdam EA. Wenger NK, Brindis RG.ct al. 2014 AHA/ACC guideline for the management of patients
with noit'ST'Ulevdtlon acute coronary syndromes. Circulation. 2014 Jun LCIR-0000000000000134
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Coronary Revascularization
PERCUTANEOUS CORONARY INTERVENTION
• interventional cardiology technique aimed at relieving significant coronary artery stenosis
• main techniques: balloon angioplasty, stenting
• less common techniques: rotational/directional/extraction atherectomy

Indications
• medically refractory angina
• NSTEMI/UA with high-risk features (e.g. high T1M1 risk score)
• primary/rescue PCI for STEM!. UA/NSTEM1 if not aCABG candidate

STEM I when PCI can be performed more rapidly and safely than CABG

Balloon Angioplasty and Intracoronary Stenting
• coronary lesions dilated with balloon inflation
• major complication is restenosis (approximately 15% at 6 mo), thought to be due to clastic recoil and

neointimal hyperplasia
• majority of patients receive intracoronary stent(s) to prevent restenosis

bare metal stent (BMS) vs. drug-eluting stents: PKAM1 trial demonstrated stenting non-culprit
lesions results in 14% absolute risk reduction of cardiac death, nonfatal Ml, or refractory angina
coated with antiproliferative drugs (sirolimus, paclitaxel, everolimus, zotarolimus)
reduced rate of neointimal hyperplasia and restenosis compared to BMS (5% vs. 20%)
complication: late stent thrombosis (5 events per 1000 stents implanted)

Adjunctive Therapies
• ASA and heparin decrease post-procedural complications
• further reduction in ischemic complications has been demonstrated using GPIlb/llla inhibitors

(abeiximab, eptifibatide, tirofiban) in coronary angiography and stenting
• following stent implantation

dual antiplatelet therapy (ASA and clopidogrel) for 6 mo (and up to 1 vr)
consider short-duration DAPT for 1 mo with BMS or 3 mo with DES followed by monotherapy for
12 mo among patients with high ischemic or bleeding risk
ASA and prasugrel can be considered for those at increased risk of stent thrombosis

Procedural Complications
• mortality and emergency bypass rates <1%
• nonfatal MI:approximately 2-3%

See Landman Caid ac Iriabfor more information oo
EXCELwhidi BetaIs the long-term efficacy profile of
CUG A.PCI in patients with left main CAD.

V
ticagrelorwitlior without Aspirin In High-Risk
Patients after PCI
fCJtl 2019:381:2032-2042
Pnrpose: fodeteimine If monotherapy with
Ptagieloi, a P2T12 inhibitor, after a period of dual
antiplatelet therapy reduces the risk of bleeding
following PCI.
Methods: Patients who wereathigh- rlsk for bleeding
or an ischemic erent underwent PCI and 3 mo ol
treatm ent with ASA pins ticagrelor.Patie nts(a-7119)
were then randomiied to receive either ticagrelor
plus ASA or ticagaelor pluspfaeebofor a year, lee
primary endpoint was Bleeding Academic(eseaich
Consortium (3ARC) type 2.3.or 5 bleeding.
Results: The primary endpont was obseried in
4.0% of patents n the llcagrebr plus placebo group
and 7.1% of patents in the bcagrelot plus ASA gioup
(P<0.001).The incidence of death from a ny cause,
nonfatal Ml. or nonfatal stroke was 3.9% in both
groups (P‘0.001 for nonlnleriority).
Conclusion:Among high-risk bleed patients who
received PCIand 3 mo of dualantiplatelet therapy,

additional ticagrelor monotherapy wasassouated
with lower incidence of bleeding and the same nsk ol
death,as compared to ticagrelor plus ASA therapy.

Safety and Efficacy Outcomes of Double vs.Triple
Antithrombotic Ihcrapy in Patients with Atrial
fibrillation Eolowing Percutaneous Coronary
Intervention
Eur Heart J 2019:40:3757-3767
Puiposc: fo evaluate the safely and efficacy of
double vs. triple antithrombotic theiapy (DAI rs. IAI)
si patients with Afib and ACS following PCI.
Methods: Systematic review and meta-analysisof 4
Inals with a total o'10234 patents.
Conclusions: DAI was associated with lower risk of
bleeding, hut higher risk of stent thrum hostsand Ml
compared to IAI. There was no significant ifference
m all-cause and caidiovascular death, stroke, and
mayor adverse cardiovascular events.

CORONARY ARTERY BYPASS GRAFT SURGERY
• objective of CABG is complete revascularization of the myocardium

Indications
• >50% diameter stenosis in the left main coronary1 artery
• 270% diameter stenosis in three major coronary arteries
• 270% diameter stenosis in the proximal LAD artery plus one other major coronary artery
• survivors of sudden cardiac arrest with presumed ischemia-mediated VT caused by significant (270%

diameter) stenosis in a major coronary artery
• 270% diameter stenosis in two major coronary arteries (without proximal LAD disease) and evidence

of extensive ischemia
• 270% diameter stenosis in the proximal LAD artery and evidence of extensive ischemia
• multivessel CAD in patients with diabetes
• LV systolic dysfunction (LVEE 35% to 50%) and with significant multivessel CAD or proximal LAD

stenosis where viable myocardium is present in the region of intended revascularization
• one or more significant (270% diameter) coronary artery stenosis amenable to revascularization and

unacceptable angina despite medical therapy

Contraindications
• CABG may be contraindicated in patients who are:elderly/frail, have multiple comorbidities or, for

any other reason, may not survive surgery
• CABG may be contraindicated in patients who do not have myocardial viability
• CABG is contraindicated in patients that lack bypassablc vessels

See Landmark Cardiac Inals for more information on
SYNTAX , which details all-cause mortality, stroke.
M o< repeat recastulanialioa 12 mofolbwing PCI
vs.CABG

r i
LJ

Results
• perioperative and in-hospital mortality rate after CABG:-1% for the lowest risk elective patients, and

2% for all patients (depends on patient characteristics and heart function)
• predictive variables for early hospital mortality include older age (>80 yr), female sex, urgency of

operation, left main stem disease, increasing extent of CAD, increasing LV dysfunctions, redo CABG
+
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Table 12. Choice of Revascularization Procedure
PCI CABG

Percutaneous Coronary Intervention Versus
Coronary Artery Bypass Crafting in Patients
with Three-vessel or left Main Coronary Artery
Oisease
lancet 2019:394:1325-34
Purpose: Report10-yr all-cause mortality resetsas a
10 -yr foltow- up totte 2009 SYNTAX trial.
Methods. Ad J!patients with estab ished left
mam CAO or three-vessel coronary disease were
random lied to receive eithei PCI or CA8C m a 1:1
ratio. Patients with a prior history ol Ml. PCI or CISC
were excluded. The primary study endpoint was M- yt
all-cause mortality.
Results: tO-yr all-cause mortality rates were
20% and 24% for PCI- and CABG -treated patents,
respectively|tiaiard ratio 1.19; 95% Cl 0.99 to1.43;
p-0.066). In suhgroupanalysis. 10-yr all -cause
mortality was 21% and 21% nr PCI and CABG patents
with three-vessel disease, respectively (hacaid
ratio1.42:95% Cl1.11 to1.81). Ihe same primary
endpoint occurred in patients with left mam coronary
disease at a rate of 27% and 28% in PCI and CABG
patients, respectively (hazard ratio 0.92; 0.69 to
1.22; P-0.0233.
Conclusions CABG provided a significanta i cause
survival benefit m patients with three-vessel disease,

compared to PCI in the same population, this effect
was not observed m patients with left main CAO or m
the pooled study sample.

Greater ability to achieve complete revascularization
Decreased need for repealed revascularization
procedures

Clinical characteristics
Diabetes
Reduced IV function (IT <35%|
Contraindications to 0AP1
Recurrent diffuse in stent restenosis
Anatomical and technical aspects
MVD with SYNfAX score > 23
Anatomy likely resulting in incomplete
revascularization with PCI
Severely calcified coronary artery lesions limiting
lesion expansion
Need for concomitant interventions
Ascending aorlic pathology with indication for
surgery
Concomitant cardiac surgery

less invasive technique
Decreased pcriprocedural morbidity and mortality
Shorter periprocedural hospitalization

Clinical characteristics
Severe comorbidity
Advanced age/frailly/reduced life expectancy
Reslrided mobility and conditions that affed
rehabilitation
Anatomical and (cchnicalaspcds
MVO with SYNTAX score < 23
Anatomy likely resulting in incomplete
revascularization with CABG due to poor quality or
missing conduits
Severe chest deformation or scoliosis
Sequelae of chest radiation
Porcelain aorta

Advantages

Factors favouring
Revascularization Procedure

Note: Table reflects guidelines from the European Society ol Cardiology that have been taught to Canadian cardiac surgery residents

Table 13. Conduits for CABG
Graft Occlusion /Patency Rate Considerations

At 10 yr: 50% occluded. 25% stenotic , 25%
angiographically normal

90-95% patency at 15 yr

Saphenous Vein Grafts (SVG) Used to be commonly used, but arterial conduits have
proven lobe superior

Considered the standard conduit for CABG
Excellent patency
Almost always used to bypass LAD
Improved event-free survival (angina. Ml )
Decreased lale cardiac events
Used in bilateral IIAIIMA grading
Palienls receiving bilateral IIAs/ IMAs have less risk ol
recurrent angina, lale Ml. angioplasty

Prone to severe vasospasm postoperatively due to
vascular muscular wall

Left Internal
Thoracic/Mammary Artery ( LITA/
LIMA to LAD)

Duration of Dval Antiplatelct Therapy Following
Drug -cluting Steallmplantalion: A Systematic
R eview and Meta-Analysis ol Randomized
Controlled Trials with longer follow up
Catheter Cardiorasc. Inter*.201); 90:31-7
Purpose:Conduct an updated meta -aralysis to
com pa re the efficacy and safely of short-term dual
antiplatelet therapy IS-OAPT ) vs. long-term OAPI
(L-OAPfl in patients who uoderwentdiug-etutvig
stent|0fS|implantation ,

Methods RCIscorparingeHitacydndlorsafety
outcomes (ov different DAPI durations aftercoronary
DBS imptantatma weie searched m PubMed.ClMAH.
Cochrane CENTRAL.EM BASE.Scopus,and Web of
Science.S-DAPT was defined as <12 mo duration of
aspirin plus P2Y12 receptor inhibitor, while l-DAPI
was defined as the same combination lor >12 mo
duration after OES implantation,
Results S RCIsmet all eligibility criteria and were
included in Ure final meta -analysis.Outcomes
of interest included all-cause mortality, cardiac
mortality, myocardial infarction, stent thrombosis,
target vessel revascularization, stroke, or major
bleeding.Compared wrth L-DAPI, S-OAPT d d not
significantly increase the rate ol stent thrombosis ( OR
1.59; 95% Cl 0.1) to 3.27). All-cause mortality,cardiac
mortality, target vessel revascularization and strobe
were also not significantly different between groups.
Rowever.S OAPI was associated with an increased
risk of Ml (OR 1.48:95% Cl 1.04 lo 2.10) and a lowered
risk of major bleeding (OR 0.64:95% Cl 0.41 to 0.99).
Conclusions: In this meta-analysis with a longer
follow-up hue of >24 months.S- DAPI compared
to l-DAPI wasassociated with increased risk of Ml
bul lower ralesol mayor bleeding. No signifcaat
differences were found for all -cause mortality,
cardiac mortabty.stent thrombosis, target vessel
revascularization, or stroke.

Right Internal Ihoracic/Mammary
Artery
(RITAJRIMA)

Radial Artery (free graft)

Pedidcd RIMA patency comparable to LIMA
lower rate of lice RIMA patency

85-95% patency at 5 yr

Right Gastroepiploic Artery 80-90% patency at 5 yr Primarily used as an in situ graft to bypass Ihe RCA
Use limited because of Ihe Iragile qualify of the artery,
technical issues, increased operative time (laparotomy
incision ), and incisional discomfort with associated
ileus

Complete Arterial Revascularization Foi younger patients (<60 y/o)
Preferred due lo longer term graft patency
Indications for redo CABG:symptomatic patients
(disabling angina) who have failed medical therapy,
have stenotic vessels, have viable myocardium, have
suitable distal targets
Risk factors lor redo CABG: poor control of HINT
hypercholesterolermafsmoking. normal IV.1or 2
vessel disease, no use ol IMA/IIA in initial CABG.
incomplete revascularization in initial CABG.young age
Operative mortality 2-3limes higher than first
operation
10% perioperative Ml rale
Reoperalron undertaken only in symptomatic patients
who have failed medical therapy and in whom
angiography has documented progression ol Ihe
disease
Increased risk with redo-sternotomy secondary to
adhesions which may result in laceration to aorta.
RV. IMAi'IIA.and other bypass gratis, uncontrollable
hemorrhage, arterial bleeding and VFib, venous
bleeding, or failure to arrest heart

Redo Bypass Grafting

Adapted lioin:Chlkwe J. BvddowE.GIerrvllle B. Cnrdiothorock Surgery, tsted. Oxford. UK : Oxford UP. 4000.

Operative Issues
• LV function is an important determinant of outcome for all heart diseases
• patients with severe LV dysfunction usually have poor prognosis, but surgery can sometimes

dramatically improve LV function
• assess viability of non-functioning myocardial segments in patients with significant LV dysfunction

using delayed thallium myocardial imaging, stress echo, positron emission tomography (FED
scanning, or MRI

ri
L J
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CABG and Antiplatelet Regimens
• refer to CCS guidelines 2018 update on antiplatelet therapy for more information
• prior to CABG, clopidogrel and ticagrelor should be discontinued for 5 d, and prasugrel for 7 d before

surgery
• dual antiplatelet therapv should be continued for 12 mo in patients with ACS within 48-72 h after

CABG
• ASA (81 mg) continued indefinitely (can be started 6 h after surgery)
• patients requiring CABG after PCI should continue their dual antiplatelet therapy

the post-PCI guidelines
as recommended in

Table 14. Risk Factors for CABG Mortality and Morbidity
Risk Factors for CABG Mortality Risk Factors for CABG Postoperative Morbidity or

Increased Length of Stay
Urgency of surgery (emergent or urgent)
Aeoperalion
Older age
Poor IV function (see below)
female gender
left main disease
Others include catastrophic conditions (cardiogenic shock, ventricular Renal dysfunction
septal rupture, ongoing CPR), dialysis-dependent renal failure,end- COPO
stage COPD.DM.cerebrovascular
disease,and peripheral vascular disease

Reoperalion
Emergent procedure
Preoperativc intra aortic balloon pump (IA8P)
CHI
CABG •valve surgery
Older age

DM
Cerebrovascular disease

Note:risk factors are listed indecreasing order of significance

Procedural Complications
• CABG using ( P B (see Cardiopulmonary Byp (.r> «s)

stroke and neurocognitive defects ( microembolization of gaseous and particulate matter)
immunosuppression
deep sternal wound infection
bleeding
systemic inflammatory response leading to:

myocardial dysfunction
renal dysfunction
neurological injury
respiratory dysfunction
coagulopathies

OFF-PUMP CORONARY ARTERY BYPASS SURGERY

Procedure
• avoids the use of CPB by allowing surgeons to operate on a beating heart

stabilization devices (e.g.Genzyme Immobilizer*) hold heart in place allowing operation while
positioning devices (Medtronic Octopus* and Starfish* system) allow the surgeon to lift the
beating heart to access the lateral and posterior vessels
procedure is safe and well tolerated by most patients; however, this surgery remains technically
more demanding

Indications/Contraindications
• used in poor candidates for CPB who have: calcified aorta, poor LVEF, severe PVD, severe COPD,

chronic renal failure,coagulopathy, transfusion objections (e.g. (ehovah’s Witness),good target
vessels, anterior/lateral wall revascularization, target revascularization in older, sicker patients

• absolute contraindications:hemodynamic instability, poor quality target vessels including
intramyocardial vessels, diffusely diseased vessels, and calcified coronary vessels

• relative contraindications:cardiomegaly/CHF, critical left main disease, small distal targets, recent or
current acute Ml, cardiogenic shock, LVEP <35%

See Landmark Cardiac Trials for more information on
ROOBY.which details theS-year din teal outcomes in
indents undergoing on-pump is.off-pump CABG

Medical Therapy
(optimal)

CASS
ECSS-VACS

COURAGE
ACME MASS II

BARI 2D
ISCHEMIA

[HQ | CABG |
COJ-AC

ACME
'Coronary Artery Surgery Study
futopoon Coronary Surgery Study
VA Coopnrotivo Study

Figure 39. Clinical trials comparing
strategies for stable CAD
Figure recreated with permission
from Dr. Chris Overgaardn

Outcomes
• OPCAB surgery decreases in-hospital morbidity (decreased incidence of chest infection, inotropic

requirement, supraventricular arrhythmia), blood product transfusion, 1CU stay, length of
hospitalization, and CK-MB and troponin 1 levels

OPCAB has been associated with lower graft patency

r n
L J
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Heart Failure
Docs this Dyspntic Patient in the tmergcncy
Department have Congestive Heart Failure!
JAMA 2005:294:1944-1956

• see also CCS Heart failure Guidelines 2021 for details (free mobile apps available on i()S and Android
platforms in the CCS app stores) as well as the Canadian Cardiovascular Society (CCS) Heart Failure
Guidelines Compendium available at CCS.ca in* IR -|95S Cl') (95% Cl )

Congestive Heart Failure Initial clinical 4.4
judgment (1.8-10.0] (0.28-0.73)

0.45

PMHx
5.8 0.45HFLow-Output HF

due to decreased CO
High-Output HF
due to increased
cardiac demand

(4.1 1.0) (0.38 0.53)
3.1 0.(9Ml

Diastolic Dysfunction (2.04.9) (0.58 0.821Systolic Dysfunction
Infiltration and

fibrosis
CAD 1.8 0.68Injury and ischemia

in myocardium (1.1-2.81 <0.48 0.96|

*I Symptoms
Thick,stiffened

myocardium
Infarction and inflammation 2.6 0.7PHD

I (1.5-4.5) (0.54-0.91)
Thin, weakened muscle Orthopnea 2.2 0.65I Ineffective

ventricular filling (1.2-3.91 (0.45 0.92)Ineffective ventricular
contraction 50806 1.3 0.48

(12-1.4) (0.35-0.671
Increased Cardiac Workload

- Myocardial stress- Volume overload
• Pressure overload

Physical Eiam
0.88Third heart ff

sound
Jugular venous 5.1
distension (32-7.9) (0.57-0.771

(4.9 25) (0.83-0.94)

0.86

**
Compensation

- Increased HR and
' myocardial contractility
- Increased blood volume

Docomponsation
- Deterioration ol heart (unction
- Heart unable to maintain blood

circulation

Systomic Rosponso
- Activation of SNS and RAAS activity

0.51Rales 2.8
(1.9-4.1) (0.37-0.70)

Lower
extremity
edena

2.3 0.64
(1.5-32) (0.47-0.871

Left-Sided HF Right-Sided HF Biventricular HF
- Due to long-term left-sided

failure leading to
right-sided failure- Disorders affecting entire
myocardium

Forward Failure- Inability to maintain CO
Backward Failure
- Elevated ventricular tilling

pressures
• Vascular congestion in venae

cavae
- Fluid accumulation in lower

extremities (edema in feet,
ankles, legs, lower back,liver,
abdomen),nausea

Chest Radiograph5— Pulmonary 12
venous
congestion
Interstitial 12
edena

0.485 Backward Failure- Elevated ventricular filling
pressures

- Pulmonary vascular congestion
- Fluid accumulation in lungs,

apnea,SOB, fatigue, weakness

<6 8 21) (0.28 0.831s
CO,

SsE 1 0.68o
w£ (52-27) (0.54-0.85)

Cardiunegaly 3.3 0.33
© (2.4-47) (023-0.48)

ECOFigure 40.Congestive heart failure
3.8 0.79AFib
(12-8.8) (0.65-0.96)

Any abnormal 2.2 0.64
finding (1.6 3.1) (0.47 0.88)

Carotid Pulse * Cl = confidence interval

a wave

JVP Wavelorm Dichotomies of HF
• Forward vs.backward
• Left-sided vs. right-sided
• Systolic vs.diastolic dysfunction
• Low output vs.high output

Cardiac
SoundsS Sr

x descent

ECGP TQRS Use EF to Grade IV
Dysfunction
• GradeI(EF >60%) (Normal)
• GradeII (EF - 40-59%)
• GradeIII (EF - 21-39%)
• Grade IV (EF <20%)

Features ol Abnormal JVP Wave Formation
Atrial fibrillation:absent a wave
3rd degree heart block:cannon a waves
Tricuspid regurgitation:cv wave,elevated JVP
Cardiac tamponade:x descent only,absent y descent
Constrictive pericarditis:prominent y descent,Kussmaul's sign
(paradoxical increase inJVP with inspiration)

2
S r "i

L J.5

(3

cy descent -t +
Figure 41. JVP waveform
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Table 15. Signs and Symptoms of Left vs. Right HF
Left Failure Right Failure

See Landmark CardiacTnatsfor more information on
DAPA-HF which detailstheefticacy of SGLT2 inh tktion
m patients with HFrEFand without 120M.

Left failure symptoms if decreased RV output
leads to LV underfilling

low CO (Forward) Fatigue
Syncope
Systemic hypotension
Cool extremities
Slow capillary refill
Peripheral cyanosis
Pulsus alternans

IR
S3 (right -sided)

See Landmark Cardiac Inals for more information on
PARADIOM-HF which details the survival outcomesof
HFrff patients treated with an ACE I or a n angiotensin-
ntprilysln inhibitor.

MR
S3

Venous Congestion (Backward) Dyspnea, orthopnea. PND
Cough
Crackles

Peripheral edema
Elevated JVP with abdominojugulat reflux , and
tKussmaul'ssign
Hepatomegaly
Pulsatile liver

It Validated Clinical and Biochemical Score
lor the Diagnosis ol Acute Flearl Failure:
I he ProBHP Investigation ol Dyspnea in the
Emergency Department (PRIDE) Acute Heart
failure Score
Am Heat J 2006;151:48-S4

Pathophysiology
• most common causes are ischemic heart disease, risk factors for CAD, LVH (HTN), valvular heart

disease, and tachyarrhythmia
• myocardial insult causes pump dysfunction/impaired filling leading to myocardial remodeling and

the following maladaptive changes:
• pressure overload (e.g. AS or HTN) leads to compensatory hypertrophy (i.e. concentric

remodeling) and eventually interstitial fibrosis
• volume overload (e.g. aortic insufficiency) leads to dilatation ( i.e. eccentric remodeling)

• remodeling results in decreased forward CO resulting in activation of the SNS and RAAS
• SNS causes tachycardia
• RAAS causes Na f and water retention to increase preload and afterload
• net result is increased cardiac demand leading to eventual decompensation

Predictor Possible Score
Age »75 yr

Orthopnea present 2
Lack of cough
Current loop
diuretic use (before
presentation)

Rales nn lung eiant t
lack of lever
Elevated NT-proBNP 4
( >4S0 pgfmL if <50 yr,
»900 pgfmlif »50 yr|
Interstitial edema 2
on UR

1

1
1

Heart Failure with Reduced Ejection Fraction (HFrEF: LVEF <40%)
• impaired myocardial contractile function -> decreased LVEF and SV -> decreased CO
• volume overload is the typical phenotype
• findings: apex beat displaced, S3, cardiothoracic ratio >0.5, decreased LVEF, LV dilatation
• causes

ischemic (e.g. extensive CAD, previous Ml )
non-ischemic

HTN
DM
EtOH (and other toxins)
myocarditis
DCM (multiple causes see Dilated Cardiomyopathy, C47 )
tachycardia-induced

2

Total /14
likelihood of HF
low * 0 -5
Intel mediate * 6 -8
High » 914

Heart Failure with Mid-Range Ejection Fraction (HF-mrEF: LVEF 41-49%)
• includes patients who are recovering from HErEE, declining from HI pEE, and transitioning to HEpEE
• characterization of HEmEF ongoing; guideline management does not currently exist

BNP is secreted by Vs due to LV stretch
and wall tension.Cardiomyocytes
secrete BNP precursor that is cleaved
into proBNP.After secretion into Vs,
proBNP is cleaved into the active
C-terminal portion and the inactive
NT-proBNP. The above scoring algorithm
developed by Baggish et al.Is commonly
used. A score of <6 has a negative
predictive value of 98%,while scores>6
had a sensitivity of 96% and specificity
of 84% (P<0.001) for the diagnosis of
acute HF

Heart Failure with Preserved Ejection Fraction (HFpEF: LVEF >50%)
• previously known as “diastolic HE"

• concentric remodelling with a “stiff" LV is the typical phenotype
• 50% of patients with HE have preserved EE;confers similar prognosis to HErEE; more common in the

elderly and females
• reduced LV compliance causes increased LV filling pressures, increased LA pressure/volume, and

pulmonary congestion
• findings: HTN. apex beat sustained, S-l , normal-sized heart on CXR, LVH on ECCi/echo, normal EE
• causes

transient: ischemia (e.g. CAD, Ml)
permanent:severe hypertrophy (HTN, AS, HCM), RCM (e.g. amyloid), Ml

NYHA Functional Classification of HF
• Class I: ordinary physical activity

does not cause symptoms of HF
• Class II: comfortable at rest; ordinary

physical activity results in symptoms. Class III:marked limitation of
ordinary activity:less than ordinary
physical activity results in symptoms

• Class IV: inability to carry out any
physical activity without discomfort:
symptoms may be present at rest

High-Output Heart Failure
• caused by demand for increased CO
• often exacerbates existing HE or decompensates a patient with other cardiac pathology
• DDx:anemia, thiamine deficiency (beriberi), hyperthyroidism, arteriovenous (A-V) fistula or left to

right ( L-R) shunting, Paget’s disease, renal disease, hepatic disease
r t
L J

Precipitants of Symptomatic Exacerbations
• consider natural progression of disease vs. new precipitant
• always search for reversible cause +
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• DDx can also be organized as follows:
new cardiac insult/disease: Ml, arrhythmia, valvular disease, cardiotoxic chemotherapy
new demand on CV system: HTN, anemia, thyrotoxicosis, infection
medication non-compliance

• dietary indiscretion (e.g. salt intake)
obstructive sleep apnea

Five Most Common Causes of CHF. CAD (60-70%). HTN. Idiopathic (often DCM)
• Valvular (e.g. AS. AR. and MR)
• EtOH (DCM)Investigations

• identify and assess precipitating factors and treatable causes of CHI-'
• blood work:CBC,electrolytes (including calcium and magnesium), blood urea nitrogen (BUN), Cr,

fasting blood glucose, hemoglobin Ale, lipid profile, LFTs, serum TSH ± ferritin, BNP (>100 pg/mL),
NT-ProBNP (>300 pg/ml), uric acid

• urinalysis
• ECU: look for chamber enlargement, arrhythmia, ischemia/infarction
• CXR: cardiomegaly, pleural effusion, redistribution, Kerley B lines, bronchiolar-alveolar culling
• echo:systolic function (LVEP),diastolic function (E/A ratio, E/e’), cardiac dimensions, wall motion

abnormalities, RV systolic pressure (from TR jet), valvular disease, pericardial effusion
• radionuclide angiography: LVEP
• myocardial perfusion scintigraphy (thallium or sestamibi SPE(.T)

<§>
Precipitants of HF

HEART FAILED
HTN (common)
Endocarditis/environment (e.g. heat
wave)
Anemia
Rheumatic heart disease and other
valvular disease
Thyrotoxicosis
Failure to take medications (very
common)
Arrhythmia (common)
Infection/Ischemia/Infarction (common)
Lung problems (PE. pneumonia. COPD)
Endocrine (pheochromocytoma.
hypcraldosteronism)
Dietary indiscretions(common)

Additional Diagnostic Investigations
• cardiac catheterization
• cardiopulmonary'exercise testing. other tests (CMR, MPI, MUGA, CT scan)

Acute Treatment of Pulmonary Edema
• treat acute precipitating factors (e.g. ischemia,arrhythmias)

L Lasix* (furosemide) 40-500 mg IV
M morphine 2-4 mg IV: decreases anxiety and preload (venodilation)
N nitroglycerin: topical/IV/SL - use with caution in preload-dependent patients (e.g. right HP or
RV infarction) as it may precipitate CV collapse
O oxygen: in hypoxemic patients

• P positive airway pressure (continuous positive airway pressure (CPAP)/bilevel positive airway
pressure (BiPAP)): decreases preload and need for ventilation when appropriate
P position: sit patient up with legs hanging down unless patient is hypotensive

• in ICU setting or failure of LMNOPP: other interventions may be necessary
nitroprusside IV
hydralazine PO
sympathomimetics

dopamine
- low dose: selective renal vasodilation (high potency D1 agonist)
- medium dose: inotropic support (medium potency pi agonist)
- high dose: increases SVR (low potency pi agonist), which is undesirable

* dobutamine
- pi-selective agonist causing inotropy, tachycardia, hypotension (low dose) or HTN (high

dose); most serious side effect is arrhythmia, especially AEib
phosphodiesterase inhibitors (milrinone)
- inotropic effect and vascular smooth muscle relaxation (decreased SVR), similar to

dobutamine
• consider pulmonary artery catheter to monitor PCWP if patient is unstable or a cardiac etiology is

uncertain (PCWP >18 indicates likely cardiac etiology)
• mechanical ventilation as needed
• rarely used, but potentially life-saving measures:

IABP - reduces afterload via systolic unloading and improves coronary perfusion via diastolic
augmentation
LVAD/RVAD
cardiac transplant

The most common cause of right HF is
left HF

Measuring NT-proBNP
BNP is secreted by Vs due to IV stretch and
wall tension
Cardiomyocytes secrete BNP precursor
that is cleaved into proBNP
After secretion into Vs.proBNP is cleaved
into the active C-terminal portion and the
inactive NT-proBNP portion

NT-proBNPIevels
Wirt)
HF very likely*pe

<50 >450
50-75 >900
>75 »1800
IMlaUons: Age.body hjtrtuv WMIlunctton.PI

*Features of HF on CXR

HERB-B
Hea rt enlargement (cardiothoracic
ratio >0.50)
Pleural Effusion
Re-distribution (alveolar edema)
Kerley B lines
Bronchiolar-alveolar cuffing

Long-Term Management
• overwhelming majority of evidence-based management applies to H FrEF
• currently no proven pharmacologic therapies shown to reduce mortality in Hl-pEE;control risk factors

for HTpEE (e.g.HTN)
• prevent fluid overload with appropriate diuretic strategies

Conservative Measures
• symptomatic measures: oxygen in hospital, bedrest, elevate the head of bed
• lifestyle measures:diet, exercise, DM control, smoking cessation, decrease EtOH consumption, patient

education, sodium,and fluid restriction
• multidisciplinary' H E clinics: for management of individuals at higher risk,or with recent

hospitalization

n
L J

Patients on p-blocker therapy who
have acute decompensated HF should
continue (5-blockers where possible
(provided they are not in cardiogenic
shock or in severe pulmonary edema)

+
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Non-Pharmacological Management
• from 2021 CCS guidelines
• restrict salt intake to 2-3 g/d
• monitor daily weight for patients with HI-', fluid retention, or congestion that is difficult to control with

diuretics or renal dysfunction
• restrict daily fluid intake to approximately 2 L/d for patients with fluid retention or congestion that is

difficult to control with diuretics
• cardiac rehabilitation: participation in a structured exercise program for N YHA class 1-111 after

clinical status assessment to improve quality of life (HF-ACT10N trial)

Pharmacological Therapy. ACEI/ARB: HAAS blockade
ACE1:slows progression of LV dysfunction and improves survival

all symptomatic patients functional class 11-1V
all asymptomatic patients with LVEF <40%
post-MI

• angiotensin II receptor blockers
second-line to ACEI (if ACEI not tolerated), or as adjunct to ACEI if (3-blockers not tolerated
combination of p-blockers with ACEI is not routinely recommended and should be used with
caution as it may precipitate hyperkalemia, renal failure, and the need for dialysis (CHARM,
ONTARGET)

CCS/CHFS Heart Failure Guidelines Update:
Defining a Hew Pharmacologic Standard of Care
for Heart FailurewKh Reduced ejection Fraction
Can JCardiolM2UJ:531-40
Management of HFtlF : ll isiKommendedthal,
in the absence of contraindications. KFrfF patients
be treated witbcombinabon therapy intinding
1drug from each of the following categories:
ARM (orACEL'UB). 3- blocker, mineratocorticoid
receptor antagonist ( MRA) and SGLT2 inhibitor. II
is recommended that patients admittrtwith acute
decom pensated HFiEF should be switched to an ARM.
Horn an ACEHARB when stabilized. It is recommended
that 3-blockers be initiated assoon as passible after
HF diagnosis, not waiting until hospitaldischarge
to Initiate treatment in stabilized patients.MRA
treatment is recommended lor patients with acuteMI
and LYEF < 40'V and KF symptoms or DM. to reduce
CV mortality and hospitalization for CVeients.SGLI2
inhibitorsshould be used in patients with HFrEF.with
or without concomitant I2DM, to improresymptoms
and reduce hospdatiiations.

• antiarrhythmic drugs: for use in CHE with arrhythmia
can use amiodarone, (3-blocker, or digoxin

• anticoagulants: DOACs or vitamin K antagonist (warfarin) for prevention of thromboembolic events
prophylactic indications:

Afib
LV thrombus
Prior thromboembolic event

See Landmark Cardiac Inals for more information on
DAPA- HF which detai is the efficacy of SGU2 inhiiition
in patients with HFrEF and without I2DM.

See Landmark Cardiac Trials for more information on
PARAOIGM- HF which details the surmaloutcomesoi
If rtf patients heated with an ACEI or an angiotensin-
neprllysln inhibitor.• ARN1:combination angiotensin receptor-neprilysin inhibitors - slows down progression of LV

dysfunction and improves survival
RAAS inhibitor prevents volume overload and neprilysin inhibitor enhances effects of BNP
first line therapy or if switching from an ACEI or ARB among patients with residual N YHA 11-1V
symptoms and LVEE <40%

• (3- blockers: slow progression and improve survival
(3-adrenergic blocking agents blocks effects of epinephrine to reduce rate and force of myocardial
contraction
indicated for class 1-111 with LVEE <40% and stable class IV patients
carvedilol improves survival in class IV HE (COMET)
caution: should be used cautiously; titrate slowly because may initially worsen CHE

• diuretics: management of fluid overload and symptom control (e.g. dyspnea and PND)
furosemide (40-500 mg QD) for potent diuresis
metolazone once weekly may be used with furosemide to increase diuresis if patient becomes
refractory to furosemide
furosemide, metolazone, and thiazides oppose the hyperkalemia that can be induced by
P-blockers, ACEI, ARBs, and aldosterone antagonists

• digoxin and cardiac glycosides: increase myocardial contractility but decrease rate
improves symptoms and decreases hospitalizations; no effect on mortality
indications: patient in sinus rhythm and symptomatic on ACEI or CHE and Al-'ib
caution: patients on digitalis glycosides may worsen if these are withdrawn

• hydralazine plus isosorbide dinitrate:combination antihypertensive and vasodilator
consider for symptom control and mortality benefit in Black patients with symptomatic HFrEF
despite guideline-directed medical therapy (GDMT)
also consider for Hl-rEE patients with drug intolerance to ACEIs, ARBs, or ARN1

• ivabradine: selective inhibition of the If current
recommended forCV death and hospitalization prevention in patients with HFrEF and
symptomatic despite:

treatment with appropriate doses of GDMT, resting HR >70 bpm, and in sinus rhythm
weaker level of evidence than either ARN1 or SGL’1‘2 inhibitor

r n
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+• mineralocorticoid receptor (aldosterone) antagonists: spironolactone or eplerenone
mortality benefit in symptomatic HE and severely depressed EE

• for symptomatic HE in patients already on ACEI, (3-blocker, and loop diuretic
caution: potential for life threatening hyperkalemia

monitor K 'after initiation and avoid if Cr >220 pmol /L or K +>5.2 mmol/L
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• SGLT2 inhibitor: empaglillozin, canagliflozin, dapaglitlozin
« recommended for treatment of patients with stable HErEE, irrespective of T2 DM

recommended in mild to moderate HErEE with concomitant T2DM to improve symptoms and
reduce mortality

Chronic Treatment of CHF. ACEI*
• pblockers'
• i Mineralocortlcold receptor

antagonists*

• Diuretic. ARNI
• t Inotrope. Antiarrhythmic
• iAnticoagulant
'Mortality benefit

HFrEF Management
1. ARNI (or if on ACE1/ARB substitute to ARNI)
2. p-blockers
3. MRA
4. SGLT2 inhibitor

HFpEF Management
1. ARB
2. Systolic/Diastolic Hypertension Management according to CHER Guidelines (2017)
3. MRA (if serum K* <5.0 mmol/ L and eGl R >30 ml/min)

Ivabradine and Outcomes in Chronic Heart failure
( SHIFT):A Randomized Placebo-Controlled Stud y
Lanced 2010:376:11-17
Study: Randomised, double-blind, placebo-
controlled. parallel-group trial.
Population Patients with symptomatic Hfand IVEF
of 35% or loner, in sinus rh ythm with HR greater than
or equal to JO bpm, had been admitted to hospital
lot HF within pres ions year, on stabe background
treatment including 3-blocker iftoierated.
Intervention: hapiadme titrated toa minimum of 7.5
mg SID vs. placebo.
Outcome Primary endpoint was composite of CV
death or hospital admission for worsening Hf .
Results:133|24%|patients in the nrabradine
group and 93/|29%|of those tak ig placebo had a
primary endpoint crent (HR 0.82, 95% Cl 0.75-0.90.
P< 0.000l|. f ewet serious adverse events occulted
m the ivabtadL-egioup|3398 eierts) than in
the placebo group (3847; P >0.025).15015%) of
ivabradine patients had symptomatic bradycardia
vs. 32|1%|oflhe pacebo group|P*0.0001|.Median
follow up was 22.9 mo (interquartile range 18-281 .
Conclusions Resullssuppnrtfenrporlanceol HR
reduction with rvabradine fur improiement ol clinics
outcomes in HF and confirm the important role of
HR in the pathophysiology of this disorder. Hole:
limitation of this study was that only 28% ol patients
were an target 3 blocker doses. Ivabradine currently
recommended in these patients when HR is not
controlled on man mum tolerated J-blocker dnseor
there isa contraindi ration to J-hlocker use.

Surgical Management
• revascularization is the most frequently performed operation in HE patients with the aim to restore

blood flow to hibernating myocardium (<10% operative mortality in some patient groups)
• mitral valve surgery for the treatment of M R secondary to ischemic LV dilation
• LV remodeling (Batista procedure - partial left ventriculectomy; Dor procedure - left ventricular

restoration) improves ventricular function by reducing ventricular radial dimensions and thus
decreasing wall tension via Laplace's law

• VADs (see Cardiac transplantation, C50 )
• heart transplantation ( seeCardiac transplantation, C50)

IP
CNCell membrane current ivabradine administration -ISlowed rate ol

diastolic depolarization •I0 mV
= reduced HR

/ ,-channel at SA node —

Higher New York Heart Association Classes
and Increased Mortality and Hospitalization in
Patients with Heart Failure and Preserved left
Ventricular function
Am Heart J 2006:151:444 4S0
Purpose: Toestablish the association between
NY HA dassand outcomes with HF and preserved
systolic function.
Methods Retrospective loilow - DPStudy (median
38.5 mo) of 988 patients with Hf with tf >45%.
Estimated risks ol various outcomes using Con
propod ora! hazard models.
Results:Adjusted HR forall-cause mortality for
NYHA classll. III. IV patentswas1.54.2.56, and
8.48. respectively. Adjusted HR for a cause
hospitalization Ipi HVHA class II. II. IV patents was
1.23.1.71.and 3.4, respectively.
Conclusions:Higher NYHA classes were associated
with poorer outcomes in patients with Hf an d
preserved systolic function.
Proportiohsof NYHA I. II. III. and IV patents who d ed
ol allcausesdutingllic study were 14.3%,

Figure 42. Ivabradine mechanism of action

Procedural Interventions
• resynchronization therapy:symptomatic improvement with CRT-P or CRT-D

consider if QRS >130 msec with I.BBB morphology, LVEE <35%, and persistent symptoms despite
QMT
greatest benefit likely with marked LV enlargement, MR, QRS >150 msec
CRT'-R is indicated for patients eligible for resynchronization therapy but not 1CD; if the patient is
also eligible for an 1CD the decision for CRT-D is individualized in accordance with overall goals
of care

• 1CD: mortality benefit i n i" prevention of SCD
consider if: prior Ml, OMT, LVEE <30%, clinically stable
consider if:prior Ml, non-sustained VI, LVEE 30-40%, EPS inducible VT

• LVA D/ RVA D (see Ventricular Assist Devices, C52 )
• cardiac transplantation (see Cardiac Transplantation, (.5(7)
• valve repair if patient is surgical candidate and has significant valve disease contributing to CHI (see

Valvular Heart Disease, C54 )
L J

NYHA Propovtion
of All - Cause
Hospitalization

Proportion
of All-Cause
Modality

+I 60.7% 14.3%
65.2% 21.3%
72.7% 35.9%
75.0% 58.3%IV
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RATIONALE FOR HF TREATMENT:
Reduce afterload t augment contractility - improve CO + relieve pulmonary congestion

A = diuretic or venodilator
(nitrates)

A' = aggressive diuresis or
venodilation

I= inotopes (contractility)

D = ACEI (vasodilation)

B=inotrope ACEI

NORMAL
m

_
I I
UJ (0sc vs

HF +
TREATMENT= 1

S S
cc ~u-

I

LEFT VENTRICULAR END-DIASTOUC PRESSURE
(preload) © Young M. Kim 2012

Figure 43.Effect of HF treatment on the Frank-Starling curve

Sleep-Disordered Breathing
• patients with CHI can have sleep disturbances; 40% of patients have central sleep apnea with Cheyne-

Stokes breathing and 11% of patients have obstructive sleep apnea
• associated with a worse prognosis and greater LV dysfunction
• nasal CPAP may be effective to treat symptoms of sleep apnea with secondary benefits to cardiac

function

Cardio-oncology
• cardiotoxicity of chemotherapeutic agents is a leading cause of long-term morbidity and mortality

among cancer survivors
• dose-dependent LV systolic dysfunction with anthracvclines and potentially reversible decline in

LVLT with trastuzumab
• evaluate CV risk factors and optimize treatment of pre-existing CV disease before, during, and after

receiving cardiotoxic cancer therapy
• follow patient using same imaging modality and methods (e.g. echo with contrast, echocardiographic

global longitudinal strain (GLS), 3 dimensional echo, or multiple-gated acquisition (MUGA) scan ) to
assess LV function before, during, and upon completion of chemotherapy

• recommended that clinical HF or an asymptomatic decline in LVEF (>10% decrease in LVEF from
baseline or LVEF <53%) during or after treatment is managed according to CCS guidelines

Myocardial Disease
Definition of Cardiomyopathy
• intrinsic or primary myocardial disease not secondary' to congenital, hypertensive, coronary, valvular,

or pericardial disease
• results in both morphologic and functional abnormalities

• functional classification: dilated, hypertrophic, or restrictive
• LV dysfunction secondary to Ml, often termed “ischemic cardiomyopathy',” is not a true

cardiomyopathy (i.e. primary myocardial disorder) since the primary pathology is obstructive CAD

Cardiomyopathy

HARD
Hypertrophic cardiomyopathy (HCM)
Arrhythmogenic right ventricular
cardiomyopathy
Restrictive cardiomyopathy (RCM)
Dilated cardiomyopathy (DCM)Table 16. Comparison of Cardiomyopathies, Secondary Causes, and Consequent HF Phenotypes

Heart Failure Reduced Ejection Fraction
(HFrEF)

Heart Failure Preserved Ejection Fraction (HFpEF)

Dilated Cardiomyopathy Secondary Causes
( DCM )

Idiopathic, infectious
(e.g. myocarditis),
EtOH. familial,
collagen vascular
disease

Hypertrophic
Cardiomyopathy ( HCM)

Restrictive
Cardiomyopathy (RCM )

Secondary Causes

CAD. Ml. DM. valvular (e.g.
AR. MR )

Genetic disorder affecting Amyloidosis, sarcoidosis. HIM. DM. valvular (e.g.
AS). post - MI. transiently by
ischemia

cardiac sarcomeres (most scleroderma,
common cause of SCD in hemochromatosis.

Fabry's, Pompe's Disease,
loclflei 's

r i
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young athletes)

+
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Myocarditis
Definition
• inflammatory process involving the myocardium ranging from acute to chronic
• important cause of DCM
• spectrum of severity ranging from non-specific symptoms such as fatigue to cardiogenic shock

Etiology
• idiopathic
• infectious

viral (most common overall cause):coxsackie A and B,parvovirus B19, adenoviruses, influenza,
coxsackie B, echovirus, poliovirus, HIV, mumps,coronavirus disease 2019 (COV1D-19)

• bacterial: S.aureus.Streptococcus, perfringens,C.diphtheritic.Mycoplasma, Rickettsia
• fungi

spirochetal (Lyme disease Borrelia burgdorferi )
• Chagas disease (Trypanosoma cruzi), Toxoplasma gondii

• toxic:catecholamines, chemotherapy, cocaine
• hypersensitivity/eosinophilic:drugs (e.g.antibiotics, diuretics, lithium, clozapine), insect/snake bites
• systemic diseases: collagen vascular diseases (e.g.SLE, rheumatoid arthritis), sarcoidosis,

autoimmune
• other: giant cell myocarditis, acute rheumatic fever

Signs and Symptoms
• constitutional symptoms
• acute CHE: dyspnea, tachycardia, elevated ) VH
• cardiogenic shock
• chest pain: due to pericarditis or cardiac ischemia
• arrhythmias
• systemic or pulmonary emboli
• presyncope/syncope/sudden death

Investigations
• ECG: non-specific ST-T changes and/or conduction defects (used for initial screening and risk

stratification)
• echocardiography:lack of cardiac dilation and increased thickness of septum (fulminant

myocarditis), spherical ventricle that remodels to elliptical after some months (acute myocarditis)
• blood work

• increased creatine kinase (CK), cardiac troponins (cTnl and cTnT), NT-proBN P (if LV dysfunction
occurs), LDH, and AST' with acute myocardial necrosis ± increased WBC, C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), antinuclear antibody test (ANA), rheumatoid factor,
complement levels

• blood culture, viral titres, and cold agglutinins for Mycoplasma
• CXR:enlarged cardiac silhouette
• TEE: systolic dysfunction (dilated, hypokinetic chambers, segmental wall motion abnormalities) and/

or diastolic dysfunction
• CMR: functional and morphological abnormalities as well as tissue pathology (gadolinium

enhancement)
• endomyocardial biopsy:only done in certain clinical scenarios (e.g. on inotropic and/or mechanical

circulatory support)
• coronary angiography: to exclude ischemic heart disease

Management
• supportive care
• mechanical circulatory support and inotropic support if cardiogenic shock
• restrict physical activity during early recovery
• treat CH E per current HE guidelines

guideline-directed medical therapy
• advanced therapies such as ventricular assist and transplantation

• treat arrhythmias
• anticoagulation
• treat underlying cause if possible

Prognosis
• often unrecognized and may be self-limited
• myocarditis treatment trial showed 5 yr mortality between 25-50%
• giant cell myocarditis, although rare, can present with fulminant CHE and be rapidly fatal, with 5 yr

mortality >80%
• sudden death in young adults
• may progress to DCM

r
cJ
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Dilated Cardiomyopathy
Definition
• unexplained dilation and impaired systolic function of one or both ventricles
• if present,comorbid CAD is unable to fully account for extent of dysfunction observed Major Risks Factors tor DCM

FMHx.EtOH, cocaine.
Etiology
• familial /genetic ~60%. EtOH -20-30%
• myocarditis
• infectious:viral (coxsackie B, HIV,COV1D-19), Chagas disease, Lyme disease,Rickettsial diseases,

acute rheumatic fever, toxoplasmosis
• collagen vascular disease: SLE, polyarteritis nodosa, dermatomyositis, progressive systemic sclerosis
• idiopathic (presumed viral or idiopathic)
• uncontrolled tachycardia (e.g. persistent, rapid Al-'ib)
• neuromuscular disease: Duchenne muscular dystrophy, myotonic dystrophy,Eriedreich’s ataxia
• metabolic: uremia, nutritional deficiency (thiamine, selenium, carnitine)
• endocrine: hyper/hypothyroidism, DM, pheochromocytoma
• peripartum
• toxic:cocaine, heroin,organic solvents- drugs: chemotherapies (doxorubicin,cyclophosphamide), anti-retrovirals, chloroquine, clozapine,

TCA
• radiation

Abnormal Labs in DCM. High BNP. HighCr
• High LFTs
• Low bicarbonate
• LowNa+

Signs and Symptoms
• may present as:

systolic HE
systemic or pulmonary emboli

• arrhythmias
sudden death (major cause of mortality due to fatal arrhythmia)

Investigations
• blood work:CBC, electrolytes, Cr, bicarbonate, BNP, CK, troponin, LET*, TSH, total iron binding

capacity (TIBC)
• ECG: variable ST-T wave abnormalities, poor R wave progression, conduction defects (e.g.BBB),

arrhythmias (e.g. non-sustained VT)
• CXR: global cardiomegaly (i.e. globular heart), signs of CHE, pleural
• echo: systolic dysfunction (chamber enlargement, global hy pokinesis, depressed LVEE, MR and TR,

mural thrombi)
cardiac MR1:myocardial fibrosis

• endomyocardial biopsy:not routine, used to rule out a treatable cause
• coronary angiography: in select patients to exclude ischemic heart disease

Management
• treat underlying disease:e.g. abstinence from EtOH

treat CHE as per current guidelines (see Heart Failure, C40)
includes medical management and devices (1CD and CRT)

• advanced therapies considered for medication-refractory disease
e.g. LVAD, transplant, and volume reduction surgery

• thromboembolism prophylaxis: anticoagulation with warfarin
indicated for: AEib, history of thromboembolism or documented thrombus

• treat symptomatic or serious arrhythmias
• immunize against influenza and S. pneumoniae
• indication to screen first-degree relatives when unclear etiology

effusion

Prognosis
• depends on etiology, often parallels prognosis of systolic HE
• belter with reversible underlying cause; worst with infiltrative diseases, HIV,drug-induced
• early reverse remodelling with optimal HE management (i.e. medications and devices) improves

prognosis
• myocardial fibrosis increases SCD risk
• cause of death usually CHE (due to pump failure) or sudden death secondary to ventricular

arrhythmias
• systemic emboli are significant source of morbidity
• 20% mortality in first yr, 10% per year thereafter

+
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Hypertrophic Cardiomyopathy
•see 2020 American Heart Association (AHA)/American College of Cardiology (ACC) Guideline for the

Diagnosis and Treatment of Patients With Hypertrophic Cardiomyopathy for details

Definition
•unexplained left ventricular hypertrophy (LVH)
•LV H can occur in any distribution

asymmetric septal hypertrophy is most common
•systolic anterior motion of mitral valve and hyperdynamic LV are common but non-diagnostic

Etiology
•cause is felt to be a genetic defect involving one of the cardiac sarcomeric proteins

>400 mutations associated with autosomal dominant inheritance, incomplete penetrance,
variable age of onset

• 70% of pathogenic variants occur within 2 genes: beta myosin heavy chain 7 (M V H7) and
myosin-binding protein C3 (MYBPC3)

•prevalence of 1 in 500 to 1 in 1000 in general population
equally prevalent in men and women although women are diagnosed less often

•generally presents in early adulthood

Pathophysiology
•histopathologic features include myocyte disarray, myocyte hypertrophy, dysplastic

interstitial fibrosis
•dynamic obstruction of LVOT (LVOTO) due to both septal hypertrophy and systolic anterior motion

(SAM)of mitral leaflets
•diastolic dysfunction due to LVH, ischemia, and interstitial fibrosis
•myocardial ischemia due to supply-demand mismatch
•autonomic dysfunction inappropriate vasodilation during exercise and abnormal HR recovery

arterioles and

Prior event
(SCD.VF.

sustained VT)

Yes An ICD is
» recommended

HIHemodynamic Classification
•HOCM (hypertrophic obstructive cardiomyopathy):defined as peak LVOT gradient of at least 30

mmHg either at rest or with provocation
peak LVOT gradient of at least 50 mmHg at rest or provoked is the typical threshold for
considering invasive septal reduction in patients with insufficient response to medical
management

•non-obstructive HCM (one-third): no LVOT obstruction

TNO
At least one of
the following:
• FHSCD*
• Massive LVH*
• Unexplained

Syncope*
• Apical

aneurysm
• EF 550%

An ICO is
reasonable

Yes

(2a)

Signs and Symptoms
•clinical manifestations:asymptomatic (common, therefore screening is important), SOBOE,angina,

presyncope/syncope (due to LV outflow obstruction or arrhythmia), CHI', arrhythmias,SCD
•pulses: rapid upstroke, “spike and dome" pattern in carotid pulse (in HCM with outflow tract

obstruction)
•precordial palpation: PM1 localized, sustained, double impulse,‘triple ripple’ (triple apical impulse in

HOCM), LV lift
•precordial auscultation: normal or paradoxically split S2, SI, harsh systolic diamond-shaped murmur

at LLSB or apex, enhanced by squat to standing or Valsalva (murmur secondary to LVOTO as
compared to AS); often with pansystolic murmur due to MR

Investigations
•3-generation family history

first-degree relatives receive directed cascade genetic testing and routine TTE and ECG screening
first-degree relatives are screened every 1-3 yr as children and every 3-5 yr as adults provided they
are asymptomatic and initial assessment is negative

•TTE for initial diagnosis, monitoring every 1-2 yr and evaluating clinical concerns
for patients not meeting LVOTO criteria (LVOT' gradient of at least 50mmHg) at rest , a
provocative maneuver and/or exercise stress test is performed to assess for dynamic LVOTO
development

•TEE for preoperative planning of septal reduction, assessment of MR etiology,SAM and LVOTO
•cardiac MR1 to clarify inconclusive echocardiogram results or determine method of septal reduction
•ECG/holter monitor for initial workup, regular follow-up, and assessment of SCD risk

• LVH, high voltages across precordium, prominent Q waves (lead I, aVL, V5, V6), tall R wave in V 1,
V wave abnormalities

•cardiac catheterization (only when patient being considered for invasive therapy)
•genetic studies to clarify* uncertain diagnoses and facilitate screening of family members

I No ( Children ]Yesf NSVT’I )
( Adults! )No

Extensive
LGE on CMR An ICD may be

considered
12b)

No

An ICD is not
indicated
(3:Harm)

* ICD decisions in pediatric patients with HCM
arc based on >1of these major risk factors:
familyhistory of HCM SCD,NSVT on
ambulatorymonitor,massive LVH,and
unexplained syncope

t Inpatients>l6yrof age,5-yr risk estimates
canbe consideredto fully inform patients
during shared decision-making discussions

t Itwould seem most appropriate to place
greater weightonfrequent longer,and faster
runs of NSVT

CMR- cardiovascular magnetic resonance;
EF= ejection fraction;HCM= hypertrophic
cardiomyopathy.ICD = implantable
cardioverter -defibrillator;LGE = late gadolinium
enhancement;LVH= left ventricular

yNSVT = nonsustained 'hypertrophy
tachycardia;SCO = sudden cardiac death

rcntncular

Figure 44. ICD implantation in HCM +
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Management
• avoid factors which increase obstruction (e.g. volume depletion)

avoidance of high-intensitv competitive sports unless exceptional circumstances
mild-to-moderate-intensity exercise is safe

• treatment of HOCM
• medical agents: p-blockers, verapamil or diltiazem (started only in monitored settings),

disopyramide, phenylephrine (in setting of cardiogenic shock)
avoid digoxin and vasodilators (e.g. nitrates,dihydropyridine calcium channel blockers, and
ACEl/ARB) as they are inotropic and afterload reducing, respectively

• patients with HOCM and drug-refractory symptoms require septal reduction therapy at experienced
centres

surgical myectomy
• alcohol septal ablation - percutaneous intervention that ablates the hypertrophic septum with

100% ethanol via the septal artery
dual chamber pacing (rarely done)

• treatment of non -obstructive HCM
symptomatic: p-blockers or non-dihydropyridine calcium channel blockers and diuretics if
refractory symptoms

• comorbid atrial fibrillation:direct oral anticoagulant or warfarin regardless of CHA2DS2-VASc score
• consequent systolic dysfunction: consider candidacy for transplant
• treatment of patients at high-risk of sudden death: ICD (see Figure 44, ICI ) implantation in HCM, C48)

history of survived cardiac arrest/sustained VT
1'MHx of premature sudden death
other factors associated with increased risk of SCD

syncope (presumed to be arrhythmic in origin)
LVET <50%
LV apical aneurysm
non-sustained VT on ambulatory monitoring
marked LVH (maximum wall thickness >30 mm)

Prognosis
• life expectancy may or may not be reduced

the majority of those with HCM do not experience severe symptoms or require aggressive
treatments

• potential complications:ATib, stroke,CHF (diastolic and systolic), VT,SCD (1% risk/yr; most common
cause of SCD in young athletes)

Mavacanten far treatment af Symptamallt
Obstructive Hypertrophic Cardiamyopattiy
(EXPLORER HCM ): A Randomized, Double Blind ,
Placebo-Cantrelled, Phase 3 Trial
The Lancet 2020Sep12;39S|10253):759 69.
Purpose Assess the safety and efficacy af
mavacamten, a cardiac myosin inhibitor,in
symptomatic HOCM.
Methods: Patients with HOCM (llf0I»50mmHj, NTHA
fill) from (8 clinical centers in t3 countries were
ra nd enured to ntavacamten or placebo for 30 wk.
the pemaryendpointwasa'I.SmL /trq/min increase
In p«k 0r consumption andal least orreHYHt class
reduction, or >3.0mUkf 'mm Increase in peak Oz
consumption with no NTHA class reduction.
Results:4S|37%) of 123 patientson mavacamten is.
22 (12%) of 128 on placebo met the primary endpoint.
Patients on maiacamten had greater reductions In
post-eiercise LVOT gradient and greater increase
in peak Oz consumption.34% more patients in the
mavacamten group improved by at least1 NYHA class.
Safety and tolerability werecomparable to placebo.
Conclnsion:Mavacamten improved exercise
capacity. LVOT obstruction, NYHA functional class,
and health status in patients with HOCM.

Restrictive Cardiomyopathy
Definition
• impaired ventricular filling with preserved systolic function in a non-dilalcd, non-hypertrophied

ventricle secondary to factors that decrease myocardial compliance (fibrosis and/or infiltration)
• biatrial enlargement is often present despite normal z\V valve functioning

Etiology
• most commonly:amyloidosis, sarcoidosis, and hemochromatosis
• infiltrative: amyloidosis, sarcoidosis
• non-infiltrative: scleroderma, idiopathic myocardial fibrosis, diabetic cardiomyopathy
• storage diseases: hemochromatosis, Fabry’s disease, Gaucher's disease, glycogen storage diseases
• endomyocardial

endomyocardial fibrosis (late presentation), Loefiler's endocarditis, or eosinophilic
endomyocardial disease
radiation heart disease
carcinoid syndrome (may have associated tricuspid valve or pulmonary valve dysfunction )

RCM vs. Constrictive Pericarditis
Present similarly but constrictive
pericarditis is treatable with surgery

Clinical Manifestations
• CHI' (usually with preserved LV systolic function), arrhythmias
• elevated ) VP with prominent x and y descents, Kussmaul's sign. S3,S4, MR, TR
• thromboembolic events

RCM Constrictive
Pericarditis

. . • iltry
• no putsusparadoxus
• systolic murmurs. LVH

. y r i .: 1

in somecases
• pulsus paradoxusInvestigations

• EGG: low voltage, non-specific, diffuse ST-T wave changes ± non-ischemic Q waves
• CXR: mild cardiomegalv due to biatrial enlargement
• echo: LAE, R AE; specific Doppler findings with no significant respiratory variation
• cardiac MRI: assessment of myocardial fibrosis, determination of etiology and exclusion of

constrictive pericarditis
• cardiac catheterization: increased end-diastolic ventricular pressures
• endomyocardial biopsy: to determine etiology (especially for infiltrative RCM)

may be present
• . : :- ' ':d ' J _ . -Jf i -y: :

(ntiacardiac . no LVH
• pericardial

calcification
and per.catdral

pathology). urjo- and
endocardial
later gadolinium thickening
enhancement (LGE) • pericardial late

gadolmiom
enhancement (LGE). reduced BNP

+
. elevated BNP
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Management
• exclude constrictive pericarditis
• control HR, anticoagulate if AFib
• treat underlying disease: (e.g. cardiac amyloidosis, cardiac sarcoidosis, hemochromatosis)
• supportive care and treatment for CHF, arrhythmias, and prevention of SCI) when indicated

• judicious use of diuretics (excess volume reduction reduces filling pressures versus pathologic
requirements triggering hypoperfusion)

• cardiac transplant: might be considered for CHF refractory to medical therapy

Key Investigations
• Echo:may show respiratory

variation in Wood (low in constrictive
pericarditis. CT:may show very thickened
pericardium and calcification in
constrictive pericarditis. MRI: best modality to directly
visualize pericardium and
myocardium

Prognosis
• depends on etiology

Left Ventricular Noncompaction Cardiomyopathy
Definition
• failure of LV compaction leading to endomyocardial trabeculations that increase in number and

prominence
• characterized by abnormal trabeculations in the LV, most frequently at the apex

Etiology
• genetics are incompletely understood
• mutations have been mainly observed in genes coding sarcomeric, cytoskeletal and mitochondrial

proteins
• can occur in healthy individuals (e.g.athletes and pregnancy) as well as concomitantly with

. HCM, RCM, DCM,ARVC)genital heart diseases and other cardiomyopathies (i.e
be reversible

con
• can

Clinical Manifestations
• if occurring in absence of concomitant cardiomyopathy and congenital heart disease, LV non-

compaction can be benign
• symptoms range from SOBOL to rest symptoms

• many patients are asymptomatic
• ventricular arrhythmias or complete AV block (presents as syncope and sudden death)
• thromboembolic events

• more likely when systolic dysfunction and LV dilatation are present

Investigations
• directed by primary pathology when LV non-compaction is comorbid with congenital disease or other

cardiomyopathies
• TTL and cardiac MRI

• most common diagnostic method is the ratio of the thickness of the non-compacted layer to that
of the compacted layer (greater than 2:1 at the end of diastole)

• role of routine genetic screening remains in question
typically performed in the setting of LV non-compaction with comorbid cardiomyopathy

Management
• at-risk first-degree relatives are recommended to undergo screening
• therapy is largely driven by concomitant myocardial dysfunction, arrhythmias, and congenital heart

disease
• ICD is an option if patients have syncope or documented VT
• antiplatelets or systemic anticoagulation should be considered in adults, especially when the LV or

atria are dilated

Prognosis
• dependent on LV function and presence of comorbid conditions (e.g. congenital heart disease and

cardiomyopathy)

Cardiac Transplantation
• treatment for end-stage heart failure
•median survival is 12 yr
•matching is according to blood type, body size and weight (should be within 25%), HLA tissue

matching, and geographical considerations (to minimize ischemic time)

Indications for Surgery
•severe cardiac disability despite maximal medical therapy (e.g. recurrent hospitalizations for CHF,

NYHA 111 or IV, peak metabolic oxygen consumption <14 mL/kg/min in absence of p-blocker) with a
life expectancy of 12-18 mo

•symptomatic cardiac ischemia refractory to conventional treatment (e.g. unstable angina not
amenable to CABG or PCI with LVEF <20-25%; recurrent, symptomatic ventricular arrhythmias)

+
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•high-risk HFSS
HFSS is an algorithm that incorporates the patient s HR,serum sodium, ischemic
cardiomyopathy, LVEF, peak myocardial oxygen consumption, MAP, interventricular conduction
delay

• patients with medium-risk (HFSS 7.2-8.1, 73% l-yr survival) and high-risk (HFSS <7.2, 43% 1-yr
survival) benefit from cardiac transplant

•cardiogenic shock requiring IV inotropic agents or mechanical circulatory support to sustain organ
perfusion

•exclusion of all surgical alternatives to cardiac transplantation

Eflttls ol Donor Pro-treatment with Oopamine
on Survival oiler Heart Transplantation: tCohort
Study ol Heart Transplant Recipients Nested in a
Randomized Controlled Hulticentre Trial
JAta Coll Cardiol 201058:1768-1777
Treatment ol brain-dead donors with dopamine of
4 iigfkgta will not harm raider allografts but
appears to improve the limital tourse of the heart
allograft retipieat.

Absolute Contraindications
•active alcohol use disorder or substance use disorder
•actively smoking
•coagulopathy
•incurable malignancy
•irreversible major organ disease
•irreversible pulmonary HTN (i.e. >5 Wood units, transpulmonary gradient <18 mmHg, or systolic

pulmonary artery pressure >60 mmHG)
•major systemic illness
•mental illness or other cognitive factors likely to affect ability to adhere to post-transplant regimens
•repeated non-adherence to medications
•severe COED (i.e. I EVI <1L)
•severe symptomatic cerebrovascular disease

Relative Contraindications
•active systemic infection
•acute PUD
•age >70 yr
•DM with end-organ disease
•lack of family/social support
•obesity (>35 kg/m2)
•significant symptomatic carotid disease or PVD

Long-Term Use of a LeftVentrlrular Assist Device
for End-Stage Heart Failnre
KJH 2001:345:1435-1443
Int leased survival of 23% vs. i% with WAD vs.
medical management of Hf after 2 yr.
Heartmate VAD has a biologic surface and.therefore,
does not require long-term anticoagulation but
confers a higher risk of infection.

Canadian Cardiovascular Society Focused
Position Statement Update on Assessment
<f the Cardiac Patient lor Fitness to Orhre:
Fitness following left Ventricular Assist Device
Implantation
Can J Cardiol 2U12;2fct37-U0
Patients with a continuons flow LVAD (NYHAclass l-lll)
whoare stable 2 mo post-LVAD implantation qualify
foe private driving My)and *'*disqualified from
commercial driving.

Prerequisites
•psychosocial stability
•medically compliant and motivated

Canadian Cardiovascular Society!Canadian
Cardiac Transplant network Position Statement
ordfeart Transplantation:Patient Eligibility,
Selection, and Post-Transplantation Care
CanJCardiol 2020;36:33S 56
Selection Criteria: Cardiac transplantation is
recommended for consideration in HF patients <70 yr
old.For all patients being considered,an assessment
of frailty with a validated tool is recommended.
Caution is recommended for patients with BUI >3S.
WAD rmplantalron Is recommended lot eligible
patents with pulmonary hypertension on right heart
catheterization. Finally, cerdiactransplantation is
not recommended for patients who show repeated
aooadheience to medications, alcohol or ilicit drug
use. menial Illness, and/or cognitive concerns that
will tender patients mlAely toadliere to post-
transplantation regimens.

Complications
•rejection

declining incidence with improved post-transplant immunosuppression regimens: <13%
experience an episode that needs to be treated and <5% have serious hemodynamic compromise

• gold standard to detect rejection: endomyocardial biopsy
• risk of acute rejection is greatest during the first 3 mo after transplant
• hyperacute rejection (minutes to hours after transplant) due to ABO mismatch, acute rejection

(days to months after transplant), or chronic rejection (years after transplant)
•infection

leading cause of morbidity and mortality after cardiac transplantation
risk peaks early during the first few months after transplantation and then declines to a low
persistent rate

•allograft vasculopathy
approximately 50% develop graft vasculopathy within 10 yr of transplantation
most common cause of late death following transplantation

•malignancy
develops in 15% of cardiac transplant recipients due to immunosuppressive medication
second most common cause of late death following transplantation

• cutaneous neoplasms most common, followed by non-Hodgkin lymphoma and lung cancer
•medication side effects

immunosuppressives (e.g. prednisone, cyclosporine nephrotoxicity, tacrolimus) may have
nephrotoxic effects

•cardiac denervation
• as the donor heart is completely denervated, it does not receive parasympathetic vagal

stimulation or intrinsic postganglionic sympathetic stimulation so it will not respond to
anticholinergics like atropine

•RV dysfunction
RV dysfunction with TR, particularly in patients with preoperative pulmonary HTN, due to
myocardial dysfunction caused by long ischemic time and/or reperfusion injury
requires aggressive management for treatment using agents that dilate the pulmonary
vasculature or, rarely, RVAD support

r -i
L J

+
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Ventricular Assist Devices
Advanced Heart Failure Ireatedwith Continuous-
Flow Left Ventricular Assist Device
HEJM 2009:361:2241-51
Purpose: Assessquality of life in patients with
advanced HF treated with implanted pulsatile-flow
LVAD or new continuous-flow devices.
Methods: Patients with advanced medically-
lefractory HF were randomutd|«i a 2:1ratio)
to implantation ol a continuous-flow LVAD or a
pjlsat lie-flow LVAD.Quality-oMife tests and 6-rain
walk test data were collected at haselme.1 month,
3 mo.6 mo.thto every 6 mo until study completion.
The primary endpoint wasa composite of 2-yrr survival
free of disabling stroke (Rankin score >3), or device
cooperation for replacement.
Results:86% of patients with the continuous-flow
device and 76% of patients with the pulsatile-flow
device were discharged from the hospitalwith the
device in - place, the primary endpoint was achieved in
46% of patients implanted with the continuous-flow
device, compared to11% with the pulsatile-flow
device (hataid ratio 0.38;35% Cl 0.27 to 0.54;
P<0.001). fhe Kaplan - Meiec esbmatesof survival
revealed significantly better outcomes for patients
with the cpntiooous-Howderices compared with the
pulsatile-flow device (RR 0.54;95% Cl 0.34 to0.86:
M.008).
Conclusions: Implantation of a continuous-flow
device , compared toa pulsate- flow deice improved
strohe-lree survival and gualty ol life in patients with
advanced medically-refractory HF.

• work to unload the ventricle while maintaining output; also results in decreased myocardial oxygen
consumption permitting recovery of the myocardium that is not irreversibly injured

• can support the left (LVAD), right (RVAD), or both ventricles (BiVAD); typical circuit is comprised of
a pump, an outflow graft, and a driveline to connect to an external power source and controller (see
Figure -75)

• indications;
• bridge to transplantation, bridge to decision (for transplant), or long term permanent therapy

(“destination therapy")
postoperative mechanical support when unable to separate from CPB despite inotropic and IABP
support

IABP is a catheter-based device inserted into the femoral artery and advanced to the
descending aorta that decreases afterload, thus myocardial O: demand and increases blood
flow to coronary arteries
inflation of the balloon occurs during diastole to increase ascending aorta and coronary
artery perfusion pressure; deflation occurs at systole to reduce intra-aortic pressure thus
reducing afterload

cardiogenic shock

Extracorporeal Membrane Oxygenation
• circuit includes: centrifugal pump, membrane oxygenator, venous and arterial cannulas (see figure

46)
• venoatrial ( VA) HCMO is treatment for cardiogenic shock due to broad availability, technical

simplicity, and rapid deployment
• outcomes for HCMO poor with 35% survival
• indications: postcardiotomy shock, allograft failure, fulminant myocarditis, decompensated HP
• extracorporeal life support through HCMO use is an effective method of resuscitation in moribund

patients 11
>yOCO rPressure Heat exchanger

Monitor AortaI -
Battery

Warm water -? Access site pap 1.
L

Percutaneous
driveline

Membrane
Oxygenator II

External controller
Remrusion
cannula

Oxygen
Blender HeartMato III

• Femoral
OCO pressure

Monitor
vein Outflow

J Access site Drainage
cannula

Femoral
artery

Intrapericardial pumpFigure 46. ECMO

Cardiac Tumours HeartMate II
Incidence
• cardiac tumours are more commonly derived from metastases than primary tumours

• primary cardiac tumours have an estimated incidence of 1-30 in 100000 people per year
metastatic involvement of the heart is much more common and is present in 10-20% of autopsies
of patients who die from cancer

Outflow
graft

Inflow r T
p <nr Jls LJ

PumpDiagnosis
• TTH,TEH,MRI, PET and/or CT scan can be used to detect cardiac tumours

• transvenous and open biopsy offer definitive diagnosis when required
• once delected,CT or PET scans screen for distant metastasis while cardiac MRI helps determine

suitability for surgery
• coronary angiography determines presence of concomitant CAD and neoplastic involvement of

coronary vasculature

Figure 45. LVAD
+
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Physiological Consequences of Cardiac Tumours
• systemic or pulmonic embolization
• symptoms of HI' due to obstruction of circulation
• regurgitation due to interference with heart valves
• myocardial invasion causing impaired left ventricular function, arrhythmias, heart block, or

pericardial effusion
• constitutional or systemic symptoms

Subtypes of Cardiac Tumours by Location
• right atrial tumours

• may obstruct blood flow and present with symptoms similar to those of TS and right HI-'
• fragments from right atrial tumours may cause pulmonary emboli
• tumours affecting the AV node can cause heart block

myxomas are one of the most common
• right ventricular tumours

• can induce right-sided HF by interfering with filling or outflow from the KV
• may obstruct blood flow or beget I K and, as a result, simulate mitral valve disease and produce

HF or secondary pulmonary HTN
• left atria] tumours

• may release tumour fragments or thrombi into the systemic circulation
myxomas are one of the most common

• left ventricular tumours
• intramural left ventricular tumours may induce arrhythmias or conduction defects
• intracavitary tumours can present with systemic embolization or outflow obstruction

may ultimately result in left ventricular failure
• valvular tumours

• papillary fibroelastomas are most common, equal incidence at AV and semilunar valves
asymptomatic until sentinel events such as distal embolization and coronary ostial obstruction
resection and repair of the valvular tissue is preferred over valve replacement

• pericardial tumours
• includes lipomas and metastatic tumours
• external compression of the heart as a result of both mass effect and propensity to generate

pericardial effusions

Subtypes of Cardiac Tumours by Histopathology
• benign tumours

• roughly 75% of cardiac tumours are benign
• myxomas make up the majority of benign cardiac tumours and they most commonly arise in the

LA
in patients over age 16, the three most common primary tumours are myxomas (50%), lipomatous
tumours (21%), and papillary fibroelastomas (16%)
in patients under age 16, the four most common tumours are rhabdomyomas (55%), teratomas
(16%), fibromas (10%),and myxomas (10%)
myxomas should be surgically resected to minimize the risk of cardiovascular complications,
including embolization

• primary malignant cardiac tumours
sarcomas are the most common form of primary malignant cardiac tumours (75%)
these tumours progress rapidly and can infiltrate the myocardium, obstruct circulation, and
release metastatic cells
prognosis dictated by anatomic location as opposed to histopathology
right-sided tumours are more invasive and metastasize earlier than left-sided ones

• although the recommended treatment strategy is surgical resection when possible, these tumours
are likely to recur
a combination of chemotherapy and surgical resection for primary cardiac sarcomas prolongs
survival as compared with either surgery or chemotherapy alone

• metastatic involvement of the heart
metastatic cancer cells may reach the heart through hematogenous spread, direct invasion,or
tumour growth through the venae cavae into the RA
incidence is highest in external layers of heart and reduced toward luminal layers, reflecting
seeding through the coronary arteries and direct extension of adjacent thoracic tumours
when a cancer patient develops cardiovascular symptoms,cardiac or pericardial metastases
should be suspected

• although most metastases are asymptomatic, the most common symptom is pericardial effusion
with or without tamponade

+
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Valvular Heart Disease
• see the 2020 American College of Cardiology (ACC)/American Heart Association (AHA) Guideline for

the Management of Patients with Valvular Heart disease and the 2017 AHA/ACC focused Update of
the 2014 AHA/ACC Guidelines for the Management of Patients with Valvular Heart disease for details

Infective Endocarditis
• see Infectious Diseases.11)15
• American Heart Association (AHA ) 2007 guidelines recommend Hi prophylaxis

only for patients with:
prosthetic valve material
past history of IE
cyanotic CHD
cardiac transplant recipients who develop valvulopathy

« only for the following procedures:
dental
respiratory tract
procedures on infected skin/skin structures/MSK structures
not Gl/GU procedures specifically

Rheumatic Fever
• see Paediatrics. P65

Prognosis
• acute complications: myocarditis (DCM/CHP), conduction abnormalities (sinus tachycardia, AFib),

valvulitis (acute MR), acute pericarditis (not constrictive pericarditis)
• chronic complications: rheumatic valvular heart disease fibrous thickening, adhesion, calcification of

valve leaflets resulting in stenosis/regurgitation, increased risk of IE ± thromboembolism
• onset of symptoms usually after 10-20 yr latency from acute carditis of rheumatic fever
• mitral valve most commonly affected

Twenty-Year Outcome After Mitral Repair Versus
Replacement lor Severe Degenerative Mitral
R egurgitation: Analysis of a large.Prospective,
Multicenter. International Registry
Circulation 2011;135:410-22
Purpose: Analyze very-long term outcomesafter MY
repair and replacement lor degenerative MR with a
Rail leaflet.
Methods: Employing the Mitral Regurgitation
International Database, outcomes after MV repair
and replacement were anatyred by propensity score
matching and by inverse piobability of treatment
weighting.
Results: Operative mortality was lower after MV
repair than replacement in the propensity-matched
population (0.2% vs.4.4%; P- 0.001|and 20 -y r
survival was better after MV repair than rep'acement
<i the same popu lahon (41% vs. 24%; P<0.001|. MV
repair wasalso associated with a red.ced rate ot
vatrular complications.
Conclusions: MV repair was associated with lower
operative mortality, better 20-yr survival and lower
complication rates than MV replacement, in patients
with degenerative mitral regurgitation with a flail
leaflet.

Valve Repair and Valve Replacement
• indication for valve surgery depends on the severity of the pathology: typically recommended when

medical management has failed to adequately clear the infection or improve symptoms
• surgical valve repair: surgical valvuloplasty (commissurotomy, annuloplasty), chordae tendineae

repair, tissue patch
• surgical valve replacement: typically for aortic or mitral valves only; mitral valve repair is favoured in

younger individuals (and patients with MVP with severe MR)
• surgical decision between mechanical vs. bioprosthetic prosthesis for patients 50-70 v/o remains

uncertain as valve techniques evolve

Choice of Valve Prosthesis

Table 17. Mechanical Valve vs. Bioprosthetic Valve vs. Pulmonary Autograft-Ross Procedure
Mechanical Valve Bioprosthetic Valve Pulmonary Autograft in Aortic

Position (Ross Procedure')

Good durability Limited long term durability (mitiafaorlic) Only aortic valve replacement that restores
life expectancy to the age- and sex-matched
general population

Closest flow profile lo native aortic roots
low risk of thromboembolism

less preferred in small aorlic root sites
Increased risk ol thromboembolism (1-3%/
yr ): requires long-term anticoagulation with
coumadin

Good flow in small aorlic root sires
Decreased risk olthromboembolism: long -
term anticoagulation notneeded for aortic
valves

Target INR - aortic valves: 2 0 3.0 (mean 2.5); Some recommendation lor limited
anticoagulation for mitral valves
Decreased risk of hemorrhage
>65 yr tor both aorlic and mitral valves

No anticoagulation required, enables higher
activity and straightforward pregnancies

I Lw risk of hemorrhage

Classically in children and young adults <50 yr

mitral valves: 2.S-3.5 (mean 3.0) r
LJ

Increased riskol hemorrhage:1-2%/yr
<50 yr for aortic valves and <65 for mitral
valves

‘should only be performed In high volume centers with extensive experience in aortic root procedures and the Ross operation +
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Prosthetic Valve Management
Ross Operation

• En bloc removal of a patient's native
pulmonary root with valve (autograft)
and transposition of the autograft
into the aortic position to a replace
a diseased aortic valve that cannot
be spared. The RVOT is then reconstructed with
a prosthetic valve, most commonly a
cryopreserved pulmonary homograft
(human donor)

• With proper technique, mitigation of
risk factors for early graft failure, and
strict postoperative blood pressure
control, the pulmonary autograft
adapts to the hemodynamics of the
LVOT and left heart with low rates of
reintervention. Despite being more complex than
isolated aortic valve replacement,
morbidity and mortality arc
comparable to AVR with
bioprosthesis or mechanical valves
when done in experienced centres

Management and Follow-Up
• follow-up:dependent on valve type, residual heart disease, and clinical factors

TTE after prosthetic valve implantation to assess hemodynamics and ventricular function
if/when clinical symptoms or signs of prosthetic valve dysfunction arise, repeat TTE;
additional investigations may be warranted if high clinical suspicion is present

TTE at 5 yr, 10 yr, and then annually thereafter is reasonable in otherwise asymptomatic
patients with a surgically implanted bioprosthetic valve (if transcatheter implantation was
used, annual TTE following the procedure is reasonable)

optimal dental care and endocarditis prophylaxis are required
• antithrombotic therapy: risk of bleeding must be considered and balanced whenever using/increasing

any antithrombotic therapy
• for patients with a mechanical valve, use anticoagulation with a vitamin K antagonist and INK

monitoring
• for patients with a bioprosthetic TAV1,bioprosthetic SAVR,or mitral valve replacement, short

term other antithrombotic oral anticoagulation or antiplatelet therapies may be indicated

Prosthetic Valve-Related Complications
• prosthetic valve dysfunction

no known medical therapies to prevent bioprosthetic or mechanical valve degeneration
« etiology:tissue degeneration, pannus formation, IE, thrombosis

presentation: prosthetic vascular stenosis or regurgitation
• investigations and treatment: depend on the type/severity of pathology, as well as patient

characteristics (see below)
• thromboembolic events Mechanical or Biological Prostheses for Aortic-

Valve and Mitral-Valve Replacencnt
NUM 2011:317:184? «
Purpose: lo elucidate inferences in nechmlcal
n.biological prostheses in aortic-an) mitral-valve
replacements.
Methods:Patients who underwent primary
aortic-valve or mitral-valve replacement in California
m Ihe period from IMS 2013 were analysed.
Outcomes included long-term mortality and rales of
re-operation, stroke, and bleeding.
Results: In aortic-valve replacement, biologic
prosthesis wasassocialed with higher IS- yr mortality
than mechanical prosthesis among patients aged
45-54 yr (30.6% vs.26.4%), but not among patients
aged 55-64 yr.lo mitral-valve replacement, biologic
prosthesis wasassocialed with higher mortality than
mechanical prosthesis among pa bents aged 40 49
yr (44% vs. 21%).and among those aged 60-69 yr
(50.0% vs.45.3%).
Conclusion: The long term mortality benefit from
mechanical versus biologic prosthesis persisted until
20 yi among mitral-valve replacement patients, and
nntil 55 yr ameng aoibc-valve replacement patients.

ensure to assess anticoagulation adequacy, time spent in therapeutic range: rule out infective
endocarditis; screen for new-onset A!'; consider other sources of a potentially underlying
hypercoagulable state
patients with a mechanical aortic/mitral valve that were in therapeutic INR range on a vitamin K
antagonist at the time of event:consider increasing INR goal or adding low-dose daily aspirin
patients with a bioprosthetic aortic/mitral valve that were on antiplatelet therapy at time of event:
consider switching to vitamin K antagonist anticoagulation

• valve thrombosis
mechanical valve thrombosis (generally a subacute-acute event):

often associated with inadequate anticoagulation; leads to rapid valve dysfunction- recurrent thrombosis can be associated with pannus ingrowth
symptoms/signs/presentation: rapid onset of symptoms, acute pulmonary edema,stenotic
murmur, muffled closing clicks

investigations: urgent multimodal imaging (TTE, TEE, fluoroscopy and/or multidetector CT
imaging)
treatment: if thrombosed valve is left-sided and symptoms of valve obstruction are present,
treat urgently with either fibrinolytic therapy or emergency surgery

• bioprosthetic valve thrombosis
most common in first 3 mo post-implantation; bioprosthetic valves are less thrombogenic
than mechanical valves

investigations:TTE or TEE or 4D CT imaging in suspected patients
treatment: if suspected or confirmed, treatment with a vitamin K antagonist is reasonable
(assuming hemodynamically stable and no contraindications)

• graft dysfunction after Ross operation
etiology:autograft dilatation and RVOT conduit stenosis and/or regurgitation

autograft within LVOT requires reintervention more often than pulmonary homograft within
RVOT

presentation:aortic regurgitation, pulmonary stenosis, pulmonary regurgitation,aortic root
aneurysm
investigations: echocardiography, MRI if aneurysmal root
treatment: when done in expert centers reintervention results in low mortality

» autograft dilatation: reoperation (autograft is spareable in majority of cases and survival
advantage is still preserved)
RVOT' graft dysfunction: transcatheter pulmonary valve replacement or surgical pulmonary
valve replacement (transcatheter is preferred) r

L J
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Summary of Valvular Disease
General Principles for Evaluating Valvular Heart Disease
• initial evaluation

history and physical: symptom severity, valve disease, comorbidities, HF presence and severity
• TI E (standard initial investigation): chamber size/function, valve morphology, severity of

valvular heart disease, impacts to pulmonary/systemic circulations- ECU: rhythm, LVH, LV function
• further testing if indicated/needed

• CXR:particularly useful for symptomatic patient; assesses for aortic and pericardial calcification,
intrinsic pulmonary disease, heart size and congestion of the pulmonary vessels

• TEE:assessment of mitral and prosthetic valve
• CMR: LV volume/function, aortic disease,severity of valvular disease
• PET CT: identification of infection/inflammation
• stress testing:exercise capacity
• catheterization: exercise- and drug-related hemodynamic responses, severity of valvular disease,

pressures within the heart and pulmonary' circulation
• future risk stratification

• biomarkers: surrogate measure for myocardial damage and filling pressures
• T EE strain: myocardial function

CMR: fibrosis
stress testing

• procedural risk:The Society of Thoracic Surgeons (STS) and TAVI scores
• frailty score

• preprocedural testing
dental exam: rule out sources of infection

• invasive coronary angiogram or CT coronary angiogram
• CT peripheral and cardiac (for transcatheter procedures)

Stages of Valvular Heart Disease
• stage A: at-risk (asymptomatic)
• stage B: progressive (mild-moderate severity; asymptomatic)
• stage C:asymptomatic, severe

• Cl:compensated LV or RV
• C2:decompensated LV or RV

• stage D:symptomatic severe

r n
L J
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Table 18. Valvular Heart Disease
Aortic Stenosis Aortic Regurgitation r
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DefinitionEtiology
Congenital (bicuspid,unicuspid valve),calcification|wear and tear),rheumatic disease
Definition/Stages
Stage A:asymptomatic; congenital abnormality,bicuspid or sclerotic valve;aortic Vmax <2 mis

Leakage of blood across the aortic valve into the LV (i.e.aortic insufficiency). May be primary or
secondary AR
Etiology

Stage B;asymptomatic:can be mild AS (Vmax 2.0-2.9 m/s or mean pressure gradient «20 mm Hg) Supravalvular:aortic root disease (Marfan syndrome,atherosderosisand dissecting aneurysm,
or moderate AS (Vmax 3.0-3.9 mis or mean pressure gradient 20-39 mm Hg)
Stage C:asymptomatic;can be severe AS (Vmax < 4 mis or mean pressure gradient - 40 mm Hg) or Valvular: congenital (bicuspidaortic valve,large VSD). IE
very severe AS (Vmax >5 m/s or mean pressure gradient >60 mm Hg)iIV dysfunction
Stage D:symptomatic:can be severe AS or very severe AS;criteria also exist for low-flow,low-
gradient AS with reduced LVEF and for low - gradient AS with either normal IVEF or paradoxical
low - flow severe AS
Pathophysiology

connective tissue disease)

Acute Onset: IE.aortic dissection, trauma, failedprosthetic valve
Pathophysiology
Volume overload *LV dilatation » increased SV.high sBPand low d8P * increased wall tension *
pressuie overload -* LVH (low dBP•decreased coionary perfusion)
Symptoms

Outflow obstruction * increased EDP •» concentric LVH -* LV failure CHF.subendocardial ischemia Usually only becomes symptomatic late in disease when HE symptoms.S0B0E,dyspnea.
Symptoms
Exertional angina,syncope,dyspnea.PHD. orthopnea,peripheral edema,exertional dyspnea,
decreased exercise tolerance,HF symptoms,presyncope,syncope
Physical Exam
Harrow pulse pressure,brachial-radial delay,pulsus parvus et tardus,sustained PMI
Auscultation:crescendo-decrescendo SEM radiating to right davideand carotid,musical guality at pathology):best heard sitting, leaning forward,on full expiration; soft S1.absent S2,present S3
apex (Gallavardin phenomenon).S 4.soft S2 with paradoxical splitting.S3 (late)
Investigations
ECG:LVH and strain.LB8B.LAE.AFib

orthopnea. PHD, syncope,and/or angina develop as a result of IV lailurc
Physical Exam
Waterhammer pulse,bisferiens pulse.femoral-brachial sBP >20 mmHg (Hill'stest:wide pulse
pressuie),hyperdynamic apex,displaced PMI.heaving apex
Auscultation:early decrescendo diastolic murmur at LLSB (cusp pathology) or RLSB (aortic root

(late)
Investigations
ECG:LVH.LAE

CXR:post stenotic aortic root dilatation,calcified valve,LVH.LAE.CHF
echo:etiology,valve area,valve morphology,hemodynamics.LV sice, systolic function,prognosis. echo/TIE:ctiologylscverity.quantify AR.leaflet or aortic root anomalies.IV sice, systolic function.

prognosis,timing of intervention
TEE.CMR.or cardiac catheterization if >moderate AR,suboptimal/inconsistent TIE:systolic
function,heart volumes,aortic site, AR severity
Cardiac catheterization lab|Cath lab): if >40 yr and surgical candidate - to assess for ischemic
heart disease
Exercise testing:hypotension with exercise
Treatment
Asymptomatic:serial echos,afterload reduction (e.g.ACEI.nifedipine,hydralazine)
Symptomatic:avoid exertion,treat CHF
Surgery il: symptomatic severe AR:chionic, severe AR with LVEF <55%;severe AR and otherwise
undergoing cardiac surgery;other specific situations
Surgical Options
Valve replacement
Valve repair
Bentall procedure: replacement of aortic root and valve

CXR:LVH, LAE.aortic root dilatation

timing of intervention
Other:low-dose dobutamine stress testing, CT imaging/aortic valve calcium score,and exercise
testing (contraindicatedil symptomatic)
Treatment
Calcific AS:statin based on standard risk score for atherosclerotic prevention
Stages A-C: treat HTH
Asymptomatic:serial echos (repealed based on seveiity).avoid exertion
Symptomatic:avoid nitrateslarterial dilatois and ACEI in severe AS
Proceduial intervention considered in stage D. stage C.and other specific situations
Procedural Options
SAVR:if <65 yr old and >20 yr life expectancy,or if 1AVR contraindication
- Conduct prior to pregnancy (if AS significant)
TAVR: if >80 yr old.if <10 yr life expectancy, or if high/piohibitive surgical risk
If patient between 65- 80 yr old.decision between SAVR or 1AVR is catered to specific patient
Percutaneous aortic balloon dilation:bridge to AVR in critical patients

r m
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Table 18. Valvular Heart Disease
Mitral Stenosis Mitral Regurgitation
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Etiology
rheumatic disease (most common),non-rheumatic calcilication. congenital
Definition
Severe MS:mitral valve area (MVA)"1.5cm2.diastolic pressure half-time >150 ms
Pathophysiology
MS » fired CO and LAE -•increased LA pressure -•PVR and CHF; worse with AFib (no atrial kick),
tachycardia (decreased atrial emptying time) and pregnancy (increased preload)
Symptoms
S060E.orthopnea, fatigue, decreased exercise tolerance,palpitations,peripheral edema,raalai
Hush,pinched and blue lacies (severe MS)
Physical Exam
Af ib, left parasternal lift,palpable diastolic thrill at apex:if AFib.no “a* wave on JVP;if sinus,
piominenl “a” wave may be found on JVP
Auscultation:mid diastolic rumble atapex;best heard with bell in left lateral decubitus position
following exertion:loud S1,OS following loud P2 (heard best during expiration),long diastolic
murmur,and short A2 OS interval correlate with worse MS
Investigations
ECO: HSR , AFib, LAE (Pmitrale).RVH.RAD
CXR:LAE.CHF,mitral valve calcification
echo/ TTE: diagnosis/severity,hemodynamics,valvular lesions, valve analomy/morphology.LA
thrombus if percutaneous mitral balloon commissurotomy being considered
Exercise testing:rheumatic MS and resting echo inconsistent with symptoms
Cath lab:if concurrent CAD and patient >40 yr (male) or >50 yr (female)
Treatment
Avoid exertion,fever (increased LA pressure):treat AFib and CHF; increase diastolic filling time
O-blockers. digitalis)
Vitamin K antagonist anticoagulation: in rheumatic MS if AF.previous embolism, or LA thrombus
Heart rate control (for some patients)
Intervention if: symptomatic,severe MS
Invasive Options
Percutaneous mitral balloon commissurotomy (PMBC):symptomatic, severe rheumatic MSwith
acceptable morphology.< moderate MR.and no LA thrombus (may be reasonable in other specific
situations)

Etiology
MVP.congenital dell leallets. IV dilatationiancurysm (CHF.DCM.myocarditis).IE abscess.Marfan's
syndrome,HOCM.acute Ml.myxoma,mitral valve annulus calcification,chordae/papillary muscle
traumafischemia/rupture (acute),rheumatic disease,leaflet perforation
Definition
Leakage of blood across the mitral valve from the LV into the LA; can be primary or secondary. Can
use Carpenlier 's classification
Pathophysiology
Reduced CO * increasedIV and LA pressure* LV and LA dilatation » and pulmonary HID
Symptoms
Dyspnea.PND,orthopnea,palpitations,peripheral edema,decreased exercise tolerance,SOBOE
Physical Exam
Displaced hyperdynamic apex, left parasternal lid.apical thrill
Auscultation:holosystolic murmur atapex radiating to axilla * mid diastolic rumble,loud S2 (if
pulmonary HTN).S3
Acute MR:sudden acute and hemodynamic instability (possibility duringfpost Ml)
Investigations
ECG: LAE, left atrial delay (bifid P waves),* LVH
CXR:LVH.LAE,pulmonary venous HTN
echo/TTE: etiology and severity of MR.LV/RV function,leaflets,pulmonary artery pressure,
vegetations/abscesses,papillary musdc/choidal rupture. LA sice,mitral valve apparatus, extent
of remodelling
TEE:can be helpfulwith acute MR or if considering transcalheter interventions:also used when TTE
findings are insufficient/inconsistent; assess for MR severity/mechanism and IV function
Swan Gant Catheter:prominent LA "v" wave
Other:CMR,exercise testing,stress nudear/PET,stress echo,and serum biomarkers/novel
measurement of LV function
Treatment
Acute MR: vasodilator therapy (use limited by systemic hypotension):intra aortic balloon counter
pulsation or percutaneous circulatory assist device may be employed
Asymptomatic:serial echos
Guideline directed management and therapy lor patients with severe MR andIVsystolic
dysfunction or HFrEF (e.g.ACEt.ARBs,beta blockers, aldosterone antagonists.ARNIs, biventricular

Mitral valve surgery (repair,commissurotomy,or replacement):symptomatic,severe rheumatic MS pacing)
with contraindicalion/limited access for PMBC.previous failure of PMBC,or otherwise undergoing intervention if:acute MR with CHF,papillary muscle rupture;severe MR with symptoms or LV
cardiac suigery (note: lestenosis in 50% of patients In 8 yr after open mitral commissurotomy)
Nonrheumatic,calcific MS: if severe MS and severe symptoms,valve intervention can be
contemplated pending discussion with patient abouthigh procedural risk

systolic dysfunction;AFib;increasing LV siiefprcsence of IV dilatation:pulmonaiy hypertension;
decreasing exercise tolerance:can be reasonable in other situations if low mortality risk (<1%) and
high probability of successfut/durable repair (>95%) or if otherwise undergoing CABG
Procedural Options
Mitral valve surgery (preferably repair) is indicated and lifesaving in acute, severe,symptomatic,
primary MR
Valve repair (preferred over replacement if degenerative disease is the etiology):>75%of patients
with MR and myxomatous MVP - annuloplasty rings, leaflet repair,chordae translers/shorteningf
replacement
Valve replacement if: failure of repair,heavily calcified annulus
Advantage of repair:low rate of endocarditis,no anticoagulation,less chance of re-operation
Transcalheter cdgclo-edgc repair (TEER): reasonable in patients with severe, symptomatic
primary MR with high/prohibitive surgical risk or in severe,symptomatic secondary MR if
associated with LV dysfunction
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Table 18. Valvular Heart Disease
Tricuspid Stenosis Tricuspid Regurgitation :
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Etiology
Rheumatic disease, congenital,carcinoid syndrome,fibroelastosis;usually accompaniedby MS
(in rheumatic heart disease), autoimmune disorders,atrial mysomas, blunt trauma,mctastascs,
congenital,drug-associated valvulopathy
Definition
Tricuspid orifice narrowing:blood flow from the RA into the RV is obstructed
Pathophysiology
Increased RA pressure•right HF » CO decreased and fined on exertion
Symptoms
Peripheral edema, fatigue,palpitations
Physical Exam
Prominent “a* waves in JVP.positive abdominojugular reflux. Kussmaul's sign,
diastolic rumble 4th left intercostal space
Investigations
ECG: RAF

Etiology
RV dilatation.IE (particularly due to IV
drug use), rheumatic disease,iatrogenic (deviceleads,endomyocardial biopsy),congenital
(Ebstein's anomaly),pulmonary HTN.RV overload, DCM.annular dilation,leaflet tethering.RA
dilatation,ischemic heart diseases, other (trauma,carcinoid,drugs,irradiation)
Definition
leakage of blood across the tricuspid valve(i.e.bicuspid insufficiency):can be primary or
secondary
Pathophysiology
RV dilatation -» TR (and further RV dilatation)-* right HF
Symptoms
Peripheral edema, fatigue,palpitations.SOBOE.ascites
Physical Exam
elevated JVP.“cv" waves in JVP.positive abdominojugular reflux,holosystolic murmur at LLSB
accentuatedby inspiration,left parasternal lift.
Investigations
ECG:RAE, RVH.AFib

CXR: dilatation of RA without pulmonary artery enlargement
echo:diagnostic
Cardiac catheterization: large R A “a"wave (12-20 mm Hg); diastolic,mean pressure gradient of 4 -8 CXR:RAE, RV enlargement
mm Hg (Increased RA pressure with a slow decrease in early diastole * diastolic pressure gradient echofllE:diagnostic - assess lor ctiology/severity of TR. IVC and right heart sice. RV systolic
is classic for 1$)
CMR:RV sice/function

function, left -sided disease and pulmonary artery systolic pressure
Invasive measurements (to address inconsistencies):cardiac index,right-sided diastolic pressure,
pulmonary artery pressures,pulmonary vascular resistance,ventriculography
Treatment

Treatment
Preload reduction (diuretics) for severe,symptomatic IS (caution:may exacerbate low oulpul)
Treatunderlying etiology
Slow HR

Preload reduction (diuretics):reasonable if right -sided HF related to severe TR
Therapies to treat HF etiology reasonable if right-sided HF related to severe secondary TR

Surgery: usually performed at time of other cardiac surgery (e.g.mitral valve surgery for rheumatic Surgery if:severe TR (stages C and D) and undergoing cardiac surgery for a left-sided valve:can be
reasonable inother specific situations.
Surgical Options
Annuloplasty (i.e.repair:rarely replacement)

MS)
Surgical Options
Valvotomyusing13 balloons
Valve surgery:repair or replacement (open or transcatheter options for replacement)
Usually bicuspid surgery favoured over percutaneous balloon tricuspid commissurotomy or
valvuloplasty

Pulmonary Stenosis Pulmonary Regurgitation
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Etiology
Usually congenital, rheumatic disease (rare),carcinoid syndrome
Definition
Stiffening/narrowing of the pulmonic valve:blood llow into the pulmonary artery from the RV is
obstructed
Pathophysiology
Increased RV pressure *RVH* right HF
Symptoms
Chest pain,syncope, fatigue,peripheral edema
Physical Exam
Systolic murmur at 2nd left intercostal space accentuated by inspiration; pulmonary ejection click;
right-sided S4
Investigations
ECG: RVH
CXR: prominent pulmonary arteries, enlarged RV
echo:diagnostic
Treatment
Balloon valvuloplasty if severe symptoms
Surgical Options
Percutaneous or open balloon valvuloplasty

Etiology
Pulmonary HIH, IE. rheumatic disease, tetralogy of Fallot (post-repair),defective valvular
coaptation,annular dilatation, fibrinoid deposits
Definition
Insufficient closure of the pulmonicvalve during diastole:reversal of flow into the RV
Pathophysiology
Increased RV volume » Increased wall tension -* RVH -•right HF
Symptoms
Chest pain,syncope, fatigue,peripheral edema
Physical Exam
Early diastolic murmur al USB:Graham Stecll (diastolic) murmur at 2nd and 3rd lell intercostal
space (increasing with inspiration)
Investigations
ECG:RVH
CXR: prominent pulmonary arteries if pulmonaiy HTH;enlarged RV
echo:diagnostic
Treatment
Rarely requires treatment:valve replacement (rarely done)
Surgical Options
Pulmonary valve replacement

rt
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Table 18. Valvular Heart Disease
Mitral Valve Prolapse 04
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Etiology
Myxomatous degeneration ol chordae: thick, bulky leaflets that crowd orifice:associated with
connective tissue disorders: pectus excavatum;straight back syndrome,other MSK abnormalities;
<3% of population
Definition
Valve lea(let|s) prolapse into the U;common cause of MR. (i.e.dick-murmur syndrome,Barlow's
syndrome, billowing mitral valve leaflets, or floppy valve syndrome)
Pathophysiology
Mitral valve displaced into LA during systole:no causal mechanisms found for symptoms.Generally
benign;however,presentation may he withsudden cardiac death,infective endocarditis,or
cerebrovascular accident
Symptoms
Can he asymptomatic. May have prolonged, stabbing chest pain or atypical chest discomfort;
dyspnea; anxietyi'panic attacks;palpitations: fatigue:presyncope.S060E.exercise intolerance;
low blood pressure:syncope; orthostasis;mood changes:syncope
Physical Exam
Auscultation:mid-systolic dick (diagnostic - due to billowing of mitral leaflet into LA and tensing of
redundant valve tissue); followed by a mid to late systolic murmur at apex (murmur accentuated by
Valsalva and diminishedwhen patient squatting)
Investigations
ECG:non-specific ST-T wave changes,paroxysmal SVT,ventricular edopy
echo:diagnostic - systolic displacement of mitral valve leaflets above mitral annulus into LA:
assess mitral valve leaflet thickness
Cardiac calhcleritalionflefl ventriculography: if inconsistent clinical and echo findings; sometimes
picks up MVP incidentally
Treatment
Asymptomatic:often no treatment:reassurance.If MR associated, follow-up annually;if not.
follow-up q3- 5 yr
Sinus rhythm and high-risk MVP:aspirin may be considered
Systemic embolism,recurrent IIAs despite aspirin, ischemic stroke, or Afib: anticoagulation
Symptomatic: 8-blockers and avoidance of stimulants (e.g.caffeine) of significant palpitations;
anticoagulation if Afib
Surgical Options
Mitral valve surgery (repair favoured over placement): if symptomatic and significant MR;may be
reasonable If asymptomatic with MR and systolic HF
Iranscatheter mitral valve repair considered if high/prohibitive surgical risk
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Figure 47. Hemodynamics of aortic stenosis
Stenosis across the aortic valve results in the
generation of a significant pressure gradient
between the LV and the aorta, as well as a
crescendo-decrescendo murmur during systolic
contraction. The stenosis decreases the intensity
of aortic valve closure,hence diminishing S2

Figure 48. Hemodynamics of aortic
regurgitation
Regurgitation across the aortic valve during
diastole causes the aortic pressure to rapidly
decrease and a decrescendo murmur can be
heard at the onset of diastole (after S2). The
presence of regurgitant blood from the aorta
increases LV end diastolic volume

Figure 49. Hemodynamics of acute mitral
regurgitation
During systolic contraction, blood regurgitates
from the LV into the LA across the incompetent
mitral valve resulting in a short but audible
holosystolic murmur between S1 and S2. The
portion of left ventricular end diastolic volume
that regurgitates into the LA myocardium
increases left atrial pressures resulting in a tall
V-wave (in the JVP). Severe, acute MR usually
results in acute hemodynamic decompensation
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Transcatheter (TAVR ) or Surgical (SAYS) Aortic-
Valve Replacement in Intermediate disk Patients
{ PARTNER IITrial)
NEJH 2016:374:1609-1620
Purpose: To determine il TAVR and SAVO result m
different survival rates amongintermediate-risk
patients with AS.
Methods : Patients with AS were randomred to
either TAVR |IM011) or to SAVR |n-102lT The primary
endpoint was death Irom any cause or disabling
stroke at 2 yr.
Results: The death rate Irom any cause or drsablng
stroke was sim tar in the IAYR and SAVR groups
(P'0.001for non inferiority). In the translemoral-
access cohort TAVR resulted m a lower rate of death
or disadkng stroke than SAVR did (P'0.05). In the
transthoracic-access cohort, similar outcomes were
obserred in the TAVR and SAVR groups. TAVR resulted
in larger aortic valve are as and lower rates of AKI.
severe bleeding, and new onset AFib.Fewer major
vascular complications and less paravahrular AR were
observed in patients who underwent SAVR.
Conclusion: In intermediate-risk pabentswith AS.
TAVR an d SAVR resulted in similai rates of all-cause
mortality and disabling stroke.
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Figure 50. Hemodynamics of mitral stenosis
First note that the left atrial pressure exceeds the left ventricular pressure during diastole due to MS and there is
a consequent generation of a pressure gradient across the LA and LV. In diastole, the stenotic mitral valve opens
(which corresponds to the OS) and the passage of blood across the MS results in an audible decrescendo murmur.
Left atrial contraction prior to S1 increases the pressure gradient resulting in accentuation of the murmur before S1
is audible

See landmark Cardiac Thais for more information on
PARTNER III which details Ihe outcomes of law - r.sk
patients who underwent TAVR or surgical aortic-valve
replacement.

Pericardial Disease
Anterior leaflet laceration to Prevent Ventricular
Outflow Tract Obstruction During Transcatheter
Mitral Valve Replacement (IAMP00N)
J Am Coll Cardiol. 2019 Jut 30:?4|4|:59S
Background: Traiacathether mitral valve
replacement (1MYR) is routinely employed in patients
with valvular disease who are unsuitable foi open
surgical interventions.Ihe primary complication
of tins procedure is IV0Iobstruction as a result
of the anterior mitral leaflet impinging on the
interventricular septum.
Purpose lo study intent one iteration ol the
anterior mitral valve leaflet (IAHP00HI alongside
IMVR to prevent the tomplication ot LV01obstruction.
Methods: Between June 20IJand June 2018, 30
patients with severe MRIMS.hgh surgical risk, and
prohibitive risk of IV0T obstruction,underwent
IMVR with LAMPOON.Ihe pr mary outcomes were
technical success fur TMVR and LAMPOON (successful
laceration) procedures. IV0Igradient <30 mmHg.
freedom from emergent re-intervention,and
procedural mortality.
Nesults: Ihe IAMP00N laceration was deemed
successful in 1001of enrolled patients. 100% of
patients survived immediately post-procedure, with
93% suinving 30 d after discharge. 90% of patients
had an LVOI gradient <30 mmHg (optimal range) after
IMVR.with 100% of patients showing LV0T gradient
<60 mmHg (acceptable range). Ihe procedural
success rate was 73% from tie remaining 22 subjects.
Conclusions: In die studied population.LAMPOON
mitigates the risk of IV0I obstruction with IMVR.
LAMPOON is technically leasibleand serves to enable
IMVR 1patients otherwise deemed ineligible due to
prohibitive risk olIVOI obstruction.

Acute Pericarditis
Definition
• syndrome involving the inflammation of the pericardium that may present with or without a

pericardial effusion
• pericarditis can be divided into:

• acute (<4-6 wk )
• incessant (>4-6 wk with no remission)

recurrent (symptom-free remission period of 4-6 wk followed by new onset of pericarditis-
associated signs and symptoms)
chronic (>3 mo)

Etiology of Pericarditis/Pericardial Effusion
• idiopathic is most common ( presumed to he viral )

searching for and identifying the etiology is not required in all patients; in nations with low TB
prevalence, the most common causes of pericarditis are generally benign

infectious only approximately 14%
viral: Coxsackie virus A, B (most common), echovirus. Parvovirus B19, Epstein-Barr virus

• bacterial; S. pneumoniae, S. aureus, B. burgdorferi , M. tuberculosis
HIV

• fungal : histoplasmosis, blastomycosis
• post-Ml: acute (direct extension of myocardial inflammation, 1 -7 d post-Ml ), Dressler’s syndrome

(autoimmune reaction , 2-8 wk post-Ml)
• post-cardiac surgery (e.g. CABCi ), other cardiac procedures (e.g pacemaker insertion or TAVR ), or

other trauma
• metabolic: uremia (common ), hypothyroidism
• neoplasm: Hodgkin’s, breast, lung, renal cell carcinoma, melanoma, lymphoma
• collagen vascular disease: SLE, polyarteritis, rheumatoid arthritis, scleroderma
• vascular: dissecting aneurysm
• other: drugs (e.g. hydralazine), radiation, infiltrative disease (e.g. sarcoidosis), vaccination (e.g.

smallpox)
• autoimmune diseases
• immune checkpoint-inhibitor-associated pericarditis (severe; requires immunosuppressive therapy)
• seel-'igure 51, C62 for a proposed approach to triaging pericarditis
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Pericarditis?
( physical examination, ECG. chest x-ray,

echocardiogram, CRP, troponin ) Phase 3 Trial ollnterleukin-1 Trap Rilonacept in
Recurrent Pericarditis (RHAPSODY )
HEIM 2021:384:3141
Purpose: Evaluate the efficacy and safety of
rilonacept , an interifukir.-la and theytokine trap, at
a mediator ol recurrent pericarditis.
Methods: Patentswith acute symptoms of
recurrent pericarditis and systemic inflammation
(elevated CPP lenel|were enrolled in a 12- wtr rua - in
period, during winch lilonacept was in dialed and
background mediations discontinued.Patients
were randomized fid rat D) to receive continued
rilonacept monotherapy or placebo, administered SO
once weekly. Ihe primary endpoint was recurrence of
pericarditis symptoms.
Results: During the randomiied w thdrawa! period,
there weic too few recurrences in ihe rilonacept
group to calculate median recurrence lime. In the
placebo group, median recurrence1me was8.S wk
|95\ Cl 4.0 toll.7; haia id ratio 0.04:95% Cl O.OIto
0.18:P- 0.001). Outing this period.2 of 30 patients
(7%) in the rilonacept group had a pericarditis
recurrence, as compared to 23 of 32 patients (74% ) in
tteplacebogroop.
Conclusion: Among patients with lec orient
perxarditis, rilonacept ltd to faster resolution of the
current episode and lower recurrence.

1No Yes
T V

Diagnostic criteria not satisfied Specific etiology highly suspected
Search for alternative diagnoses or any predictor of poor prognosis

Yes 1 Empiric trial with NSAID No
Predictors of Poor Prognosis

Major
• Fever >39C
•Subacute onset
• Large pericardial effusion
• Cardiac tamponade
• Lack of response to ASA or
NS AIDs after at least a week
ol therapy

V T
High Risk Cases

Admission and etiology
search ( major or minor

prognostic predictor)

Non-High Risk Cases
No admission and etiology search

Response to NSAIO?

No Yes
£ I

Moderate Cases
Admission and etiology search

Low Risk Cases
Outpatient follow-upMinor

* Myopericarditis
• Immunosuppression
•Trauma
* Oral anticoagulant therapy CRP = C-reactrve protein

Proposed triage of acute pcricaditis accordint to epidemiological background and predictors of poor prognosis at presentation. At least
one predictor of poor prognosis is sufficient to identify a high risk case. Maior criteria have been validated by multivariate analysis,
minor criteria are based on expert opinion and literature review. Cases with moderate risk are defined as cases without negative
prognostic predictors but incomplete or lacking response to non-steroidal anti-mflammatory drug ( NSAID ) therapy. Low risk cases
include those without negative prognostic predictors snd good response to anti- inflammatory therapy Specific etiology is intended as
non -idcopathic etiology

Figure 51. Proposed triage of pericarditis

Clinical Presentation, Investigations, and Diagnosis
• 2 of the following 4 needed for diagnosis

1. chest pain
sharp, rapid onset ( may be dull or throbbing)
pain commonly radiates to the trapezius ridge
pleuritic; pain related to inspiration, coughing, and potentially hiccoughs
improves with sitting up/ leaning forward

2. pericardial friction rub
with patient leaning forward or on elbows and knees, friction rub heard on left sternal border
classically triphasic; may be mono- or biphasic
varies in intensity over time; repeated examinations necessary
highly specific finding

3. ECG changes (only about 60% of patients have sequential changes)
stage 1: PR depression and generalized ST elevation (a generally specific finding but up to 40%
have nondiagnostic and atypical changes)
stage 2: stage I findings reversed;|points on baseline prior to flattening of T waves
stage 3: inversion of T-waves
stage 4: all changes normalized
changes noted on ECG can be localized or diffuse; PR depression may he the only sign

4. pericardial effusion ( new or worsening)
• other physical exam findings:+ malaise, ± sinus tachycardia, ± low-grade fever, ± non-cardiac

findings if the acute pericarditis is related with a systemic condition (e.g. rash, arthritis, weight loss,

night sweats)
• other investigations may aid in diagnosis/monitoring

• biomarkers/inflammatory markers
cardiac-specific troponin 1 or T elevation (£30% of patients) -evidence of myocardial
involvement (could be myopericarditis or perimyocarditis). Imaging modalities such as echo
or CM K may also provide evidence of myocardial involvement
elevated CRP, ESR, and /or WBC count found in majority of patients, but not sensitive or
specific (elevated high-sensitivity CRP can predict recurrence risk)

• imaging
• CXR

- usually normal heart size (effusion >300 mL needed to increase cardiothoracic index)
- patients with a new/unexplained increase in heart size should he worked up for acute

pericarditis (especially when lung fields are clear)
- may demonstrate evidence of pleuropericardial involvement in the setting of

pleuropulmonary disease
- cause of pericarditis can sometimes be identified

r -i
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echo:often the only necessary modality for imaging (THE > T I E) -» normal in 40%- applications include:
- identifying pericarditis-associated complications (e.g.cardiac tamponade,

constrictive pericarditis) or components of myocarditis (e.g. ventricular
dysfunction)

- monitoring pericardial effusion and efficacy of therapy
- providing real-time evaluation during pericardial drainage

( MR, CT may also have applications in the setting of pericarditis; assess for inflammation of
pericardium

•differential diagnosis includes:Takotsubo syndrome, Ml, myocarditis

Prognosis
•based on etiology (e.g. overall good prognosis = idiopathic/viral pericarditis (although significant

recurrence risk), pericarditis with myocardial involvement; purulent and neoplastic pericarditis have
a reported mortality rate between 20-30%)

negative prognostic factors:subacute onset, fever >38°C, >20mm pericardial effusion on echo,
tamponade, lack of response following 1 wk of anti-inflammatory treatment -» hospitalize
patients with these factors and those with an elevated tamponade and/or constriction risk

minor negative prognostic factors:oral anticoagulation, trauma, immunosuppression

Treatment
•treat the underlying disease
•anti-inflammatory agents remain the mainstay for treatment (e.g. NSAIDs/ASA)

ketorolac may be employed in patients with severe pain or patients unable to take oral
medication; use should be limited to 5 d

•colchicine may reduce symptom persistence and recurrent rates
•corticosteroid use is controversial but may be indicated in patients with incomplete response, failure

of other anti-inflammatory medications, and/or other indicated situations (e.g. autoimmune disease-
associated or immune checkpoint inhibitor-associated pericarditis)

•purulent pericarditis (rare but life-threatening): pericardial drainage and antimicrobial therapy
catered to the culprit etiologic agent and /or local fibrinolytic therapy

•tuberculous pericarditis: multidrug regimen for several months (corticosteroids and pericardiectomy
sometimes considered)

•pericarditis in the setting of viremia ( particularly in immunocompromised patients):antiviral
treatment

physical activity restriction until symptom resolution

Complications
•recurrent episodes of pericarditis, atrial arrhythmia, pericardial effusion, tamponade, constrictive

pericarditis

Pericardial Effusion
Definition
• fluid accumulation in the pericardial sac (note: the pericardial sac normally hosts 10-50 mL of

lubricating pericardial fluid). The composition of the fluid can include exudate, transudate, blood, and
rarely air/gas

Etiology and Classification
• effusion is found incidentally on x-ray or echo for a significant proportion of patients

for these patients in developed countries, etiologies include:
idiopathic (up to 50%)
cancer (10-25%)
infections (15-30%)
iatrogenic causes (15-20%)
connective tissue diseases (5-15%)

• in developing countries, I B is the predominant cause (>60%)
• for pericardial effusion with pericarditis, the prevalence of malignant/infectious etiologies is 15-50%
• transudative causes

• increased systemic venous pressure or hydrostatic pressure:CHE, pulmonary HTN
decreased plasma oncotic pressure: cirrhosis, nephrotic syndrome, hypoalbuminemia/
hypoproteinemia

• exudative causes (serosanguinous or bloody)
• pathologic process -> inflammation -> possible increased production of pericardial fluid

causes similar to the causes of acute pericarditis
may develop acute effusion secondary to hemopericardium (trauma, post-Ml myocardial rupture,
aortic dissection)

• can be classified according to onset,distribution, hemodynamic impact, composition, and size
• physiologic consequences depend on type and volume of effusion, rate of effusion development, and

underlying cardiac disease
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Signs and Symptoms
• rate of development of pericardial effusion determines clinical presentation
• may be asymptomatic or similar to acute pericarditis
• classic symptoms: dyspnea on exertion (progressing to orthopnea), chest pain and/or fullness
• symptoms related to local compression of extracardiac structures may include: nausea, dysphagia,

hoarseness, hiccoughs; may cause esophageal/recurrent laryngeal nerve/trachea-bronchial/phrenic
nerve irritation

• non-specific symptoms related to compression of related structures or reduced blood pressure
and secondary sinus tachycardia: cough, weakness, fatigue, anorexia, palpitations, fever (may be
associated with pericarditis)

• physical exam findings:
J VP increased with dominant “x"descent
arterial pulse normal-to-decreased volume; decreased pulse pressure
auscultation:distant heart sounds ± rub

• Ewart's sign
« often normal in patients without compromise to hemodynamic status; if tamponade present,

findings can include fatigue, dyspnea, elevated|VP, neck vein distension, edema, pulsus
paradoxus, muffled heart sounds (in moderate-large effusions).Rarely friction rubs heard
(usually appreciated with concomitant pericarditis)

Ewart's Sign
Egophony. bronchial breathing, and
dullness to percussion at the lower angle
o( the left scapula in pericardial effusion
due to effusion compressing left lower
lobe of lung

Investigations
• KCG: sinus tachycardia, low voltage (should raise concern for effusion with tamponade when present

with sinus tachycardia; however, not specific for pericardial effusion), flat T waves, electrical alternans
(highly specific for pericardial effusion (generally with tamponade), but not a sensitive sign to exclude
effusion/tamponade)
• be cautious in diagnosing STEM1in a patient with pericarditis and an effusion as antiplatelets

may precipitate hemorrhagic effusion
• CXR: ± cardiomegaly with dear lung fields, ±
• emergency room: bedside U/S with subxiphoid view showing fluid in pericardial sac
• echo/TTE (procedure of choice): fluid in pericardial sac;assess effusion size and hemodynamic effects,

and assist in needle placement in pericardiocentesis
• pericardiocentesis: definitive method of determining transudate vs. exudate, identify infectious

agents, and investigating neoplastic involvement
• CT/CMR: compared with echo, provide greater field of view -> enable loculated effusion detection,

identification of masses or thickening associated with the pericardium, assessment for chest
abnormalities (however, echo still preferred due to availability/portability/low cost)

• biomarkers: assessment of inflammation markers (e.g.CRP) recommended

Treatment (see Figure 52,C65 )
• triage: based on size, hemodynamic effects (particularly assess for tamponade), inflammatory

markers, concomitant pathologies -> high risk patients should be admitted
• treat underlying etiology (60% of effusions associated with known disease)
• if inflammatory signs are present, or if associated with pericarditis, treat as if pericarditis; if elevated

markers of inflammation, can try NSA IDs/colchicine/low-dose corticosteroids; if associated with
systemic inflammation, Aspirin"/NSAlDs/colchicine recommended

• pericardiocentesis or cardiac surgery if: cardiac tamponade, symptomatic moderate-large effusion and
unresponsive to medical therapy,or unknown bacterial/neoplastic etiology suspected
• prolonged drainage using pericardiocentesis should also be considered if symptomatic effusion

without evidence of inflammation or unresponsive to anti-inflammatory agents
if no inflammation and large, isolated effusion, pericardiocentesis alone may be required (no
evidence for medical therapy), but recurrences are common
consider pericardiectomy or pericardial window (subxiphoid or video assisted thoracoscopic) if:
re-accumulation of fluid, loculated effusion, biopsy required

• follow-up/frequent observation if no evidence/suspicion of:
tamponade
bacterial/neoplastic etiology
elevated inflammatory markers
associated pathology
large effusion (>20 mm )

Note: follow-up based on symptoms, effusion size and evolution, inflammatory markers, etc.

rounded cardiac contour
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Empiric anti-inflammatory therapies should be considered
if a missed diagnosis ol pericaditis is presumed

Cardiac tamponade or suspected
bacterial or neoplastic etiology?

*Yes No
i

Periacardiocentesis
and etiology search

Elevated inflammatory
markers?

IYes No
T T

Empiric anti-inflammatory
therapy (treat as pericaditis)

Known associated
disease?

Yes No No Follow-upV y
Pericardial effusion

probably realted
Treat the disease

Large <>20 mm)
pericardial effusion? Consider

periacardiocentesis
and drainage if

chronic (>3 mo)

Figure 52. Triage/management algorithm for pericardial effusion

Cardiac Tamponade
Definition
• accumulation of fluid, pus, blood, clots or gas in the pericardium leading to life-threatening, slow or

rapid compression of the heart

Classic Ouartet of Tamponade
• Hypotension- Increased JVP
• Tachycardia
• Pulsus paradoxus

Etiology
• can he caused by inflammation, trauma, rupture of the heart or aortic dissection
• major complication of rapidly accumulating peric
• cardiac tamponade is a clinical diagnosis
• common causes: pericarditis,TB, iatrogenic, trauma, neoplasm /malignancy
• uncommon causes: collagen vascular diseases (e.g. SLE, rheumatoid arthritis,scleroderma), radiation,

post-MI, uremia,aortic dissection, bacterial infection, pneumopericardium

Pathophysiology
• high intra-pericardial pressure -> decreased venous return -> decreased diastolic ventricular filling »

decreased CO -> hypotension and venous congestion

Signs and Symptoms
• tachycardia, hypotension, increased ) VP
• tachypnea, dyspnea, shock, muffled heart sounds
• pulsus paradoxus (inspiratory fall in sBP >10 mmHg during quiet breathing)
•|VP “x” descent only, blunted “y” descent
• hepatic congestion/peripheral edema
• severity of signs/symptoms depend on rate of accumulation, volume of pericardial contents,

pericardial distensibility, cardiac filling pressures, and chamber compliance

ardial effusion

Beck's Triad
• Hypotension. Increased JVP
• Muffled heart sounds

Investigations
• ECCi: electrical alternans ( pathognomonic variation in R wave amplitude), low voltage
• CXR:enlarged cardiac silhouette; slow-accumulating effusions
• GT/GM R: less available; usually only necessary if Doppler echo is infeasible
• echo (diagnostic modality of choice): pericardial effusion (size, location, hemodynamic impact),

swinging of the heart, compression of cardiac chambers (RA and RV) in diastole, etc. -> echo also used
for the purpose of guiding pericardiocentesis

• cardiac catheterization (rare)

Treatment
• urgent drainage: needle pericardiocentesis recommended (with echo or fluoroscopic guidance);

surgery (i.e. pericardiotomy) is an alternative drainage approach (e.g. with purulent pericarditis or in
an urgent situation involving bleeding into the pericardium)

• avoid diuretics and vasodilators ( these decrease venous return to already under-filled RV -> decrease
LV preload -> decrease CO) as well as mechanical ventilation

• IV fluid may increase CO
• treat underlying cause
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A. No pathology B. Cardiac tamponade {inspirationI

Ventricular wall
collapse on
inspiration
Pericardial effusion

F— Pericardial fluid
pressure
on cardiac
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Interventricular
septum

Pericardium
(pericardial sac

i
pericardial fluid)

C.Cardiac tamponade (expiration) 0. Pericardiocentesis

-Improvement in
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ventricular
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•Pericardial effusion
-Pericardial fluid
pressure
on cardiac
chambers

Removal of excess
pericardial fluid

©Jennifer Lee 2021

Figure 53.Cardiac tamponade pathophysiology

Constrictive Pericarditis
Definition
• loss of pericardial elasticity caused by granulation tissue formation; leads to restricted ventricular

filling

Etiology
• chronic pericarditis resulting in fibrosed, thickened, adherent, and/or calcified pericardium
• any cause of acute pericarditis may result in chronic pericarditis
• major causes are idiopathic, post-infectious (viral, bacterial pericarditis/purulent pericarditis,TB),

radiation, post-cardiac surgery, uremia, Ml,collagen vascular disease
• any pericardial disease process can cause constrictive pericarditis; risk of progression to constrictive

pericarditis is based on the etiology of the pericardial disease

Pathophysiology
• rigid, fibrous pericardium impairs ventricular filling during diastole -» decreased venous return to

the heart -» rise in systemic venous pressure -> signs and symptoms of right-sided HF (classically with
preserved ventricular function and otherwise no myocardial disease)

in advanced cases, there can be systolic dysfunction if myocardial fibrosis or atrophy present
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Signs and Symptoms
• dyspnea, fatigue, palpitations
• abdominal pain
• may mimic CHF (especially right-sided HI-')

• venous congestion, ascites, hepatosplenomegaly, edema, pleural effusions
• increased|VP, Kussmaul's sign (paradoxical increase in ) VP with inspiration), Friedreich’s sign

(prominent “y” descent)
• BP usually normal (and usually no pulsus paradoxus)
• precordial examination: ± pericardial knock (early diastolic sound)
• see Table 19 for differentiation from cardiac tamponade

Investigations
• HCG: non-specific findings low voltage, flat T wave, ± A Fib
• CXR:pericardial calcification, effusions
• echo/CF/CMR: pericardial thickening, calcification ± characteristic echo-Doppler findings (Note:

CMR is discouraged if patient is hemodynamically impaired)
• cardiac catheterization: indicated if other, non-invasive imaging modalities are insufficient to make

diagnosis; assess for equalization of end-diastolic chamber pressures
• diagnosis: right HF symptoms + diastolic filling impairment caused by constriction (documented on

SI imaging modality including echo, CT, CMR, and/or catheterization)
• note: in up to 20% of patients, constriction can occur even with normal thickness of the pericardium

(pericardiectomy equally efficacious in these patients)

DDx Pulsus Paradoxus
• Most etiologies of RV failure except

restrictive cardiomyopathy (e.g.
acute RV Ml)

• Constrictive pericarditis (rarely)
• Severe obstructive pulmonary

disease (e.g.asthma). Pneumothorax. PE
• Cardiogenic shock
• Cardiac tamponade
• Effusive-Constrictive pericarditis

Treatment
• surgery (pericardiectomy): mainstay treatment for chronic, permanent constrictive pericarditis
• medical therapy:can be used in 3 situations

1. for specific pathologies/etiologies (e.g.TB)
2. for transient constriction that is temporarily caused by pericarditis,or new constriction

diagnosis with evidence of inflammation of the pericardium (use anti-inflammatories)
3. supportive when high/prohibitive surgical risk (goal is to relieve congestive symptoms with

diuretics, salt restriction)
• prognosis best with idiopathic or infectious cause and worst in post-radiation
• death may result from HF

Table 19. Differentiation of Constrictive Pericarditis vs. Cardiac Tamponade
Characteristic Constrictive Pericarditis Cardiac Tamponade

JVP V»V -x-»V
AbsentKussmaul's sign

Pulsus paradoxus
Pericardial knock
Hypotension

Present
Uncommon Always

AbsentPresent
SevereVariable
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Figure 54.Cardiopulmonary bypass schematic
Modified from Cardiac Surgery in the Adu:t_ second edition.Robert A.E Dion.p.729.Copyright (2020).withpermission from Elsevier
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Cardiopulmonary Bypass
Overview
•CPB is commonly used in cardiac and thoracic aortic surgeries to obtain a still, bloodless surgical field

by circumventing the heart and lungs while supplying blood to the systemic circulation
•essential functions of CPB:oxygenation, ventilation, circulation, temperature control

Components
•the standard components of a CPB circuit:

arterial cannula (aortic, femoral, or axillary) and line (3/8” heparin-coated tubing)
oxygenator (membrane oxygenator, defoamer, and heat exchanger)
pump (peristaltic/roller or centrifugal)
venous cannula (RA, SVC and IVC,or femoral) and line (1/2” heparin-coated tubing)
venous reservoir (rigid high capacitance reservoir or closed soft reservoir)

Mechanics
•venous blood is drained into venous reservoir. The blood is oxygenated, and CO i is eliminated, heated,

or cooled (if applicable) and returned to the systemic circulation via the arterial cannula
heparin is first administered so that pump suckers can be turned on when the patient's ACT is
>400 s and CPB initiated when ACT is >480 s
• ACT is measured every 30 min while on CPB and additional heparin boluses are administered

to maintain ACT >480 s
anticoagulation is reversed following separation of CPB by administering protamine which
neutralizes heparin

the rate of blood draining into the venous reservoir is determined by the:CVP, height differential
between venous cannula and venous reservoir, luminal radius of venous cannula and tubing,
presence of air within the tubing
arterial cannulation is typically performed at the distal ascending aorta, distal to the aortic
cross clamp, with alternative sites for cannulation including the aortic arch, innominate artery,
subclavian artery, axillary artery, femoral artery, and LV apex
optimal flow rate is calculated to achieve a cardiac index of 2.4 L/min/m-
patient parameters measured during CPB:ECG, BP,CVP,SaO 2, ETC02, peripheral and core
temperature, urine output, ABG
CPB pump parameters measured during CPB: blood flow rate, roller pump/centrifugal speed, gas
flow, pump blood temperature, heat exchanger water temperature, arterial line pressure, arterial
and venous line 02 saturations, delivered O 2 concentration

Complications
•reaction to non-endothelialized foreign surfaces: systemic inflammatory response, hemolysis,

coagulopathy
•vessel injury from cannulation:aortic dissection and embolization of aortic debris (e.g. porcelain

aorta)
•heparin-related: heparin-associated thrombocytopenia, heparin-induced thrombocytopenia (HIT)
•systemic embolization:cerebrovascular accident, renal and splanchnic hypoperfusion

includes biologic and nonbiologic microemboli as well as air/gas/bubble emboli
cardiotomy reservoir must be filtered to reduce risk of microemboli

Cardiac and Neurological Protection during Cardiopulmonary
Bypass

Myocardial Protection Techniques
• myocardial protection reduces myocardial ischemia during CPB by reducing myocardial oxygen

consumption and maintaining oxygenated myocardial perfusion
• methods of myocardial protection to reduce oxygen demands include: unloading the heart (CPB),

stopping the heart (cardioplegic diastolic arrest), cooling the heart (core hypothermia, cold saline
external washing, hypothermic cardioplegia solutions)

• cardioplegia (given continuously or intermittently) induces diastolic arrest by altering myocytes'
resting potential and ionic gradients via concentrated K+ solutions
• crystalloid cardioplegia

extracellular solutions (high sodium) (e.g.St. Thomas' solution, del Nido solution) increase
extracellular K+ concentration to prevent cardiomyocyte repolarization
intracellular solutions (low sodium) lower extracellular Na+ concentration thereby blocking
depolarization

blood cardioplegia: autologous cold blood combined with tailored crystalloid solutions in various
ratios

» blood typically comprises majority of overall solution (e.g.8:1, 4:1, 2:1)

Special Consideration of Blood
Conservation for Jehovah's Witness
(Clients

• Preoperatively:
• Administer erythropoietin
• Stop all anticoagulant and

antiplatelet medications for 7 d, if
possible

• Intraoperativety:
• Continuous cell salvage circuit
• Meticulous hemostasis. OPCAB
• Pharmacological adjuncts

(tranexamic acid or aprotinin)
• Postoperatively:
• Low threshold for rcsternotomy due

to bleeding
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Cerebral Protection
• cerebral protection techniques are required when CPB cannot supply the head vessels, such as during

surgery on the aortic arch
• methods of cerebral protection to reduce oxygen demands include: hypothermia (most important)

and anterograde/ retrograde cerebral perfusion

Deep Hypothermic Circulatory Arrest
• deep hypothermic circulatory arrest reduces cerebral metabolism and oxygen consumption to the

point that CPU can be discontinued
• (3(M0 min safe circulatory arrest at 20°C; -15-60 min safe circulatory arrest at 16“C)

concurrent ACP enables circulatory arrest at higher temperatures than DHCA alone
• liECi monitoring occurs throughout to confirm adequate cerebral protection
• mannitol ( reduces cerebral edema ) and steroids (decrease cerebral inflammation) are used

adjunctively
complications related to deep hypothermic circulatory arrest include: coagulopathy and platelet
dysfunction, systemic inflammatory response, neurological injury secondary to ischemia in
watershed areas (neurologic dysfunction may be persistent or transient depending on etiology)

Common Medications
Table 20. Commonly Used Cardiac Therapeutics
Drug Class Mechanism of Action Indications Contraindications Side EffectsExamples
ANGIOTENSIN CONVERTING ENZYME INHIBITORS ( ACEI)

enalapril (Vasotec'),
perindopril (Coversyl '),
ramipril (Allaccs).
lisinopril (Zestril ' )

Inhibit ACE-mediated
conversion of angiotensinI
to angiotensin II (AT II),
causing peripheral
vasodilation and decreased
aldosterone synthesis

HTN.CAD,CHE,post Ml, DM Bilateral renal artery stenosis. Dry cough (10%).hypotension,
pregnancy,caution in
decreased GER

fatigue, hyperkalemia, renal
insufficiency,angioedema

ANGIOTENSIN IIRECEPTOR 8L0CKERS (ARBs)

candesartan. irbesartan,
losartan.olmesarlan.
lelmisarlan.valsartan

Same as ACEI Similar lo ACEI. but do not
cause dry cough

Bloch AT II receptors,causing Same as ACEI,although
similar effects as ACEI evidence is generally less lor

ARBs:often used when ACEI arc
not tolerated

ANGIOTENSIN RECEPTOR - NEPRILYSIN INHIBITOR (ARNI)
sacubilril/valsarlan (Entreslo ' ) Sacubilril inhibits neprilysin HFrEF

which leads to vasodilation
and natriuresis
Valsartan (ARB) - see above

Angioedema.hyperkalemia,
hypotension, renal
insufficiency

Angioedema. pregnancy

DIRECT RENIN INHIBITORS (ORIs)

HTN (exact role of this drug
remains unclear)
Not recommended as initial

aliskiren Directly blocks renin thus
inhibiting the conversion
of angiotensinogen to
angiotensin I;this also causes therapy
a decrease in AT II

Pregnancy.severe renal
impairment

Diarrhea, hyperkalemia (higher
risk if used with an ACEI). rash,
cough,angioedema,reflux,
hypotension, rhabdomyolysis,
seizure

P-BLOCKERS

P1antagonists HTN.CAD, acute Ml,post- MI,
receptors,decreasing HR, BP. CHF (start low and go slow),
contractility,and myocardial AFib, SVT
oxygen demand;also slow
conduction through the AV
node

Block p-adrenergic Sinus bradycardia,2nd or
3rd degree heart block,
hypotension
Caution in asthma,
claudication.Raynaud's
phenomenon,and
decompensated CHF

Hypotension, fatigue,
light -headedness.
depression, bradycardia,
hyperkalemia, bronchospasm.
impotence,depression of
counterregulatory response to
hypoglycemia, exacerbation of
Raynaud's phenomenon, and
claudication

atenolol,metoprolol,
bisoprolol,
propranolol,
labetalol, carvedilol,
accbutolol

pifp2 antagonists
a1.'B1fp2 antagonists
P1antagonists with
intrinsic sympathomimetic
activity

CALCIUM CHANNEL BLOCKERS
Bcnzothiazcpines
Phenylalkylamincs
(non - dihydropyridines)

Block smooth muscle and HIN.CAD, SVT.AFib,diastolic
myocardial calcium channels dysfunction
causing effects similar to
0 -blockers
Also vasodilate
Block smooth muscle calcium HIN.CAO
channels causing peripheral
vasodilation

Sinus bradycardia,2nd or
3rd degree heart block,
hypotension.CHF

dllliacem
verapamil

Hypotension,bradycardia,
edema

amlodipine (Notvasc').
nifedipine (Adalaf ),
felodipine (Plendil )

Severe AS and liver failure Hypotension,edema.Hushing,
headache,light -headedness

Dihydropyrldines
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Table 20. Commonly Used Cardiac Therapeutics
Mechanism of Action Indications Side EffectsDrug Class Examples Contraindications

SODIUM-GLUCOSE COTRANSPORTER - 2 (SGLT2) INHIBITORS

Severe CKO (dapagliflozin
contiaindKated in patients
with cGER <30ml/

multiple other SGLI2 inhibitors mm/U3m;).11DM.history of ketoacidosis, decreased bone
OKA.advise holding during mineral density

dapaglilloiin has received sick days
guideline recommendations
in Canada,US and EU lor use
in HFrEF,no SGLT2 inhibitors
have formal approval for HFrEF
without DM by Health Canada
HFpEF (see EMPEROR-Preserved

Veasl inlections.Urinary trad
Infections,hypoglycemic
episodes, diabetic

canaglillocm
dapaglillonn
empaglillocln
erluglillocin

Dapaglilloiin trial (DAPAHF)
include: osmotic diuresis and Indicates potential use in
natriurcsis reducing preload: HFrEF with DM/non - OM,with
vasodilation leading to
reduced afterload:myocardial trials underway.Although
metabolic stabilnatron

Pioposed mechanisms

trial)
DIURETICS

Reduce (In'reabsorption in HTN (drugs ol choice for
the distal convoluted tubule uncomplicated HTN)
(OCT)
Blocks HafK'-ATPase in thick CHE. pulmonary or peripheral
ascending limb of the loop edema
of Henle

Antagonize aldosterone HTN.CHE,hypokalemia
receptors

Sulfa allergy,pregnancyThiazides hydrochlorothiazide,
chlorthalidone,metolazone

Hypotension,hypokalemia,
polyuria

Loop diuretics furosemide (Lasix -) Hypovolemia,hypokalemia Hypovolemia,hypokalemic
metabolic alkalosis

Aldosterone receptor
antagonists

spironolactone
eplenerone

Renal insufficiency,
hyperkalemia,pregnancy

Edema,hyperkalemia,
gynecomastia

INOTROPES
Inhrbit Nd/K'-AIPasc, leading CHE, AEib
to increased intracellular
Na-andCa ^concentration,
and increased myocardial
contractility
Also slows conduction through
the AV node

2nd or 3rd degree AV block,
hypokalemia

digoxin (Lanoxin ') AV block, junctional
tachycardia,bidirectional VT.
bradyarrhythinlas,blurred
or yellow vision (van Gogh
syndrome), anorexia.N/V

ANTICOAGULANTS
Coumarins warlarin (Coumadin ' ) AFrb.LV dysfunction, prosthetic

valves, venous thrombosis
Recent surgery or bleeding. Bleeding (by tar the most
bleeding diathesis, pregnancy important side elfect),

paradoxical thrombosis, skin
necrosis

Recent surgery or bleeding. Bleeding,osteoporosis,
bleeding diathesis. heparin-induced
thrombocytopenia,renal thrombocytopenia (less in
insufficiency (for LMWHs) LMWKs)
Severe renal impairment. Bleeding,Gl upset
recent surgery,active bleeding
Idarucizumab:FDA approved
agent for reversal of
dabigatran for bleeding
Hepatic disease,active Bleeding,elevated liver
bleeding,bleeding diathesis, enzymes
pregnancy,lactation
Andeianet alfa FDA approved
agent for reversal of apixaban
and rivaroxaban for bleeding

Antagonizes vitamin K,
leading to decreased
synthesis of dolling factors II,
VII.IX.and X

Unfractionated heparin
LMWHs:dalteparin.enoxapaun,
linzaparin

Antithrombin III agonist, Acute MI/ACS:(when immediate
leading to decreased clotting anticoagulant effect needed).

PE,venous thrombosis

Heparins

factor activity

Competitive,direct thrombin AEib, venous thrombosis,PE
inhibitor, thrombin enables
fibrinogen conversion to
fibrin during thecoagulation
cascade

Direct,selective and
reversible inhibition of
factor Xa in both the intrinsic
and extrinsic coagulation
pathways

Direct thrombin inhibitors dabigatran

Direct factor Xa inhibitors rivaroxaban
apixaban
edoxaban

AEib, venous thrombosis.PE

ANTIPLATELETS
Salicylates ASA (Aspirin 1 ) CAD. acute Ml, post - MI, post - Active bleeding or PUD

PCI.CABG
Bleeding,Gl upset,Gl
ulceration,impaired renal
perfusion

Irreversibly acetylales
platelet COX-1,preventing
thromboxane A 2-medialed
platelet aggregation
P2Y12 antagonist (block
platelet ADP receptors

Ihienopyridines clopidogrcl (Plavu ' ).
liclopidine (liclid )

Acute Ml.post Ml. post PCI, Active bleeding or PUD Bleeding, thrombolic
thrombocytopenic purpura,
neutropenia (liclopidine)

CABG

P2Y12 antagonist (but
diflerenl binding site than
Ihienopyridines)
Block binding of fibrinogen to Acute Ml,particularly if PCI is

planned

Nucleoside analogues licagrelor (Brillinta )

Glycoprotein llb/ llla inhibitors eptifibatide,tirohban.
abeiximab

Recent surgery or bleeding,
bleeding diathesis

Bleeding
Gp lib,Ilia

THROMBOLVTICS r i
i L J I

Convert circulating
plasminogen toplasmin.
which lyses cross-linked fibrin

Acute STEMI See fable 10.C34alteplase, reteplase.
tenecteplase.streptokinase

Bleeding
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Table 20. Commonly Used Cardiac Therapeutics
Drug Class Examples Mechanism of Action Indications Contraindications Side Effects
NITRATES

Relax vascular smooth
muscle,producing venous and dinitrate plushydralatine)
arteriolar dilation

CAD. MI.CNf (isosorbide Concurrent use of cyclic
guanosine monophosphate weakness,postural
phosphodiesterase inhibitors, hypotension
angle closure glaucoma,
increased intracranial
pressure

nitroglycerin Headache,dimness.

LIPID LOWERING AGENTS
Stalins atorvaslalin (Lipitor ).

pravastatin (Pravachol:i.
rosuvastalin (Crestor ').
simvastatin (Zocor 3).lovastatin which catalyzes the rate-

limiting step in cholesterol
synthesis
Inhibits gut absorption ol
cholesterol

Inhibit hydroxy
9-methylglutaryl -CoA (HMG-
CoA) reductase,an enzyme

Dyslipidemia (1" prevention
ot CAD).CAD,post- Ml|2“
prevention of CV events)

liver or muscledisease Myalgia,rhabdomyolysis,
abdominal pain

(Meracor 5 )

Cholesterol absorption
inhibitor

eietimibe (Ezetrol 3 ) Decreases low-density
lipoprotein but does not reduce
mortality
Primarily in familial
hypercholesterolemia

Hypercholesterolemia

liver or renal impairment Myalgia,rhabdomyolysis.
abdominal pain

Miscellaneous fibrates. bile acid sequestrates,
nicotinic acid
evolocumab
alirocumab

Gt side effects common

PCSK9 inhibitor Monoclonal antibody that
inhibits PCSKETs inhibitory
action on the recycling of LDL
receptors,thereby increasing
the number ol IDl receptors
on the surface of liver celts

Hypersensitivity reaction
to drug

Mild reactions to site ol
injection,nasopharyngitis

Antiarrhythmics

i!
2 slow Ctf' influx

a D- Na' influx5 3
3 K -efflux

threshold_
a Na influx§
s

TIME
Figure 55. Representative cardiac action potential

Table 21. Antiarrhythmic' Drugs (Vaughan-Williams Classification)
Class Agent Indications Side Effects Mechanism of Action

quinidine
procainamide
disopyramide

SVT.VT Torsades de Pointes (all la),diarrhea
Lupus-like syndrome
Anticholinergic effects

Moderate Nr channel blockade
Slows phase 0 upstroke
Prolongs repolarization. slowing
conduction
Mild Na 'channel blockade
Shortens phase 3 repolarization
Upstroke

la

Confusion,stupor,seizures
Gl upset,tremor

Exacerbation olVT (all Ic)
Negative inotropy (all tc)
Bradycardia and heart block (all Ic)

Bronchospasm.negative inotropy,
bradycardia,AV block,impotence,
fatigue

Amiodarone: photosensitivity,
pulmonary toxicity,hcpalotoxlcity.
thyroid disease, increased INR
Amiodarone and sotalol:Torsades de
Pointes,bradycardia,heart block,
p-blockerside elfects
Bradycardia. AV block
Hypotension

lb lidocaine
mexiletine
propafenone
llecainide
encatnide

VI

SVT.VTIc
AFib

SVT.AEib p blocker
Decreases phase 4
depolarization

Blocks K* channel
Piofongs phase 3 repolarization.
which prolongs refractory period

propranolol
meloprolol.etc.

SV1.VIIII amiodarone"
solalol AFib

SVI. V1

rn
L J

CCBSV1IV verapamil
diltiazem AFib Slows phase 4 spontaneous

depolarization,slowing AV node
conduction +

'All antiarrhythmics have potential to be proarrhythmic
"Amiodarone has class I, II.III.and IV properties
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Table 22. Actions of a and p Adrenergic Receptors
a RECEPTORS p RECEPTORS

Target System
Cardiovascular

a2 31 32at
Constriction olvascular
smooth muscle
Constriction of skin,
skeletal muscle.and
splanchnic vessels
Increase myocardial
contractility
Decrease HR

Same as o1
Peripherally act to
modulate vessel tone
Vasoconstrict and dilate;
oppose o1vasoconstrictor Accelerate ectopic
activity

Increased myocardial
contractility
Accelerate SA node
conduction

Decreasedvascular
smooth muscle tone

pacemakers

Respiratory
Dermal

Bronchodilation
Pilomotor smooth muscle
contraction
Apocrine constriction

Radial muscle contraction
Inhibition of myenteric
plexus
Anal sphincter contraction
Pregnant uterine
contraction
Penile and seminal vesicle
ejaculation
Urinary bladder
contraction
Stimulate liver
gluconeogenesis and
glycogenolysis at the liver

Ocular
Gastrointestinal

Ciliary muscle relaxation

Smooth muscle wall
relaxation

Stimulation ol renal renin
release

Genitourinary Bladder wall relaxation
Uterine relaxation

Metabolic Same as ol
Fat cell lipolysis

Gluconeogenesis
Fat cell lipolysis

Fat cell lipolysis
Glycogenolysis

Adapted from the Family Practice Notebook (vrww.tpnotebook.com NEU194.htm)

Table 23. Commonly Used Drugs that Act on a and p Adrenergic Receptors
RECEPTORS p RECEPTORS

u1andn2 o2 31 31 and 32 32Mechanism ol
Action
Agonist

a1

Clonidine
Methyldopa
Vohimbine
Mirlatapine

Phenylephrine
Methoxamine
Praiosin
Phenoxybentamine

Epinephrine
Norepinephrine
Phentolamine

Norepinephrine
Dobutamine
Meloptolol
Acebutolol
Alptenolol
Atenolol
Esmolol

Isoproterenol
Epinephrine
Propranolol
Timolol
Nadolol
Pindolol
Carvedilol

Albuterol
Terbutaline
BuloiamineAntagonist

Adapted from the Family Practice Notebook (Yrww.tpnotebook.corn/NEU194.htm)

r T
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Landmark Cardiac Trials
Clinical Trial DetailsTrial Name Reference

ISCHEMIC HEART DISEASE
HEJM 1992;326:10-16 Tillc:A Comparison ol Angioplasty with Medical Therapy in lire Treat men!of Single -Vessel Coronary Arlery Disease

Purpose:Compaic the effects of percutaneous transluminal coronary angioplasty (PICA) on angina and exercise tolerance in patients
with stable single-vessel disease
Methods:Patients with exercise-induced myocardial ischemia and epicardial arlery stenosis were randomized to PICA or medical
therapy, and repeat exercise testing performed at 6 mo.
Results: PICA was successful in 80% of patients, reducing mean % stenosis from 76% to 36%. At 6 mo, 64% PICA patients were angina-
free. compared with 46% of medically heated patients. PTCA-treated patients had longer exercise durations (2.1 vs. 0.5 min.P- 0.0001)
than medically treated patients.
Conclusions:PICA offers earlier and better relief of angina than medical therapy in patients with single-vessel disease.
Title:Use of Aspirin to Reduce Risk of Initial Vascular Events in Patients at Moderate Risk of Cardiovascular Disease (ARRIVE):A
Randomised.Double-blind. Placebo-controlled Trial
Purpose:Assess efficacy and safety of ASA versus placebo in patients with moderate risk of a first CV event.
Methods: Patients with moderate CV risk were randomized to receive ECASA or placebo tablets, once daily. The primary endpoint was a
composite of time to CV death,MI. UA. stroke, or TIA.
Results: The primary endpoint occurred in 4.29% of ASA- treated patients versus 4.48% of placebo-treated patients (hazard ratio 0.96;
95% Cl 0.81 to 1.13:P'0.6). The overall incidence of adverse events was similar between groups (82.01% in ASA group versus 81.72% in
placebo group).
Conclusions: Among patients at moderate risk of CHD. the use of ASA was not beneficial. ASA was not associated with a reduction in
adverse CV events.
Tide:Prevention of Coronary and Stroke Events with Atorvaslatin in Hypertensive Patients who have Average or Lower than Average
Cholesterol Concentrations, In the Anglo Scandinavian Cardiac Outcomes Trial - Lipid Lowering Arm (ASCOT lla): A Multicenlre
Randomised Controlled Trial
Purpose:Assess benefits ol cholesterol lowering In primary prevention ol CHD in hypertensive patients.
Methods:Hypertensive patients aged 40 79 were randomized to atorvastatin 10 mg or placebo. The primary endpoint was non - fatal Ml
and fatal CHD after 5- yr follow-up.
Results: 100 primary events occurred in the atorvaslatin group compared to 154 events in the placebo group at a median lollowup of
3.3 yr (hazaid ratio 0.64;95% Cl 0.50 lo 0.83; P'0.0005). Fatal and non -fatal stroke, total CV events and total coronary events were
also lowered in the atorvastatin group.
Conclusions: In hypertensive patients with risk factors for CHD and average cholesterol levels, atorvastatin reduced non- fatal Ml, fatal
CHD. fatal/non- fatal stroke,coronary events but not all-cause mortality.
Title:A Randomized Trial of Therapies for Type 2 Diabetes and Coronary Artery Disease
Purpose:Determine optimal treatment for patients withI2DM and stable ischemic heart disease.
Methods: Patients withT2DM and heart disease were randomized to prompt revascularization with intensive medical therapy, or
intensive medical therapy alone. Primary endpoints weremortality.Ml.orstroke
Results:5-yr survival did not differ significantly between groups (88.3% in revas.cularizalion group vs.87.8% in the medical therapy
group:P'0.97). In the PCI group, there were no significant differences inprimary endpoints, while in the CABG group, rates of CV events
were significantly lower with revascularization than medical therapy (22.4% vs.30.5%:P'0.01).
Conclusions: There was no significant difference in the rates of death and major CV events between prompt revascularization and
medical therapy.
Title:A Randomised. Blinded. Trial of Clopidogrel Versus Aspirin in Patients at Risk of Ischaemic Events (CAPRIE)
Purpose:Assess the relative efficacy of clopidogrel and ASA in reducing risk of clinical thrombotic events.
Methods:Patients with atherosclerotic vascular disease were randomized to clopidogrel 75 mg once daily or ASA 325 mg once daily.
Pnmaiy endpoints were a composite ol ischemic stroke. Ml. or vascular death.
Results: Patients treated with clopidogrel had a 5.32% annual risk of stroke. Ml or death, compared with 5.83% ol ASA palients
(p'0.043). There were no ma|0i differences In terms of safety.
Conclusions:In atherosclerotic vascular disease, clopidogrel reduced the rales of stroke. Ml. or vascular death compared lo ASA.
Title:Ihe Effect of Piavaslatin on Coronary Events after Myocardial Infarchon in Patients with Average Cholesterol levels
Purpose: Determine the elleds of cholesterol lowering in palients with coronary disease and average cholesterol levels.
Methods:Patients with Ml who had plasma cholesterol levels <240 mg were administered either 40 mg pravastatin or placebo. The
primary endpoint was a fatal coronary event or fatal Ml.
Results: The primary endpoint occuired in 10.2% of the pravastatin- treated patients and 13.2% of placebo- treated patients (95% Cl 9%
to 36%:P-0.003). There were no significant differences in overallmortality or mortality from nonvascular causes. Pravastatin lowered
the rate ol coronary events more among men than women.
Conclusions:Pravastatin reduced Ml and stroke in patients with previous Ml and average cholesterol.
Title:Optimal Medical Therapy with or without PCI for Stable Coronary Disease
Purpose:Compare initial strategy of PCI plus intensive pharmacological therapy and lifestyle intervention against optimal medical
therapy alone,in patients with stable coronary disease.
Methods: 2287 patients with myocardial ischemia and significant CAD were randomized to PCI with optimal medical therapy, or optimal
medical therapy alone.The primary outcome was all-cause mortality and non-fatal Ml.
Results:There were 211 primary events in the PCI group and 202 in the optimal medical therapy group (hazard ratio for PCI,1.05; 95%
Cl 0.87 tol.27:P'0.62). There were no significant differences between groups in the composite of death.Ml, stroke, or hospitalizations
for ACS.
Conclusions:Compared with optimal medical therapy alone.PCI plus medical therapy didnot reduce all-cause mortality and non-fatal
Ml.and it did not reduce the incidence of major CV events.

Title:Effects of Clopidogrel in Addition to Aspirin in Patients with Acute Coronary Syndromes without Si- Segment Elevation
Purpose:Evaluate efficacy and safely of clopidogrel with ASA in patients with ACS without ST- elevation.
Methods:12562 palients who presented within 24 h ol symptom onset were randomizedlo clopidogrel or placebo in addition to ASA lor
3 -12 mo. The primary endpoint was a composite ol CV mortality,non- fatal Ml. or stroke.
Results: The primary endpoint occuired in 9.3% ol clopidogrel patients and 11.4% ol patients in the placebo group |RR 0.80:95% Cl
0.72 lo 0.90; P'0.001). Ihcrc were significantly more patients with bleeding in the clopidogrel group than Ihe placebo group (3.7% vs.
2.7%:RR 1.38: P'0.001).
Conclusions:Clopidogrel plus ASA reduced death from CV causes, non- falal Ml. or stroke but increased bleeding complications.

ACME

ARRIVE Lancet 2018:392:1036-46

ASCOTLLA lancet 2003:361:1149 58

BARI 2D HEJM 2009:360:2503 15

CAPRIE Lancet 1996:348:1329 39

CARE HEJM 1996:335:1001 09

COURAGE HEJM 2007:356:1503-16

HEJM 2001:345:494 502CURE
r
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Trial Name Reference Clinical Trial Details
EUROPA Lancet 2003;362:782-88 Title:Efficacy of Perindopril in Reduction of Cardiovascular Events Among Patients with Stable Coronary Artery Disease:Randomised.

Double-blind.Placebo-controlled,Mult icentre Trial (The EUROPA Study)
Purpose:Assess whether ACEI reduced CV risk in a low-risk population with stable coronary disease.
Methods:Alter a run-in of 4 vrk, in which all pabents received perindopril,12218 patients were randomired to perindopril 8 mg 00 or
matching placebo.The primary endpoint was CV death.Ml.or cardiac arrest
Results:8% of perindopril patients experienced a primary endpoint,compared with10% of placebo pabents.These benefits were
consistent inall subgroups and secondary endpoints.
Conclusions:With stable CAD and no CH F, perindopril reduced CV death,Ml. and totalmortality.

Title:Twelve-Year Follow-up of Survival in the Randomized European Coronary Surgery Study
Purpose:Evaluate survival rates in men with good LVEF after CA8G or medical therapy.
Methods:767 men were randomized to early CABG or medical therapy.
Results:At the prodded S yr follow-up period,there was a significantly higher survival rate in the surgical group than in the medical
treatment group (92.4% vs.83.1%, P‘0.0001).
Conclusions: CABG resulted in higher survival than medical therapy at 5-yr follow-up but not at12- yr follow-up.
Title: Five-Year Outcomes after PCI or CABG for Left Main Coronary Disease
Purpose:Assess long-term outcomes after PCI with contemporary drug-eluting stents,as compared with CABG.inpatients with left
main CAD.
Methods:1905 patients with left main CAD of low/intermediate anatomical complexity were randomized to PCI or CA8G.The primary
outcome was a composite of death,stroke or Ml.
Results: At 5 yr, the primary outcome occurred in 22.0% of PCI pabents and19.2% of CABG patients (2.8% difference:95% Cl -0.9 to
6.5:P‘0.13).Rates of CV death and Ml were not significantly different between groups.All cerebrovascular events were less frequent
after PCI than CABG (3.3% vs. 5.2%;95% Cl -3.8 to 0).
Conclusions: Among patients with left main CAD. there was no significant difference between PCI and CABG in terms of the composite
outcome of death.stroke,or Ml at 5 yr.

Title:MRC /BHF Heart Protection Study of Cholesterol lowering with Simvastatin in 20,536 High-risk Individuals:A Randomised
Placebo-controlled Trial
Purpose:Assess effect of IDl-lowerlng with simvastatin on vascular disease, in patients of normal LDL-C.
Methods:20536 adults with coronary disease or DM were randomized to simvastatin 40 mg daily or placebo.Primary outcomes were
mortality,and fatal or non-fatal vascular events .
Results:Alt -cause mortality was significantly reduced (12.9% in simvastatin patients vs.14.7%in placebo).There were significant
reductions in the first event rate for non- fatal Ml (8.7% vs.11.8%;P<0.0001). There were no significant effects on cancer incidence or
hospitalization for a non-vascular cause.
Conclusions: In high-risk patients with ranging LDL-C values,simvastatin reduced all-cause mortality,coronary deaths,and ma)or
vascular events.
Title:Ezetimibe Added to Statin Therapy after Acute Coronary Syndromes
Purpose:Assess the effects of adding ezetimibe to statin therapy in reducing the rate of CV events.
Methods:18144 patients who were hospitalized with ACS were randomized to combination (simvastatin 40 mg plus ezetimibe 10 mg),
simvastatin 40 mg alone, or placebo. Primary endpoint was a composite of CV death,non- fatal Ml. UA.or non - fatal stroke.
Results: The Kaplan Meier event rates for the primary endpoint were 32.7% in the combination group and 34.7% in the statin
monotherapy group (P-'O.OOI).Rales of pie-specified muscle,gallbladder, and hepatic adverse effects were similar.
Conclusions:Ezetimibe added to statin reduces mortality in ACS patients.
Title:Rosuvastalin to Prevent Vascular Events in Men and Women with Elevated C Reactive Protein
Purpose:Evaluate the effects olStalin treatment on CV events in patients withelevated CRP without hyperlipidemia .
Methods:17802 apparently healthy patients with IDL levels«130 mg/dland CRP levels >2.0 mg were randomized to rosuvastalin 20
mg daily or placebo. The primary endpoint was a composite of Ml.stroke, revascularization,hospitalization for UA. or CV death.
Results: The rales of the primary endpoint were 0.77 and 1.36 per 100 person-years in the statin and placebo groups respectively
(hazard ratio 0.56; 95% Cl 0.46 to 0.69:P- 0.00001). The rosuvastalin group did not have a significant increase in myopathy or cancer,
but a higher rate of diabetes.
Conclusions: With low to normal IDL and elevated high CRP. treatment with rosuvastalin significantly reduced major CV events.
Title: Ten - Year Follow -Up Survival of the Medicine.Angioplasty,or Surgery Study (MASS II)
Purpose:Compare 10 yr follow -up of PCI.CABG.and medical treatment in patients with mullivessel coronary disease,UA, and
preserved ventricular function.
Methods: 611 patients were randomized to CABG, PCI, or medical treatment. The primary endpoints were overall mortality.0 wave Ml,
or refractory angina requiring revascularization.
Results: 10-yr survival was 74.9% with CABG. 75.1% with PCI, and 13.3% with medical treatment (P‘0.089) 10 yr rates olMl were
10.3% with CABG.13.3% with PCI. and 20.7% with medical treatment|P«0.010). 10-yr freedom from angina was 64% with CABG.59%
with PCI.and 43% with medical treatment|P«0.001).
Conclusions: Compared to medical therapy, CABG resulted in greater relief of angina symptoms and lower rates of subsequent Ml.
additional revascularization,and cardiac death.Compared to PCI. CABG resulted In decreased need for further revascularization,a
tower incidence olMl,and lower risk of combined events.
Title:Alirocuinab and Cardiovascular Outcomes after Acute Coronary Syndrome
Purpose: Determine whether alirocumab would Improve CV events after ACS in patients receiving high-intensity statin thcrap.y
Methods:18924 patients receiving high intensity statins for ACS 1-12 prior were randomized to alirocumab SO at 75 mg or placebo,
every 2 wk. The primary endpoint was a composite oldeath from CH0. non fatal Ml. fatal or non latal stroke,or UA
Results: The primary endpoint occurred in9.5% of patients in the alirocumab group and in 11.1% of patients in the .placebo group
(hazard ratio 0.85; 95% Cl 0.78 to 0.93; P-0.001). The incidence of adverse events was simitar in the two groups.
Conclusions: Among patients with ACS In the preceding 1-12 mo,use of alirocumab significanUy reduces all- cause mortality and Ml

Title:Five-Year Outcomes after On Pump and Olf -Pump Coronary Artery Bypass
Purpose: Reporting of 5 -yr outcomes in patients included In the Veterans Trial olon-pump vs. off pump CABG.
Mcthods:2203 patients were randomly assigned to undergo either on- pump or off -pump CABG. The primary 5-yr outcomes were all
cause mortality and a composite of major CV events or non - fatal Ml.
Results:5- yr mortality was 15.2% in the oil-pump group, compared with11.9% in the on- pump group|RR 1.28:95% Cl 1.03 to1.58:
P‘0.02). Iherale of major CV events in the oil pump group was 31.0% compared to 27.1% in the on -pump group|RR 1.14; 95% Cl 1.00 to
1.30; P-0.046).
Conclusions: Off - pump CABG led to lower rates of 5 -yr survival and event free survival when compared to on - pump CABG.

European Coronary Surgery NEJM 1988;319:332-37
Study

EXCEL NEJM 2019;381:1820-30

lancet 2002;360:7-22HPS

IMPROVE-!! NEJM 2015:372:2387 97

JUPITER NEJM 2008;359:2195 - 207

MASS It Circulation 2010;122:949- 57

ODYSSEY OUTCOMES NEJM 2018;379:2097-107

NEJM 2017;377:623-32R00BY
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Trial Name Reference Clinical TrialDetails

SYNTAX NEJM 2009;360:961-72 Title:Percutaneous Coronary Intervention versus Coronary-Artery Bypass Grafting for SevereCoronary Artery Disease
Purpose:Compare PCI and CABG for treating patents with previously untreated three-vessel or left mam CAD.
Methods:1800 patents with three-vessel or leftmain coronary disease were randomised to CABG or PCI(1:1rabo).The primary
outcomes were a major adverse cardiacor cerebrovascular event.
Results:Rates of primary outcomes at12 mo weresignificantly higher in the PCI group (17.8 a vs.12.4V P-0.002J.At 12 mo.rales of
death and Ml weresimilar between groups and stroke wassignificantly more likely with CABG.
Conclusions:CABG had a lower rate olmajor cardiac or cerebrovascular events,however the rate of stoke was increased with CABG
whereas the rate of repeat revascularizaton was increased withPCI.
Title:Intensive lipidlowering withAlorvastatm m Patents with Stable Coronary Disease
Purpose:Assess the efficacy and safety of IDl-tnvermg below 100 mgdl in patients withstable CH0.
Methods:10001patents with stable CH0 and101‘130 mg dlwere randomised to doubleblind therapy of atorvastatn10 mg or 80 mg
daily.The primary endpoint was the occurrence of a first major CV event.
Results: A primary endpoint occurred in 8.7% of patents treated with atorvastatn 80 mg.as compared with10.9% inpatients receiving
atorvastatin 10 mg.There was no difference inoverall mortality between groups.
Conclusions:lipid-lowering therapy with atorvastatin 80 rcgd inpatents with stableCH0 provides clinical benefit beyond
atorvastatin10 mg.'d.

TNT NEJM 2005:352:1425 35

MYOCARDIAL INFARCTION

BHAI JAMA 1982:247:1707 14 Title:A Randomised Trial of Propranolol in Patients with Acute Myocardial Infarcton
Purpose:Study the effects on mortality of administering propranololhydrxhlocide inpatents who eiperienced at least one M.
Methods:3387 patents were randomised toeither propranolol or placebo for 21d post infarction.The primary outcome was all-cause
mortality.
Results:Total mortality during the average 25-mo follow-up was 7.2%id the propranolol group and9.2% in the placebo group.
Conclusions:In acute Ml.propranolol reducedall-cause mortality.CV death,andsudden death from atheroscleroticheart disease.
Title:Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction
Purpose:Assess the efficacy and safety of low-dose colchicine after Ml.
Methods:Patients were randomised to receive 0.S mg colchicine once daily or placebo.The primary endpoint was a composite of CV
death,resuscitated cardiac arrest.Ml.stroke,or UA leading to revascalanzation.
Results:The primary endpoint occurred in 5.5% of colchicine-treatedpatents and 7.1% in the placebo group (hasard rabo 0.77;95% Cl
0.61 to 0.96:P~0.02).The hasard ratios were 0.84 for CV death.0.83 for resuscitated cardiac arrest 0.91for Ml.0.26 for stoke,and
0.50 for UA.
Conclusions:Inpatents with recent ML colchicine lowered the risk of subsequent CV events as compared to placebo.

Title:Complete Revasculansaton with Multrressel PCI for Myocardial Infarcton
Purpose: To assess whether PCI of noncolprit lesions reduced rates of CV death or Ml in SIEMIpatents.
Methods:Patients with STEMI and successful PCI of culprit lesions wererandomised to complete revascularisation with PCI or no
further revascularisaton.The primary outcome was a composite of CV death or Ml.
Results:At 3 yr.the primary outcome occurred in 7.8% of patents in the complete-rev asculansat on group,compared with10.5% in
the culprit-lesion PCI only group (hasard ratio 0.74:95% Q 0.60 to 0.91:P'0-0041.The benefit was observed regardless of the intended
timing of nonculprit lesion PCI.
Conclusions:Inpatents with STEMI and mulbvessel CAD.complete revascularisaton by PCI further reduced the risk of CV death orMl
as compared to culprit-1esion-only PCI.
Title:Twelve or 30 Months of Dual Antplatelet Therapy after Dmg-ElubngStents
Purpose:Study the effects of dual antplatelet therapy beyond1yt.to prevent thrombotic complications after drug-eluting stents.
Methods:After 12 mo treatmentwith dopidogrel or prasugrel.patents were randomised to contnumg this therapy or receiving
placebo.The primary endpoints werestent thrombosis andmajor adverse CV events from12-30 mo.
Results:Continued treatment reduced the rates of stent thrombosis (0.4% vs.1.4%:95% Q 0.17 to 0.48:P'O.OOIj.and major CV and
cerebrovascular events(4.3%vs.5.9%:95% Cl0.59 to 0.85:P‘0.001).The rate of moderate-severe bleeding was increased in the
contnued treatment group (2.5% vs.1.65%:P~0.001|.
Conclusions:Dual antiplatelet therapy beyond1yr confersadditional benefit

Title:Comparison of Fondaparinui and Enoiaparin m Acute Coronary Syndromes
Purpose:Assess whether fondaparinui wouldreduce bleeding risk while retaining Lheanb-tschemic benefits of enoiaparin.
Methods:20078 patents were randomized to receive either fondaparinui 2.5mg daily,or enoiapann1mg kg twice daily.The primary
outcomes were death.Ml.refractory ischemia at 9 d.or bleedrng.
Results: The primary outcome rates were similar between the two groups (hasard rabo1.01: 95% Cl 0.90 to1.13).The rate of 9- d major
bleeding was lower in the fondaparinui group than the enoiaparin group (2.2% vs.4.1%:hazard ratio 0.52;P‘0.001).
Conclusions:Compared to enoiaparin.fondaparinuireducedmortality rates.ma>or bleeds at 9 d.andMlat 30 and180rt

Title:long-Term Use of Ticagrelor in Patents with Prior Myocardial Infarcton
Purpose:Investigate the safety andefficacy of bcagreloc after an ACS.
Methods:21162 patients who had a prior Ml were randomised to ticagrelor 90 mg SID.or placebo. The primary endpoints were a
composite of CV death.Ml.or stoke.The primary safety endpoint was thrombolysis in Mlandmajor bleeding.
Results:Kaplan-Meier event rates showed that ticagrelor reduced event rates at 3yt.at 7.77% for the beatment group and 9.04% in the
placebo group (hasard rabo 0.85:95% Cl 0.75 to 0.96:P'0.008).Rates of major bleeding were higher with ticagrelor than with placebo
(P‘0.001).
Conclusions: Ticagrelor on top olASA reduces CV events in patients withahistory of Ml.
Title:Ticagrelor vs.Clopidogrel inPatients with AcuteCoronary Syndromes
Purpose:Evaluate the efficacy of ticagrelor vs.dopidogrel in patients with an ACS.
Methods:18624 patients admitted to hospital with ACS.with or without ST-eleiaton.were randomized to ticagrelor (180 mg loading.
90 mg twice daily after) or clopidogrel (300-600 mg loading;75 mg daily after).The primary endpoint was a composite of vascular
death.Ml.orstok.
Results: The primary endpoint occurredin 9.8% of patents receiving ticagrelor.compared with 11.7% of patients receiving clopidogrel
(hazard ratio 0.84:95% Cl 0.77 to 0.92:P‘0.001).The rate of death was also reduced with ticagrelor (4.5% vs.5.9%:P‘0.001).There
were nosignificant differences in the rates ofmajor b'eedmg.
Conclusions:In ACS patents with either STEMI or KSTEMI.regardless of reperfusion strategy,ticagrelor reduced mortality.Ml.and
stroke without increased bleeding compared to clopidogrel.

C0LC0T NEJM 2019:381:2497-505

COMPLETE NEJM 2019:381:1411-21

NEJM 2014:371:2155-66DAPT

OASIS-5 NEJM 2006:354:1464-76

PEGASUS-IIMI 54 NEJM 2015:372:1791-800

PLATO NEJM 2009:361:1045 57

r m
L J

+

Activate Windows



C77 Cardiology and Cardiac Surgery Toronto Notes 2023

Trial Name Clinical Trial DetailsReference
PROVE IT — TIMI 22 NEJM 2004;350:1495-504 Title:Intensive vs.Moderate Lipid Loweringwith Statins alter Scute Coronary Syndromes

Purpose:Determine the optimal LDL-C level in patients undergoing statin therapy (or reduction in risk of CV events.
Methods:4162 patients hospitalized with ACS in the preceding10 d were assigned to pravastatin 40 mg daily or atorvastalin 80 mg
daily. The primary end point was a composite of all - cause mortality Ml, US.revascularization, and stroke.
Results: Event rales were 26.3% in the pravastatin group and 22.4% in the atorvastalin group (P*0.005; 95% Cl 5 lo 26%). Ihe study
established the superiority olIhe more intensive regimen.
Conclusions:In patients hospitalized lor ACS.high dose atorvastalin reducedall- cause mortality.Ml.unstable angina,
revascularization,and stroke compared with pravastatin.
Title:Prasugrel vs.Clopidogrel in Patients with Acute Coronary Syndromes
Purpose:Compare clopidogrel and prasugrel in preventing thrombotic complications of ACS and PCI.
Methods:13608 patients with ACS and scheduled PCI were randomized to prasugrel (60 mg loading.10 mg maintenance) or clopidogrel
(300 mg loading. 75 mg maintenance).Ihe primary endpoint was CV death,non-fatal Ml. or non-latal stroke.The safety endpoint was
major bleeding.
Results: Iheprimary endpoint occurred in 12.1% olclopidogrel patients and 9.9% olprasugrel patients (hazard ratio 0.81;95% Cl 0.73
to 0.90:P<0.00t).Major bleeding was observed in 2.4% olprasugrel patients and1.8% ol clopidogrel patients (hazard ratio 1.32; 95%
Cl 1.0310I.68:P-0.03.)
Conclusions:In ACS patients scheduled for PCI.prasugrel reduced ischemic events but increased major bleeding compared lo
clopidogrel.

TRITON TIMI 38 NEJM 2007:357:2001-15

TRANSCATHETER AORTIC VALVE REPLACEMENT

NEJM 2016;374:1609-20 Title:Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients
Purpose:Evaluate survival rales between TAVR and surgical aortic valve replacement,in intermediate risk patients.
Methods:2032 intermediate risk patients were randomized lo1AVR or surgical replacement. The primary endpoint was all-cause
mortality or disabling stroke al 2 yr.
Results: The rales ol primar y outcomes were similar between TAVR and surgical replacement groups (P'0.001).Al 2 yr.Ihe Kaplan-
Meier event rates were 19.3% in the TAVR group and 21.1% in the surgical group (hazard ralio 0.89:95% Cl 0.73 lo1.09; P-0.25).
Surgery resulted in fewer major vascular complications and less paravaIvular aortic regurgitation.
Conclusions:In intermediate-risk patients with AS.TAVR and SAVR resulted in similar rales of all-cause mortality and disabling stroke.
Title:Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients
Purpose:Compare major outcomes in low-risk patients between TAVR andsurgical aortic-valve replacement.
Methods:1000 patients with severe aortic stenosisand low surgical risk were randomized to TAVR or surgical aortic valve replacement.
Ihe primary endpoint was a composite of death,stroke, or rehospitalization at 1yr.
Results: The Kaplan- Meier event rales were significantly lower In Ihe TAVR group thanIhe surgery group (8.5% vs.15.1%;95% Cl 10,8
lo -2.5:P'0.001) At 30 d. TAVR resulted in lower stroke rates and new-onset atrial fibrillation. There were no significant dtflercnces in
major vascular complications,new pacemaker insertion, or paravalvular regurgitation.
Conclusions:Among low-surgical risk patients with severe AS. the rate olthe composite of death,stroke,or rehospitalization was
significantly lower with TAVR compared to surgical aortic-valve replacement.

PARTNER II

PARTNER III NEJM 2019:380:1695-705

HEART FAILURE
NEJM 2018:3792307-18C0APT Title:Transcatheter Mitral-Valve Repair inPatients with Heart Failure

Purpose:Assess improvement in outcomes in patients with MR due lo IV dysfunction, from transcatheter mitral valve repair.
Methods:Patients with HE and secondary mitral regurgitation were randomized lo transcatheter mitral-valve repair plus medical
therapy,or tomedical therapy alone. The primary endpoint was hospitalization lor HE al 24 mo.
Results: The primary cndpoml was 35.8% in the intervention group, compared to 67.9% in the control group (hazard ratio 0.53; 95%
Cl 0.40 lo 0.70;P<0.001|.Death Irom any cause occurred at 29.1% In the intervention group compared with 46.1% in Ihe control group
(hazard ralio 0.62:95% Cl 0.46 to 0.82:P'0.001).
Conclusions:Among patients with HE and secondary MR who remained symptomatic despite medical therapy,transcatheter mitral-
valve repair resulted ina lower rate of hospitalization for HE and tower mortality than medical therapy alone.

Title:Effects of Candesartan on Mortality and Morbidity in Patients with Chronic Heart Failure: The Charm-Overall Programme
Purpose:Determine whether ACEI use could reduce mortality and morbidity in patients with CHE.
Methods:Patients with LVEF <40% not receiving ACEIs were randomized to candesartan or placebo. Ihe primary outcome was all-cause
mortality.CV death, or hospital admission for CNF.
Results: Mortality was 23% in Ihe candesartan gioup and 25%In the placebo group (hazard ratio 0.91:95% Cl 0.83 lo 1.00: P'0.055),
with (ewer CV deaths (18% vs..20%;P-0.012).
Conclusions:Candesartan reduced overall mortality.CV death,and CHE hospitalizations.
Title:Ihe Cardiac Insufficiency Bisoprolol Study It (CI8ISII): A Randomised Trial
Purpose:Investigate the efficacy of bisoprolol in decreasing all-cause mortality in CHE.
Methods:2647patients with LVEF <35%receiving standard therapy were randomized to bisoprolol or placebo.Ihe primary outcome
was all-cause mortality.
Results: All -cause mortality was significantly lower with bisoprolol than placebo (11.8% vs.17.3%,hazard ratio 0.66:95% Cl 0.54 to
0.81: P'0.0001).Treatment effects were independent of etiology or severity of HE/
Conclusions:Bisoprolol reduced all-cause mortality.CV death, all-cause hospitalization,and CHE hospitalization/

Title:Comparison of Carvcdilol and Meloprolol on Clinical Outcomes in Patients withChronic Heart Failure in the Carvedilol or
Meloprolol European Trial (Cornel):Randomised Controlled Trial
Purpose:Compare outcomes of chronic HFrEF patients on carvedilol or meloprolol.
Methods:1511patients with CHE were randomized to carvedilol 25 mg twice daily,and1518 randomized to metoprolol 50 mg twice
daily.The primary endpoints were all-cause mortality,and the composite of all-cause mortality or all-cause admissio.n
Results: The all-cause mortality was 34% for carvedilol patients and 40% for metoprolol patients (hazard ratio 0.83:95% Cl 0.74 lo
0.93:P'0.0017).Incidence of side effects and withdrawal did not differ significantly between groups.
Conclusions:Carvedilol was associated with a reduction inall -cause mortality compared withmeloprolol.
Title: Effect ol Carvedilol on Survival in Severe Chronic Heart Failure
Purpose: Assess Ihe effects ol fl -blockade on hospitalization and mortality inpatients with severe HE.
Methods 2289 patients with HE symptoms at rest and an EE <25% were randomized to carvedilol or placebo.Primar y endpoints were
rates of hospitalization and mortality.
Results: There was a 35% reduction in mortality risk in patients treated with carvedilol than placebo (95% Cl 19% to 48%; P-0.0018).
Conclusions:Carvedilol in addition to standard treatment significantly reducedIhe risk of death or hospitalization in patients with
severe CHE.

CHARM Lancet 2003:362:759 66

Lancet 1999:353:9-13CIBISII

Lancet 2003:362:7-13COMET

COPERNICUS NEJM 2001:344:1651 58
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Clinical Trial DetailsTrial Name Reference

DAPi Hf NEJM 2019:381:1995-2008 Title:Dapagliflozin inPatients with Heart failure and Reduced Ejection Fraction
Purpose:Assess the efficacy of theSGLT2 inhibitor dapagliflorin in patients with HFrEF,independent of T2DM status.
Methods:4744patients withHf and Ef <40% were randomized to receive dapag'iflozin10 mg once daily,or placebo,in addition to
recommended therapy.The primary outcome was worsening Hf or CV death.
Results:The primary outcome occurred in16.3% of dapagliflorin-treated patents and 21.2% of placebo patients (hazard ratio 0.74:
95% Cl 0.65 to 0.85;P<0.001).A worsening of HF occurred at10.0% in the dapaghflozin group and 13.7% in the placebo group (hazard
ratio 0.70:95% Cl 0.59 to 0.83).findings in patients with DM were comparable to those in patients without DM.
Condusions: In patients withHfrEf.the risk of worsening HF or death from CV causes was lower among those who received
dapagliflorin than those whoreceived placebo.
Title:Empaglillozinin Heart Failure with a Preserved Ejection Fraction
Purpose: Assess the efficacy of the S6LT2 inhibitor empagliflozin inpatents with HFmrEF and HFpEf. irrespective of diabetes status.
Methods: 5988 patients with symptomatic Hf and an EF >40% were randomized to receive empagliflozin10 mg once daily,or placebo,
in addition to usual therapy.The primary outcome was a composite of CV mortality or hospitalization for HF.
Results:Empagliflozin was assocated with a lower risk of CV mortality or hospitakzation for HF (13.8% vs.17.1%:HR 0.79:95% Cl 0.69
to 0.90;P<0.001),which was mainly related to fewer HF hospitalization events in the empagliflozin group. Ihe effects of empagliflozin
appeared consistent in patients with or without diabetes.
Conclusions: In pabents with HFmrEF and HFpEF.empagliflozin was associated with a lower risk of the CV mortality or hospitalization
for HF.and this effect was primarily driven by fewer HF hospitalizations.
Title:Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure
Purpose: Assess the efficacy of the$GU2 inhibitor empagliflozin inpatients with HFrEF.irrespective of diabetes status.
Methods: 3730 patients with symptomatic HF and an EF <40% were randomized to receive empagliflozin 10 mg once daily. or placebo,
in addition to usual therapy.The primary outcome was a composite of CV mortality or hospitalization for worsening HF.
Results:Empagliflozin was associated with a lower risk of CV mortality or hospitaization for HF (19.4% vs.24.7%:HR 0.75:95% Cl 0.65
to 0.86; P<0.001).Theeffect of empagliflozin on the primary outcomewas consistent inpatients regardless of diabetes status.
Conclusions:In patients with HFrEF.empagliflozin was associated with a lower risk of CV mortality or hospitalization for HF.
independent of diabetes status.

Title:Irbesartan in Pabents with Heart Failure and Preserved Ejecbon Fracbon
Purpose:Study the effects of irbesartan in patients with HF and EF»45%.
Methods: 4128 patients with HF and EF »45% were randomized to irbesartan 300 mg daily,or matching placebo.Iheprimary outcome
was a composite of all-cause mortality or CV hospitalization.
Results:Ihe primary outcome occurred in 742 patients in Ihe irbesartan group and 763 placebo patients (hazard ratio 0.95:95% Cl
0.86 to 1.05:P-0.35). Overall,rates of death were 52.6 and 52.3 per 1000 patient-yr.respectively.
Conclusions: In pabents with CHF and normal LVEF. treatment with ARB (ubesattan) did not improve mortality or CV morbidity
compared to placebo.
Title:Angiotensin-Neprilysin Inhibition vs.Enalapril in Heart Failure
Purpose:Compare survival in HFrEF pabents treated with enalaprilor an angiotensin-neprilysin inhibitor.
Methods:8442 patients with HF and EF <40% were randomized to LC2696 200mg twice daily,or enalapril10mg twice daily.The
primary endpoint was a composite of CV death and HF hospitalization.
Results:The primary outcome occurred in 21.8% of LC2696-treated patients and 26.5% of enalapril patients (hazardrabo 0.80c 95%
Cl 0.73 to 0.87;P<0.001).13_3% and16.5% of patients treated with LC2696 and enalapril.respectively, died of CV causes (hazardratio
0.80; 95% Cl 0.71to 0.89;P<0.001J
Conclusions:Novel drug (IC2696) containing valsartan and a neprilysiu inhibitor (prevents degradation of natriuretic pepbdes) reduces
hospitalization and mortality.
Title:Ihe Effect of Spironolactone on Morbidity and Mortality m Patients with Severe Heart Failure
Purpose:Assess the efficacy of spironolactone onmorbidity and mortality in patients with severe HF.
Methods: 1663 patients withsevere HF and LVEF <35% who were being treated with ACEI.loop diuretic and digonn.were randomized
to spironolactone 25 mg daily or placebo.The primary endpoint was all-cause mortality.
Results:There was a mortality rate of 46% in the placebo group,compared to 35% in the spironolactone group (RR 0.70:95% Cl 0.60
to 0.82:P<0.001).The freguency of hospitalization for worsening HF was 35% less in the intervention group (RR 0.65195%00.54 to
0.77,P<0.001).
Condusions: In severe CHF(class lll'IV) and LVEF <35%.spironolactone reducedall-cause mortality,sudden death,and death due to
progression of HF.
Title:Amiodarone or an Implantable Cardioverter-Defibrillator for Congestive Heart Failure
Purpose:Study prognosis differences in CHF patients healed with amiodaroneor ICO.
Methods: 2521patients with CHF and LVEF <35% were randomized to conventional therapy plus placebo, conventional therapy plus
amiodarone.or conventional therapy plus shock-only single-lead ICD. The primary endpoint was death from any cause.
Results: Mortality rates were 29% in placebo patients. 28% in the am odatone group,and 22%in Ihe ICD group (hazard ratio1.06:
97.5% Cl 0.86 to 1.30:P'0.53).ICD was associated with a decreased risk of death of 23% compared to placebo lhazard ratio 0.77:
97.5% Cl 0.62 to 0.96:P'0.007).Results did not vary based on ischemic or nonischemic causes of CHF.
Conclusions: In mild-to-moderate CHF.shock-only ICD significantly reduces risk of death:amiodarone had no benefit compared with
placebo in treabng patients withmild-to-moderate CHF.
Title: A Clinical Trial of the Angiotensm-Converting-Enzyme Inhibitor Trandolapril inPabents with Left Ventricular Dysfuncbon after
Myocardial Infarction
Purpose:Determine whether the mortality benefit of ACEI post- MI extends to allpabents, or only selected pabents.
Methods:On d 3-7 post-MI.1749 pabents were randomized to receive oral trandolapril or placebo.The primary endpoint was all-cause
mortality.
Results:The mortality rate was 34.7% in the trandolapril group,comparedwih42.3% in the placebo group (P‘0.001:RR 0.78:95% Cl
0.67 to 0.91). Trandolapril reduced rates of sudden death [RR 0.75:95% Cl 0.59 to 0.98:P'0.03) and CV death (RR 0.75:0.62 to 0.89:
P-0.001).
Conclusions:In pabents withIV dysfunction post-MI, long-term trandolapril reduced the risk of death or progression tosevere CHF and
reduced risk of sudden death.

EUPEROR-Preserved NEJM 2021:385:1451-1461

EMPEROR Reduced NEJM 2020;383:1413-1424

I PRESERVE NEJM 2008:359:2456-67

PARADIGM HF NEJM 2014:371593-1004

RALES NEJM 1999:341:70917

SCD-HeF! NEJM 2005;352:225-37

TRACE NEJM1995:333:1670-76
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ARRHYTHMIA

Title:A Comparison of Rate Control and Rhythm Control in Patients with Atrial Fibrillation
Purpose:Compare rate and rhythm control in patients with AFib and high risk of stroke or death.
Methods:4060patients with AFib were randomized to rhythm-control therapy with antiarrhythmic drugs,or rate-control therapy.
Results:The mortality rate was 23.8% in rhythm-controlled patients and 21.3% in rate-controlled patients (hazard ratio1.15:55% Cl
0.95 lo1.34:P - 0.08).More patients were hospitalized in the rhythm-control group,with higher rates of adverse drug events.
Conclusions:No significant difference in mortality rates between rate or rhythm control of AFib.

Title:Apnaban vs.Warfarin inPatients with Atrial Fibrillation
Purpose:Assess the efficacy of apixaban for stroke prevention in patients with AF.in comparison with warfann.
Methods:18201patients with AFib and one additional RF for stroke were randomized to apixaban 5 mg twice daily or warfarin.The
primary outcome wasstroke or systemic embolism.
Results:The rate of primary outcome was1.27%per year in the apixaban group and1.60% per year in the warfarin group (hazardratio
0.79:95% Cl 0.66 to 0.95;P'0.001).The rate of major bleeding was 2.13% per year with apixaban and3.09% per year with warfann
(hazard ratio 0.69;95% Cl 0.69 to 0.80:P'0.001). The rate of hemorrhagic stroke was 0.24% per year in the apixaban group and 0.47%
per year in the warfann group.
Conclusions:AFib patients treated with apixaban had a lower incidence of stroke,major bleeding and mortality compared to warfarin.

Title:Antithrombotic Therapy after Acute Coronary Syndrome or PCI in AtrialFibrillation
Purpose:Elucidate benefits of antithrombotic regimens for patients with AFib and either ACS or previous PCI.
Methods:Patients with AFib and a prior ACS or PCI were randomized to apixaban or a vitamin K antagonist,and to ASA or placebo for 6
mo. Theprimary outcome wasmajor or clinically relevant non-major bleeding.
Results:The primary outcome occurred in10.5% of apixaban patients and14.7% of vitamin K antagonist -patients (hazard ratio 0.69:
95% Cl1.59 to 2.25:P'0.001).Patients in the apixaban group had a lower incidence of death or hospitalization compared to the vitamin
K antagonist group (23.5% vs. 27.4%:hazard ratio 0.83; 95% Cl 0.74 lo 0.93:P-0.002).
Conclusions:In patients with AFib and recent ACS or PCI.apixaban reduced bleeding compared to regimens that included a vitamin K
antagonist. ASA. or both.

JAMA Cardiol. 2020:5:1358-65 Title:Coronary Angiography after Cardiac Arrest without ST Segment Elevation: One-Year Outcomes of the COACT RandomizedClinical

NEJM 2002:347:1825-33AFFIRM

ARISTOTLE NEJM 2011:365:531-92

AUGUSTUS NEJM 2019:380:1509-24

COACT
Trial
Purpose:Compare1-yr clinical outcomes of immediate angiography and PCI versus delayed angiography in resuscitated cardiac arrest
patients without STEMI.
Methods:552 patients who had undergone cardiac arrest in the absence ot STEMI were randomized to immediate coronary
angiography,or angiography after recovery of neurological function. PCI was carried outas indicated by angiography,in keeping
with the time allotments between groups.The primary endpoints were survival.Ml.revascularization,hospitalization for HF.and the
composite of death and Ml.at1yr follow-up lime.
Results:Survival at1-yr follow-up were 61.4% and 64.0% in the immediate angiography and delayed angiography groups,respectively
(OR 0.90:95% Cl 0.63 to1.28:P'0.51).Similar to 90-d outcomes,this represents a statistically insignificant difference.Ml rates were
0.8% and 0.4% in the immediate and delayed groups,respectively (OR 1.96:95%CI 0.18 to 21.8).The composite outcome of death,
revascularization,or Mloccurred at a rate of 42.9% and 40.6% in the immediate and delayed groups,respectively (OR 1.10:95% Cl 0.77
to156).
Conclusions:Similar to the previous90-d follow-up, immediate angiography did not significantly improve1-yr clinical outcomes
compared to delayed angiography in resuscitated cardiac arrest patients without evidence of STEMI.

Title:Edoxaban vs.Warfarin in Patients with Atrial Fibrillation
Purpose:Compare the long-term efficacy and safety of edoxaban and warfarin in AFib patients.
Metbods:21105 patients with moderate-high risk AFib were randomized to two once-daily regimens of edoxaban or warfarin.The
primary endpoint was stroke or systemic embolism.
Results:The primary endpoint rate was1.50% with warfarinand1.18% in the edoxaban group (hazard ratio 0.79:97.5% Cl 0.63 to 0.95:
P'0.001).The annualized rate of major bleeding was 3.43% with warfarin and 2.75% with high-dose edoxaban (hazard ratio 0.80:95%
00.71to 0.91;P'0.001).
Conclusions:AFib patients treated with edoxaban had similar rates of stroke and lower rates of major bleeding compared to warfarin.
TitleiAlcohol Abstinence in Drinkers with Atrial Fibrillation
Purpose:Study the effects of alcohol abstinenceon secondary prevention of atrial fibrillation.
Methods:Adults who consumed^standardized drinks/wk with AFib were randomized to abstinence or continuation of current
practices.The two primary endpoints were freedom from AFib rccurrenceand total AFib burden.
Results:Alter a 2-wk blanking period.AFib recurred in 53% of patients in the abstinence group and 73% of patients m the control group
(hazard ratio 0.55:95% Cl 0.36 to 0.84: P-0.005). The AFib burden after 6 mo was lower in the abstinence group than the control group.
Conclusions:Abstinence from alcohol reduced arrhythmia recuriences in regular drinkers with AFib.
Title:Oabigatran vs.Warfarin in Patients with Atrial Fibrillation
Purpose:Compare the reduction of stroke risk in AFib patients with warfarin versus dabigatran.
Methods:18113 patients with AFib and stroke risk were randomized to fixed doses of dabigatran (110 mg or 150 mg twice daily) or
warfarin.The primary outcome was systemic embolism.
Results:Rates of primary outcomes were 1.69% per year with vrarfarin, compared with1.53% per year with110 mg dabigatran(RR
0.91:95% Cl 0.74 to1.11: P«0.001) and1.11% per year with 150 mg dabigatran (RR 0.66:95% Cl 0.53 to 0.82:P'0.001).The rate of
major bleeding was 3.36% in the warfarin group, compared to 2.71% in the dabigatran110 mg group and 3.TI% in the dabigaban150
mg group.
Conclusions:AFib patients heated with dabigatran had a lovrer incidence of stroke compared to warfarin,withsimilar rates of major
bleeding.
Trtle:Rivaroxaban vs.Warfarin in Nonvalvular Atrial Fibrillation
Purpose:Compare rivaroiaban with warfarin in reducing stroke risk in AFib patients.
Methods:14264patients with nonvalvular AFib were randomized to rivaroiaban 20 mg daily or dose-adjusted warfarin.The primary
endpoint was stroke or systemic embolism.
Results:The primary endpoint occurred in1.7% of patients in the rivaroxaban group and 2.2% of patients on warfarin(hazard ratio
0.79:95% Cl 0.66 to 0.96:P'0.001).Major and non-major bleeding occurred in14.9% of patients in the rivaroiaban group and14.5% of
warfarin patients|hazard ratio1.03; 95% Cl 0.96 to1.11;P“0.44|.
Conclusions:Inpatients with AFib. rivaroxaban is non-inferior to warfarin for stroke prevention without an excess of maior bleerhng.

ENGAGE AF -TIMI48 NEJM 2013:369:2093 104

ET0H AFib NEJM 2020:382:20-23

NEJM 2009:361:1139 51RELY

ROCKET-AFib NEJM 2011:365:883-91
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Trial Name Rctcrenee Clinical Trial Details
HYPERTENSION
HYVEI HUM 2008:368:188 / 98 Title: treatment ol Hypertension in Patients 80 Years ol Age or Older

Purpose:Assess anlihypcrlensive therapy lor stroke risk reduction,in patients -80 yr with hypertension.
Methods:3845 patients with sBP -160 mmHg and >80 yr were randomiied to mdapamide SR 2.5 mg or placebo.Penndopril 2 mg or 4
mg was added il needed lo achieve target BP 160/80 mmHg.the primaiy endpoint was fatal or non-fatal stroke.
Results:Active treatment was associated with a 30% reduction in fatal or non-fatal stroke (95% Cl -1lo 51; P*0.06),a 39% reduction in
death from stroke (95% Cl1to 62: P'0.05) and a 21% reduction in all-cause mortality|9S% Cl 4 to 36;P‘0.02).
Conclusions:In hypertensive patients -80 yr, treatment with indapamide.with or without perindopril, showed a trend towards
reduced relative risk of fatal or non-fatal stroke.
Title:A Randomized Trial of Intensive vs.Standard Blood-Pressure Control
Purpose:Determine appropriate targets for sBP to reduce CV morbidity and mortality among patients without DM.
Methods:9361patients with an sBP130 mmHg or greater and increased CV risk,without diabetes, were randomized to s8P target <120
mmHg or <140 mmHg.The primary outcome was a composite of Ml.other ACS.stroke, HF, or CV death.
Results: There was a significant reduction in the rates of primary outcome in the intensive group compared to the conservative group
(1.65% vs.2.19%; hazard ratio 0.75;95% Cl 0.64 lo 0.89:P<0.001).All- cause mortality was significantly lowered in the intensive group
(hazard ratio 0.73;95% Cl 0.60 to 0.90;P'0.003).
Conclusions:In patients with high risk of CV events deluding DM.strict sBP contiol (<120 mmHg) is associated with fewer CV events
and lower all-cause mortality.

SPRINT NEJM 2015;373:2103-16

lancet 2004;363:2022-31 Title:Outcomes inHypertensive Patients at High Cardiovascular Risk Treated with Regimens Based on Valsartan or Amlodipine: The
Value Randomised Trial
Purpose:Determine whether valsartan would reduce cardiac morbidity more than amlodipine in hypertensive patients with high CV

VALUE

risk.
Methods:15245 patients with hypertension and high CV risk were randomized to valsartan or amlodipine.The primary endpoint was a
composite of cardiac morbidity and mortality.
Results: The primary composite endpoints occurred in 10.6% of patients in the valsartan group and10.4% of patients in the amlodipine
group (hazard ratio1.04; 95% Cl 0.94 to 1.15:P'0.49).
Conclusions:The valsartan group had a higher incidence of Ml than the amlodipine group.
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Acronyms
ACE angiotensin converting enzyme cGMP
ACh acetylcholine
ADE adverse drug event
ADR adverse drug reaction
ARB angiotensin receptor blocker
AUC area under the concentration- DIN

time curve
BBB blood-brain barrier

P-glycoproteln
pharmacokinetics
solute carrier
selective serotonin reuptake
inhibitor
total body water
therapeutic drug monitoring
therapeutic index
volume of distribution

cyclic guanosinc
monophosphate
clearance rate

COMT catechol-O-methyltransferase NE
CYP

INR international normalized ratio P-gp
milligram morphine equivalents PK
National Drug Code
norepinephrine (NPN)
nothing by mouth
nervous system
partition coefficient of a drug
pharmacodynamics
phosphodiesterase

MME
C NDC SLC

cytochrome P450 enzyme
drug identification number NS
Food and Drug Administration Po.v>
glomerular filtration rate
Henderson- Hasselbalch

NPO
TBW

FDA TDM
GFR PD Tl

( ’DrHH Vd

General Principles

Drug Nomenclature
• DIN or NDC: Drug Identification Number assigned to each drug approved by Health Canada;

National Drug Code assigned by FDA ( US), equivalent to the DIN in Canada
• DIN - H M: identification number assigned to registered homeopathic products in Canada
• NPN: Natural Product Number; refers to natural health products (excluding homeopathic

medicines) regulated by the Natural and Non-Prescription Health Products Directorate within Health
Canada

• chemical name: describes chemical structure; consistent in all countries via International Union of
Pure and Applied Chemistry (e.g. N-(4-hydroxyphenyl)acetamide = acetaminophen)

• non-proprietary (generic) name:approved name (requires approval from nomenclature committee),
official name (listed in pharmacopeia), often referred to as the generic name; may contain an ending
similar to drugs in its class (e.g. atorvastatin, pravastatin, simvastatin)

• proprietary (trade) name: the brand name or registered trademark (e.g. Lipitor")

Phases of Clinical Drug Testing
• pre-clinical:assessments of the drug before it is given to humans (e.g.laboratory studies in cells or

animals) to examine PK and PD properties and potential toxicities
• phase I: first administration to a small number of healthy volunteers, following preclinical studies; to

explore PK and safely
• phase il: first administration to patients, small sample sizes; primarily to determine safety and

efficacy, dose range and PK
• phase 111: comparative studies (new drug vs. placebo or standard of care) to establish safety and

efficacy in a larger group of patients; generally involves double-blinded KC Is
• phase IV: post-marketing surveillance, wider distribution; to determine effectiveness (in contrast to

efficacy), monitor long-term drug effects, and detect previously unappreciated ADRs

Set Lardmark Clinical Pharmacology Trials table
for more information on results from the BNTk62b 2
t rial,one ol Ibe first otiose III global trials utilizing
BNI162b2 mRNA vaccine in presenting COVtD-19 in
persons1Syr and older.

Drug Administration
• choice of route of administration depends on available formulations, local and systemic effects,

desired time to onset and/or duration of action, adherence, and other patient characteristics
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Table1Routes of Drug Administration
Route Advantage Potential Disadvantages
Oral (P0) Convenient, easy to administer

Large surface area for absorption
Inexpensive relative lo parenteral administration Adverse Gl effects

Incomplete absorption
See Landmark Clinical Pharmacology Inals table
lor more Information on results from tl*A1US
trial, which is the Ihsttiiai utihimg long-acting
cabolegravir and nlpivinne inlramuscular injections
for mainland nee of HIV -1suppression vs.standard
daily oral anbretroriral therapy. lire trial isexpected
to improve longterm HIV-1suppression medication
adherence.

Hepatic and intestinal first-pass effect

Higher likelihoodol drug drug,'drug - food - interactions
May be allectcd by dietary lac tors
Requires an intact Gl system
Affected by Gl motility

Buccal/Sublingual (SI) Rapid onset of action
No hepatic first- pass effect
Small hepatic first - pass effect
Use when NPO.vomiting, or unconscious

Must be lipid-soluble, non-irritating

Inconvenient, irritation at site of application
Erratic absorption
Appropriate for limited number of drugs
Little ability to undo inappropriate drug administration
Risk of infection, bleeding, vascular injury, and
extravasation
Mote expensive
Requires sterile conditions and trained professionals

Rectal ( PR )

No hepatic first -pass effect
Provides rapid onset of action
Easy to titrate dose

Intravenous (IV)

Intramuscular (IM) Depot storage if oil- based -slow release of drug Pain/hematoma at site of injection
Aqueous solution - rapid onset of action (e.g.
epinephrine for serious allergic reactions)

Subcutaneous (SC) Constant, even absorption
Alternative lo IV

Pain at site of injection
Smaller volumes than IM

Easier administration (can be self -administered) Possible tissue damage from multiple injections

Direct into CSF
Bypass BBB and blood-CSF barrier
Immediate action in lungs
Rapid delivery lo blood
No hepatic first- pass effect and generally less
presystemic clearance

Risk of infection and CSF leak
Invasive procedure

Musi be gas. vapour, or aerosol

Intrathecal

Inhalation

Topical (skin, mucous membranes. Easy to administer
eyes)
Transdcrmal

Effects are generally limited to siteof application
Localiied (limited systemic absorption)
Drug absorption through intad skin
No hepatic first- pass effect
Local effect

Irritation dt site of application
Delayed onset of action
Risk of infection and hemorrhageOthers (Inlraperitoneal. Intra -

articular)

Pharmacokinetics
• “what the body does to the drug”- i.e. the fate of a drug in the body following administration
• definition: the time-course of drug absorption, distribution, metabolism, and elimination from the

body (ADME) following drug administration

Absorption
•definition: movement of the drug from the site of administration into bloodstream

Mechanisms of Drug Absorption
• most drug absorption involves passive diffusion
•other mechanisms include active transport, facilitated diffusion, and pinocytosis/phagocytosis

Factors Affecting the Rate and Extent of Drug Absorption
• lipophilicity ( Pofw)
•local blood flow at the site of administration (e.g. sublingual vessels facilitate rapid absorption of

sublingually-administered medications)
• molecular size (e.g. drugs with smaller molecular weights are absorbed faster; drugs with large

molecular weights (i.e. >1000 Da) are not as easily absorbed by passive diffusion )
• pH and drug ionization

drugs are usually weak acids (e.g. ASA) or weak bases (e.g. ketoconazole) and thus exist in ionized
and non-ionized forms in the body
non-ionized ( uncharged) forms cross cell membranes more readily by passive diffusion than
ionized (charged ) forms
the ratio of ionized to non-ionized forms is determined by body compartment pH and drug pKa
(as per the Henderson- Hasselbalch equation )

• total surface area for absorption (e.g. small intestinal villi are the primary site of absorption for
most orally-administered drugs)

•drug transporters
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Bioavailability (F)
• definition: proportion of dose that reaches systemic circulation in an unchanged state and is available

to access the site of action
• lower F usually reflects limited drug absorption or significant first-pass effect
• IV dose has 100% bioavailability ( I;= l)

First-Pass Effect
• definition: metabolism (i.e. biotransformation) of the drug prior to reaching systemic circulation,

resulting in reduced F
• can occur with PO administration of a drug: G1 tract (absorption with possible metabolism) -> portal

vein to liver (possible first-pass metabolism) > systemic circulation
• with rectal administration, 50% of drug absorbed in the colon goes through the portal system

Drug Transporters
• there are many drug transporters that can affect the uptake or efflux of drugs from cells and

organelles, and affect drug absorption, distribution, and elimination
• P-glycoprotein (P-gp) is a transport protein of clinical relevance as it is found in a wide variety of body

tissues (including the small intestinal epithelium, proximal tubule, bile canaliculi, and BBB) where
it acts as a multidrug efflux pump and provides a “natural defence mechanism"against drugs and
xenobiotics

• P-gp limits the absorption and enhances the elimination of its many P-gp substrates (e.g. digoxin,
etoposide, paclitaxel, tacrolimus, cyclosporine, apixaban)

• some drugs (e.g.most macrolide antibiotics) inhibit P-gp, leading to increased serum concentrations
of P-gp substrate drugs; P-gp inducers (e.g. rifampin, St. John’s wort) increase efflux activity leading to
decreased serum concentrations

• some tumours overexpress P-gp leading to multidrug resistance to chemotherapeutic agents
• other members of the ATP Binding Cassette (ABC) superfamily and the Solute Carrier (SLC)

superfamily of drug transporters also affect drug absorption; members of the SLC superfamily
generally function as uptake drug transporters

Distribution
• definition: movement of drugs between different body compartments and to their sites of action
• major body fluid compartments include plasma, interstitial fluid, intracellular fluid, and transcellular

fluid (e.g.CSF,peritoneal, pleural)
• tissue compartments include fat, muscle, and brain

Factors Affecting the Rate and Extent of Drug Distribution
• physical and chemical properties of the drug (e.g. P»/ w, pKa, and size)
• pH of fluid
• binding to plasma proteins
• binding within compartments (i.e. depots)
• regional blood flow
• drug transporters

Plasma Protein Binding
• some drug molecules in the blood exist in an equilibrium of two forms:

1. bound to plasma protein: acidic drugs bind to albumin, basic drugs bind to al -acid
glycoprotein

2. free (unbound):can leave the circulation to distribute into tissues and exert an effect, subject
to metabolism and elimination

• bound fraction is determined by drug concentration, binding affinity,and plasma protein
concentration (number of binding sites)

• reduced number of binding sites (e.g. hypoalbuminemia) or saturation of binding sites (e.g.
competition/displacement) may result in increased concentration of free drug, which is often cleared
with no harmful effects, although toxicity is possible

Volume of Distribution
• Vd: the apparent volume of fluid into which a drug distributes
• a calculated value (Vd) = amount of drug in body (i.e.dose administered) initial plasma drug

concentration
• a theoretical value that does not correspond to an actual physiologic volume; Vd can greatly exceed

TBW
• Total Body Water (TBW ) represents the maximal anatomical fluid volume thought to be

accessible to a drug (~40 L for average adult )
• small Vd (<0.04 L/kg) generally corresponds to a drug that distributes in plasma and/or binds plasma

proteins to a high degree
• large Vd corresponds to a drug that distributes into tissues (fat, muscle, etc.); since most of the drug is

not located in blood, the measured drug concentration in blood is low; thus, when dividing the dose
by the blood/plasma drug concentration, it “appears" to distribute in a large volume
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• Vd of drugs that are highly bound to plasma proteins can be altered by liver and kidney disease due to
changes in plasma protein binding

• Vd of drugs changes with age
• Vd of drugs may change in the geriatric population based on the drug Po/w; in geriatric populations,

there is a reduction in total body water and total muscle mass, but an increase in total body fat
resulting in an increase in the V d of hydrophobic drugs

Depot
• a body compartment in which drug molecules tend to be stored and released slowly over a long period

of time
• fat is a depot for very lipid soluble drugs (e.g. diazepam, THC)
• some oil-based medications are injected 1M for slow release (e.g. depot medroxyprogesterone acetate

dosed q3 mo; depot risperidone dosed q2 wk)

Barriers (Relative)
• anatomical body structures that limit or prevent diffusion of drug molecules, such as the placenta or

BBB (a barrier composed of tight junctions between capillary endothelial cells and astrocytes)
• physiological barriers such as drug transporters (e.g. P-gp), often serve as a natural defence

mechanism against drugs and xenobiotics
• need to consider dosing route and/or drug interactions for drug penetration across these barriers
• barriers are important in determining sites of action and side effect profiles of drugs (e.g. risk of C.NS

depression if drug crosses BBB, risk of harm to a fetus if drug crosses placenta)

Elimination
• definition: removal of a drug from the body

Routes of Drug Elimination
• kidney (main organ of elimination)

renal drug clearance = (glomerular filtration + tubular secretion) - (tubular reabsorption)
renal function (assessed using serum creatinine) decreases with age (7.5 mL/min per decade) and
is affected by many disease states (e.g. diabetes)
processes affecting renal elimination:
1. glomerular filtration

- a passive process, thus only the free drug fraction can be eliminated
- drug filtration rate depends on GFR,degree of protein binding of drug, and size of drug

2. tubular secretion
- a saturable transport process allowing both protein-bound and free drug fractions to be
excreted
- distinct transport mechanisms for weak acids (e.g. penicillin, salicylic acid, probenecid,
chlorothiazide) and weak bases (e.g. quinine, metformin, quaternary ammonium
compounds such as choline)
- drugs may block the secretion of other drugs if one or more share or inhibit the same
drug transporter (e.g. probenecid can inhibit the excretion of penicillin via organic anion
transporters)

3. tubular reabsorption: some drugs can be actively or passively reabsorbed back into the
systemic circulation, reducing their excretion

• stool: some drugs and metabolites are actively secreted into the bile or directly into the Cil tract
enterohepatic recirculation occurs when drugs are reabsorbed from the intestine and returned
to the liver to cycle between the intestine and liver, which can prolong the drug’s duration in the
body (e.g. some glucuronic acid conjugates that are excreted in bile may be hydrolyzed in the
intestines by bacteria back to their original form and can be systemically reabsorbed)

• lungs: elimination of anesthetic gases and vapours by exhalation
• other routes: sweat, saliva, and breast milk are generally less significant routes, but saliva

concentrations of some drugs parallel their plasma concentrations (e.g. rifampin) and drug excretion
into breast milk is a concern for some drugs

Metabolism (Biotransformation)
• definition:chemical transformation of a drug in vivo
• sites of biotransformation include the liver (main), G1 tract, lung, plasma, kidney, and most other

tissues
• as a result of the process of biotransformation:

a prodrug (i.e. inactive drug) may be activated (e.g. tamoxifen to endoxifen; codeine to morphine)
a drug may be changed to another active metabolite (e.g.diazepam to oxazepam and others)
a drug may be changed to a toxic metabolite (e.g. acetaminophen to NAPQ1)
a drug may be inactivated, as with most drugs (e.g. acetaminophen to acetaminophen
glucuronide)
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Drug Metabolizing Pathways
• phase 1 reactions

oxidation, reduction, or hydrolysis reactions that introduce or unmask polar groups on a parent
compound to slightly increase water solubility (e.g. hydroxylation, demethylation )

• the change in P«/« is typically minimal compared to phase II, and often phase I places a polar
“handle" on a hydrophobic drug to permit conjugation in phase II

• often mediated by cytochrome P450 (CYP) enzymes found in the endoplasmic reticulum
(primarily in hepatocytes, but in lots of other tissues)

• products of the reaction can be excreted or undergo further phase 11 reactions
• phase 11 (conjugation) reactions

conjugation with large endogenous substrates that are often polar (e.g.glucuronic acid,
glutathione, sulphate, acetyl groups, methyl groups, or amino acids)

• often substantially increases water solubility and renal elimination
• can result in biologically active metabolites (e.g. morphine glucuronide)
• can occur independently of phase I reactions (e.g. morphine to morphine glucuronides)

Examples of CYP Substrates, Inhibitors,
and Inducers
drug-interactions.niedKtne.iu.edu/MainIa6le.aspx

Factors Affecting Drug Biotransformation
• genetic polymorphisms of metabolizing enzymes

• for some enzymes, individual genotypes may alter the rate of drug metabolism (e.g. poor,
intermediate, extensive, or ultra-rapid metabolizers, with extensive being considered the
“normal"or average condition)

• may lead to toxicity (e.g. if poor metabolizer) or ineffectiveness (e.g. if ultra-rapid metabolizer) of
a drug at a normal dose

• tamoxifen, tramadol, and codeine are prodrugs activated by CYP2D6 (nonfunctional alleles
reduce effectiveness, whereas hypermorphic alleles impart “ultra-rapid metabolizer” phenotype)

• warfarin is metabolized by CYP2C9 (nonfunctional alleles lead to higher drug concentrations,
greater effect and lower dose requirements)

• enzyme inhibition may result from other chemical exposures including drugs and foods
• CYP inhibition leads to an increased concentration and bioavailability of the substrate drug (e.g.

erythromycin (CYP3A4 inhibitor) can predispose patients to simvastatin toxicity (metabolized by
CYP3A4))

• grapefruit juice is a potent inhibitor of intestinal CYP3A4, resulting in numerous drug
interactions (e.g.saquinavir AUC increased 3-fold, simvastatin AUC increased 17-fold)

• enzyme induction may be due to the same or other medications
for example, certain medications enhance gene transcription to increase the activity of
metabolizing enzymes

• a drug may induce its own metabolism (e.g. carbamazepine) or that of other drugs (e.g.
phenobarbital can induce the metabolism of oral contraceptive pills) by inducing the CYP system

• liver dysfunction (e.g. hepatitis, alcoholic liver, biliary cirrhosis, or hepatocellular carcinoma) may
decrease drug metabolism but it is not always clinically significant due to the liver's reserve capacity

• renal disease often results in decreased drug clearance
• extremes of age (neonates or elderly) have reduced biotransformation capacity, but toddlers often

have increased capacity', and doses should be adjusted accordingly
• nutrition may be involved, as insufficient protein and fatty acid intake decreases biotransformation,

and vitamin/mineral deficiencies may also impact metabolizing enzymes
• alcohol has varying effects; while acute alcohol ingestion inhibits CYP2E1, chronic consumption can

induce CYP2E1, increasing the risk of hepatocellular damage from acetaminophen by increasing the
production of the toxic metabolite ( NAPQ1)

• smoking can induce CYP1A2, thus increasing the metabolism of some drugs (e.g. theophylline,
clozapine)

Pharmacokinetic Considerations
•definition: the term “pharmacokinetics" is used to describe given aspects of drug disposition (i.e. the

fate of drugs in the body) and encompasses absorption, distribution, metabolism, and elimination
(ADME)

•absorption, distribution, and elimination can be graphically represented (e.g. a graph of concentration
vs. time)

Time Course of Drug Action
•many kinetic parameters are measured after IV dosing because it avoids incomplete absorption, and

distribution for most drugs is rapid
•when drug doses or concentrations are plotted vs. time, the dose or concentration plotted on the

x-axis is often converted to a logarithmic scale (commonly loglO) to allow for easier mathematical
calculations

•the shape of the elimination phase of a concentration (or dose) or log-concentration (or log-dose)
vs. time curve indicates whether the drug undergoes a first-order rate of elimination (visualized as
a straight line on a log-dose or log concentration vs. time curve) or a zero-order rate of elimination
(curvilinear on a log-dose or log-concentration vs. time curve)

•drugs such as warfarin can exhibit hysteresis (for a single drug concentration, there may be two
different response levels)
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Half-Life
• definition: time taken for the serum drug concentration to decrease by 50%; usually refers to as the

elimination half-life
• drugs with first-order kinetics ( i.e. most drugs) require approximately four to five half-lives to reach

steady-state with repeated dosing, or for complete drug elimination once dosing is stopped

Steady-State Drug Concentration
• drug concentration remains constant when the amount of drug entering the system is equivalent to

the amount eliminated from the system
• determination of drug concentrations in therapeutic drug monitoring is of greatest utility when

steady-state concentration has been reached
• special dosing situations

use a loading dose for drugs with a long half-life and/or when there is a clinical need to rapidly
achieve therapeutic levels (e.g. amiodarone, digoxin, phenytoin, some antibiotic settings)
use continuous infusion for drugs with a very short half-life and when there is a need for a long-
term effect and multiple or frequently repeated doses are too inconvenient (e.g. nitroprusslde,
unfractionated heparin, naloxone)

Clearance Rate
• quantitative measurement of the volume of body fluid from which a substance is removed per unit

time
• Cl = rate of elimination of drug > plasma drug concentration
• may be determined for a particular organ (e.g. liver or kidney), but if not specified, represents the total

body clearance rate determined from the sum of individual clearance rates or by determining ke x Vd,
where ke is the elimination rate constant equal to In 2/half-life

Elimination Kinetics
• first-order kinetics (most common type)

• constant proportion of drug eliminated per unit time
» some drugs can follow first-order kinetics until elimination is saturated (usually at large doses) at

which point the Cl is less than would be predicted for a given concentration
shows linear relationship when plotted on a graph of concentration (log) vs. time (linear)
the concentration axis is converted to a log scale to allow for easier mathematical calculations

• non-linear or zero-order kinetics (less common, applies to a few drugs in the therapeutic range (e.g.
alcohol, phenytoin, Aspirin*) and is more commonly associated with overdose)

constant amount of drug eliminated per unit time, regardless of concentration; the concept of
half-life does not apply
saturation of various ADME processes creates non-linear kinetics, with first-order exhibited at
lower concentrations and zero-order exhibited at higher concentrations after saturation
the complexity of dosing drugs with non-linear kinetics has resulted in the creation of drug-
specific nomograms to aid clinicians in dosing, with these drugs often being the target of TDM
(e.g. phenytoin, theophylline)

Loading and Maintenance Doses
• loading doses are used when an immediate effect is needed, with parenteral administration being the

most common way of giving a large dose to “fill up" the volume of distribution
• maintenance doses can be given after a loading dose, but are most commonly initiated without a

loading dose
steady-state levels are achieved after approximately five half-lives
can be given as either a continuous infusion (rare) or more commonly as intermittent oral doses

Pharmacodynamics
• study of “what the drug does to the body"

• definition: study of the effects of the drug on the body

Dose-Response Relationship
• graded dose-response relationship: relates dose to intensity of effect

Efficacy
• the maximum biological response produced by a drug
• measured by Emax (the maximal response that a drug can elicit or under optimal circumstances)

Potency
• measured by EC50 (the concentration of a drug needed to produce 50% of Emax); ED50 if dose is used
• a drug that reaches its EC50 at a lower dose is more potent (e.g. in l-'igure 1, drug A is more potent than

drug B) +
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A-»C increasing dose of reversible
competitive antagonist
At each dose of antagonist, increasing the
concentration of agonist can oveicome
the inhibition

©Jason Raina

Figure 1. Log(dose)-response curve illustrating efficacy and potency

Figure 2. The log(dose)-response
curve for reversible competitive
antagonism

Effects of Drugs on Receptors
Agonists
• drugs that mimic the effects of the endogenous ligand and evoke a response when bound to the

receptor
affinity: the ability and strength of the agonist to bind to the receptor (e.g. the (32-agonist
salbutamol has greater affinity for {52-receptors than pi-receptors, thus it binds preferentially to
p2-receptors)
efficacy: the ability to replicate endogenous response via the receptor interaction (e.g. binding of
salbutamol to p2-receptors results in smooth muscle relaxation )

drug efficacy is often determined under ideal conditions whereas drug effectiveness is a better
measure of how the drug works in real-world situations

• full agonists: can elicit a maximal effect at a receptor (e.g.methadone and morphine on the p opioid
receptor system)

• partial agonists: can only elicit a partial effect, irrespective of the concentration at the receptor; also
known as a ceiling effect ( i.e. reduced efficacy compared to full agonists) (e.g. buprenorphine on the p

<2

logldose)
A -» D increasing dose of irreversible
antagonist
With co-administration of antagonist,
increasing dose of agonistdoes not completely
overcome antagonism,asseenin B
Eventually with high enough antagonism
concentrations, no amount of agonist can elicit
a response,as seen in 0

opioid receptor system)

Antagonists
• drugs that bind to receptors without activating them; they reduce the action of an agonist drug or of

an endogenous ligand
• chemical antagonism: direct chemical interaction between agonist and antagonist prevents agonist-

receptor binding (e.g.chelating agents for the removal of heavy metals, such as charcoal)
• physiological/functional antagonism: drugs that produce opposite physiological effects (e.g. insulin

decreases blood glucose levels through its action at insulin receptors vs. glucagon raises blood glucose
levels through its action at glucagon receptors)

• pharmacological antagonism: antagonist binds to the same site as the agonist or an alternative
effector site and reduces the ability of the agonist to bind

• competitive antagonism: antagonist binds directly to the active site on a given receptor, without
activating it (i.e. zero efficacy) and blocks or displaces the agonist from the active site
• reversible competitive antagonists: bind non-covalentlv to the receptor, thus increasing

concentrations of agonist may overcome the antagonist (e.g. naloxone is a competitive antagonist
to morphine or heroin)
irreversible competitive antagonists: form a covalent bond with the receptor and cannot be
displaced, thus irreversibly blocking other substrates from binding (e.g. phenoxybenzamine
forms a covalent bond witn adrenergic receptors preventing adrenaline and NE from binding)

• non-competitive antagonism: antagonist (negative allosteric modulator) binds to an alternate site on
the receptor which is distinct from the active site, producing allosteric effects that alter the ability of
the agonist to bind

Figure 3. The log(dose)-response
curve for irreversible antagonism

Se* landmark Clinical Fhaimacology trials table
lor moie information go results from the EFIC trial,
whicli evaluates the eflect of chimerk monoclonal
anti bo dy Fa b fragment|c7E3 Fab) directed against
the platelet glycoprotein IMIa receptor, to treat
ischemic complications of coronary angioplasty and
atherectomy.
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AGONIST BINDING

Agonist —SElicited effect

BINDINGReceptor

ANTAGONIST BINDING
11 Competitive reversible binding

Agonist

Antagonist

Increased
concentration
ol agonist

i S overcomes
antagonist
binding
competition

Agonist concentration

Receptor Antagonist
binding

REVERSIBLE
BINDING

21 Competitive irreversible binding
Agonist
cannot bind

i
receptor which

1— i s irreversibly
blocked by
antagonist

Agonist

Antagonist * Agonist concentration
IRREVERSIBLE

BINDING
Receptor Antagonist

binding Changes in agonist concentration
ellect cun/e produced by a
competitive agonist IA), and a
non-competitive agonist IB) When a
competitive antagonist is present, a
higher concentration of the drug
(agonist) is required to create an
effect. Therefore, the drug
concentration C' needed to create an
effect in the presence of
concentration [I] of an antagonist is
shifted to the right. High agonist
concentrations can overcome
inhibition in the presence of an
antagonist.This is not the case with
an irreversible (or a non-competitivel
antagonist,which reduces the
maximal effect the agonist can
achieve,although it may not change
the EOi

31 Non-competitive irreversible binding

Agonist

Antagonist ^
Antagonist
bound to
alternative

I site prevents
agonist from
binding to
receptor

U~*g~ l
ALLOSTERIC

CHANGE
Receptor Antagonist

binding © Adrian Yen 2006

Figure 4. Mechanism of agonists and antagonists

Effectiveness and Safety
Effectiveness
• EDso (effective dose): the dose of a drug needed to cause a therapeutic effect in 50% of a test population

of subjects

Safety
• LD50 (lethal dose): the dose of a drug needed to cause death in 50% of a test population of subjects
• TDso (toxic dose): the dose of a drug needed to cause a harmful effect in 50% of a test population of

subjects

© CassieHW 2022

Figure 5. Agonist concentration

Therapeutic Indices
Therapeutic Index: TDso/EDso (LDso/EDso in animals)
• a measure of relative drug safety often used when comparing drugs to examine the likelihood of a

therapeutic dose to cause serious toxicity or death
• the larger the Tl, the safer the drug
• common drugs with a narrow therapeutic window or low IT that sometimes require TDM include

digoxin, theophylline, warfarin, lithium, and cyclosporine
• factors that can change the TT include presence of interacting drugs, changes in drug ADME, and

patient characteristics (e.g. age, pregnancy, and organ impairment )

Certain Safety Factor: TD1/ED99
• a comparison of the dose that is effective in at least 99% of the population and toxic in less than 1% of

the population
• regulatory agencies often like to see a certain safety factor or margin of safety above 100
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Drug A

Toxicity
Efficacy Ellicac

100% Efficacy Toxicity 100%

i: —'A I= 50%§
O. 50%
C/3 s-

Cil
O]

10%
EDio TO uLog Dose logIDose)

TheTIfTD a' EDs:|is a measure
of the margin of safety of a given drug

Drug A has a muchnarrowerTI than Drug B. The dose of Drug A
required to achieve a 100% therapeutic response will be toxic in
50% of patients,while drug B will only be toxic in10%

Figure 6. EDso, TDso, and the Tl

Therapeutic Drug Monitoring
• definition: using serum drug concentration data to optimize drug therapy (e.g. dose adjustment,

monitor compliance). Serum drug samples are usually taken when the drug has reached steady-state
(i.e. after approximately 5 half-lives)

• TDM is often used for drugs that have low T Is, unpredictable dose-response relationships, significant
consequences associated with therapeutic failure or toxicity, and/or wide interpatient PK variability

• nomograms are often used for low Tl drugs, particularly in the setting of patients with complex
clinical factors such as renal insufficiency, hepatic failure, dialysis, and hypoalbuminemia

• examples of drugs that sometimes require TDM include:
• vancomycin
• aminoglycosides (gentamicin, tobramycin )
» digoxin

phenytoin and other anticonvulsants
warfarin

• lithium

Tips to Reduce Drug-Related Adverse
Events in the Elderly
• Be mindful of longstanding

medications that have never been
adjusted for patient age or renal or
hepatic function

• Consider whether medications
initiated during hospital admission
are needed long term (and whether
the discharge dose is appropriate for
maintenance)

• Avoid polypharmacy by decreasing
the dose of or discontinuing
medications that are causing side
effects or are no longer indicated

• Verify adherence to medications
before automatically increasing the
dose of subtherapeubc treatment

• When prescribing medications,
preferentially use those with a high Tl

• Review the patient's problem list
and reconcile current medications
to avoid duplication or inappropriate
dosing/frequency

Adverse Drug Reactions
• definition: ADHs are events that occur while a patient is on a drug at either appropriate or

inappropriate dosage. A causal relationship is not required
• definition: AOKs are reactions to drugs that occur when a drug is used for the appropriate indication

at normal therapeutic doses

Table 2. Characteristics of Type A-F Adverse Drug Reactions
Classification Definition Characteristics

Predictable extension of drug's pharmacologic died (e g. |3 blockers causing
bradycardia)
>80%olall ADRs
Reachons unrelated lo the known pharmacological actions of the drug,generally
with a genelic basis
E.g.drug hypersensitivity syndromes.Immunologic reactions (e.g.penicillin
hypersensitivity),and idiosyncratic reactions (e.g.malignant hyperthermia)

Related lo cumulative doses
tlfeds are well-known and can be anticipated (e.g. alypical femoral Iradutc
Irom bisphosphonates.retinal toxicity from hydroxychloroquine)

Occurs some lime after use of drug (e.g.cardiovascular toxicity following
doxorubicin therapy)
May also be dose-related
Occurs alter cessationol drug use (e.g. opioid withdrawal resulting from opioid
dependence)

the expected diedisnol produced.This is often due to pharinacogenetic
valiants (e.g. failure to biosclivate a prodrug such as dopidogrel)

A (Augmented) Dose-related

B (Bizarre) Nol dose-related
Antibiotic Allergies •What is the Risk of
Cross-Reactivity?
• In clinical practice.cross reactivity

between drugs presents a problem
for both patients and physicians

• In Use case of penicillin allergy,cross-
reactivity to cephalosporins is less
than 2%.However,in patients who
have a history of hue anaphylactic
reaction,cross-reactivity is closer to
40% depending on the side chain

• Cross-reactivity between penicillins
and carbapencms is <1%

• The term “sulfa allergy" is often
misused and has no formal definition.
Current evidence suggests cross-
reactivity between sulfonamide
antibiotics (e.g.sulfamethoxazole-
trimethoprim) and non-antibiotic
sulfonamides, including loop
diuretics (e.g. furosemide). thiazide
diuretics (e.g. hydrochlorothiazide),
protease inhibitors containing an
arylamine group (e.g.darunavir),
carbonic anhydrase inhibitors (e.g.
acetazolamide).and sulfonylureas
(e.g.glipizide)
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Approach to Suspected Adverse Drug Reactions
• history and physical exam:signs and symptoms of reaction (e.g. rash, fever, hepatitis, anaphylaxis),

timing, risk factors,detailed medication history including all drugs and timing, de-challenge
(response when drug is removed), and re-challenge (response when drug is given again, if applicable)

* medication history should include prescription, non-prescription and over-the-counter, natural
health products/samples, supplements, creams, ear/eye drops, inhalers, and nasal sprays
dosage, frequency, route of administration, and duration of use should be recorded for each

• differentiate between drug therapy vs.disease pathophysiology
• treatment: stop the drug, supportive care, and symptomatic relief. Specific interventions (e.g. steroids,

immunosuppressants) used for some ADKs
• resources:check recent literature, Health Canada, and FDA; contact the pharmaceutical company;

call Poison Control (1-800-268-9017) if overdose or poisoning suspected;check with Mother'i’oBaby
(https://mothertobahy.org/ ) in cases involving pregnant or breastfeeding women

• report all suspected ADKs that are: I ) unexpected, 2) serious, or 3) reactions to recently marketed
drugs (on the market <5 yr) regardless of nature or severity

« Canadian Adverse Drug Reaction Monitoring Program available for online reporting
https://www.canada.ca/en/health-canada/services/drugs-health-products/medeffect-canada/
adverse-reaction-reporting/drug/health-care-providers.html

Examples of Clinically Relevant Drug
Interactions
Interaction Potential Mechanism

Effect ol
Interaction

Warfarin plus
ripratloiarin,
darithiccycin.
erythromron.
meCronniaiole.ee
trimethopric-
suKamelhoiarole

Increased effect Italtiple
of warfarin proposed Pit and

PD mechanism
(including
antibiotic

teiference
nith enteric
flora mediated
Mamin 111
production and
alterations
i mg
eetaholiurl

Warfarin plus
acetaminophen.
Note that tlris is
not nth typical
use, bul with more
chrome and higher
dose use

Variability in Drug Response tcetairmcphen PD (reduction
IMPDO further ol Vitamin
increases IKK K dependent

clotting factcns
brHAPOl)

• recommended patient dosing is based on clinical research and represents mean values for a select
population, but each person may be unique in their dosing requirements due to age, genetics, disease
states, drug interactions, diet, environmental factors, etc.

• possible causes of individual variability in drug response include problems with:
intake:medication adherence
absorption:vomiting, diarrhea, or steatorrhea;first-pass effect increased due to enzyme induction
or decreased due to enzyme inhibition or liver disease

• drug interactions (e.g. calcium carbonate complexes with iron, thyroxine, and fluoroquinolones
in the G1 lumen, impairing absorption)
distribution: very high or low percentage body fat, intact or disrupted BBB, patient is elderly or a
neonate, or has liver dysfunction

• biotransformation and elimination: certain genetic polymorphisms or enzyme deficiencies
related to drug metabolism (e.g.acetylcholinesterase deficiency, CYP polymorphism), kidney or
liver dysfunction
PD:genetic variability in drug response (e.g. immune-mediated reactions), diseases that affect
drug PD, drug tolerance or cross-tolerance

Oral contraceptive Decreased PK (rHamycin
pllsphisrilampin elfeclivtoess ndu«sCVP3M.

of oral xhich increases
contraception hormone

metabolism)
Sildenafil plus Hypotension PDIbothPDSS

MriHon
and nitrates
potentiate cSIIIP
production)

SSRI plus St. John's Serotonin PD (concomiUM
syndrom use of

ntrales

•ort
serotonergic
medications)

PD (all decrease
metabolism ol
serotonin, so
acessserotonin
in synaptic deft)

SSRI plus sriegilme Serotonin
or nonseleelirt syndrome
"-,l

Drug Interactions
• concomitant medications (including natural health products, e.g. St. (ohn's wort) or foods (e.g.

grapefruit juice):one drug alters the effect of one or more other drugs by changing PK and/or PD
• PK interactions involve changes in drug concentration when a new drug is added

absorption: alterations in gastrointestinal pH, gastric mucosa and/or emptying, intestinal
motility, and/or transporter function
distribution:alterations in blood flow,plasma protein binding, anatomical and/or functional
barriers (e.g. drug transporters)
metabolism: alterations in drug metabolism
elimination: alterations in renal or hepatic elimination

• PD interactions are due to two drugs that exert similar effects (additive or synergistic) or opposing
effects (antagonistic)

Some HMt-Cot PossHe
reductase
inhibitors phis
nacin, gemfibtonl.
erythromport or
(raconarole

PK (various
rhabdompotysis mechanisms

based on drugs
lsted; CYP3» cc
MtPIII.eg.
dirilhroerycin
-:i:s|

Sulfamethoxazole- Increased risk of PD (reduced
trimethoprim ®: hyperkalemia renal pulasslim
Kfls'iRBs.ee excretion in the

presence ol
trimethoprim
realting from
decreased

spirgoofadone

sodium
reabsoephen
as a result of
nhitatiunol
sodium channels
n the distal
tubule)

+
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Autonomic Pharmacology
Poriphoral Norvous System

I
1

Somatic Autonomic (ANSI
|

I
Sympathetic (SNS)

fight or Flight

Figure 7. Subdivisions of the peripheral nervous system

Parasympathetic (PNS)
Rest and Digest

• most organs are innervated by both sympathetic and parasympathetic nerves, which have opposing
effects (see Neurology. N8)

• ACh and NE arc the main neurotransmitters of the autonomic NS
• ACh binds to many cholinergic receptor subtypes, which include nicotinic and muscarinic receptors
• NE binds to adrenergic receptors, which principally include pi, P2, al, and a2
• ACh action is terminated by metabolism in the synaptic deft by acetylcholinesterase and in the

plasma by pseudocholinesterase
• acetylcholinesterase inhibitors (pyridostigmine, donepezil, galanlaminc, and rivastigminc) can be

used to increase ACh levels in conditions such as myasthenia gravis or Alzheimer’s disease
• NE action is terminated by reuptake at the presynaptic membrane, diffusion from the synaptic cleft,

and degradation by MAO and COMT

Parasympathetic Nervous System
Sympathetic Parasympathetic

• blood vessels, sweat glands, the spleen capsule, and adrenal medulla do NOT have parasympathetic
innervation

• parasympathetic pre-ganglionic fibres originate in the lower brainstem from cranial nerves 111, VII,
IX, and X, and in the sacral spinal cord at levels S2-S4. For this reason, it is sometimes referred to as
the “craniosacral” nervous system. Ihey connect with post-ganglionic fibres via nicotinic receptors in
ganglionic cells located near or within the target organ (e.g. ciliary ganglion )

• post-ganglionic fibres connect with effector tissues via:
M1 muscarinic receptors located in the CNS
M2 muscarinic receptors located in smooth muscle, cardiac muscle, and glandular epithelium

Preganglionic
neuron

I
Mia nr
icotinic

receptorsSympathetic Nervous System
voy• sympathetic preganglionic fibres originate in the spinal cord at spinal levels T1-L2/L3

• preganglionic fibres connect with postganglionic fibres via nicotinic receptors located in one of two
groups of ganglia:

1. paravertebral ganglia (i.e. the sympathetic trunk) that lie in a chain close to the vertebral
column

2. prevertebral ganglia (i.e. celiac and mesenteric ganglia) that lie within the abdomen
• post-ganglionic fibres connect with effector tissues via:

• pi receptors in cardiac tissue
p2 receptors in smooth muscle of bronchi and G1 tract
al receptors in vascular smooth muscle
a 2 receptors in vascular smooth muscle
M3 muscarinic receptors located in sweat glands

Postganglionic
neuron

A
AC 'NE

W 'Ws <̂XK• t
Muscarinic
receptors

Adrenergic
receptors

©Woody Gu 2016

Figure 8. Autonomic nervous system
efferent tractsTable 3. Direct Effects of Autonomic Innervation on the Cardiorespiratory System

Organ Sympathetic NS Parasympathetic NS
ActionReceptor Receptor Action

Heart
1.Sinoatrial
2.Atrioventricular node
3.Atria
4. Ventricles
Blood Vessels
1.Skin,splanchnic
2.Skeletal muscle
3.Coronary

31 Increased HR
Increased conduction M
Increased contractility M
Increased contractility M

M Decreased conduction
Decreased conduction
Decreased conduction
Decreased HR

PI
Si
31

j

1.82 Constriction
Constriction

32 (large muscles) Dilatation
Constriction
Dilatation

M Dilatation
Dilatation
Dilatation
Dilatation
Dilatation
Constriction
Stimulation

Mo
M

01.32 M +- - M
lungs
1. Bronchiolar smooth muscle 32 Relaxation M

2. Bronchiolar glands 01.32 Increased secretion M
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Opioid Therapy and Chronic Non-Cancer Pain
Does Opioid Tapering in Chronic Pain Patients
Result in Improved Pain or Same Pain vs.
Increased Pain at Taper Completion’
Pain Med 2019:20:2179-2197
Purpose:Support or refute the hypotheses that opioid
tapering in chronic pain patients (CPPsI improves pain
or maintains the same pain level Dp taper completion
but does not increase pain levels.
Methods: Structured systematic review searchirg
relevant subject headings. 20 studies met inclusion /
delusion enteria and were of type lll / IV level
evidence.Characteristics were abstracted foe
numerical analysis.
Results: fotal ol 2109 CPPstapeied HI all studies
com bmed.8% ol the studies showed that by taper
completion, pain had improved.In15% of the studies,
pa m remaned the same.
Conclusions: I -ere is consistent type 3 and A
evidence that opioid tapering in CPPs reduces
or mamtainsthe same pain levels.Studies were
marginal in guafityand further controlled studies
needed.

General Management Principles
• when first considering therapy for patients with chronic non-cancer pain, optimize non-opioid

pharmacotherapy and non-pharmacologic therapy rather than starting a trial of opioids (strong
recommendation )

• general approaches to opioid use include avoiding high doses, and when possible, a slow, collaborative
approach when tapering

• for patients with chronic non-cancer pain beginning opioid therapy, restrict the prescribed dose to
<90 mg MMK, and ideally <50 MMK, especially at starting dose

for patients with chronic non-cancer pain who are currently using 90 mg MMK or more,
encourage a slow1, collaborative taper of opioids to the lowest effective dose, potentially
discontinuing

• for patients with chronic non-cancer pain who are using opioids and experiencing serious challenges
in tapering, a formal multidisciplinary program is suggested

• please refer to national opioid guidelines for a comprehensive approach to opioid use (link: http://
nationalpaincentre.mcmaster.ca /guidelines.html)

Common Drug Endings
Table 4. Common Drug Endings
Ending Category Example

alii POE-S inhibitor
Inhaled general anesthetic

Benyodiaiepinc
Antifungal
local anesthetic
Monoclonal antibody

Small molecular inhibitor
p- blocker

Croton pump inhibitor
ACE inhibitor

sildenafil
halothane•ane

loratepam

ketoconazole
•azepam
•azole*

caine
mab

lidocaine
adalimumab
imatinib
propranolol

omepraiole
captopril

candesaitan
atorvastalin
albuterol
cimctidine
somatotropin
acyclovir

prazosin

- nib
•olol

prazoie

pril

AR8sartan
•slabn HMG CoA inhibitor

p2 agonist
H 2 antagonist

Pituitary hormone
Antiviral

d1anlagonist

-terol

- tidine
tropin

vir
•zosm
Note:This table provides the most common drugendings for which there are only a tew exceptions (e.g.methimazole.an antithyroid:stanozotol is
an anabolic steroid) and is not exhaustive
'Unless ending Is -prazolu

Tor more information on medical pharmacology, please refer to our textbook product
Pharmacology You See
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Landmark Pharmacology Trials
Trial Name Reference Clinical Trial Details
MONOCLONAL ANTIBODIES or DRUG EFFECTS ON RECEPTORS
EPIC NEJM1994; 330:956 961 Title:Use ola Monoclonal Antibody (mab) Directed against the Platelet Glycoprotein lib:Ilia Receptor in High-Risk Coronary

Angioplasty
Purpose: To evaluate the effect of chimeric mab Fab fragment (c 7E3 Fab) directed against the platelet glycoprotein llb/llla receptor,
in patients undergoing angioplasty at highrisk for ischemic complications.
Methods:RCI involving 2099 high- risk patients scheduled to undergocoronaiy angioplasty or directional atherectomy.Patients
received1of 3 combinations of c?E3 Fab (bolus and an infusion of placebo,a bolus ol c 7E3 Fab and an infusion of placebo,or a bolus
and an infusion of c7E3 Fab) or placebo.Primary endpoints included death,nonfatal Ml.intra aortic balloon pump insertion for
refractory ischemia or unplanned surgical revascularization, repeat percutaneous procedure or implantation of a coronary stent.
Results:c7E3 Fab bolus and infusion resulted in a 35% reduction in rate of the primary end point vs.placebo.10% reduction was
observed with the c7E3 Fab bolus alone.Bleeding episodes and transfusions were more freguent in 7E3 Fab bolus and infusion group
vs.other two groups.
Conclusions:Ischemic complications of coronary angioplasty and atherectomy were reduced with a mab directed against platelet
llb/llla glycoprotein receptor.

mRNA VACCINES

BNT162b2 trial NEJM 2020:383:2603-2615 Title:Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine
Purpose: lo report safety and efficacy findings from the phase 2/3 of a global trial of BNI162b2 in preventing Covid-19 in persons 16
yr and older.
Methods:Eligible participants were randomly assigned in a1:1ratio to receive two doses.21d apart,of either placebo or the
BNI162b2 vaccine candidate (30 pg per dose).
Results:Among those eligible 43448 received injections. A totalol 21720 patients received BNT162b2 and the rest received placebo.
BNT162b2 was 95% effecbve in preventing Covid -19 (95% credible interval.90.3 to 97.6).Safety profile of BNT162b2 characterized
by short-term,mild-to-moderate pain at the injection site, fatigue,and headache.Incidence of seriousadverse events was lowand
similar inboth groups.
Conclusions: 8N116262 conferred 95% protection against Covid-19 in persons >16 yr. Safety over a median of 2 mo was comparable
to other viral vaccines.

INTRAMUSCULAR INJECTIONS or DRUG ADMINISTRATION

A1LAS NEJM 2020: 382:1112 1123 Title: Long - Acting Cabotcgravir and Rilpivirine for Maintenance of HIV -1 Suppression
Purpose: to establish whether switching to long-acting cabotegravir plus rilpivirine isnoninlerior tocurrent oral therapy among
adults with virologically suppressed HIV-1.
Methods:Patients with plasma HIV-1RNA levels "50 copies/ml for 6 mo were randomly assigned to either continue standard therapy
(placebo) or receive monthly long-acting cabotegravir and rilpivirine.
Results: Treatment was initiated in 308participants/group.HIV-1RNAIevels >50 copies/ml were found in 5 participants in
intervention vs.3 in placebo (0.6% points:95% CI:1.2-2.5). HIV-1RNA levels <50 copies/ml were found in92.5% of participants in
intervention vs. 95.5% in placebo (-3.0% points:95% Cl: -6.7 0.7).Adverse events included injection-site pain (75%).Participants
who received intervention reported greater satisfaction and preferred long-acting therapy over previous oral therapy.
Conclusions:Monthly injections of long-acting cabotegravir and rilpivirine werenoninferior to standard therapy for maintaining
HIV-1suppression.Adverse events were common but medication withdrawal infrequent.
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ACEI angiotensin-converting enzyme and systemic symptoms
inhibitor DVT deep vein thrombosis
AGEP acute generalized EM erythema multiforme

exanthematous pustulosis
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Introduction to Skin

Normal Processes of Skin and Subcutaneous Tissue
Embryonic Development of the Skin

Basal cell bud
Primordial
eccrine gland

Layers of the Epidermis
"Californians Like Going Sun Bathing"— Basal cell bud

ORPrimordial

epidermis : ; i
K.,,3 •

air follicle "Canadians Like Good Sushi Boxes"hair follicle

EccrineJMesenchymal
cells

—Sebaceous

4 weeks 9 weeks 23 weeks 30 weeks14 weeks IB weeks 18 weeks
(B) (Cl (0) ( F) (G|(A) IEI

Figure 1. Fetal maturation of the skin
(A) 4 wk gestation: fetal skin has two distinct layers - the basal cell layer and outer layer (i.e. periderm). (B) 9
wk gestation:keratinization begins. (C) 14 wk gestation: stratification of epidermal layer; primordial hair follicle
forms from the basal cell bud. (D) 16 wk gestation: local proliferation of mesenchymal cells associated with the
epidermal buds as hair follicles develop and elongate. (E) 18 wk gestation: sebaceous gland develops; hair follicle
elongates. (F) 23 wk gestation: continuous elongation of the hair follicle; primordial eccrine gland forms from the
basal cell bud. (G) 30 wk gestation: continuous elongation and foiling coiling of the eccrine glands.
Modified from Facial Plastic Surgery Clinics of North America. 21(1).King A. Balaji S.Keswani SG.Biology and Function of Fetal and Paediatric Skin.
1-6.Copyright (2020).with permission from Elsevier

• embryonic development and fetal maturation (see i -' igure I )
• neonatal changes

• full -term infants have skin with all five layers, similar to adults
• epidermal cells mature from columnar stratum basale to squamous keratinocytes of the stratum

corneum
maturation occurs more rapidly in facial skin than trunk or limb skin

neonatal skin is coarser and develops into a more smooth texture homogeneously during the first
30 d of life

• infants have smaller corneocytes and thinner stratum corneum until 2 yr old
from infancy to puberty, dermal thickness increases

• repair, regeneration, and changes associated with stages of life
• regeneration relies on tissue-specific stem cells and restricted progenitor cells

r1
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regenerative abilities decline with age as both cell types undergo:
a loss of self-renewing capacities
altered proliferative activity
functional decline

with age, the skin becomes thinner and less able to withstand external stress because:
the epidermis attenuates with effacement of the rete ridges
keratinocytes lose proliferative abilities
the dermis loses volume
hyaluronic acid diminishes in the extracellular matrix of the dermis

these changes lead to loss of skin and hair integrity, leading to conditions such as senile purpura
and male pattern baldness ( i.e. androgenic alopecia, see D l l )

senile purpura (i.e. solar or actinic purpura): typically arise spontaneously; characterized by
non-blanchable red-to-purple patches that resolve over 1-3 wk, leaving residual brown-yellow
discolouration secondary to hemosiderin deposition

• the decline in regenerative ability can also be seen as postmenopausal hair changes (see D45 )

Skin Anatomy

Arrectorpilimuscle
Hair follicle

A B

\Epidermal layer ‘\Stratum corneum
Stratum lucidum
Stratum granulosum

Epidermis
Papillary layer* -J

I ,

i > . t (Hi/ii Dennistlx1-'
.

Reticular layer

Stratum spinosum•
•
'

Subcutan
ad pose I

eous
ssue

Is- Sweat gland

,

. T = Stratum basale

Fig ure 2. Histologic layers of the skin.A.epidermal layers of theskin. B.all layers of the skin

Skin
• divided anatomically into epidermis, dermis, and subcutaneous tissue
• epidermis

• avascular: receives its nutrition from the dermal capillaries
• derived from keratinocytes with the youngest presenting at the stratum basale

cells progress from stratum basale to stratum corneum in about 4 wk
stratum basale (i.e. germinativum ): mitotic figures that give rise to keratinocytes
stratum spinosum (prickle cells): junctions in this layer ( tonofilaments) give the epidermis its
strength
stratum granulosum: flat cells containing basophilic granules
stratum lucidum: transparent layers of packed dead cells
stratum corneum: flat scales of the water-resistant protein keratin

cells of the epidermis:
keratinocytes: located in all layers of the epidermis except the stratum corneum; connected to
each other by desmosomes
melanocytes: located in the stratum basale; keratinocyte:melanocyte ratio in the basal layer
is 10:1; melanocyte number is equal among races; produce melanosomes containing melanin,
which are transferred to keratinocytes
Langerhans cells: dendritic cells which are important for immune surveillance
Merkel cells: located in the stratum basale; involved in touch sensation

• dermis
comprised of connective tissue divided into two regions

papillary: contains numerous capillaries that supply nutrients to the dermis and epidermis
reticular:provides a strong structure for skin;consists of collagen bundles woven together
along with elastic fibres, fibroblasts, and macrophages

cells of dermis
fibroblasts: produce collagen, elastin, and ground substance
mast cells: release histamines which mediate type 1 hypersensitivity

« other components of dermis include:blood vessels, nerves, pilosebaceous units, and sweat glands
• subcutaneous tissue ( i.e. hypodermis)

consists primarily of adipose cells, larger calibre vessels, nerves, and fascia

r -i
L

+
Epidermal Appendages
• epidermal in origin, can extend into the dermis; includes hair, nails, and cutaneous glands
• pilosebaceous unit = hair i hair follicle + sebaceous gland arrector pili muscle
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Cutaneous Glands
• sebaceous gland: part of pilosebaceous unit; produces sebum which is secreted into the hair follicle

via the sebaceous duct, where it covers the skin surface (protective function)
sebum has some antifungal properties

• these glands cover entire skin surface and are absent only in non-hair bearing areas (e.g. palms,
soles, lips)

• apocrine sweat gland: apocrine duct empties into hair follicle above sebaceous gland
• not part of pilosebaceous unit

found concentrated in axillae and perineum
likely a vestigial structure, functions in other species to produce scent (e.g. pheromones)

• cccrine sweat gland: not part of pilosebaceous unit
• found over entire skin surface except lips, nail beds,and glans penis
• important in temperature regulation via secretion of sweat to cool skin surface

Skin Function
• protection

• due to continuous recycling and avascularity of epidermis,as well as normal skin flora
barrier to U V radiation (melanin), mechanical/chemical insults (sensory/mechanoreceptors),
pathogens (immune cells), and dehydration (lipid rich barrier)

• thermal regulation
• insulation to maintain body temperature in cool environments via peripheral vasoconstriction,

hair, and subcutaneous adipose tissue
• dissipation of heat in warm environments via increased activity of sweat glands and increased

blood flow within dermal vascular networks
• sensation

• touch, pain, and temperature sensation
• metabolic function

• vitamin D synthesis
» energy storage (mainly in the form of triglycerides)

Morphology

Primary Lesions
Definition
• a de-novo initial lesion that has not been altered by trauma or manipulation, and has not regressed

Describe a Lesion with SCALDA

Table 1. Types of Primary Morphological Lesions Si ze andSurface area
Colour (e.g. hyperpigmented,
hypopigmented, erythematous)
Arrangement (e.g.solitary, linear,
reticulated, grouped, herpetiform)
Lesion morphology
Distribution (e.g. dermatomal,
intertriginous, symmetrical/
asymmetrical, follicular)
Always check hair, nails, mucous
membranes, and intertriginous areas

<1cm DiameterProfile a1cm Diameter
flat lesion
Raised Superficial Lesion
Deep Palpable (Dermal or Subcutaneous)
lesion
Elevated Fluid-Filled lesion

Macule (e.g. freckle)
Papule (e.g. wart)
Nodule (e.g. dermatofibroma)

Patch (e.g. vitiligo)
Plaque (e.g. psoriasis)

Tumour (e.g. lipoma)

Vesicle (e.g. HSV) Bulla (e.g. bullous pemphigoid)

Secondary Lesions
Definition
• develop during the evolutionary process of skin disease, created by manipulation, or due to

complication of primary lesion (e.g. rubbing, scratching, infection)

Types of Secondary Morphological Lesions
• crust:dried fluid (serum, blood,or purulent exudate) originating from a lesion (e.g. impetigo)
• scale: excess keratin (e.g. seborrheic dermatitis)
• lichenification: thickening of the skin and accentuation of normal skin markings (e.g. chronic AD)
• fissure: a linear slit-like cleavage of the skin
• excoriation: a scratch mark
• erosion: a disruption of the skin involving the epidermis alone; heals without scarring
• ulcer: a disruption of the skin that extends into the dermis or deeper; may heal with scarring
• xerosis: pathologic dryness of skin (xeroderma), conjunctiva (xerophthalmia), or mucous membranes

(xerostomia)
• atrophy: histological decrease in size or number of cells or tissues, resulting in thinning or depression

of the skin

r T

+

Activate Windows
Go to Settings to activate Windows.



D5 Dermatology Toronto Notes 2023

miff'Tf

Macule Patch Papule Plaque

-*r mm
Nodule Tumour Erosion Ulcer

r *** %i

Scale Fissure Vesicle Bulla

© ;#^ 0, ;k
A _r<

Annular Tarqetoid SatelliteLichenilication Reticulai

Figure 3.Examples of primary and secondary lesions

Other Morphological Terms
• cyst: an internally epithelial-lined structure containing semi-solid material or tluid
• pustule: an elevated lesion containing a collection of neutrophils (infectious or inflammatory in

nature)
• scar: replacement fibrosis of dermis and subcutaneous tissue (hypertrophic or atrophic)
• wheal: a special form of papule or plaque that is transient (<24 h ) and blanchable, often with a halo

and central clearing, formed by edema in the dermis (e.g. urticaria)
• comedonc: a special collection of sebum and keratin

open comedone (blackhead)
closed comedone (whitehead)

• petechiae: pinpoint extravasation of blood into dermis resulting in hemorrhagic lesions; non-
blanchable, <3 mm in size

• purpura: larger than petechiae,3 mm-1 cm in size
• ecchymosis (i.e. bruise):larger than purpura, >1 cm in size
• telangiectasia:dilated superficial blood vessels; blanchable, reticulated, and of small calibre, can be

associated with benign or malignant entities

n
LJ

+

Activate Windows
Go to Settings to activate Windows.



D6 Dermatology Toronto Notes 2023

B. Pustule

C. Scar 0. Wheal

© Ariadna Villalbi 2020

Figure 4.Examples of other morphological terms: cyst,pustule, scar,and wheal
Wolff K.Johnson R. Saavedra A.Fitzpatrick's Colour Atlas and Synopsis ol Clinical Dermatology.Seventh Edition,copyright 2020.Modified by
Permission olMcGraw-Hill Education
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B. closed comedo (whitehead)A. open comedo (blackhead)

Figure 5.Examples of other morphological terms:open and closed comedone
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Figure 6. Examples of other morphological terms: A: petechiae, B: purpura, C: ecchymosis, and D:
telangiectasia

Patterns and Distribution

Table 2. Patterns and Distribution of Morphological Lesions
Pattern or Distribution Definition Example

Acral
Annular

Relating to the hands and feet
Ring- shaped

Involving hair follicles
lesions following a “drop-like" pattern

Kocbncr Phenomenon|i.e. Appearance of lesions at a site of skin injury
isomorphic response)

Morbilliform

Pcrniosis.secondary syphilis
Granuloma annulare
Folliculitis
Guttate psoriasis

lichen planus, psoriasis,vitiligo

Follicular
Guttate

literally means “measles-llke," an eruption composed of macules and
papules with truncal predominance
Lesions following a “net-like"pattern
Small lesions scatteredaround theperiphery of a larger lesion

lesions following a “snake-like"pattern

Concentric ring lesions,like a bullseye

Morbilliform drug eruption

Reticular
Satellite

Serpiginous
Target/Targeloid

Livedo reticularis
Candida diaper dermatitis

Cutaneous larva migrans
EM

Other descriptive terms:discrete, clustered, linear,confluent,dermatitic, indurated (i.e.hard or firm)

Differential Diagnoses for Common
Presentations

r -i
Table 3. Differential Diagnoses for Common Presentations LJ

Lesion Infectious Inflammatory Drug/Toxin Miscellaneous
Post-inllammatoiy
hyperpigmentation

Brown
Macule

UV radiation, aclinic/ Congenital:cafd-au- lait macule, congenital nevus,epidermal/junctional nevus
solar lentigo,freckle Neoplasia: lentigo maligna.MM.pigmented 8CC
(i.e.ephelis)

Bites/slings
+Other:melasma/chloasma (i.e.“mask of pregnancy”)

Discrete Red folliculitis
Papule Furuncle

Scabies

Acne vulgaris
Rosacea
Psoriasis
Urticaria

Autoimmune: lichenplanus
Vascular: hemangioma,pyogenic granuloma
Other:dermatofibroma,miliaria rubra

Activate Windows
Go to Settings to activate Windows.



D8 Dermatology Toronto Notes 2023

Table 3. Differential Diagnoses for Common Presentations
Lesion Infectious Orug/Toxln MiscellaneousInflammatory
Red Scales Pityriasis rosea

Secondary syphilis
Tinea

GoldDermatitis (atopic,contact,
nummular,seborrheic)
Discoid lupus
Psoriasis

Autoimmune: lichen planus
Neoplastic:mycosis fungoides

Cat scratch disease
Impetigo
Viral:HSV. HZV.V2V.Coxsackievirus
Scabies
Bullous impetigo

Vesicle Acute contact dermatitis
Dyshidrotic eczema

Other:dermatitis herpetiformis,porphyria cutanea tarda

Bulla Acute dermatitis
EM.SIE,SJSfTEN

Acne vulgaris
Rosacea
Dyshidrotic dermatitis
Pustular folliculitis
Pustular psoriasis
Nidradenilis suppurativa
Allergic stomatitis

Fixed drug eruption
SJSfTEN

AGEP (usually
secondary to drug
reaction)

Autoimmune:bullous pemphigoid,pemphigus vulgaris
Other:dermatitis herpetiformis,porphyria cutanea tarda

Candida
Dermatophyte
Impetigo
Sepsis
Varicella

Pustule

Oral Ulcer Aspergillosis Chemotherapy
Radiation therapy
SJSfTEN

Autoimmune:pemphigus vulgaris
Congenital:XXV
Hematologic:sickle cell disease
Neoplasia: BCC.SCC

CMV EM
Coxsackievirus
Cryptococcosis
HSV/HZV
HIV.TB.Syphilis

Plague
Syphilis

lichen planus
Seronegative arthropathies.SIE
Recurrent aphthous stomatitis
Behcet's disease

RA.SLE. vasculitis
UC, pyoderma gangrenosum

Skin Ulcer Autoimmune:necrobiosis lipoidica diabeticorum (e g. 0M|
Congenital:XXV
Hematologic:sickle cell disease
Neoplasia:SCC
Vascular: arterial,neurotrophic,pressure, venous,aphthous,leukoplakia,traumatic

IB
Tularemia

Common Skin Lesions

Cysts

Table 4. Cysts
Clinical Features Pathophysiology Epidemiology Clinical Course Management

Central punctum may rupture (foul,
cheesy odour,creamy colour) and produce Elective excision
inflammatory reaction
Can increase in sice and number over time
Rupture causes pain and inflammation No treatment

Elective excision

Epidermal Cyst Round, yellow/flesh-
coloured. slowgrowing,
mobile,firm, fluctuant,
nodule,or tumour

Epithelial cellsdisplaced into dermis, epidermal
lining becomes filled with keratin andlipid-rich
debris
May be post-traumatic,rarely syndromic

Multiple,hard,variable Thick-walled cyst lined with stratified squamous
sized nodules under the epithelium and filled with densekeratin
scalp:lacks central punctum Idiopathic

Post - trauma

Firm nodule mostcommonly Rare, congenital hamartomas,which arise from Rare
found at lateral third of inclusion of epidermis along embryonal cleft closure
eyebrow or midline under lines,creating a thick-walled cyst filled with dense
nose keratin
Usually solitary,rubbery,
translucent:a clear
gelatinous viscous fluid may on fingertip
be extruded
1-2 mm superficial,white
to yellow subepidermal
papules occurring on
eyelids,cheeks,and
forehead

Most common
cutaneous cyst in
youth-middle age

No treatment

2nd most common
cutaneous cyst
F>M.hereditary

Pilar Cyst
(i.e.
Trichilemmal)

Dermoid Cyst If nasal midlme.risk olextension into CNS No treatment
Elective excision

Ganglion Cyst Cystic lesion Ural originates from joint or tendon Older age
sheath,called a digital mucous cyst when found

Stable No treatment
Incision and expression of
contents
Elective excision
No treatment
Incision and expression of
contents
Electrodessication
Topical retinoid therapy

Associated with osteoarthritis
Milium Small epidermoidcyst, primarily arising from

pluripotential cells in epidermal or adnexal
epithelium
Can be secondary to blistering,ulceration,
tiauma, topical corticosteroidatrophy,or cosmetic
procedures

In newborns,spontaneously resolves in
first 4 wk of life

Any age
40-50% of infants

Fibrous Lesions
r TDERMATOFIBROMA cJ

Clinical Features
• firm dermal papule or nodule, skin-coloured to red-brown
• majority are asymptomatic but may be pruritic and/or tender
• sites: legs > arms > trunk
• dimple sign (i.e. l-itzpatrick's sign ): lateral compression causes dimpling of the lesion

+
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Pathophysiology
• benign tumour due to fibroblast proliferation in the dermis

Etiology
• unknown; may be associated with history of minor trauma (e.g. shaving or insect bites)
• eruptive dermatofibroma can be associated with SLE

Epidemiology
• adults, F>M

Differential Diagnosis
• dermatofibrosarcoma protuberans, MM, Kaposi’s sarcoma, blue nevus

Investigations
• biopsy if diagnosis is uncertain

Management
• no treatment required
• excision if bothersome

SKIN TAGS

Clinical Features
• small (1-10 mm), soft, skin-coloured or darker pedunculated papule, often polypoid
• sites; eyelids, neck, axillae, inframammary, and groin

Pathophysiology
• benign outgrowth of skin

Epidemiology
• middle-aged and elderly, 1;>M,obese, can increase in size and number during pregnancy

Differential Diagnosis
• pedunculated seborrheic keratosis, compound or dermal melanocytic nevus, neurofibroma,

fibroepithelioma of Pinkus (rare variant of BCC), nevus lipomatosis superficialis

Management
• snip excision, electrodessication, cryosurgery

Hyperkeratotic Lesions
SEBORRHEIC KERATOSIS

Clinical Features
• i.e. ‘wisdom spots,’‘age spots,'or ‘barnacles of life’
• well-demarcated waxy papule/plaque with classic “stuck on” appearance
• occasionally pruritic
• over time lesions appear more warty, greasy, and pigmented
• sites: face, trunk, upper extremities (may occur at any site except palms or soles)

Pathophysiology
• very common benign epithelial tumour due to proliferation of keratinocytes and melanocytes

Epidemiology
• unusual <30 yr old
• M>1;
• autosomal dominant inheritance
• i.eser-T relat sign: sudden appearance of seborrheic keratosis that can be associated with malignancy,

commonly gastric adenocarcinomas

Differential Diagnosis
• MM (lentigo maligna, nodular melanoma), melanocytic nevi, pigmented BCC,solar lentigo, spreading

pigmented AK
L J

Investigations
• biopsy only if diagnosis uncertain +
Management
• none required, for cosmetic purposes only
• cryotherapy, electrodessication, shave excision
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ACTINIC KERATOSES (SOLAR KERATOSES)
• see Pre-Malignant Skin Conditions, D39

KERATOACANTHOMA
• see

CORNS (HELOMATA)

$Clinical Features
• firm papule with a central, translucent, cone-shaped, hard keratin core
• painful with direct pressure
• sites: most commonly on dorsolateral fifth toe and dorsal aspects of other toes

Pathophysiology
• localized hyperkeratosis induced by pressure on hands and feet

Corns vs. Warts vs.Calluses
• Corns have a whitish yellow central

translucent keratinous core: painful
with direct pressure: Interruption of
dermatoglyphics

• Warts bleed with paring and
have a black speckled central
appearance due to thrombosed
capillaries: plantar warts destroy
dermatoglyphics (epidermal ridges)

• Calluses have layers of yellowish
keratin revealed with paring:there
are no thrombosed capillaries or
interruption of epidermal ridges

Epidemiology
• F>M, can be caused by chronic microtrauma

Differential Diagnosis
• calluses, plantar warts

Management
• relieve pressure with padding or alternate footwear, orthotics
• paring, topical salicylic acid Keloids vs. Hypertrophic Scars

• Keloids: extend beyond margins
of original injury with claw like
extensions

• Hypertrophic scars: confined to
original margins of injury

Keloids
Clinical Features
• firm, shiny, skin-coloured or red-bluish papules/nodules that most often arise from cutaneous injury

(e.g. piercing, surgical scar, acne), but may appear spontaneously
• extends beyond the margins of the original injury,and may continue to expand in size for yr with

claw-like extensions
• can be pruritic and painful
• sites: earlobes, shoulders, sternum, scapular area, angle of mandible

DDx of Hyperpigmented Macules
• Purpura (e.g.solar. ASA.

anticoagulants, steroids, hemosiderin
stain)

• Post-inflammatory
• Melasma
• Melanoma
• Fixed drug eruption

Pathophysiology
• excessive deposition of randomly organized collagen fibres following trauma to skin

Epidemiology
• most common in Black patients, followed by those of Asian descent (predilection for darker skin)
• M =T, most commonly between ages 10-30

Management
• intralesional corticosteroid injections
• silicone gel sheets

Pigmented Lesions
CONGENITAL NEVOMELANOCYTIC NEVI (CNN)

Clinical Features
• i.e. congenital hairy nevi
• sharply demarcated pigmented papule or plaque with regular borders ± coarse hairs
• classified by size: small (<1.5 cm ), medium (Ml: 1.5-10 cm, M2: >10-20 cm ), large ( LI: >20-30 cm, L2:

>30-40 cm), giant (Gl: >40-60 cm, G2: >60 cm)
• may be surrounded by smaller satellite nevi

r >
L JPathophysiology

• nevomelanocytes in epidermis (clusters) and dermis (strands)

Epidemiology
• present at birth or develops in early infancy to childhood
• malignant transformation is rare (1-5%) and more correlated with size of the lesion
• neurocutaneous melanosis can occur in giant CNN (melanocytes in the CNS)
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Management
• take a baseline photo and observe lesion for change in shape, colour, or size out of proportion with

growth
• surgical excision if suspicious, due to increased risk of melanoma
• MR1 if suspicious for neurological involvement Other Nevi

• Halo nevus: often appears as a
typical nevus surrounded by a ring of
depigmentation: common in children:
uncommonly associated with
vitiligo: no treatment required unless
irregular colour or borders

• Blue nevus: round to oval macule/
papule with homogenous blue to
blue-black colour:often appears in
childhood and late adolescence: no
treatment required unless atypical
features arc noted

Other Nevi
• Halo nevus: often appears as a typical nevus surrounded by a ring of depigmentation; common in

children; uncommonly associated with vitiligo; no treatment required unless irregular colour or
borders

• Blue nevus: round to oval macule/papule with homogenous blue to blue-black colour; often appears in
childhood and late adolescence; no treatment required unless atypical features are noted

OTHER CONGENITAL PIGMENTED LESIONS

Table 5. Comparison of Other Congenital Pigmented Lesions
Differential
Diagnosis

Clinical Feature Pathophysiology Epidemiology Clinical Course
and Management

Cafe-au-lait Macule Areas of increased Siiormoreis
melanogenesis suggestive of

neurofibromatosis
type I
Also associated with
McCune- Albright
syndrome

Brown pigmented Increased melanocyte Risk of melanoma
macular background concentration
(cald-au- lait macule -
like) with dark
macular or papular
speckles

Flat light - brown
lesions with smooth
or jagged borders

Flat congenital
melanocytic nevus,
speckled lentiginous No effective
nevus

Enlarge in proportion
to the child

treatment

Speckled
Lentiginous Nevus
( i.c. nevus spilus)

Cafe-au-lait macule. Usually the light
agminated lenligines. macular background
Becker's nevus Is present at birth

and speckles develop
over time
Management is
similar tothatoICNNs
Usually lades in early
childhood but may
persist into adulthood

similar to that of a
CNN ol the same sire

Congenital grey-blue Ectopic melanocytes
solitary or grouped in dermis
macules commonly on
lumbosacral area
Extreme sensitivity to Involves mutations
UV light, redness and in genes responsible
blistering, xerosis, for DNA repair (e g.
and changes in skin nucleotide excision
colour
Typically affects the
cyesand sun -exposed
areas; may ailed
nervous system

99% occurs in Asian
and Indigenous
infants

Dermal
Melanocytosis
( historically known
as Mongolian Spot )

Xeroderma
Pigmentosum

Ecchymosis

More common in
Japan. North Africa,
and Middle East

Freckles. Rothmund- Prevention by
Thomson syndrome. avoiding sun
and porphyrin disease exposure (damage is

Irreversible)
Reduce incidence
of cancer using
anlicancer drugs
(e.g. isotretinoin,
fluorouracil) in adults

repair genes)

only

ACQUIRED NEVOMELANOCYTIC NEVI (NMN)

Clinical Features
• common mole:well circumscribed, round, uniformly pigmented macules/papules <1.5 cm
• average number of moles per person: 18-40
• three stages of evolution: junctional NMN, compound NMN, and dermal NMN

Table 6. Evolution of Acquired Nevomelanocytic Nevi
Age of Onset Clinical Feature HistologyType
Childhood
Majority progress to compound
nevus

Junctional Flat, regularly bordered,
uniformly Ian-dark brown, sharply junction above basement

membrane

Melanocytes at dermal-epidermal

demarcated macule

Compound Any age Domed, regularly bordered. Melanocytes atdermal -eprdermal
smooth, lound. Ian-dark brown junction: migration into dermis
papule
Face, trunk, extremities, scalp
NOT found on palms or soles
Soft, dome-shaped, skin-coloured Melanocytes exclusively in dermis
to tan /brown papules or nodules
Sites: face, neck

r i
c j

Dermal Adults

+
Management
• new or changing pigmented lesions should be evaluated for atypical features which could indicate a

melanoma
• excisional biopsy should be considered if the lesion demonstrates rapid change, asymmetry, varied

colours, irregular borders, and persistent pain or bleeding Activate Windows
Go to Settings to activate Windows.
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OTHER ACQUIRED PIGMENTED LESIONS

Table 7. Comparison of Other Acquired Pigmented Lesions
Clinical Feature Pathophysiology Epidemiology Differential

Diagnosis
Clinical Course and Management

Atypical Nevus
(Dysplastic
Nevus)

Variegated macule/papule with Hyperplasia and proliferation
irregular distinct melanocytes in of melanocytes extending

beyond dermal comparlmcnl
of the nevus
Often with region of adjacent
nests

Small (<5 mm) well-demarcated Increased melanin within
basal layer kcratmocytes
secondary to sun exposure

Five atypical nevi increase risk for
melanoma
Numerous dysplastic nevi may be part
of familial atypical mole andmelanoma
syndrome
Risk factor: family history
Skin phototypesIIImost commonly

Follow with baseline photographs for
changes
Excisional biopsy if lesion changing or
highly atypical
Close surveillance with whole body skin
examination
Multiply and darken with sun exposure.
fade In winter
No treatment required
Sunscreen and sun avoidance may prevent
the appearance of new freckles
Laser therapy,shave excisions,
cryotherapy

Melanoma

the basal layer

Ephclides
(i.e.Freckles)

Junctional nevi
Juvenile lenhgineslight brown macules

Sites:sun-exposed skin

Solar lentigo
(i.e. liver Spot)

Well- demarcated brown/black Benign melanocytic
macules
Sites:sun-exposed skin

Most common in white individuals >40 yr Lentigo maligna,
Skin phototypes l-lllmost commonly seborrheic keratosis.

pigmented AK
proliferation indermal-
epidermal junction duelo
chronic sun exposure

Hairy,light brown macule/patch Pigmented hamartoma with
with a papular verrucous surface increased melanin in basal
Sites: trunk and shoulders cells
Onset in teen yr

Hair growth follows onset of pigmentation
Cosmetic management (usually loo large
to remove)

Becker's Nevus M>F Hairy congenital
melanocytic nevusOften becomes noticeable at puberty

Symmetrical hyperpigmenlation Increase In number and
on sun-exposed areas of face
( forehead,upper lip.cheeks,
chin)

Post-inflammatory
Common in pregnancy and women taking hyperpigmentation
OCPorKRT
Can occur with mild endocrine
disturbances,antiepileptic medications,
and other photosensitiiing drugs
Risk factors:sun exposure,dark skin tone

F -M Often fades over several mo alter stopping
hormone treatmentor delivering baby
Treatment:hydroguinone.aielak acid,
retinoic acid, topical steroid,combination
creams,destructive modalities (chemical
peels, laser treatment), camouflage
make-up.sunscreen,sun avoidance

Melasma
activity of melanocytes
Associated with estrogen and
progesterone

Vascular Lesions

Table 8. Vascular Tumours Compared to Vascular Malformations
Vascular MalformationsVascular Tumours Pyogenic granuloma is a misnomer: it is

neither pyogenic nor granulomatous
Definition
Presence at Birth

Endothelial hyperplasia
Usually postnatal

1:3-5
Phases

Proliferating
Involuting
Involuted

Congenital malformation withnormal endothelial turnover
100% at birth (not always obvious)

M:F 1:1
Natural History Proportionate growth (can expand)

Venous Lake:benign blue or violaceous
papular lesion occurring on the face,
lips, and ears due to dilation of a
venule.Distinguished from malignant
pigmented lesions through diascopy.as
compression blanches the lesionHEMANGIOMAS

Clinical Features
• red or blue subcutaneous mass that is soft /compressible, blanches with pressure; feels like a “bag of

worms" when palpated

Pathophysiology
• benign vascular tumour
• includes: cavernous hemangioma, capillary/infantile hemangioma, spider hemangioma

A spider angioma will blanch when the
tip of a paperclip is applied to the centre
of the lesion

r T
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Table 9. Vascular Tumours
Clinical Feature Pathophysiology Epidemiology Clinical Course Management

Appears shortly alter birth. 10% require treatment due to functional impairment
increases in size over mo.
then regresses
50%ol lesions resolve
spontaneously by 5 yr

Hemangioma ol Hot.Ilrm.red to blue plaques or
Infancy

Benign vascular
proliferation of endothelial after birth;rarely

congenilal

Appears shortly
(visual compromise,airway obstruction,high output
cardiac failure) or cosmesis
Consider treatment il not gone by school age; topical
timolol,propranolol:systemic corticosteroids;laser

tumours
lining

treatment;surgery
Provide early specialist referral or treatment ininfants
with high-risk hemangiomas

Spider Angioma Central red artcnolc with slender Can be associated with
(i.e.Campbell branches,blanchable
Telangiectasia)

Any age Increase in number over lime Reassurance
hyperestrogenic state (e.g.
in liver disease,pregnancy.
OCP) but more often is not

Electrodesiccation or laser surgery if patient wishes

Cherry Angioma Bright red to deep maroon,dome- Benign vascular neoplasm »30 y« old
(i.e.Campbell Dc shaped vascular papules,1-5 mm
Morgan Spot) Site: trunk

lesions do not fade in time Usually no treatment needed
lesions bleed infrequently laser or electrocautcry for small lesions

Excision of large lesions if necessary
less friable compared to pyogenic
granulomas

Pyogenic
Granuloma

Bright red.dome-shaped sessile Rapidly developing
or pedunculated friable nodule hemangioma
Sites: fingers,lips,mouth, trunk. Proliferation of capillaries

with erosion of epidermis
DDx:glomus tumour,nodular MM. and neutrophilia
SCC,nodular BCC

'30 yr old Surgical excision with histologic examination
Elcctrocautery:laser;cryotherapy

lesion grows rapidly over
wk -mo.then stabilizes
lesion may persist
indefinitely if untreatedtoes

VASCULAR MALFORMATIONS

Table 10. Vascular Malformations
Clinical Feature PathophysiologyType Management

Nevus Flammeus
(i.e.Port-wine Stain) distribution, rarely crosses midlinc

Most common site:nape of neck
Never spontaneously regresses but grows inproportion to
the child

Nevus Simplex Pink-red irregular patches
(I.e.Salmon Patch) Midlinc macule on glabella known as“Angel Kiss." in the

nuchal regionknown as “Stork Bites"
Present in 113 of newborns
Majority regress spontaneously

Red to blue macule present at birth that follows a dermatoma! Congenital vascular malformation Laser or make- up
ol dermal capillaries:rarely
associated with Sturge-Weber
syndrome (VI.V2 distribution)

Congenital dilation of dermal
capillaries

No treatment
required

Lipoma
Clinical Features
• single or multiple non-tender subcutaneous tumours that are soft and mobile
• occurs most frequently on the trunk and extremities, but can be anywhere on the body

Pathophysiology
• adipocytes enclosed in a fibrous capsule

Epidemiology
• often solitary or few in number, if multiple can be associated with rare syndromes

Differential Diagnosis
• angiolipoma, liposarcoma

Investigations
• biopsy only if atypical features (painful, rapid growth, firm)

Management
• reassurance
• excision or liposuction only if desired for cosmetic purposes r n

u j

Xanthoma
Clinical Features
• localized lipid deposits that manifest as papules, plaques, or nodules in the skin
• several variants: eruptive xanthoma (1-5 mm erythematous-to-yellow papules); tuberous xanthoma

(<3 cm vellow-to-orange or erythematous papules or nodules); tendinous xanthoma (smooth, firm,
mobile, skin-coloured nodules); plane xanthoma (soft, yellow, thin plaques)
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Pathophysiology
• xanthoma associated with hyperlipidemia: formed from macrophages due to excessive uptake and

oxidation of low density lipoprotein particles
• xanthoma not associated with hyperlipidemia (e.g. plane xanthoma): develop associated with

monoclonal gammopathy, multiple myeloma, and other hematologic diseases; immune complexes
form between antibodies and lipoproteins leading to lipid accumulation in macrophages

• xanthoma not associated with hyperlipidemia (e.g. verruciform xanthoma): may be response to
immune reaction to local trauma or inflammation

Epidemiology
• often present in adulthood (except xanthoma associated with hypercholesterolemia, in which

xanthoma develops before 10 yr old)
• occur in both males and females, no sex predilection

Differential Diagnosis
• xanthelasma:sebaceous hyperplasia, juvenile xanthogranuloma, syringoma, nodular BCC
• plane xanthoma: necrobiotic xanthogranuloma
• eruptive xanthoma:generalized granuloma annulare, xanthoma disseminatum
• tendinous xanthoma and tuberous xanthoma:other nodular eruptions over joints and tendons (e.g.

rheumatoid nodules, gouty tophi, subcutaneous granuloma annulare, erythema elevatum diutinum)
• verrucous xanthoma: condylomata, oral papillomas, verrucous carcinoma, SCC

Investigations
• biopsy (shave, punch, or excisional)
• fasting lipid panel (except for xanthomas not associated with hyperlipidemia, e.g. verruciform

xanthomas)

Treatment of Acne Scars. Tretinoin creams
• Glycolic acid
• Chemical peels for superficial sears
• Injectable fillers (collagen, hyaluronic

acid) for pitted scars
, Fraxellaser
• COr laser resurfacing

Management
• typically asymptomatic and therefore do not require treatment unless for cosmetic reasons
• options include surgical excision, cryotherapy, trichloroacetic acid 70% chemical peels, or tr:YA(» or

Nd-YAG lasers
• pharmacologic treatment of dyslipidemia usually indicated

Acneiform Eruptions topical Benzoyl Peroxide lor Acne
Cochrane DB Syst REV 2020:CD 011154
P arpose:Sestemcu I) mini t'e use of topical
benzoyl peroxide for treating acne.
Methods:RCIs comparing the use of topical benzoyl
peroxide.1« the treatment ol dentally diagnosed
acae to either placebo,or other topical medication
were eligiblelor Inclusion. Ihe primary outcome
measures that were assessed weie ‘participant
global self -assessment of acne improvement' and
‘withdrawal due to adverse events in Ihe whole
course of the trial’.The secondary outcome measure
that wisassessed was 'Percentage olportkipants
experiencing any adverse event in the whole course
of the trial.'
Results:A total of 120 studies including 25592
people were included in this review. For‘participant
global self -assessment of acoe improvement'
benzoyl peroiide was moie effective than placebo
or no treatment (visit ratio (RH)127,95% confidence
interval (Cl) 1.12-1.45:3 RCIs: 2234 participants;
treatment for 10-12 wit:low-certainty evidence),
little lo nodrfference existed between benzoyl
peroiide and adapalene (RR 0.99,95% Cl 0.9CM.10:
5 RCTs;1472 participants; treatmenf for11-12 wt)
and chiidamycm (RR 0.95.95% Cl 0.68- 1.34:1
SCI:240 participants:treatment for 10 weeks|.
Withdrawal due loadvttse effects was higher with
benzoyl peroiide than with no treatment or placebo
and the most common cited adverse effects included
erythema, pruritus, aod skin homing.
Low quality evidence suggests little to nodrfference
in withdrawal due to adverse events between benzoyl
peroxide and adapalene.clindamycin, erythromycin,
ov sal icylic acid.Very low quality evidence exists
comparing the incidence ol any adverse events
between benzoyl peroiide and other treatments,
however most reported adverse events weremild.

Acne Vulgaris/Common Acne
Clinical Features
• a common inflammatory pilosebaceous disease categorized with respect according to severity

• Type 1: comedonal, sparse, no scarring
Type 11: comedonal, papular, moderate ± little scarring

• Type III: comedonal, papular, and pustular, with scarring
Type IV: nodulocystic acne, risk of severe scarring

• sites of predilection: face, neck, upper chest, and back

Pathophysiology
• hyperkeratinization at the follicular ostia (opening) blocks the secretion of sebum leading to the

formation of microcomedones
• androgens promote excess sebum production
• Culibacterium acnes acnes) metabolizes sebum to free fatty acids and produces pro-inflammatory

mediators

Epidemiology
• age of onset typically in puberty (10-17 yr in females, 14-19 yr in males)
• in prepubertal children consider underlying hormonal abnormality (e.g. late onset congenital adrenal

hyperplasia)
• incidence decreases in adulthood
• genetic predisposition: majority of individuals with cystic acne have parent(s) with history- of severe

acne ri
LJ

Differential Diagnosis
• folliculitis, keratosis pilaris (upper arms, face, thighs), perioral dermatitis, rosacea
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Table 11. Management of Acne
Compound/Drug Class Product Names Notes

Acne Myths Debunked
• Eating greasy food and chocolate

does not cause or worsen acne
t Blackheads (comedones) are black

because of oxidized fatty acids,
not dirt

• Acne is not caused by poor hygiene:
on the contrary,excessive washing of
face can be an aggravator

MILO ACNE:OTC
Topical Therapies
Benzoyl peroxide (8P0) Solugel ' . Beniac .Ocsquam ',

fostex '.Ceralfe Acne Foaming
Cleanser1

Helps prevent Propionibaclenum ernes|P. ocnes) resistance, is a
bactericidal agentftargets P. ocnes), and is comedolytic

Salicylic acid Akurza ' cream,Oermaione ' Used when patients cannot tolerate a topical retinoid due to skin
irritation

MUD ACHE:Prescription
Topical Therapies

Antimicrobials
Retinoids

clindamycin (Dalacin T’•).erythromycin High rate of resistance when used as monotherapy

vitamin A acid (tretinoin.Stieva- A '. Backbone of topical acne therapy
Retin A Micro*),adapalene (Differ in: ). All regimens should include a retinoid unless patient cannot tolerate
ARAZlO ' (tazarotene) Lotion 0.045%,
AKLIEF - (Infarolene) Cream

Antibiotics are used in inflammatory skin
conditions since they also have anti-
inflammatory properties (e.g.macrolides
in acne).Topical antibiotics may also
be used to treat secondary bacterial
superinfections (e.g. impetigo)

Allows for greater adherence and efficacy
Combines different mechanisms of action to increase efficacy and
maximize tolerability

Combination products clindamycin and CPO (Clindoxyl ’)
clindamycin and 8P0 (Benzaclm )
TactuPump* (adapalene and BPO)
clindamycin and tretinoin (Biacna ' )
erythromycin and BPO (Bcntainycin ' )

MODERATEACNE

Tetracyclinc/Minocydinc/ Sumycin iMinocin ' fVibramycin '

Doxycydine
Use caution with regard to drug interactions:do not use with isotretinoin
Sun sensitivity
Antibiotics require 3 mo of use before assessing efficacy
After 35 yr of age.estrogenfprogesterone should only be considered in
exceptional circumstances,carefully weighing the risk/benefit ratio with
physician guidance
May causehyperkalemia if concurrent renal dx
Black box warning for breast cancer

Acne Exacerbating Factors
• Systemic medications:lithium,

phenytoin.steroids,halogens,
androgens, iodides,bromides,
danazol

• Topical agents: steroids, tars,
ointments,oily cosmetics

• Mechanical pressure or occlusion,
such os leaning face on hands

• Emotional stress

0iane-35Cyproterone acetate
ethinyl estradiol

Spironolactone Aldactone *

SEVERE ACHE
Isotretinoin Accutane - .Clarus:.Epuris - See Table 29.D53 for full side effect profile

Most adverse effects are temporary and will resolve when the drug is
discontinued
Baseline lipidprofile (riskof hypertriglyceridemia).LFTsand p-hCG
before treatment
May transiently exacerbate acne beforepatient sees improvement
Refractory cases may require multiple courses of isotretinoin

A combination of topical retinoids and
topical erythromycin or clindamycin is
more effective than either agent used
alone

Perioral Dermatitis
Clinical Features
• discrete erythematous papulopustular eruptions that often become confluent, forming inflammatory

plaques on perioral, perinasal, and /or periorbital skin
• commonly symmetrical, rim of sparing around Vermillion border of lips

Intralesional Injections
Intralesional corticosteroid injections are
effective in the treatment of individual
acne nodules

Epidemiology
• 15-40 yr old, occasionally in younger children
• predominantly females

Differential Diagnosis
• contact dermatitis, rosacea, acne vulgaris

Management
• avoid all topical steroids, avoid ointment/oil-based products, stop all cosmetic products
• topical: metronidazole 0.75% gel or 0.75- 1% cream to affected area B11)
• systemic: tetracycline family antibiotic (utilized for its anti-inflammatory properties)
• occasional use of a topical calcineurin inhibitor cream (i.e. pimecrolimus)

Isotretinoin and Pregnancy
• Use of isotretinoin during pregnancy

is associated with spontaneous
abortion and major birth defects such
as facial dysmorphism and cognitive
impairment

• Pregnancy should be ruled out
before starting isotretinoin

t Patients should use two forms of
contraception while on isotretinoin

Rosacea Important Controversies Associated with
Isotretinoin Therapy tor Acne
An J Clin Dermatol 2013;14JI-76
Main Points:
1. The evidence on whether isotretinoin causes

depression and suicide is inconsistent: however,
numerous controlled studies haw shown an
improvement in anxiety and depression scores in

those taking isotretinoin.
2. There isnoassociation between ISO and

isotietinoin use.Only one study showed
a sgr hcantly increased riskof UC.When
cor sidenng using isotretinoin ina patient with
IBDorwith a stiongfacnily history,consider

Clinical Features
• dome-shaped inflammatory papules ± pustules
• flushing, non-transient erythema, and telangiectasia
• distribution: typically on central face including forehead, nose, cheeks, and chin; rarely on scalp, neck,

and upper body
• characterized by remissions and exacerbations
• exacerbating factors: heat, cold, wind, sun, stress, drinking hot liquids, alcohol, spices
• all forms of rosacea can progress from mild to moderate to severe
• rarely in longstanding rosacea, signs of thickening, induration, and lymphedema in the skin can

develop

r
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•phyma: a distinct swelling caused by lymphedema and hypertrophy of subcutaneous tissue,
particularly affecting the nose (rhinophyma)

•ocular manifestations: blepharoconjunctivitis, keratitis, iritis

Pathophysiology
•unknown

Epidemiology
•although found in all skin types, highest prevalence in fair-skinned people
•30-50 yr old; T>M

Differential Diagnosis
•acne vulgaris, seborrheic dermatitis, perioral dermatitis, contact dermatitis Figure 7. Rosacea distribution

Management
•trigger avoidance and daily sunscreen use for long-term management
•avoid topical corticosteroids
•telangiectasia: treated by physical ablation;electrical hvfrecators, vascular lasers, and intense pulsed

light therapies
•phymas: treated by physical ablation or removal; paring, electrosurgery, cryotherapy, laser therapy

(CO 2, argon, Nd:YAG)

o
Rosacea can be differentiated from
acne by the absence of comedones, a
predilection for the central face , and
symptoms of flushing

$Table 12. Specific Rosacea Treatments
First Line Second Line Third Line Guidelines for the Diagnosis of

Rosacea
J Drugs Dermatol 2012:11(6):725-730
• Presence of one or more of the

following primary features:
• Flushing (transient erythema)
• Nontransient erythema
• Papules and pustules
• Telangiectasia

May include one or more of the following
secondary features:

• Burning or stinging
• Dry appearance
• Edema
• Phymatous changes
• Ocular manifestations
• Peripheral location

Oral tetracyclines
Topical metronidarole
Oral erythromycin (2S0-500 mg PO BIO)
Topical acelaic acid
Topical ivermectin

Topical clindamycin
Topical erythromycin 2% solution
Oral melronldaiole

Oral retinoids

Dermatitis (Eczema)
Definition
• inflammation of the skin

Clinical Features
• poorly demarcated erythematous patches or plaques
• symptoms include pruritus and pain
• acute dermatitis: papules, vesicles
• subacute dermatitis: scaling, crusting, excoriations
• chronic dermatitis: lichenihcation, xerosis, Assuring Emollients and Moisturiscrs for Eczema

Cochrane OB Syst Rev 2017:00012119
P urpose: To review the effects of mosturirers for
eczema.
Methods:This review irC.ded RCTs published prior
to Oetember 2015 on the elf eels of modtontei on
ecrema.
Results:77studies with a total of 6603 participants
were included m tlw renew. Mootunzeis showed
beneficial effects on ecrena symptoms and seventy.
Key benefits included prolonging tune to flares,
reducing Ihe number of dares, and reducing the
amount of corticosteroids needed.When active
treatmentwascombmedwith moisturizer, greater
benefits were seen. Evidence does not e» 1st to
support the use ol one moisturizer ovei another.

Asteatotic Dermatitis
Clinical Features
• diffuse, mild pruritic dermatitis secondary to dry skin
• very common in elderly, especially in the winter (i.e. “winter itch") but starts in the fall
• shins predominate, looks like a “dried river bed"

Management
• skin rehydration with moisturizing routine ± corticosteroid creams

Atopic Dermatitis
Clinical Features
• subacute and chronic eczematous reaction associated with prolonged severe pruritus
• distribution depends on age
• inflammation, lichenification, and excoriations are secondary to relentless scratching
• atopic palms:hyperlinearity of the palms (associated with ichthyosis vulgaris)
• associated with: keratosis pilaris (hyperkeratosis of hair follicles, “chicken skin"), xerosis,

occupational hand dryness
• associated with severe or poorly controlled psychosocial distress and psychiatric comorbidities

Epidemiology
• frequently affects infants, children, and young adults
• 10-20% of children in developed countries <5 yr old are affected
• associated with personal or family history of atopy (asthma, hay fever ), anaphylaxis, eosinophllia
• polygenic inheritance:one parent >6096 chance for child; two parents >80% chance for child
• long-term condition with 1 /3 of patients continuing to show signs of AD into adulthood

Triggers for Atopic Dermatitis
• Irritants (detergents, solvents,

clothing, water hardness)
• Contact allergens
• Environmental aeroallergens (e.g.

dust mites)
• Inappropriate bathing habits (e.g.

long hot showers)
• Sweating
• Microbes (e.g. S aureus )
• Stress

r t
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Pathophysiology
• a T-cell driven inflammatory process with epidermal barrier dysfunction

Investigations
• clinical diagnosis
• consider: skin biopsy, serum lgE levels, patch testing if allergic contact dermatitis is suspected

Management
• goal: reduce signs and symptoms, prevent or reduce recurrences/flares
• better outcomes (e.g. less flare-ups, modified course of disease) if diagnosis made early
• avoid triggers of AD (e.g. wool, scented products, heat, etc.)
• be vigilant for depressive symptoms and the possible need for psychiatric referral,especially among

those with severe disease
• non-pharmacologic therapy

moisturizers
apply liberally and reapply at least twice a day with goal of minimizing xerosis
include in treatment of mild to severe disease as well as in maintenance therapy
bathe in plain warm water for a short period of time once daily followed by lightly, but not
completely, drying the skin with a towel; immediately apply topical agents or moisturizers
after this

use fragrance-free hypoallergenic non-soap cleansers
• pharmacologic therapy

• topical corticosteroids
effective in reducing acute and chronic symptoms as well as prevention of flares
choice of steroid potency depends on age, body site, short vs. long-term use
apply one adult fingertip unit (0.5 g) to an area the size of two adult palms BID for acute flares
local side effects: skin atrophy, purpura, telangiectasia, striae, hypertrichosis, and acneiform
eruption are all very rarely seen

topical calcineurin inhibitors
tacrolimus 0.03%, 0.1% (Protopic*) and pimecrolimus 1% (lilidel*)
can be used as acute treatments and as steroid-sparing agents in the long-term
advantages over long-term corticosteroid use: no skin atrophy; safe for sensitive areas such as
the face and neck

apply BID for acute flares, and 2-3x/wk to recurrent sites to prevent relapses
local side effects: stinging, burning, cost
U.S. black box warning of malignancy risk: rare cases of skin cancer and lymphoma reported;
no causal relationship established, warning is discounted by both the Canadian Dermatology
Association and the American Academy of Dermatology

biologies
dupilumab (anti>Il 4/13)
upadacitinib ( )AK Inhibitor)

topical PDE-4 inhibitor
crisaborole ( Eucrisa)

Figure 8.AD distribution
The typical distribution of AD in
infants <6 mo (top), children >18 mo
(middle), and adults >18 yr (bottom)Complications

• infections
• treatment of infections:

topical mupirocin, ozenoxarin, or fusidic acid (Canada only, not available in US)
oral antibiotics (e.g. cloxadllin, cephalexin) for widespread S.aureus infections

^ Initial assessment of disease history, extent, and severity (impact on family, psychological distress) )
i

Patient education, daily emollient use

J
Disease

remission (no
signs or

symptoms)

Adjunctive therapy

• Avoidance of
triggers

• Treat bacterial
superinfections
(topical or oral
antibiotics)

• Antihistamines
• Psychological

interventions

Acute control of flare
• Topical corticosteroids or topical calcineurin inhibitor

FLARE

1
Maintenance therapy il disease is persistent

and/or frequent recurrences
• Use topical corticosteroid or calcineurin inhibitor

at earliest sign of flare
* Long-term maintenance use of calcineurin inhibitors r t

I u

Severe refractory disease
• Phototherapy
• Potent topical steroids
• Psychotherapeutics

• Azathioprine
• Dupilumab
• Methotrexate
• Oral cyclosporin• Oral steroids

+

Figure 9. Atopic dermatitis treatment algorithm
Adapted lr urn:Hid C.et al. ICCA0IIFaculty. International Consensus Conference on Atopic Dermatitis II (ICCADII): clinical update andcurrent
treatment strategies.Br JDermatol 2003:148(Suppl 63}:3-10 Activate Windows
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NSContact Dermatitis
Clinical Features
• cutaneous inflammation caused by an external agent(s)

Table 13. Contact Dermatitis
Irritant Contact Dermatitis Allergic Contact Dermatitis

Mechanism ol Reaction Toxic injury to skin;ron immnne mechanism Cell-mediated delayed (Type IV) hypersensitivity
reaction (see Rheumatology,RH2)

Erythema with a papulovesicular eruption.swelling.
pruritus

Type of Reaction Erythema,dryness, fine scale,burning
Acute;quick reaction,sharp margins(e.g.from acid/
alkali exposure)
Cumulative insult;slow to appear,poorly defined
margins (e.g.from soap),more common
Majority;will occur in anyone given sufficient
concentration of irritants

Hands are the most common site
Soaps,weak alkali,detergents,organic solvents,
alcohol,oils

Frequency Minority;patient acquires susceptibility to allergen that
persists indefinitely

Areas exposed to allergen
Many allergens are irritants,so may coincide with
irritant dermatitis
Nickel
Tattoos
Patch testing to determine specific allergen
Avoid allergen and its cross -reactants
Wet compresses soaked in Burow's solution
Topical steroids BID PRN
Systemic steroids PRN if extensive

Distribution
Examples

Avoidance of irritants
Wet compresses with Burow's solution (drying agent)
Barrier moisturiters
Topical/oral steroids

Management

Dyshidrotic Dermatitis
Clinical Features
• “tapioca pudding" papulovesicular or bullous dermatitis of hands and feet that coalesce into plaques,

followed by painful Assuring
• acute stage often very pruritic
• secondary infections common
• lesions heal with desquamation and may lead to chronic lichenification
• sites: palms and soles ± dorsal surfaces of hands and feet

Pathophysiology
• unknown
• NO T caused by hyperhidrosis (excessive sweating)
• emotional stress may precipitate Hares

Management
• topical: high potency corticosteroid with plastic cling wrap occlusion to Increase penetration
• systemic

• prednisone in severe cases
• alitretinoin (Toctino*) for all types of chronic hand dermatitis, including dyshidrotic dermatitis
• antibiotics for secondary S. aureus infection

Nummular Dermatitis
Clinical Features
• nummular (coin-shaped), pruritic, dry, scaly, erythematous plaques
• often associated with atopic and dyshidrotic dermatitis
• secondary infection common

Pathophysiology
• little is known, but it is often accompanied by xerosis, which results from a dysfunction of the

epidermal lipid barrier; this in turn can allow permeation of environmental agents, which can induce
an allergic or irritant response

r TManagement
• moisturization
• mid- to high-potency corticosteroid ointment BID

+
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Seborrheic Dermatitis
Clinical Features
• greasy, erythematous, yellow, scaling, papules and plaques in areas rich in sebaceous glands, can look

moist and superficially eroded in flexural regions
• infants:“cradle cap"

• children: may be generalized with flexural and scalp involvement
• adults:diffuse involvement of scalp margin with yellow to white flakes, pruritus, and underlying

erythema
• sites: scalp, nasolabial folds, eyebrows, eyelashes, beard, glabella, post-auricular, over sternum, trunk,

body folds, genitalia

Pathophysiology
• possible etiologic association with Malassezia spp. (yeast)

Epidemiology
• common in infants, adolescents, and males
• increased incidence and severity in immunocompromised patients and Parkinson’s disease
• in adults can cause dandruff (pityriasis sicca)

Management
• face: keratolytic creams ketoconazole ( Nizoral*) cream daily or BID and/or mild steroid cream dailv

or BID
• scalp:Derma-Smoothe FS* lotion (peanut oil, mineral oil, fluocinolone acetonide 0.01%) to remove

dense scales, ketoconazole 2% shampoo (Nizoral*), ciclopirox (Stieprox*) shampoo, selenium
sulfide (e.g.Selsun*) or zinc pyrithione (e.g. Head and Shoulders*) shampoo, steroid lotion (e.g.
betamethasone valerate 0.1% lotion BID)

Stasis Dermatitis
Clinical Features
• erythematous, scaly, pruritic plaques on lower legs, particularly the medial ankle
• brown hemosiderin deposition, woody fibrosis, atrophy blanche, and lipodermatosderosis in late

stages
• usually bilateral, accompanied by swelling,oozing,crusting, may have accompanying varicosities

Pathophysiology
• chronic venous insufficiency leads to venous stasis
• surrounding soft tissue inflammation and fibrosis results

Investigations
• Doppler if suspicious for DVT,other vascular studies (e.g. venous duplex,ankle-brachial index)
• swab for bacterial culture if there is crusting

Management
• compression stockings
• rest and elevate legs (above the level of the heart)
• moisturizer daily after shower to treat xerosis
• mid-high potency topical corticosteroids to control inflammation

Complications
• ulceration (common at medial malleolus), secondary bacterial infections

Lichen Simplex Chronicus
Clinical Features
• well-defined plaque(s) of lichenified skin with increased pruritic skin markings ± excoriations
• common sites: neck, scalp, extremities, urogenital area
• often seen in patients with atopy, anxiety' disorders, nonspecific emotional stress, among other

conditions

Pathophysiology
• skin hyperexcitable to itch, resulting in continued rubbing/scratching of skin
• eventually lichenification occurs

Investigations
• histopathology/biopsy confirms diagnosis if clinical diagnosis uncertain
• if patient has generalized pruritus, rule out systemic cause:CBC with differential count,

transaminases, bilirubin, ferritin, renal and thyroid function tests,TSH, glucose, SPEP
• CXR if lymphoma suspected

r T
L J

+
Management
• antipruritics (e.g. antihistamines, topical or intralesional glucocorticoids)
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Papulosquamous Diseases
Lichen Planus

The 6 Ps of Lichen Planus
Purple
Pruritic
Polygonal
Peripheral
Papules
Penis (i.e.mucosa)

Clinical Features
• acute or chronic inflammation of skin or mucous membranes
• morphology: pruritic, well-demarcated, violaceous, polygonal, flat-topped papules and plaques
• common sites:wrists, nails, scalp, mucous membranes in 60% (mouth, vulva, glans)
• distribution:symmetrical and bilateral
• Wickhams striae: reticulate white-grey lines over surface; pathognomonic but may not be present
• mucous membrane lesions: lacy, whitish reticular network, milky-white plaques/papules; increased

risk of SCC in erosions and ulcers
• nails: longitudinal ridging; pterygium formation, complete dystrophy
• scalp: known as lichen planopilaris, scarring alopecia with perifollicular hyperkeratosis and erythema
• usually resolves spontaneously but may last for wk, mo, or yr
• rarely associated with hepatitis C
• Koebner phenomenon

Pathophysiology
• immune-mediated, antigen unknown
• lymphocyte activation leads to keratinocyte apoptosis

Epidemiology
• 1%,30-60 yr, F>M

Investigations
• consider a skin biopsy
• hepatitis C serology if patient has risk factors

Management
• topical or intralesional corticosteroids
• short courses of oral prednisone (rarely)
• phototherapy, oral retinoids, or systemic immunosuppressants (e.g. azathioprine, methotrexate,

cyclosporine) for extensive or recalcitrant cases

Pityriasis Rosea
Clinical Features
• acute, self-limiting eruption characterized by red, oval plaques/patches with central scale that does

not extend to edge of lesion
• long axis of lesions follows skin tension lines (i.e. Langer lines) parallel to ribs producing “Christmas

tree" pattern on back
• varied degree of pruritus
• most start with a “herald" patch which precedes other lesions by 1-2 wk
• common sites: trunk, proximal aspects of arms and legs

Pathophysiology
• suspected HHV-7 or HHV-6 reactivation

Investigations
• none required

Management
• none required; clears spontaneously in 6-12 wk
• symptomatic: topical corticosteroids if pruritic, cool compresses, emollients

Skin Treatments lor Chronic Plaque Psoriasis
Cochrane 08Syst Rev 2013:00005028
P urpose:lo renew the eflectneness. tolqribility.
and safety of topical treatments for chronic plaque
psoriasis.
Methods: This renew identified RCls comparing
active topical treatments to either placebo or litemm
0 analogues (used alone or m combination) in people
with chronic plaque psoriasis.
Results:1)0 studies including a total ol 34808
participants were included in this review.
Conclusion : Both topical coticosteroids and vitar -
0 analogues were effective in treating throne plaque
psoriasis ol the body. Corticosteroidsshowed benefits
over vitamin 0 analogues in treating chronic plaque
psoriasis of the scalp, treatments combining vitamin
0 analogues and topical corticosteroids were mote
eHective than using eithervitamm D analogues
or corticosteroids alone. Vitamin D analogues did
result in more local adverse events than topical
corticosteroids, the most common event being skin
irritation or burning.People were moeelikely to
discontinue using vitamin Oanalogues than topical
corticosteroids.Psoriasis

Classification
1. plaque psoriasis 2. guttate psoriasis 3. erythrodermlc psoriasis
•4. pustular psoriasis 5. inverse psoriasis Calcipotriol is a Vitamin D Derivative

Dovobet ' calcipotriene combined with
betamethasone dipropionate and is
considered to be one of the most potent
topical psoriatic therapies

Pathophysiology
• not fully understood, genetic and immunologic factors
• shortened keratinocyte cell cycle correlates with lit I - and '1hi7- mediated inflammatory response +
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Epidemiology
• 1.5-2%, M=F
• all ages: peaks of onset:20-39 yr and 50-60 yr
• polygenic inheritance:8% with one affected parent, 41% with both parents affected
• risk factors: smoking, obesity, alcohol, drugs, infections, physical trauma (Koebner phenomenon)

See landmark OematologyTriaIsiab'e far mote
information on the BE VIVID trialcompiling the
efficacy andsafety a!a 52 wk treatment irith
bimekicomah vs.p'acebo vs.usteknemab in patiects
with mpderate to severe Dlaqne psp-asis.Differential Diagnosis

• mycosis fungoides (cutaneous T-cell lymphoma), seborrheic dermatitis, tinea, nummular dermatitis,
lichen planus

Investigations
• none required; biopsy if atypical presentation

PLAQUE PSORIASIS

Clinical Features
• chronic and recurrent disease characterized by well-circumscribed erythematous papules/plaques

with silvery-white scales
• often worse in winter ( lack of sun )
• Auspitz sign: bleeds from minute points when scale is removed
• common sites: scalp, extensor surfaces of elbows and knees, trunk (especially buttocks), nails,

pressure areas

Management
• depends on severity of disease, as defined bv BSA affected or less commonly PASI
• mild (<3% BSA)

• first line treatment includes topical steroids ± topical vitamin D analogue combination
topical retinoid ± topical steroid combination, anthralin.and tar are also effective but tend to be
less tolerated than first line therapies
emollients
phototherapy or systemic treatment may be necessary if the lesions are scattered or in difficult-to-
treat areas (e.g. palms, soles, scalp, and genitals)

• moderate (3-10% BSA) to severe (>10% BSA)
goal of treatment is to attain symptom control that is adequate from patient’s perspective

• phototherapy if accessible
systemic or biological therapy based on patient’s treatment history and comorbidities
topical steroid ± topical vitamin D3analogue as adjunct therapy

Table 14. Topical Treatment of Psoriasis
CommentsTreatment Mechanism

Emollients Reduce fissure formation

Salicylic acid1-12%

Tar (LCD: liquor carbonis detergens)
Topical corticosteroids

Removescales

inhibits OKA synthesis,increases celt turnover Messy,poor long term compliance
Reduce scaling,redness and thickness Use appropriate potency steroid in different

areas for degree of psoriasis

Vitamin D analogues:calcipotriene/
calcipotriol (Dovonex .Silkis )

Betamethasone - calcipotriene (Dovobei ) Combined corticosteroid andvitamin 0
analogue.See above mechanisms
Retinoid derivative,reducescaling

Reduceskeratmocyte hyperproliferation

Not to be used on face or folds

Tazarotene (Tazorac I (gel/cream) Irritating

Table 15. Systemic Treatment of Psoriasis
Treatment Considerations Adverse Effects

Acitretin More effective when used in combination with
phototherapy

Used for intermittent control rather than continuously
Avoid using for >1yr
Has been used for over 50 yr

Alopecia,cheilitis,teratogenicity, hepatotoxicity,
photosensitivity,epistaxis. xerosis,hypertriglyceridemia

Renal toxicity,hypertension,hypertriglyceridemia,
immunosuppression,lymphoma
Bone marrow toxicity,hepatic cirrhosis, teratogenicity

6Iupset headache,loose stool,weight loss

Pruritus,burning,skin cancer

Figure 10.Psoriasis distributionCyclosporine

Methotrexate

Apremilast (Otezla:) Extremely safe
PUVA Highly effective in achieving remission

Avoid >200 sessions in lifetime
Broadband UVB and UVB is much less carcinogenic than PUVA.N8-UVB has not Rare burning
NB- UVB (311-312 nm) been shown toincrease the risk of skin cancer

r T
Mechanism of Biologies
“-mab" -monoclonal antibody
u

*cept"- receptor
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Table 16. Biologies Approved in Canada
Treatment Route Dosing Schedule Effectiveness Action
EtanercepfEnbrel - }* SC
Adalimumab|Huniira '}* SC
InfliximablAemicade ' )* IV
Uslckinumab (Slelara ' )* SC
SecukinumablCosentyi ' )* SC
Ixekizumab (Taltz : )* SC

50 mg twice per wk for 3 mo, then 50 mg every wk
80 mg »1. then 40 mg at wk 1 and every 2 wk thereafter

5 mg/kg al wk 0.2, 6.and every 8 wk thereader
45 mg or 90 mg at wk 0.4, and every 12 wk Iherealter
300 mg al wk 0,1, 2, 3.4, and every month Iherealter

160 mg at wk 0, then 80 mg at wk 2, 4, 6,8.10,12, then
80 mg every 4 wk thereafter
100 mgatwkO, 4. and every 8 wk thereafter
210 mg at wk 0.1, 2 and every 2 wk thereafter

Anti-INF
Anti-INF

+ +

Anti- INF
Anli I112/23
Anti IL 1 /A
Anti- IL 17A

+

+ +4 ++

Guselkumab|Tremfya:) SC
Brodalumab (Siliq - ) SC

Anti -IL 23
mAb IL-17R (brodalumabis
a monoclonal antibody that
targets the IL-17 receptor

Anti INF

+*+++

Ccrtolixumab pcgol SC
(ClmiiaT
Risankiiomab (Skyriu ' ) SC
Tildrakizumab (IIUMYA ) SC
Bimekizumab (BIM2ELX [ ) SC

400 mg every 2 wk

150 mg al wk 0, 4.and every 12 wk Iherealter
100 mg at wk 0.4. and every 12 wk thereafter
320 mg at wk 0.4.8.12.16, and every 8 wk thereafter

Aziti - IL 23
Anti -1123
Anti- IL 17A/IL 17F++*•+

'Can also be used to treat psoriatic arthritis

GUTTATE PSORIASIS (“RAIN DROP-LIKE”)

Clinical Features
• discrete, scattered salmon-pink small scaling papules
• sites: diffuse, usually on trunk and legs, sparing palms and soles
• often antecedent streptococcal pharyngitis

Management
• UVB phototherapy, sunlight, lubricants, topical steroids
• penicillin V, erythromycin, or azithromycin ifCiAS on throat culture

ERYTHRODERMIC PSORIASIS

Clinical Features
• generalized erythema (>90% of BSA ) with fine desquamative scale on surface
• associated signs and symptoms:arthralgia, pruritus, dehydration, electrolyte imbalance
• aggravating factors: lithium, p-blockers, NSAlDs, antimalarials, phototoxic reaction, infection

Management
• potentially life- threatening, requires immediate medical care
• IV fluids, monitor fluids and electrolytes, may require hospitalization
• treat underlying aggravating condition
• cyclosporine, acitretin, methotrexate, UV, biologies

PUSTULAR PSORIASIS

Clinical Features
• sudden onset of erythematous macules and papules which evolve rapidly into pustules, can be painful
• may be generalized or localized
• patient usually has a history of psoriasis; may occur with sudden withdrawal from steroid therapy

Management
• methotrexate, cyclosporine, acitretin, UV, biologies

INVERSE PSORIASIS

Clinical Features
• erythematous plaques on flexural surfaces such as axillae, inframammary folds, gluteal fold, inguinal

folds
• lesions may be macerated

Management
• low potency topical corticosteroids
• topical vitamin D analogues (e.g. calcipotriene, calcitriol )
• topical calcineurin inhibitors (e.g. tacrolimus, pimecrolimus)
• phototherapy

L J
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PSORIATIC ARTHRITIS
• 20-30% of patients with psoriasis also suffer from psoriatic arthritis
• psoriatic patients with nail or scalp involvement are at a higher risk for developing psoriatic arthritis
• see Rheumatology. RH25

Vesiculobullous Diseases

sBullous Pemphigoid
Clinical Features
• chronic autoimmune bullous eruption characterized by pruritic, tense, subepidermal bullae on an

erythematous or normal skin base
• can present as urticarial plaques without bullae
• common sites: flexor aspect of forearms, axillae, medial thighs, groin, abdomen, mouth in 33%

Pathophysiology
• IgG produced against dermal-epidermal basement membrane proteins (hemidesmosomes) leading to

subepidermal bullae

Epidemiology
• mean age of onset: 60-80 yr, l'=M

Investigations
• immunofluorescence shows linear deposition of lgCi and C3 along the basement membrane
• anti-basement membrane antibody (IgG) (pemphigoid antibody detectable in serum)

Prognosis
• heals without scarring, usually chronic
• rarely fatal

Management
• prednisone 0.5- 1 mg/kg/d until clear, then taper ± steroid-sparing agents (e.g. azathiopri ne,

cyclosporine, mycophenolate mofetil )
• topical potent steroids (dobetasol) may be as effective as systemic steroids in limited disease
• tetracycline + nicotinamide is effective for some cases
• immunosuppressants such as azathioprine, mycophenolate mofetil, cyclosporine
• For refractory cases:1Vlg, rituximab,dupilumab,or omalizumab

gPemphigus Vulgaris
Clinical Features
• autoimmune blistering disease characterized by flaccid, non-pruritic intraepidermal bullae/vesicles

on an erythematous or normal skin base
• may present with erosions and secondary bacterial infection
• sites: mouth (90%), scalp, face, chest, axillae, groin, umbilicus
• Nikolsky’s sign: epidermal detachment with shear stress
• Asboe-Hansen sign: pressure applied to bulla causes it to extend laterally

Pathophysiology
• IgG against epidermal desmoglein- l and -3 lead to loss of intercellular adhesion in the epidermis

Epidemiology
• 40-60 yr, M=F, higher prevalence in Jewish, Mediterranean, Asian populations
• paraneoplastic pemphigus may be associated with thymoma, myasthenia gravis, malignancy, and use

of D-penicillamine

Investigations
• immunofluorescence: shows intraepidermal IgG and G3 deposition
• circulating scrum anti-desmoglcin IgG antibodies

Prognosis
• lesions heal with hyperpigmentation but do not scar
• may be fatal unless treated with immunosuppressive agents

Pemphigus Vulgaris vs. Bullous
Pemphigoid
VUlgariS = Superficial, intraepidermal.
flaccid iesions
PemphigoiD - Deeper, tense lesions at
the dermal-epidermal junction

Pemphigus Foliaceus
An autoimmune intraepidermal blistering
disease that is more superficial than
pemphigus vulgaris due to antibodies
against desmoglein-1.a transmembrane
adhesion molecule. Appears as crusted
patches, erosions and/or flaccid bullae
that usually start on the trunk. Localized
disease can be managed with topical
steroids. Active widespread disease is
treated like pemphigus vulgaris

Management
• prednisone 1-2 mg/kg until no new blisters, then 1-1.5 mg/kg until clear, then taper ± steroid-sparing

agents (e.g.azathioprine, cyclophosphamide, cyclosporine, 1Vlg, mycophenolate mofetil, rituximab)

+
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Dermatitis Herpetiformis
Clinical Features
• grouped papules/vesicles/urticarial wheals on an erythematous base, associated with intense pruritus,

burning, stinging, excoriations
• lesions grouped,bilaterally symmetrical
• common sites:extensor surfaces of elbows/knees,sacrum,buttocks,scalp

Pathophysiology
• transglutaminase IgA deposits in the skin alone or in immune complexes leading to eosinophil and

neutrophil infiltration
• almost all carry human leukocyte antigen ( HLA) DQ2 or DQ8,other haplotypes include B8, DR3, and

DQWZ
• 90% have gluten-sensitive enteropathy, 20% have intestinal symptoms of celiac disease
• 30% have thyroid disease; increased risk of intestinal lymphoma in untreated comorbid celiac disease;

Fe/folate deficiency' is common

Epidemiology. 20-60 yr,M:F=2:l

Investigations
• biopsy
• immunofluorescence shows IgA deposits in perilesional skin

Management
• dapsone (sulfapvridine if contraindicated or poorly tolerated)
• gluten-free diet for life: this can reduce risk of lymphoma

Porphyria Cutanea Tarda
Clinical Features
• skin fragility followed by formation of tense vesicles/bullae and erosions on photo-exposed skin
• gradual healing to scars, milia
• periorbital violaceous discolouration, diffuse hypermelanosis, facial hypertrichosis
• common sites: light-exposed areas subjected to trauma, dorsum of hands and feet, nose, and upper

trunk

Pathophysiology
• uroporphyrinogen decarboxylase deficiency leads to excess heme precursors
• can be associated with hemochromatosis, alcohol abuse.DM, drugs (estrogen therapy, NSAIDs), HIV,

hepatitis C, increased iron indices

Epidemiology
• 30-40 yr, M>F

Investigations
• urine and HC15% shows orange-red fluorescence under Wood’s lamp ( UV rays)
• 24 h urine has elevated uroporphyrins
• stool contains elevated coproporphyrins
• immunofluorescence shows IgE at dermal-epidermal junctions

Management
• discontinue aggravating substances (alcohol, estrogen therapy)
• phlebotomy to decrease body iron load
• low dose hydroxychloroquine

GDrug Eruptions Diagnosis of a Drug Reaction
Classification by Naranjo et al. has 4
criteria:
t Temporal relationship between drug

exposure and reaction
2.Recognized response tosuspected

Exanthematous
z :- z LJ

EXANTHEMATOUS DRUG REACTION 3.Improvement after drug withdrawal
4.Recurrence of reaction on re-

challenge with the drug
Definite drug reaction requires all 4
criteria to be met
Probable drug reaction requires 41-3
to be met
Possible drug reaction requires only #1

Clinical Features
• morphology:erythematous macules and papules ± scale
• spread:symmetrical, trunk to extremities
• time course:7-14 d after drug initiation, fades 7-14 d after withdrawal

+
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Epidemiology. most common cutaneous drug reaction; increased in presence of infections
• common causative agents: penicillin, sulfonamides, phenytoin

Management
• weigh risks and benefits of drug discontinuation
• antihistamines, emollients, topical steroids

w
Drug Hypersensitivity Syndrome Triad
Fever
Exanthematous eruption
Internal organ InvolvementDRUG-INDUCED HYPERSENSITIVITY SYNDROME (DIHS)/DRUG REACTION WITH

EOSINOPHILIA AND SYSTEMIC SYMPTOMS (DRESS)

Clinical Features
• morphology: morbilliform rash involving face, trunk,arms;can have facial edema
• systemic features: fever, malaise, cervical lymphadenopathy, internal organ involvement (e.g.

hepatitis, arthralgia, nephritis, pneumonitis, lymphadenopathy, hematologic abnormalities, thyroid
abnormalities)

• spread:starts with face or periorbitally and spreads caudally; no mucosal involvement
• time course: onset 1-6 wk after first exposure to drug; persists wk after withdrawal of drug

Epidemiology
• rare: incidence varies considerably depending on drug
• common causative agents:anticonvulsants (e.g.phenytoin, phenobarbital, carbamazepine,

lamotrigine), sulfonamides, and allopurinol
• 10% mortality if severe, undiagnosed, and untreated

Management
• discontinue offending drug ± prednisone 0.5 mg/kg/d, consider cyclosporine in severe cases
• may progress to generalized exfoliative dermatitis/erythroderma if drug is not discontinued

Urticarial
DRUG-INDUCED URTICARIA AND ANGIOEDEMA

Clinical Features
• morphology: wheals lasting >24 h unlike non-drug induced urticaria, angioedema (face and mucous

membranes)
• systemic features: may be associated with systemic anaphylaxis (bronchospasm, laryngeal edema,

shock)
• time course: h-d after exposure depending on the mechanism

Epidemiology
• second most common cutaneous drug reaction
• common causative agents: penicillins, ACE1, analgesics/anti-inflammatories, radiographic contrast

media

Management
• discontinue offending drug, treatment with antihistamines, oral corticosteroids, epinephrine if

anaphylactic

SERUM SICKNESS-LIKE REACTION

Clinical Features
• morphology:symmetrical cutaneous eruption (usually urticarial)
• systemic features: malaise, low grade fever, arthralgia, lymphadenopathy
• time course: appears 1-3 wk after drug initiation, resolves 2-3 wk after withdrawal

Epidemiology
• more prevalent in children (0.02-0.2%)
• common causative agents: cefaclor in children; bupropion in adults

Management
• discontinue offending drug ± topical/oral corticosteroids L

+
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Pustular
ACUTE GENERALIZED EXANTHEMATOUS PUSTULOSIS (AGEP)

Clinical Features
• morphology:extensive erythematous, edematous,and sterile pustules
• systemic features: high fever, leukocytosis with neutrophilia
• spread: starts in face and intertriginous areas, spreads to trunk and extremities
• time course: appears I wk after drug initiation, resolves 2 wk after withdrawal

Epidemiology
• rare: 1-5/million
• common causative agents:aminopenicillins, cephalosporins, clindamycin, calcium channel blockers

Management
• discontinue offending drug and systemic corticosteroids

K EBullous
STEVENS-JOHNSON SYNDROME (SJS)/TOXIC EPIDERMAL NECROLYSIS (TEN)

Clinical Features
• morphology: prodromal rash (morbilliform/targetoid lesions ± purpura, or diffuse erythema),

confluence of flaccid blisters, positive Nikolsky sign (epidermal detachment with shear stress), full
thickness epidermal loss;dusky tender skin, bullae, desquamation/skin sloughing, atypical targets

• classification:
BSA with epidermal detachment: <10% in SJS,10-30% in SJS/TEN overlap, and >30% in TEN

spread:face and extremities;may generalize;scalp, palms,soles relatively spared; erosion of mucous
membranes (lips,oral mucosa, conjunctiva, GU mucosa)

• systemic features: fever (higher in TEN), cytopenias, renal tubular necrosis/AKl, tracheal erosion,
infection, contractures, corneal scarring, phimosis, vaginal synechiae

• time course: appears 1-3 wk after drug initiation; progression <4 d; epidermal regrowth in 3 wk
• can have constitutional symptoms: malaise, fever, hypotension, tachycardia

Epidemiology
• SJS: 1.2-6/million;TEN:0.4-1.2/million
• risk factors: SLE, HIV/A IDS, HLA-B1502 (reaction most prevalent in East Asians, associated with

carbamazepine), HLA-B5801 (reaction most prevalent in Asian and White populations, associated
with allopurinol)

• common causative agents:drugs (allopurinol, anti-epileptics, sulfonamides, NSAlDs,cephalosporins)
responsible in 50% of SJS and 80% of TEN; viral or mycoplasma infections

• prognosis:5% mortality in SJS, 30% in TEN due to fluid loss and infection

Differential Diagnosis
• scarlet fever, phototoxic eruption, GVHD, SSSS, exfoliative dermatitis, AGEP, paraneoplastic

pemphigus

SCORTEN Score (or TEN Prognosis
One point for each o(:age >40,
malignancy, initial BSA detached >10%,
tachycardia >120 bpm.serum urea >10
mmol/L serum glucose >14 mmol/L,
serum bicarbonate <20 mmol/L

Used to determine appropriate clinical
setting:score0-1can be treated in non-
specialized wards;score >2 should be
transferred to intensive care or bum unit

Score at admission is predictive of
survival: 94% for 0-1, 87% for 2.53% for
3.25% for 4, and 17% for zS

Systemic ImmunomodutatingTherapies for
Stevens-Johnson Syndrome and Toxic Epidermal
He crolysis:ASystematicReview and Mela-
analysis
JAMA Dermatol 2017:153:514-522
Purpose:To examine possible immunomodulating
treatments for SJS/IEH and estimate mortality effect
compared to suppoHue tare.
Methods:Systematic renew ol randomited
and nonraodomindstudietofl systemic
mmunomodulating therapies or suppotlnre cere

lot SJS/IEH.
Results: Ninety-six strides with 3248 patients
were included in the final analysis.Glucocorticoids
wereassociated writha survival benefit for patients
{aggregate - OR Oi.95% Cl 0.3-101).Though findings
were limited In a small number of patients overall,
cyclosporine was associated with significant benefit
(OR 0.1:95% Cl 0.0-0.4).No beneficial effects were
observed with other therapies, including IVIg.
Conclusion:( hough based on limited evidence,
glucocorticoids and cyclosporine were most promising
as SJS/fEN immunosuppressive therapies.

Management
• discontinue offending drug
• admit to intermediate/intensive care/burn unit
• supportive care: IV fluids, electrolyte replacement, nutritional support, pain control, wound care,

sterile handling, monitor for and treat infection
• IVIg, cyclosporine, or etanercept

Other
FIXED DRUG ERUPTION

Clinical Features
• morphology:sharply demarcated erythematous oval patches on the skin or mucous membranes
• spread: commonly face, mucosa, genitalia, acral; recurs in same location upon subsequent exposure to

the drug (fixed location)

Epidemiology
• common causative agents:antimicrobials (tetracycline, sulfonamides), anti-inflammatories,

psychoactive agents (barbiturates), phenolphthalein

n
LJ

+
Management
• discontinue offending drug ± prednisone I mg/kg/d x 2 wk for generalized lesions
• potent topical corticosteroids for non-eroded lesions or antimicrobial ointment for eroded lesions
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PHOTOSENSITIVITY REACTION

Clinical Features
• phototoxic reaction:“exaggerated sunburn” (erythema, edema, vesicles, bullae) confined to sun-

exposed areas
• photoaliergic reaction: pruritic eczematous eruption with papules, vesicles, scaling, and crusting that

may spread to areas not exposed to light

Pathophysiology
• phototoxic reaction:direct tissue injury
• photoaliergic reaction: type IV delayed hypersensitivity

Epidemiology
• common causative agents:chiorpromazine, doxycycline, thiazide diuretics, procainamide

Management
• sun protection ± topical/oral corticosteroids

Heritable Disorders
Ichthyosis Vulgaris

Clinical Features
• xerosis with fine scaling as well as large adherent scales (“fish-scales”)
• affects arms, legs, palms, soles, back, forehead,and cheeks;spares flexural creases
• improves in summer, with humidity, and as the child grows into adulthood

Pathophysiology
• genetic deficiency in filaggrin protein leads to abnormal retention of keratinocytes (hyperkeratosis)
• scaling without inflammation

Epidemiology
• 1:300 incidence
• autosomal dominant inheritance
• associated with AD and keratosis pilaris

Investigations
• electron microscopy:keratohvalin granules

Management
• immersion in bath and oils followed by an emollient cream, humectant cream,or creams/otl

containing urea or a- or (5-hydroxv acids
• intermittent systemic retinoids for severe cases

Epidermolysis Bullosa
Clinical Features
• blisters and erosions on skin and mucous membranes following minor trauma
• extracutaneous manifestation may occur in severedisease and include intraoral blistering and

erosions, naii abnormalities, esophageal strictures, and genitourinary abnormalities

Pathophysiology
• group of rare inherited diseases caused by mutations in genes coding for structural proteins involved

in basement membrane of skin

Differential Diagnosis
• friction blisters, epidermolysis bullosa acquisita

Investigations
• skin biopsy for immunofluorescence mapping

Management
• symptomatic management
• avoid inducing friction on skin
• place padding on furniture
• wear loose clothing and appropriate footwear
• maintain cool ambient room temperature

n
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Neurofibromatosis (Type I; von Recklinghausen’s Disease)
Clinical Features
• diagnostic criteria includes 2 or more of the following, if parent not diagnosed with NF1:

1.6 or more cafe-au-lait patches>1.5 cm in an adult or 6 or more cafe-au-lait macules >0.5 cm in
prepubertal individuals

2.axillary or inguinal freckling
3.2 or more iris hamartomas (lisch nodules)
4.optic glioma
5.2 or more neurofibromas of any type or one plexiform neurofibroma
6.distinctive bony lesion (sphenoid wing dysplasia or thinning oflong bone cortex)
7. heterozygous pathogenic NH variant with a variant allele fraction of 50% in normal tissue

• a child of a parent who meets the diagnostic criteria above needs I or more to be diagnosed with NT1
• associated with pheochromocytoma, astrocytoma, bilateral acoustic neuromas, bone cysts, scoliosis,

precocious puberty, developmental delay, and renal artery stenosis
• skin lesions less prominent in neurofibromatosis Type 11 (see Paediatrics. PS9)

Pathophysiology
• autosomal dominant disorder with excessive and abnormal proliferation of neural crest elements

(Schwann cells, melanocytes), high incidence of spontaneous mutation
• linked to absence of neurofibromin (a tumour suppressor gene)

Epidemiology
• incidence 1 in 3000

Investigations
• Wood's lamp to detect cafe-au-lait macules in patients with pale skin

Management
• refer to orthopaedics, ophthalmology, plastics, and psychiatry
• follow-up annually for brain tumours (e.g. astrocytoma)
• excise suspicious or painful lesions
• see Paediatrics, PS9

Oculocutaneous Albinism
Clinical Features
• hvpopigmentation of skin and hair, including eyebrows and eyelashes, compared to family members

and persons of same ethnicity
• ocular involvement:decreased retinal pigmentation, impaired vision, photophobia, nystagmus,

strabismus

Pathophysiology
• group of genetic disorders of melanin biosynthesis
• autosomal recessive «Epidemiology
• 1 in 20000
• varies across ethnic groups

Investigations
• often clinical diagnosis, may consider molecular testing

Interventions lor Vitiligo
torene D 8 Syst Rev 2315ACK C3263
P urpose:To assess the effects of eisirg
interceptions used mtte treregeiertcf rttgo.
M ethod:Systematic rerew of 8CTs essessrgthe
effects of vitiligo treatments (tog ce tree—erts.
light therapies, oral treatments, surgcel ceiscds).
Primary outcomes mere goaity of hie and >JSt
re-pigmentation.
Results: Ninety-six RCts wits 4512 pa-tc parts
were deemed el igihle. of nitid only 25 reported
on the pnmary outco raes and wereSnaly edoded.

8e- pignentation was better msanseasoo
therapy (calcipotnpl ptos PtfVi. than Pintalone,

hydiocort soreU-P.tyate pineuiaec laser vs.
excimer laser alone:oral mmpaseof prednisolone
(0MP|pins narrowband UVB is. ON?
alone: acathioomeirtt PtfHc. PUUae-e:
8-methos ypsore ' en (8-M0P|ptasst igttvs.
psoralen). Jnoo-signficant increase a pnoortma of
participants with >75% ra-pgirertatic mas noted
n favour nf NB-UVB compared to Finn.Compared to
PUM. the MV-UVB group reported lomer i-utesces of
nausea and erythema. Put not itcheg.
Conclusions:Snnestudies support existing
therapies for v tligo menagement t-utfo.om-up s
needed to assess permanence nf re-p gmentanop and
higher quality RCTs need to be condcctel

Management
• sun protection
• close surveillance for skin cancers with whole body skin examinations

Vitiligo
Clinical Features
• primary pigmentary disorder characterized by depigmentation
• acquired destruction of melanocytes characterized by sharply demarcated white patches
• associated with streaks of depigmented hair, chorioretinitis
• sitest extensor surfaces and periorificial areas (mouth, eyes, anus, genitalia)
• Koebner phenomenon, may be precipitated by trauma

L J

+Pathophysiology
• acquired autoimmune destruction of melanocytes
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Epidemiology
• 1 in 100 incidence
• 30 in 100 with positive family history

Investigations
• rule out associated autoimmune diseases: thyroid disease, pernicious anemia, Addison’s disease,

TIDM
• Wood’s lamp to detect lesions: illuminates U V light onto skin to detect amelanosis (porcelain white

discolouration)

Management
sun avoidance and protection

• topical calcineurin inhibitor (e.g. tacrolimus, pimecrolimus) or topical corticosteroids
• FUV'A or NB-UVB
• camouflage
• “bleaching” normal pigmented areas (i.e. monobenzyl ether of hvdroquinone 20%) if widespread loss

of pigmentation

Infections

.2
E Stratum corneum

Impctiijo
iff {Stratum corneum.epidermis)

Erysipolas
M Upper dermis {Upper dermis& lymphatics only)

Rarely involves lower dermis:
subepidermal oedema underlying
an uninvolved epidermis

E

Lower dermis

Cellulitis
(Lower dermis& subcutaneous lat)
Primarily not raised and demarcation
less distinct than erysipelas

E Subcutaneous fat

Q. Deep fascia
x Muscl

Necrotizing fasciitis
(Subcutaneous lat lascial planes,
and deep muscle)

UAshloy Hui 2016

Figure 11. Layers of skin affected by bacterial infections

Bacterial Infections: Epidermis
IMPETIGO

Clinical Features
• acute purulent infection which appears vesicular; progresses to golden yellow “honey-crusted" lesions

surrounded by erythema
• can present with bullae
• common sites: face, arms, legs, and buttocks

Etiology
• GAS, S. aureus,or both

Epidemiology
• preschool and young adults living in crowded conditions, poor hygiene, neglected minor trauma

Differential Diagnosis
• infected eczema, HSV, VZV rn

cJ
Investigations
• usually clinical diagnosis
• Gram stain and culture of lesion fluid or biopsy

+
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Management
• remove crusts, use saline compresses, and topical antiseptic soaks BID
• topical antibiotics (e.g.mupirocin 2% or fusidic acid 2% (Canada only)1' ID; continue for 7-10 d after

resolution, or ozenaxacin 1% cream BID for 5 d)
• systemic antibiotics (e.g. cloxacillin or cephalexin for 7-10 d)

Staphylococcal Scalded Skin Syndrome
• see Emergency Medicine. ER43

Bacterial Infections:Dermis

Table 17. Comparison of Erysipelas and Cellulitis
Differential
Diagnosis

Clinical Features Etiology Complications Investigations Management

GAS Scarlet lever,
streptococcal

Clinical diagnosis:rarely 1st line:petticilin.
do skin/blood culture cephalexin.cloiacillinor
If suspect necrotizing
fasciitis:do immediate
biopsy and frozen
section,hislopathology

Erysipelas Involves upper dermis
Confluent,erythematous,sharp raisededge,
warm plaque,well demarcated
Very painful ("St.Anthony's fire*)
Sites:face and legs
Systemic symptoms: fever,chills,headache,
weakness (if present sign of mote serious
infection)

DVI (less red.less
hoi. smoother),

gangrene, fat necrosis, superficial phlebitis,
coagulopathy
Spreads via lymphatics photosensitivity

reaction,stasis

cefazolin
2nd line:clindamycin
If allergic to penicillin,use
erythromycin

contact dermatitis.

dermatitis,panniculitis,
vasculitis

GAS.S.oureus (large UncommonCellulitis Involves lower dermiv'subcutaneous fat
Unilateral erythematous flat lesion,often with sized wounds).

Haemophilus
irrHuenzoe

Same as erysipelas Sameaserysipelas 1st line:cloxacillin«
cefazolm. cephalejin
clindamycin
Hospitalized and HRSA
positive:vancomycin
Children:cefuroiime
If DM (foot infections):IHFi
SMX and raetrorvdazole

vesicles,poorly demarcated,not uniformly
raised
lender
Sites:commonly on legs
Systemic symptoms (uncommon):fever.
leukocytosis,lymphadenopattry

(periorbital).
Posteuiello multocido
(dog 'cat bite)

COMMON HAIR FOLLICLE INFECTIONS

Table 18. Comparison of Superficial Folliculitis, Furuncles, and Carbuncles
Clinical Features Etiology Management

Superficial
Folliculitis

Superficial infection of the hair follicle (versus pseudofoticulitis:
inflammation of follicle due to friction,irritation,or occlusion)
Acute lesion consists of a dome-shaped pustule at the mouth of hair follicle
Pustule ruptures to form a small crust
Sites:primarily scalp,shoulders,anterior chest,upper back,other hair-
bearing areas
Red.hot.tender,inflammatory nodules with central yellowish point,which
forms over summit and ruptures
Involves subcutaneous tissue thatarises from a hair follicle
Sites:hair-bearing skin (thigh,neck.face,aullae.perineum,buttocks)

Normal non-pathogenic Antiseptic (Hibiclens:)
bacteria (Staphylococcus Topicalantibacterial (fusidic acid,mupirocin.erythromycin,or clindamycin)
- most common;
Pseudomonas - hot tub)
Pityrosporum

Oral cloxacillin or cephalexin for 7-10 d

S. oureus Incise and drain large furuncles to relieve pressure and pain
If afebrile:hoi wet packs,topical antibiotic
If febrile/cellulitis: culture blood and aspirate pustules (Gram stain and CAS)
Cloxacillin or cephalexin for1-2 wk (especially for lesions near external
auditory canal/nose, with surrounding cellulitis,andnot responsive to topical
therapy)
Same as lor furuncles

Furuncles
(Boils)

S.oureusCarbuncles Deep-sealed abscess formed bymultiple coalescing furuncles
Usually inareas of thicker skin
Occasionally ulcerates
lesions drain through multiple openings to thesurface
Systemic symptoms may be associated

SKIN ABSCESS

Clinical Features
• painful, fluctuant, erythematous nodule, with or without surrounding cellulitis
• spontaneous drainage or purulent material may be discharged, regional adenopathy may be observed
• may progress to furuncle (deep infection of hair follicle) or carbuncle (collection of furuncles)
• sites:back of the neck, face, axillae, buttocks

Pathophysiology
• one or more pathogens;& aureus with GAS and gram-negative bacilli with anaerobes is common in

the perioral, perirectal, or vulvovaginal areas
• collection of pus within the dermis or subcutaneous tissue

r i
L.J

Investigations
• clinical diagnosis; laboratory testing with uncomplicated infection in absence of comorbidities or

complications is not required +
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Management
• if drainable abscess, incise and drain
• culture of debrided materials and antibiotics for the following circumstances:

severe local infection, systemic signs of infection, history of multiple/recurrent abscesses,
presence of underlying comorbidities, immunosuppression, failure of initial antibiotic therapy,
extremes of age (i.e. very young or very old), special exposures (e.g. animal bites), prophylaxis
against infective endocarditis

• culture of debrided materials is not required in healthy patients who do not receive antibiotics

Bacterial Infections:Epidermis and Dermis
CUTANEOUS ANTHRAX

Clinical Features
• painless, pruritic, red-brown papule with surrounding edema and erythema
• lesions blister and then ulcerate, developing
• often associated with systemic symptoms: fymphadenopathy, fever, myalgia, nausea, vomiting

a black eschar

Pathophysiology
• caused by Bacillus anthracis

Investigations
• Gram stain and culture
• polymerase chain reaction ( PGR)
• full-thickness punch biopsy

Management
• oral antibiotic: ciprofloxacin, levofloxacin, or doxycycline

LEPROSY
• see Infectious Diseases, ID21

A Placebo-Controlled Trial of Antibiotics for
Smaller Skin Abscesses
NFJM 2017:376:2545-2555
Purpose: lo determine the appropriate management
of uncomplicated skin abscesses.
Study Multi -centre , piospectne. double-blind
trial involving outpatient adults and children with
abscesses S cm or smaller, stratified by piesence ol
surgically drainable abscess, abscess size, number
of sites of skin infection, and presence of non-
purulent cellulitis. Following incision and drainage,
participants were randomly assigned to10 d courses
of clindamycin, TMP-SMX or p 'acebo.Primary outcome
was clinical care 7 to10 d after treatment end.
Intention-to -tieat analyses were conducted.
Results: Seven hundredand eighty sir participants
were enrolled (SOS adults. 281clntdien).10 d
after therapy, the cure rate vrassimiar between
dlndamycin and 1MP-SMI (833% vs.81.7%: P-033),
and was higher than that ol the placebo gmup
(68.9V P-0.001 for both comparisons).Among those
who weie cured, new infections at1mo follow-up
were less common in the clindamycin group than
the TMP-SMX or placebo groups (6.8% vs.11.1V
P-0.03 vs.12.4%; P-0.06).Adverse events were
more frequent with clindamycin than either of the
otber groups (21.9% vs.11.1% n.12.5%).though aII
resolved without sequelae.
Conclusions:Clindamycin or IMP-SMXinconiunebon
with incision and drainage for simple abscesses
improves short-term outcomes compared to incision
and drainage alone, though side effects must be
considered.

PILONIDAL CYST
• see General and llioracic Surgery , < IS

Dermatophytoses
Clinical Features
• infection of skin, hair, and nails caused by dermatophytes (fungi that live within the epidermal

keratin or hair follicle and do not penetrate into deeper structures)

Pathophysiology
• digestion of keratin by dermatophytes resulting in scaly skin, broken hairs, crumbling nails/

onycholysis

Etiology
• Trichophyton, Microsporum, Epidermophyton species ( Pityrosporum is a superficial yeast and not a

dermatophyte)

Investigations
• skin scrapings, hair, and/or nail clippings analyzed with potassium hydroxide ( KOH ) prep to look for

hyphae and mycelia

Management
• topicals as first line agents for tinea corporis/cruris and tinea pedis (interdigital type): clotrimazole,

ketoconazole, terbinafine, or ciclopirox olamine cream applied BID
• oral therapy is indicated for onychomycosis and tinea capitis: terbinafine (Lamisil* -CYP2D6

inhibitor, liver toxicity) or itraconazole (Sporanox* -CYP3A4 inhibitor, liver toxicity)

+
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Table 19. Different Manifestations of Dermatophyte Infection
Clinical Features Differential Diagnosis Investigations Management

Tinea Capitis Round,scaly patches ol alopecia,possibly with broken oflhairs;pruritic
Sites:scalp,eyelashes, and eyebrows;involving hair shafts and follicles
Kerion (boggy, elevated,purulent inflamed nodule/plaque) maylorm secondary trichotillomania
to infection by bacteria and resullin scarring
May have occipital lymphadenopathy
Affects children (mainly 8lack),immunocompromised adults
Very contagious and may be transmitted from barber,hats, theatre seats,pets

Alopecia areata,psoriasis. Wood's light anamination lerbinafine (lamisil ) n 4 wk
seborrheic dermatitis, of hair:green fluorescence N.B.:oralagents are required

only for Microsporum lo penetrate the hair root where
dermatophyte resides

Culture ofscales/hair shaft Adjunctive antifungal shampoos
Microscopic examination of or lotions may be helpful, and may
KOH preparation of scales prevent spread (e.g.selenium sulfide
or hair shafts 2.5%.ketoconazole,cidopiron)

Topicals:clolnmaiole 1%.
kctoconacole 2%.miconazole 2%,
lerbinafine.or cidopiroxolamme
cream BIO lor 2-4 wk
Oral: lerbinafine (Lamisil - ), or
itraconazole (Sporanox% or
fluconazole,or ketoconazole if
extensive

infection

Tinea Corporis Pruritic,scaly,rouncKoval plaque with active erythematous margin.* central
(Ringworm) clearing

Sites:trunk,limbs, face
Scaly patch/plaque with a well- defined,curved border and central clearing
Pruritic,erythematous, dry/macerated
Sites:starts medial thigh, spreads centrifugally to perineum,gluteal cleft,
buttocks

Pruritic scaling and/or maceration of the web spaces, and powdery scaling of
soles
Acute infection:interdigital (especially 4th web space) red/whitc scales,
vesicles,bullae,often with maceration
Secondary bacterial infection may occur
Chronic:non pruritic,pink, scalingkeratosis on soles, and sidesof feel
May present as flare-up of chronic linea pedis
Predisposing factors:heat,humidity,occlusive footwear

Tinea Manuum Primary fungal infection of the hand is rate;usually associated with tinea pedis
Acute:blisters at edge ol red areas on hands
Chronic:single dry scaly patch

Tinea Unguium Crumbling, distally dystrophic nails:yellowish, opaque with subungual
(Onychomycosis) hyperkeratotic debris

Toenail infections usually precede fingernail infections
1.rubium (90% of all toenail infections)

Granuloma annulare. Microscopic examinations
pityriasis rosea,psoriasis, of KOH prep ol scales show
seborrheic dermatitis liyphae

Culture of scalesTinea Cruris
("Jock Itch")

Candidiasis (involvement
of scrotum and satellite
lesions),contact
dermatitis,erythrasma

AD. contact dermatitis,
dyshidrotic dermatitis,
erythrasma,intertiigo.
inverse psoriasis

Tinea Pedis
(Athlete's Foot)

AD, contact dermatitis,
granuloma annulare,
psoriasis

Psoriasis, lichen
planus,contact
dermatitis, traumatic

Microscopic examinations
of KOH prep of scales from
subungual scraping shows

lerbinafine (lamisil ' ) (6 wk for
fingernails.12 wk for toenails)
Itraconazole (Sporanox:) 7 d on,3 wk
off (2 pulses for fingernails,3 pulses
for toenails)
Topical:cidopirox (Penlac -');
nail lacquer (often ineffective),
tfinaconazole (Jublia ) (43 wk )

onychodystrophy,bacterial liyphae
infection Culture of subungual

scraping or naildippings on
Sabouraud'sagar
Periodic acid-Schiff (PAS)
slain of nail clipping by
pathology

Tinea Barbae Superficial inflamed annular lesions:pustules and crusting around hairs
Inflammatory kerion may occur and result in scarring hair loss
Predominantly affects men who workwilh animals
Site:beard area

Folliculitis,malignant
lymphoma,sporotrichosis

Same as for tinea corporis ferbinafme (Lamisil - ) or Itraconazole
(Sporanox -)x 4 wk

DIAPER RASH
" IMPidJliitrlaPI5.1*44

Parasitic Infections
CUTANEOUS LARVA MIGRANS

Clinical Features
• erythematous pruritic papules at site of initial infection
• larvae migrate under skin causing serpiginous eruption of red pruritic lines
• sites: often feet, legs, buttocks; anywhere skin comes into contact with contaminated sand or soil

Pathophysiology
• parasitic infection caused by hookworm larvae, most commonly from dog or cat feces

Epidemiology
• most common in tropical or subtropical regions

Management
• self-limiting, often resolves without treatment within a few weeks
• consider treatment with anthelmintics, antihistamines

CUTANEOUS LEISHMANIASIS

Clinical Features
• begins as a solitary pink painless papule, enlarges to nodule or plaque-like lesion with central

ulceration
• incubation time typically 2 wk to 6 mo

+
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Pathophysiology
• transmitted by sandflies infected with Leishmania

Investigations
• histology, culture, and PCR

Management
• most cases resolve spontaneously
• may consider treatment with oral antifungals (e.g. fluconazole, ketoconazole) or parenteral treatment

in severe or complicated cases

SCABIES

Clinical Features
• characterized by superficial burrows, intense pruritus (especially nocturnal), and secondary infecti
• primary lesion:superficial linear burrows; inflammatory papules and nodules in the axilla and groin
• secondary lesion: small urticarial crusted papules, eczematous plaques, excoriations
• common sites: axillae, groin, buttocks, hands/feet (especially web spaces); sparing of head and neck

(except in infants)

on

Pathophysiology
• scabies mite remains alive 2-3 d on clothing/sheets
• incubation of 1 mo, then pruritus begins
• re-infection followed by hypersensitivity in 24 h

Etiology
• Sarcoptes scabici (a mite)
• risk factors: sexual promiscuity, crowding, poverty, nosocomial, immunocompromised

Differential Diagnosis
• asteatotic eczema,dermatitis herpetiformis, lichen simplex chronicus (neurodermatitis)

Investigations
• microscopic examination of root and content of burrow and mineral oil mount for mite, eggs, feces
• skin biopsy may sometimes show scabies mite

Management
• bathe, then apply permethrin 5% cream (i.e. Nix*) from neck down to soles of feet (must be left on for

8-14 h and requires second treatment 7 d after first treatment)
• Ivermectin
• change underwear and linens; wash twice with detergent in hot water cycle then machine dry
• treat family and close contacts
• pruritus may persist for 2-3 wk after effective treatment due to prolonged hypersensitivity reaction
• mid-potency topical steroids and antihistamines for symptom management after treatment with

permethrin

LICE (PEDICULOSIS)

Clinical Features
• intensely pruritic, red excoriations, morbilliform rash, caused by louse (a parasite)
• scalp lice: nits (i.e. louse eggs) on hairs; red, excoriated skin with secondary bacterial infection,

lymphadenopathy
• pubic lice: nits on hairs; excoriations
• body lice: nits and lice in seams of clothing; excoriations and secondary infection mainly on

shoulders, belt-line, and buttocks

Etiology
• Phthirus pubis (pubic), Pcdiculus bumamis capitis (scalp), Pediculus bumamis humanus (body):

attaches to body hair and feeds on the nearby body site
• can transmit infectious agents (e.g. Bartonella quintana, Rickettsia prowazekii )

Differential Diagnosis
• bacterial infection of scalp, seborrheic dermatitis

n
LJ

Diagnosis
• lice visible on inspection of affected area or clothing seams +
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Management
• permethrin 1%: Nix* cream rinse (ovicidal ), RC & Cor* shampoo, or Kwellada-P* shampoo
• comb hair with fine-toothed comb using dilute vinegar solution to remove nits
• repeat in 7 d afier first treatment
• shave hair if feasible, change clothing and linens; wash with detergent in hot water cycle then machine

dry
• children are medically cleared to return to school after first treatment

BED BUGS (HEMIPTERA)

Clinical Features
• burning wheals, turning to firm papules, often in groups of three - “breakfast, lunch, and dinner"- in

areas with easy access (face, neck, arms, legs, hands)

Etiology
• caused by Cimex lectularius,a small insect that feeds mainly at night (hides in crevices in walls and

furniture during the day)

Differential Diagnosis
• dermatitis herpetiformis, drug eruptions, ecthyma,other insect bites, scabies

Investigations
• none required, but lesional biopsy can confirm insect bite reaction

Management
• professional fumigation
• topical steroids and oral H 1-antagonists for symptomatic relief
• definitive treatment is removal of clutter in home and application of insecticides to walls and

furniture

Viral Infections
HERPANGINA

Clinical Features
• small vesicles form in mouth after exposure to virus
• lesions evolve into painful shallow oral ulcers, 1-5 mm in size, yellowish with an erythematous base
• often associated with sore throat, dysphagia, and headache

Pathophysiology
• caused by Coxsackie A viruses, highly contagious

Epidemiology
• most common in children and young adults

Investigations
• typically clinical diagnosis

Management
• self-limited
• symptomatic treatment, acetaminophen for fever and pain

HERPES SIMPLEX VIRUS

Clinical Features
• herpetiform (i.e. grouped) vesicles on an erythematous base on skin or mucous membranes
• transmitted via contact with erupted vesicles or via asymptomatic viral shedding
• primary

• children and young adults
• usually asymptomatic; may have high fever, regional lymphadenopathy, malaise
• followed by antibody formation and latency of virus in dorsal nerve root ganglion

• secondary
• recurrent form seen in adults; much more common than primary
• prodrome: tingling, pruritus, pain

triggers for recurrence:fever, excess sun exposure, physical trauma, menstruation, emotional
stress, URT1

• complications:dendritic corneal ulcer, EM, herpes simplex encephalitis (infants at risk), HSV
infection on AD causing Kaposi’s varicelliform eruption (eczema herpeticum)

n
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• two biologically and immunologically different subtypes: HSV-1 and HSV-2
HSV-1

typically “cold sores” (grouped vesicles at the mucocutaneous junction which quickly burst)
recurrent on face, lips, and hard palate, but NOT on soft, non-keratinized mucous membranes
(unlike aphthous ulcers)

• HSV-2
* usually sexually transmitted; incubation 2-20 d

gingivostomatitis: entire buccal mucosa involved with erythema and edema of gingiva
• vulvovaginitis: edematous, erythematous, extremely tender, profuse vaginal discharge

urethritis:watery discharge in males
recurrent on vulva, vagina, penis for 5-7 d

• differential diagnosis of genital ulcers: candidal balanitis, chancroid, syphilitic chancres

Both HSV-1and HSV-2 can occur on face
or genitalia

Investigations
• Tzanck smear with Ciiemsa stain shows multinudeated giant epithelial cells
• viral culture, electron microscopy, P(.‘R, and direct fluorescence antibody test of specimen taken from

the base of a relatively new lesion
• serologic testing for antibody for current or past infection if necessary

Management. HSV-1 ft
treat during prodrome to prevent vesicle formation
topical antiviral (Zovirax’/Xerese* ) cream, apply 5-6 times daily for 4-7 d for facial /genital lesions
oral antivirals (e.g. acyclovir, famciclovir, valacydovir) are far more effective and have an easier
dosing schedule than topicals

Erythema Multiforme
Etiology:most often HSV or
Mycoplosmo pneumonioe. rarely drugs
Morphology: maculcs/papules with
central vesicles: classic bull's-eye
pattern of concentric light and dark rings
(typical target lesions)
Management: symptomatic
treatment (oral antihistamines,oral
antacids);corticosteroids in severely
ill (controversial): prophylactic oral
acyclovir for 6-12 mo for HSV-associated
EM with frequent recurrences

. HSV-2
rupture vesicle with sterile needle if you wish to culture it
wet dressing with aluminum subacetate solution, Burow’s compression, or betadine solution
1st episode:acyclovir 200 mg PO 5x times daily x 10 d

maintenance:acyclovir 400 mg PO BID
• famciclovir and valacydovir may be substituted and have better enteric absorption and less

frequent dosing
• in case of herpes genitalis, look for and treat any other STIs
• for active lesions in pregnancy (see Obstetrics, OB31)

HERPES ZOSTER VIRUS (SHINGLES)

Clinical Features
• unilateral dermatomal eruption occurring 3-5 d after pain and paresthesia of that dermatome
• vesicles, bullae, and pustules on an erythematous, edematous base
• lesions may become eroded/ulceratcd and last days to weeks
• pain can be pre-herpetic, synchronous with rash, or post-herpetic
• severe post-herpetic neuralgia often occurs in elderly
• Ramsay Hunt syndrome (see Otolaryngology.OT'23)

• Hutchinson’s sign: shingles on the tip of the nose signifies ocular involvement
shingles in this area involves the nasociliary branch of the ophthalmic branch of the trigeminal
nerve (VI)

• distribution: thoracic (50%), trigeminal (10-20%), cervical (10-20%); disseminated in HIV

H2V typically involves a single
dermatome; and lesions rarely cross
the midline

Etiology
• caused by reactivation of VZV
• risk factors: immunosuppression, old age, occasionally associated with hematologic malignancy

Differential Diagnosis
• before thoracic skin lesions occur, must consider other causes of chest pain
• contact dermatitis, localized bacterial infection, zosteriform HSV (more pathogenic for the eyes than

VZV)

Investigations
• none required, but can do T zanck test, direct fluorescence antibody test, or viral culture to rule out

HSV
n

Prevention
« routine vaccination in >50 yr with Shingrix* (recombinant zoster vaccine) preferred to in >60 yr

Zostavax* (live zoster vaccine)

u

+Management
• compress with normal saline, Burow's or betadine solution
• oral antivirals: famciclovir, valacydovir, or acyclovir for 7 d; must initiate within 72 h to be of benefit
• analgesia: NSAlDs, acetaminophen for mild-moderate pain; opioids if severe
• post-herpetic neuralgia: tricyclic antidepressants, anticonvulsants (gabapentin, pregabalin)
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MOLLUSCUM CONTAGIOSUM

Clinical Features
•discrete dome-shaped and umbilicated pearly, white papules caused by DNA Pox virus (Molluscum

contagiosum virus)
•common sites: eyelids,heard (likely spread by shaving),neck, axillae, trunk,perineum, buttocks

Etiology
•virus is spread via direct contact, auto-inoculation, sexual contact
•common in children and sexually active young adults (giant molluscum and severe cases can be seen

in the setting ot'HIV )
•virus is self-limited and can take 1-2 yr to resolve

Investigations
•none required, however can biopsy to confirm diagnosis

Management
•topical cantharidin
•cryotherapy
•curettage
•topical retinoids
•Aldara’(imiquimod): immune modulator that produces a cytokine inflammation

WARTS (HUMAN PAPILLOMAVIRUS INFECTIONS)

Table 20. Different Manifestations of HPV Infection
Definition and Clinical Features Differential Diagnosis Distribution HPV Type

Verruca Vulgaris
(Common Warts)

Hyperkeratotic, elevated, discrete epithelial growths with papillated surface
caused by HPV
Paring of surface reveals punctale. red-brown specks (thrombosed capillaries)
Hyperkeratotic. shiny,sharply marginated growths
Paring ol surface reveals red- brown specks (capillaries),interruption ol
epidermal ridges

At least 80 types are knownMolluscum contagiosum.
seborrheic keratosis

Located attrauma sites:
fingers,hands, knees of
children and teens

May need lo scrape (‘pare") located alpressure sites:
lesions to differentiate wart metatarsal heads,heels.
Irom callus and corn

Commonly HPV 1.2.4,10Verruca Plantaris
(Plantar Wads)
Verruca Palmaris
(Palmar Warts)

Verruca Planae
(Flat Warts)

toes

Multiple discrete,skin coloured, flat topped papules grouped or in linear
configuration
Common in children
Skin-coloured pinhead papules tosoft cauliflower-likemasses in clusters
Can be asymptomatic, lasting months to years
Highly contagious,transmitted sexually and non-sexually (e.g. Koebner
phenomenon via scratching,shaving),and can spreadwithout clinically apparent contagiosum
lesions
Investigations:acetowhitening (subdinical lesions seen with acetic acid 5% xS
min and handlens)
Complications: fairy-ting wails (satellite warts alperiphery of treated area ol
original warts)

Syringoma,seborrheic
keratosis,molluscum
contagiosum.lichen planus

Sites: lace, dorsa of hands,
shins,knees

Commonly HPV 3,10

Condyloma
Acuminata
(Genital Warts)

Condyloma lata (secondary Sites:genitalia and perianal
syphilitic lesion,dark field areas
strongly-ve),molluscum

Commonly HPV 6 and 11
HPV16.18.31,33 cause
cervical dysplasia,SCC. and
invasive cancer

Treatment for Warts
• first line therapies

• salicylic acid preparations (patches, solutions, creams, ointments), cryotherapy
• second line therapies

topical imiquimod, topical 5-fluorouracil, topical tretinoin,podophyllotoxin
• third line therapies

curettage, cautery, surgery for non plantar warts,CO’laser,oral cimetidine (particularly
children), intralesional bleomycin (plantar warts), trichloroacetic acid, diphenevprone

CHICKEN POX (VARICELLA)
• see Paediatrics , P63

ERYTHEMA INFECTIOSUM (FIFTH DISEASE)
• see Paediatrics. P62

HAND-FOOT-AND-MOUTH DISEASE
• see Paediatrics,P62

r T
u J

MEASLES
• see Paediatrics. P62

+
PARVOVIRUS
• see Paediatrics. P62
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ROSEOLA
• see Paediatrics, P62

RUBELLA
• see Paediatrics. P63

VERRUCAE VULGARISMS
• see Table20,D36

fiYeast Infections
CANDIDIASIS

Etiology
• many species of Candida (70-80% of infections are from Candida albicans)
• opportunistic infection in those with predisposing factors (e.g. trauma, malnutrition,

immunodeficiency)

Candidal Paronychia
• clinical features: painful red swelling of periungual skin
• management: topical agents not as effective;oral antifungals recommended

Candidal Intertrigo
• clinical features

macerated/eroded erythematous patches that may be covered with papules and pustules, located
in intertriginous areas often under breast, groin, or interdigitally
peripheral “satellite” pustules

• starts as non-infectious maceration from heat, moisture, and friction
• predisposing factors: obesity, DM, systemic antibiotics, immunosuppression, malignancy
• management: keep area dry, terbinafine,cidopirox olamine, ketoconazole/dotrimazole cream BID

until rash dears

Oral terbinafine (Lanas?-) is not effective
because it is not secreted by sweat
glands

PITYRIASIS (TINEA) VERSICOLOR

Clinical Features
• asymptomatic superficial fungal infection with brown/white scaling macules
• affected skin darker than surrounding skin in winter, lighter in summer (does not tan )
• common sites: upper chest and back

Pathophysiology
• microbe produces azelaic acid -» inflammatory' reaction inhibiting melanin synthesis yielding variable

pigmentation
• affinity for sebaceous glands; requires fatty acids to survive

Etiology
• Pityrosporum ovale ( Malassezia furfur)
• also associated with folliculitis and seborrheic dermatitis
• predisposing factors: summer, tropical climates, excessive sweating, Cushing’s syndrome, prolonged

corticosteroid use

Investigations
• clinical diagnosis hut can perform microscopic examination, KOH prep of scales for hyphae and

spores

Management
• ketoconazole 2% shampoo or cream daily for 3 d
• selenium sulfide 2.5% lotion applied for 10 min for 7 d
• cidopirox olamine BID
• systemic fluconazole or itraconazole for 7 d if extensive

LJ
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Sexually Transmitted Infections
SYPHILIS

Clinical Features
• characterized initially by a painless ulcer (chancre)
• following inoculation, systemic infection with secondary and tertiary stages

Etiology
• Treponema pallidum
• transmitted sexually, congenitally, or rarely by transfusion

Table 21. Stages of Syphilis
Clinical Features Investigations Management Natural History of Untreated Syphilis

• Inoculation
• Primaiy syphilis (10-90 d after

infection)
• Secondary syphilis (simultaneous to

primary syphilis or up to 6 mo after
healing of primary lesion)

• Latent syphilis
• Tertiary syphilis (2-20 yr)

Single red.indurated, painless chancre,that develops into CANNOT be based on clinical features
painless ulcer with raised border and scanty serous exudate alone
Chancre develops at site of inoculation after 3 wk of VORL negative - repeat weekly for1mo single dose
incubation and heals in 4 -6 wk;chancre may also develop on FTA -ABS test has greater sensitivity and
lipsor anus
Regional non-tender lymphadenopalhy appears
<1wk after onset of chancre
DOx: chancroid (painful). HSV (multiple lesions)

Penicillin G. 2.4
million units IM.Primary

Syphilis

may detect disease earlier in course
Dark field examination - spirochete in
chancre fluid or lymph node

Secondary
Syphilis

Presents 2- G mo niter primary infection (patient may not
recall presence of primary chancre)
Associated with generalized lymphadenopathy,

Same as for primary
syphilis

VORL positive
FM-ASS *ve;-ve alter 1 yr following
appearance of chancre

splenomegaly,headache,chills, fever,arthralgias,myalgias. Dark field«ve in all secondary
malaise,photophobia
Lesions heal in1-5 wk and may recur for1yr
3 types of lesions;
1. Macules and papules: flat top.scaling,non-pruritic.

sharply defined, circular/annular rash (DDx:pityriasis
rosea, tinea corporis,drugeruptions,lichen planus)

2. Condyloma lata; wart - like moist papules around genital/
perianal region

3. Mucous patches:macerated patches mainly found in
oral mucosa

Latent Syphilis
70%of untreated patients will remain in
this stage for the rest of their lives and
are immune to new primary infection

Penicillin G, 2.4
million units IM
weekly x 3 wk

Tertiary
Syphilis

Extremely rare
3-7 yr after secondary
Main skin lesion:‘Gumma1-a granulomatous non-lender
nodule

As in primary syphilis.VDRL can be
falsely negative

GONOCOCCEMIA

Clinical Features
• disseminated gonococcal infection
• hemorrhagic, tender, pustules on a purpuric/petechial background
• common sites: distal aspects of extremities
• associated with fever, arthritis, urethritis, proctitis, pharyngitis, and tenosynovitis
• neonatal conjunctivitis if infected via birth canal

Etiology
• Neisseria gonorrhoeae

Investigations
• requires high index of clinical suspicion because tests are often negative
• bacterial culture of blood, joint fluid, and skin lesions
• joint fluid cell count and Gram stain

Management
• notify public health authorities
• screen for other STIs
• cefixime 400 mg PO (drug of choice) or ceftriaxone 1 g IM

r nHerpes Simplex Virus
• see Viral Infections, 1)3-1
Human Papillomavirus
• see Viral Infections, D36 +
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Pre-Malignant Skin Conditions m.

Actinic Keratoses (Solar Keratoses)
Clinical Features
• ill-defined, scaly,erythematous papules or plaques associated with sun-damaged skin (solar heliosis)
• initial lesion is a rough erythematous papule with white to yellow scale
• often easier to appreciate on palpation rather than inspection, as the lesion has a gritty, sandpaper-like

texture
• sites: areas of sun exposure (face, helices of the ears primarily in men, hairless scalp, neck, upper

trunk, dorsal aspects of the hands and forearms)

Pathophysiology
• U V radiation damage to keratinocytes from repeated sun exposure (especially UVB)
• risk of transformation of AK to SCC (<1/1000 per yr), but higher likelihood if AK is persistent
• UV-induced p53 gene mutation
• risk factors: increased age, light skin/eyes/hair, immunosuppression, genetic syndromes such as

albinism or xeroderma pigmentosum
• risk factors for malignancy: immunosuppression, history of skin cancer, persistence of AK

Epidemiology
• common with increasing age, outdoor occupation, M>1;
• skin phototypes 1-111, rare in deeper skin tones as melanin is protective

Types of AK
• Erythematous:typical AK lesion
• Hypertrophic thicker, rough papule/

plaque. Cutaneous horn:firm hyperkeratotic
outgrowth

• Actinic cheilitis:confluent AKs on
the lip

• Pigmented: flat, tan- brown, scaly
plaque

• Spreading pigmented
• Proliferative
• Conjunctival:pinguecula. pterygium

Differential Diagnosis
• SCC in situ,superficial BCC, seborrheic keratosis

Investigations
• biopsy refractory or suspicious lesions (infiltrative, tender, bleeding spontaneously)

Management
• destructive: shave excision and curettage with electrodesiccation, or cryotherapy
• topical pharmacotherapy (mechanism:destruction of rapidly growing cells or immune system

modulation)
topical 5-fluorouracil cream (for 2-4 wk), imiquimod 5% (2x/wk for 16 wk), imiquimod 3.75%
(daily for 2 wk, and then daily again for 2 wk more)

• photodynamic therapy
• chemical peels (e.g. TCA, phenol)
• excision
• laser resurfacing

Leukoplakia
Clinical Features
• a morphologic term describing homogeneous or speckled white plaques with sharply demarcated

borders
• sites:oropharynx, most often floor of the mouth, soft palate, and ventral/lateral surfaces of the tongue

Pathophysiology
• prccancerous or pre-malignant condition
• oral variant is strongly associated with tobacco use and alcohol consumption

Epidemiology
• 1-5% prevalence in adult population >30 yr old; peak at age >50
• M>F, fair-skinned
• most common oral mucosal pre-malignant lesion

Differential Diagnosis
• DLE, invasive SCC,candidiasis, lichen planus,oral hair)'leukoplakia, white sponge nevus

Investigations
• biopsy due to risk of malignancy

Management
• low-risk sites on buccal/labial mucosal or hard palate: eliminate carcinogenic habits, smoking

cessation, follow-up
• moderate/dysplastic lesions: excision, cryotherapy
• primary aim of treatment is to decrease the risk of oral SCC

r T
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Malignant Skin Tumours

Nonmelanoma Skin Cancers
BASAL CELL CARCINOMA

Subtypes
• nodular BCC (most common)

sldn-coloured papule/nodule with rolled, translucent (“pearly”) telangiectatic border, and
depressed /eroded/ulcerated centre

• pigmented BCC
• areas of pigment in translucent lesion with surface telangiectasia
• may mimic MM

• superficial BCC
thin, tan to red-brown plaque, often with scaly, pearly border, and fine telangiectasia at margin

• least aggressive subtype
• morpheaform BCC

• flesh/yellowish-coloured, shiny papule/plaque with indistinct borders, indurated

Pathophysiology
• malignant proliferation of basal keratinocytes of the epidermis

• low grade cutaneous malignancy, locally aggressive ( primarily tangential growth ), rarely
metastatic

• usually due to U VB light exposure, therefore >80% on sun exposed sites
• typical latency period of 20-50 yr between time of U V damage and onset of BCC

also associated with previous scars, radiation, trauma, arsenic exposure, or genetic predisposition
(Gorlin Syndrome)

Epidemiology
• most common malignancy in humans
• 75% of all malignant skin tumours in >40 yr old, increased prevalence in the elderly
• risk factors: M>F, skin phototypes I and 11, chronic cumulative sun exposure, ionizing radiation,

immunosuppression, arsenic exposure

Differential Diagnosis
• benign: sebaceous hyperplasia, intradermal melanocytic nevus, dermatofibroma
• malignant: nodular MM, SCC, merkel cell carcinoma (MCC)

Management
• see Table 22, Management of Nonmelanoma Skin Cancers
• follow-up for new primary disease or recurrence
• 95% cure rate if lesion <2 cm in diameter or if treated early

Workup/Investigations of Basal Cell
Carcinoma and Other Nonmelanoma
Skin Cancers
• History:duration,growth rate,

family/personal Hx of skin cancer,
prior therapy to the lesion

• Physical: location, site,whether
circumscribed, tethering to deep
structures, full skin exam, lymph
node exam

• Biopsy: if shallow lesion,can do
shave biopsy;otherwise punch
or cxcisional biopsy may be more
appropriate

Surgical Margins
• Smaller lesions:electrodessication

and curettage with 2 3 mm margin of
normal skin

• Deep infiltrative lesions:surgical
excision with 3-5 mm margins
beyond visible and palpable tumour
border,which may require skin
graft or flap; or Mohs surgery, which
conserves tissue and does not
require margin control

Table 22. Management of Nonmelanoma Skin Cancers
Treatment Treatment Options Indications
Category

Disadvantages

Topical Imiquimod 5% cream Superficial BCCs. Bowen's Disease
(Aldara - )

Cryotherapy

Side effects: erythema, edema, ulceration and scaling

Superficial BCCs. Bowen's Disease
Advantages: minimal equipment, simple to perform, cost-effective, no
restriction of activity after surgery

5-lluorouracil ( Efudex | Superficial BCCs. Bowen's Disease

Margin around cancer may not be free, potential for scarring, minimally painful,
no skin tissue for diagnosis

Side effects: pain, burning, swelling
Side effects: painPhotodynamic therapy Superficial BCCsProcedural

Advantages:low cost, tolerable side effect profile

Radiation therapy Advanced cases of BCC.SCC
Advantages: if lesions are located in cosmetically sensitive area

Shave excision and Most types of BCCs. Bowen's Disease
electrodessication and Advantages: minimal equipment needed, simple to perforin , cost -effective,
curettage
Mohs surgery

Side effects:alopecia, pigmentary changes, fibrosis, atrophy, buccal mucositis,
gingivitis, telangiectasias

Not used for morpheaform BCC.margin around cancer may not be free, slow
healing, possible scarring

Surgical

no restriction of activity after surgery
r iBCC and SCC lesions on the face or in areas that are difficult to reconstruct

Advantages: highest cure rate, good cosmetic results, healthy skin tissue
is preserved

Expensive, highly technical, resource intensive, activity restriction after surgery
if skin graft/flap needed L J

SCC Activity restriction alter surgery if skin graft/flap needed, healthy tissue around
cancer must be removed

Iraditional surgical
excision Advantages:margin around cancer more likely to be free than shave

excision , tissue is available for diagnosis, cosmetic satisfaction
Metastatic BCC, Gorlin Syndrome (multiple BCCs)

+
Side effects: muscle spasms, hair loss,abnormal taste, weight loss, nausea,
amenorrhea

Medical
Therapy

Vismodegib
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BOWEN’S DISEASE (SQUAMOUS CELL CARCINOMA IN SITU)

Clinical Features
• sharply demarcated erythematous patch/ thin plaque with scale and/or crusting
• often 1-3 cm in diameter and found on the skin and mucous membranes
• evolves to SCC in 10-20% of cutaneous lesions and >20% of mucosal lesions

Management
• see Table 22, Management of Nonmelanoma Skin Cancers, D40

SQUAMOUS CELL CARCINOMA

Clinical Features
• hyperkeratotic indurated, pink/red/skin-coloured papule/plaque/nodule with surface scale/crust ±

ulceration
• more rapid enlargement than BCC
• exophytic (grows outward), may present as a cutaneous horn
• common sites: face, ears, scalp, forearms, dorsum of hands

Pathophysiology
• malignant neoplasm of keratinocytes (primarily vertical growth)
• predisposing factors include: cumulative UV radiation, PUVA, ionizing radiation therapy/

exposure, chemical carcinogens (such as arsenic, tar, and nitrogen mustards), HPV 16 or 18,
immunosuppression

• may occur in previous scar (SCC more commonly than BCC)

Epidemiology
• second most common type of cutaneous neoplasm in less pigmented skin types
• most common cutaneous neoplasm in patients with Type 6 skin, typically in non-photoexposed sites
• primarily on sun-exposed skin in the elderly, M>F,skin phototypes I and 11, chronic sun exposure
• SCC is the most common cutaneous malignancy in immunocompromised patients such as in organ

transplant recipients, with increased mortality as compared to non-immunocompromised population

Differential Diagnosis
• benign: wart, psoriasis, irritated seborrheic keratosis
• pre-malignanl: AK, Bowenoid papulosis
• malignant: keratoacanthoma, Bowen's disease, BCC, amelanotic melanoma

Management
• see table 22, Management o/ Nonmtlanoma skin Cancers, D id
• lifelong follow-up (more aggressive treatment than BCC)

Prognosis
• good prognostic factors: early treatment, negative margins, and small size of lesion
• rate of metastasis from primary SCC is 2-5%
• higher risk of metastasis if diameter >2 cm,depth >2 mm, recurrent, involvement of bone/muscle/

nerve, location on scalp/ears/nose/lips, immunosuppressed, caused by arsenic ingestion, or tumour
arose from scar/chronic ulcer/burn/genital tract/sinus tract

(ftKERATOACANTHOMA

Clinical Features
• rapidly growing, firm, dome-shaped, erythematous or skin-coloured volcano-like nodule with central

keratin-filled crater
• may spontaneously regress
• sites: sun-exposed skin

Pathophysiology
• epithelial neoplasm with atypical keratinocytes in epidermis
• low grade variant of SCC

Interventionsfor IK
Cochrane D8 Syst Rev 2012:2:C004415
Purport: la assess thetffiucy of trejirrentsfor AK.
Methods:Systematic rev eve ot KCIs.
Results: A total of 83 RCTs (10036 patients) were
Included evaluating 24 treatments.Cryotherapy,
diclofenac. 5-fluorouracil. imiqiimd.ingenol
mebutate. photodynamic therapy, resurfacing and
trichloroacetic acid peel mere all effective at treating
AK and generally comparahte with one another.Skin
irritation was morecommon with diclofenac and
S-fluorouracil. Photodynamic therapy andimiqoimod
treatment resulted in better cosmetic appearance.
Conclusion:for individual lesions, photodynamic
therapy is moreeffective than cryotherapy, for
field -directed treatments. S-Duorouracrl.diclofenac
imiquimod and ingenol mebutate had comparable
efficacy.

Etiology
• HPV, U V radiation, chemical carcinogens (tar, mineral oil)

Epidemiology
• most common in >50 yr old, rare in <20 yr old

Differential Diagnosis
• treat as SCC until proven otherwise
• nodular BCC, MCC, hypertrophic solar keratosis, verruca vulgaris

n
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Management
• surgical excision or saucerization (shave biopsy) followed by electrodesiccation of the base, treated

similarly to SCC
• intralesional methotrexate or 5-fluorouracil injection

Malignant Melanoma
Clinical Features
• malignant characteristics of a mole: “ABCDE” mnemonic
• sites:skin, mucous membranes, eyes, CNS
• —2/3 arise de novo without an associated nevus
• abnormal dermoscopic features

Does this Patient have a Mole or
Metanoma?

ABCDE checklist
Asymmetry
Border (irregular and/or indistinct)
Colour (varied)
Diameter (increasing or >6 mm)
Enlargement, elevation, evolution(i.e.
change in colour, size, or shape)
Sensitivity 92% (Cl 82-96%)
Specificity 100% (Cl 54-100%)
JUU199l;2tt:WS-W1

Clinical Subtypes of Malignant Melanoma
Listed from most to least common subtype
• superficial spreading melanoma (60-70% of all melanomas)
• atypical melanocytes initially spread laterally In epidermis then invade the dermis
• irregular, indurated, enlarging plaques with red /white/blue discolouration, focal papules or nodules
• ulcerate and bleed with growth
• subtype most likely associated with pre-existing nevus
• nodular melanoma (15-30% of all melanomas)
• atypical melanocytes that initially grow vertically with little lateral spread
• uniformly ulcerated, blue-black, and sharply delineated plaque or nodule
• rapidly fatal
• may be pink or have no colour at all, this is called an amelanotic melanoma
• EFG = elevated, firm, growing
• lentigo maligna

• MM in situ (normal and malignant melanocytes confined to the epidermis)
2-6 cm, tan/brown/black uniformly flat macule or patch with irregular borders
lesion grows radially and produces complex colours
often seen in the elderly
10% evolve to lentigo maligna melanoma

• lentigo maligna melanoma (5-15% of all melanomas)
• older individuals, ~7th decade
• malignant melanocytes invading into the dermis
• associated with pre-existing solar lentigo, not pre-existing nevi
• flat, brown, stain-like, gradually enlarging witn loss of skin surface markings

with time, colour changes from uniform brown to dark brown with black and blue
• found on all skin surfaces, especially those often exposed to sun, such as the face and hands

• acral lentiginous melanoma (5-10% of all melanomas)
ill-defined dark brown, blue-black macule

• palmar, plantar, subungual skin
melanomas on mucous membranes have poor prognosis
most common subtype found in patients with Type 6 skin

• amelanotic melanoma (2-8% of all melanomas)
little to no pigment

• pink or red macules, papules, or nodules, some may present with light-brown pigmentation
delay in diagnosis may contribute to its poor prognosis
MM in young children is more commonly amelanotic variant

<§)
Risk Factors for Melanoma

no SPF is a SIN
Sun exposure
Pigment traits (blue eyes, fair/red hair,
pale complexion)
Freckling
Skin reaction to sunlight (increased
incidence of sunburn)
Immunosuppressive states (e.g.renal
transplantation)
Nevi (dysplastic nevi: increased
number of benign melanocytic nevi)

$
Node Dissection for Lesions. >1mm thick OR <1mm and ulcerated

OR >1 mitoses/mm2 (Stage IB or
higher melanoma patients should
be offered a sentinel lymph node
biopsy)

• Assess sentinel node at time of wide
excision

Pathophysiology
• malignant neoplasm of pigment-forming cells (melanocytes and nevus cells)

Epidemiology
• I in 75 (Canada), I in 50 ( US)
• risk factors: increasing age, fair skin, red hair, positive pcrsonal/family history, familial dysplastic

nevus syndrome, large congenital nevi (>2() cm), any dysplastic nevi, >50 common nevi,
immunosuppression, sun exposure with sunburns, tanning beds

• most common sites: back (M), calves (F)
• worse prognosis if: male, on scalp, hands, feet, late lesion, no pre-existing nevus present

Differential Diagnosis
• benign: nevi, solar lentigo, seborrheic keratosis, dermatofibroma, spitz nevus
• malignant: pigmented BCC, dermatofibrosarcoma protuberans

Set Landmark Dermatology trials tabic lot nott
reformation on the Inal by Hodi elal. 2010.which
d Claris improved survival with Iprlimmnab in patterns
vnth metastatic melanoma .

Management
• excisional biopsy preferable (margin determined by Breslow depth), otherwise incisional biopsy,

sentinel lymph node dissection controversial
• remove full depth of dermis and extend beyond edges of lesion only after histologic diagnosis
• beware of lesions that regress - tumour is usually deeper than anticipated
• high dose ll-'N for stage 11 (regional), chemotherapy (cis-platinum, BCG) and high dose ll-'N for stage

Ill (distant) disease
• newer chemotherapeutic regimens, immunotherapy, and vaccines in metastatic melanoma
• radiotherapy may be used as adjunctive treatment

+
See Landmark Dermatology Trials table for more
information on the DDIH-3 trial comparing the efficacy
ofBRJkf kinase inhibitor vemurafemb(PlX4032) to
dacubaiine in patients with metastatic melanoma.
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Table 23. American Joint Committee on Cancer Staging System Based on Breslow’s Thickness of
Invasion

Stage Approximate 5 Yr SurvivalTumour Depth

II<1.0 mm
121.01-2.0 mm
T32.01-4.0 mm
M»4.0mm

StageI T1a - T2a
Stage II T2b - T4b

StageIII any nodes
Stage IV any mets

5-yr survival 90%
5-yr survival 70%

S-yr survival45%
5-yr survival10%

a •no ulceration:b - ulceration

Other Cutaneous Cancers
CUTANEOUS T-CELL LYMPHOMA

Clinical Features
• Mycosis fungoides (limited superficial type)

characterized by slightly atrophic scaling, erythematous patches/plaques/nodules/ tumours,
which may be pruritic and poikilodermic (atrophy, telangiectasia, hyperpigmentation,
hypopigmentation)

• common sites include: trunk, buttocks, proximal limbs
• mildly symptomatic, usually excellent prognosis for early disease
• hypopigmented subtype most commonly seen in children with deeper skin tones

• Sezary syndrome (widespread systemic type)
rare variant characterized by erythroderma, lymphadenopathy, WBC >20 x 109/L with Sezary
cells

» can be considered to have evolved from mycosis fungoides (not initially meeting diagnostic
criteria), but more commonly arises de novo
associated with intense pruritus, alopecia, palmoplantar hyperkeratosis, and systemic symptoms
(fatigue, fever)

• high mortality

Pathophysiology
• clonal proliferation of skin-homing CD4 T-cells

Epidemiology
• seen in >50 yr, M:T ratio is 2:1

Differential Diagnosis
• tinea corporis, nummular dermatitis, psoriasis, DLL, Bowen's disease, adult T-Cell leukemia-

lymphoma (ATL)

Investigations
• skin biopsy (histology, “lymphocyte antigen cell” markers,TcR gene arrangement)
• blood smear looking for Sezary cells or flow cytometry (e.g. CD4:CD8 >10 is characteristic but not

diagnostic of Sezary)
• imaging (for systemic involvement)

Management
• Mycosis fungoides

depends on stage of disease
early stage: topical steroids, topical chemotherapy, topical retinoids, topical imiquimod, local
radiation, and/or PUVA, NB-UVB (311-313 mm)
advanced stage: biologies, low-dose methotrexate, systemic retinoids, PUVA

• Sezary syndrome
» oral retinoids and Il-'N

extra-corporeal photopheresis
• may need radiotherapy for total skin electron beam radiation
• may maintain on U V therapy

other chemotherapy agents

KAPOSI SARCOMA r -I
L J

Definition
• an angioproliferative neoplasm that requires infection with human herpesvirus 8 (HHV-8)
• 4 types based on the clinical circumstance at which it develops

• classical: develops in middle or old age in individuals of Mediterranean descent
• endemic: seen in sub-Saharan indigenous Africans
» iatrogenic:associated with immunosuppressive drug therapy and renal allograft recipients

AIDS associated

+
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Clinical Features
• purplish, reddish blue, or dark brown/black macules, plaques, and nodules on the skin
• skin nodules can range in size from very small to several centimeters in diameter, and lesions may

ulcerate and bleed
• lesions typically present on the distal extremities
• also atfects the gastrointestinal tract and lymphatics leading to secondary lymphoedema

Epidemiology
• incidence is 0.02% to 0.06% of all malignant tumours, M >F

Differential Diagnosis
• well -differentiated angiosarcoma, benign lymphangiomatosis, hypertrophic lichen planus

Investigations
• biopsy
• PCR - can identify HHV-8 DNA sequences

Treatment
• surgery', cryotherapy, laser surgery, photodynamic therapy, topical retinoids, immunomodulators for

superficial macules and plaques
• radiation therapy, systemic chemotherapy

Diseases of Hair Density

Hair Growth
Hair Regrowth Potential
Ability to regrow hair depends on
location of inflammatory infiltrates on
hair follicle as stem cells are located
at the upper part (bulge region) of the
hair follicle
• Scarring alopecia: Inflammatory

infiltrates found in upper part of hair
follicles, destroying stem cells

• Non-scarring alopecia:Hair follicle
is not permanently damaged, and
therefore spontaneous or treatment-
induced regrowth is possible

• hair grows in a cyclic pattern that is defined in 3stages (most scalp hairs are in anagen phase)
growth stage = anagen phase

2. transitional stage = catagen stage
3.resting stage = telogcn phase

• total duration of the growth stage reflects the type and location of hair: eyebrow, eyelash, and axillary
hairs have a short growth stage in relation to the resting stage

• growth of the hair follicles is also based on the hormonal response to testosterone and
dihydrotestosterone (DHT); this response is genetically controlled

1.

Non-Scarring (Non-Cicatricial) Alopecia
ANDROGENETIC ALOPECIA

ODx of Non-Scarring (Non-Cicatricial)
Alopecia

Clinical Features
• male- or female-pattern alopecia
• males: fronto-temporal areas progressing to vertex, entire scalp may be bald
• females:widening of central part, “Christmas tree” pattern

Pathophysiology
• action of DHT on hair follicles

Autoimmune
• Alopecia areata
Endocrine
• Hypothyroidism
• Androgens
Micronutrient deficiencies
• Iron. Zinc
Toxins
• Heavy metals
• Anticoagulants
• Chemotherapy. Vitamin A
Trauma to the hair follicle
• Trichotillomania
• Tight ponytail or braiding styles
Other
• Syphilis. Severe illness. Childbirth

Epidemiology
• males: early 20s-30s
• females: 40s-50s

Management
• camouflage techniques (i.e. wigs, hair extensions, powders, concealing lotions or sprays)
• topical minoxidil (Rogaine*) solution or foam to reduce rate of loss/partial restoration
• females: spironolactone (anti-androgenic effects), cyproterone acetate (Diane-35*)
• males: finasteride (Propecia*) (5-a-reductase inhibitor) 1 mg/d
• oral minoxidil
• procedural (hair transplant, platelet-rich plasma)

TELOGEN EFFLUVIUM <§>Clinical Features
• uniform decrease in hair density secondary to hairs leaving the growth (anagen) stage and entering

the resting (telogen) stage of the cycle

Precipitant!of Telogen Effluvium

"SEND" hair follicles out of anagen and
into telogen
St ress and Scalp disease (surgery)
Endocrine (hypothyroidism, post-
partum)
Nutritional (iron and protein deficiency)
Drugs (acitretin, heparin, lithium. IFN.
8-blockers, valproic acid.SSRIs)

Pathophysiology
• variety of precipitating factors ( i.e. post-partum, psychological stress, major illness)
• hair loss typically occurs 2-4 mo after exposure to precipitant
• regrowth occurs within a few mo but may not be complete

+
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ANAGEN EFFLUVIUM

Clinical Features
• hair loss due to insult of hair follicle impairing its mitotic activity (growth stage)

Pathophysiology
• precipitated by chemotherapeutic agents (most common ), other medications (bismuth, levodopa,

colchicine, cyclosporine), exposure to chemicals (thallium, boron, arsenic)
• dose-dependent effect
• hair loss 7-14 d after single pulse of chemotherapy; most clinically apparent after 1-2 mo
• reversible effect; follicles resume normal mitotic activity few wk after agent stopped

(§)
Hair Loss

TOP HAT
Telogen effluvium, Tinea capitis
Out of iron, zinc
Physical:trichotillomania, tight ponytail
or braiding styles
Hormonal: hypothyroidism, androgenic
Autoimmune: SLE. alopecia areata
Toxins: heavy metals, anticoagulants,
chemotherapy, vitamin A, SSRIs

ALOPECIA AREATA

Clinical Features
• autoimmune disorder characterized by patches of complete hair loss often localized to scalp, but can

affect eyebrows, beard, eyelashes, etc.
• may be associated with dystrophic nail changes - fine stippling, pitting
• “exclamation mark” pattern (hairs fractured and have tapered shafts, i.e. looks like “!”)
• may be associated with autoimmune conditions: pernicious anemia, vitiligo, thyroid disease,

Addisons disease
• spontaneous regrowth may occur within mo of first attack (worse prognosis if young at age of onset

and extensive loss)
• frequent recurrence often precipitated by emotional distress
• alopecia totalis:complete loss of hair on scalp
• alopecia universalis: complete loss of scalp hair, eyelashes, eyebrows, and body hair

Non-scarring alopecia: intact hair
follicles on exam * biopsy not required
(but may be helpful)
Scarring alopecia: absent hair follicles
on exam •* biopsy requiredManagement

• excellent prognosis for localized disease
• topical corticosteroids and intralesional triamcinolone acetonide (corticosteroids) can be used for

isolated patches
• topical immunotherapy (diphencyprone, anthralin)
• systemic immunosuppressants for refractory or extensive disease
• immunomodulatory (diphencyprone, anthralin)
• newer treatments:janus kinase inhibitors

Alopecia Areata Subtypes
Alopecia totalis: loss of all scalp hair and
eyebrows
Alopecia universalis: loss of all body hair

OTHER
• trichotillomania: impulse-control disorder characterized by compulsive hair pulling with irregular

patches of hair loss, and with remaining hairs broken at varying lengths
• traumatic (e.g. tight braiding styles, wearing tight ponytails, tight tying of hair coverings)

Scarring (Cicatricial) Alopecia
Clinical Features
• irreversible loss of hair follicles with fibrosis

Etiology
• physical: radiation, burns
• infections: fungal, bacterial, I B, leprosy, viral (HSV )
• primary inflammatory - subdivided into lymphocytic, neutrophilic, and mixed

lymphocytic:
lichen planus (lichen planopilaris) - white scale around hair follicles, up to 50% have lichen
planus at other body sites
DLL (note that SIL can cause an alopecia unrelated to DLL lesions which are non-scarring)
central centrifugal cicatricial alopecia (CCCA): seen in up to 40% of Black women, starting
at central scalp;one of the most commonly diagnosed scarring alopecias, may be associated
with hair care practices
keratosis follicularis spinulosa decalvans (autosomal dominant, X-linked)

* neutrophilic:
folliculitis decalvans - discharge of pus and blood, tufting of hair follicles
dissecting cellulitis of the scalp - follicular papules, pustules, nodules, and abscesses develop
on the scalp

• mixed
acne keloidalis nuchae - dome-shaped papules, pustules, and plaques on the occipital scalp

• morphea: “coup de sabre” with involvement of centre of scalp
ri

Investigations
• biopsy from active border

Management
• infections: treat underlying infection
• inflammatory: topical/intralesional steroids, anti-inflammatory antibiotics, antimalarials,

immunosuppressants (e.g. cyclosporine)

+
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Postmenopausal Hair Changes
• estrogen regulates the growth and cycling of hair follicles
• hormonal changes (e.g. reduced estrogen ) during menopause leads to decreased hair diameter, growth

rate, and percentage of hairs in the anagen phase; moreover, chronological age affects hair density
• these compounded effects of the two factors above (hormone changes and aging) may lead to a

perception of decreased scalp hairs in middle-aged women

Nails and Disorders of the Nail Apparatus
Table 24. Nail Changes in Systemic and Dermatological Conditions
Nail Abnormality Definition/Etiology Associated Disease
NAIL PLATECHAN6ES
Clubbing Proximal nail plate has greater than180" angle to Cyanotic heart disease,bacterial endocarditis,

nail fold,watch-glass nails,bulbous digits pulmonary disorders.Gl disorders,etc.

Iron deficiency,malnutrition.DM
Psoriasis, dermatophytes,thyroid disease,repetitive
trauma

Hypertrophy ol the nail plate producing a curved, Poor circulation,chronic inflammation,tinea
daw like delormity

Subungual hematoma
Fungal infection of nail (e.g.dermatophyte,yeast. HIV. DM.peripheral arterial disease
mould)

Hail plate detachment fromproximal nail fold due Manicures,ecrema,chronic paronychia,severe or
to severe trauma that produces a complete arrest febrile illness,erythroderma
of nailmatrix activity

Koilonychia

Onycholysis
Spoon shaped nails
Separation of nail plale from nail bed

Onychogryphosis

Onychohemia
Onychomycosis

Trauma to nail bed

Onychomadesis

SURFACE CHANGES

V-Shaped Nicking
Pterygium Inversum Unguis

Distal margin has Y-shaped loss of the nail plate Darier's disease (keralosisfollicularis)
Distal nail plale docs not separate from underlying Scleroderma
nail bed
Punctate depressions that migrate distally with
growth
Transverse depressions,often more in central
portion of nail plate

Pitting Psoriasis (random pattern),alopecia areata
(geometric, grid-shaped arrangement),eczema
Serious acute illness slows nail growth (when present
in all nails - Beau's lines),eczema,chronic paronychia,
trauma

Poisons, hypoalbuminemia (Muchtcke’s lines)

Lichen planus,psoriasis,normal aging,fungal
infection

Transverse Ridging

Transverse White lines
Onychorrhexis

8ands of while discolouration
Brittle nails leading to longitudinal ridging

COLOUR CHANGES
Yellow Tinea, (aundice. tetracycline,pityriasis rubra pilaris,

yellow nail syndrome,psoiiasis. tobacco use
Pseudomonas

Melanoma,hematoma

Nicotine use, psoriasis,poisons,longitudinal
melanonychia (more common in FitzpalrickV and VI)

Extravasation of blood from longitudinal vessels of ftauma,bacterial endocarditis, blood dyscrasias.
nail bed.blood attaches to overlying nail plate and psoriasis
moves distally as it grows

8rown-yellow discolouration
White nails
White proximal nail, darker distal nail with ground liver cirrhosis
glass appearance,no lunula

Green

Black

Brown

Splinter Hemorrhages

Oil Spots
Leukonychia

Terry's Nails

Psoriasis
Hypoalbuminemia,chronic renal failure

NAIL FOLD CHANGES

Herpetic Whitlow
Paronychia

HSV infection of distal phalanx
Local inflammation of thenail fold around the
nail bed

HSV infection
Acute:painful infection
Chronic:constant welting (e.g. dishwashing.
thumbsucking)
Scleroderma,SIE.dermalomyosltrsNail Fold Telangicctasias Cuticular hemorrhages, roughness,capillary

changes r T
L J

LOSS OF HAILS

Occurs without scarring Trauma (especially toenails or fingernails after large
subungual hematoma).Beau's lines after severe
illness
Lichen planus (pterygium),genetic abnormalities
(rare)

Temporary Loss

+Permanent Loss Occurs with scarring

Activate Windows
Go to Settings to activate Windows.



D47 Dermatology Toronto Notes 2023

Adnexal Disorders
HIDRADENITIS SUPPURATIVA

Definition
• a chronic inflammatory skin condition that is a result of poor occlusion of the pilosebaceous units

within intertriginous zones

Clinical Features
• primary lesions are inflammatory nodules
• presence of sinus formation, clusters of open comedones (double tombstone comedones), and

hypertrophic scarring of intertriginous areas
• sites: occurs primarily in the intertriginous areas of the axillae (most common site), inguinal area,

inner thighs, perianal and perineal areas, mammary and inframammary regions, buttocks, pubic
region, scrotum, vulva, trunk, and occasionally the scalp and retroauricular areas

• additionally significant hyperpigmentation and keloid formation can be seen in more pigmented skin
types

Pathophysiology
• follicular occlusion, follicular rupture, and an immune response

Epidemiology
• affects 1-4% of the population,1;>M
• onset of symptoms occur between puberty and age 40, typically in 2nd or 3rd decade
• increased incidence in people of African descent
• associated with smoking and excess weight

Differential Diagnosis
• folliculitis, furuncles, carbuncles, acne vulgaris,Crohn’s disease, granuloma inguinale, pyoderma

gangrenosum

Investigations
• clinical diagnosis

Treatment
« behavioural: patient self-management including avoidance of skin trauma, smoking cessation, and

weight management
• pain management with NSAIDs
• mild disease: local therapy with topical clindamycin, intralesional corticosteroid injections, topical

resorcinol
• moderate to severe disease: antibiotic therapy (oral tetracyclines, clindamycin and rifampin

combination, dapsone), oral retinoids, hormonal therapy, surgery (punch debridement), laser and
light-based therapies (C02 laser and Nd:YAG)

• refractory moderate to severe disease:TNF-a inhibitors such as adalimumab and infliximab, systemic
glucocorticoids, and cyclosporine

PRIMARY HYPERHIDROSIS

Definition
• secretion of sweat in amounts greater than physiologically needed for thermoregulation

Clinical Features
• focal, visible, excessive sweating of at least 6 mo without apparent cause
• symptoms typically develop during childhood or adolescence and persist throughout life
• symptoms occur only during waking hours (diurnal)
• focal symptoms typically localized to the palms, soles, and axillae, and less commonly the scalp and

face

Pathophysiology
• abnormal or exaggerated central response of the eccrine sweat glands to normal emotional stress

n
L JEpidemiology

• affects 1-5% of the population
• most patients have a family history of hyperhidrosis

Differential Diagnosis
• excessive heat, medications (e.g.antidepressants, antipyretics, cholinergic agonists, hormonal agents),

menopause, and spinal cord injuries (autonomic dysreflexia,orthostatic hypotension, posttraumatic
syringomyelia)

+
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Investigations
• clinical diagnosis, iodine starch test

Treatment
• antiperspirants, botulinum toxin, microwave thermolysis, topical glycopyrronium bromide, suction

curettage,systemic agents (oral glycopyrrolate, oral oxybutynin), iontophoresis, or endoscopic
thoracic sympathectomy

Oral Diseases
LEUKOPLAKIA
• see Laikoplukiii , D39

RECURRENT APHTHOUS STOMATITIS

Clinical Features
• also known as “canker sores”
• painful, shallow, typically less than 5 mm in diameter, round to oval shaped,covered by a creamv-

whitc pseudomembrane with an erythematous halo
• sites: labial and buccal mucosa, floor of the mouth, ventral surface of the tongue, soft palate, and

oropharyngeal mucosa

Pathophysiology
• dysfunction in the immune system resulting in immunologically mediated damage to epithelial cells
• triggered by trauma, infectious agents, genetic factors, HIV infection, and hormonal fluctuations
• early lesions can show a neutrophilic vessel-based submucosal infiltrate

Epidemiology
• women more commonly affected than men
• peak prevalence in ages 20-30

Differential Diagnosis
• Behcet syndrome, SLE, gluten-sensitive enteropathy, HSV

Investigations
• diagnosis is made clinically

Treatment
• oral hygiene:soft toothbrush, waxed tape-style dental floss, soft-tipped gum stimulator for plaque

removal, and nonalcoholic mouthwash
• reduce traumatic factors inside the mouth such as biting cheeks or lips, and sharp/rough dental

restorations
• pain control: lidocaine viscous 2%, diphenhydramine liquid (12.5 mg/5 mL), dyclonine lozenges
• severe refractory’cases: colchicine

e.J

+
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Skin Manifestations of Systemic Disease
Table 25. Skin Manifestations of Internal Conditions
Disease Related Dermatoses

Raynaud's Phenomenon DDx
AUTOIMMUNE DISORDERS

COLD HAND
Cryoglobulins/Cryofibrinogens
Obstruction/Occupational
Lupus erythematosus,other connective
tissue disease
DM/Drugs
Hematologic problems (polycythemia,
leukemia, etc.)
Arterial problems (atherosclerosis)
Neurologic problems (vascular tone)
Disease of unknown origin (idiopathic)

Behcet's Disease
Buerger's Disease

Dermatomyositis

Painful aphthous ulcers in oral cavity t genital mucousmembranes,erythema nodosum,acneiform papules

Superficial migratory thrombophlebitis, pallor,cyanosis, gangrene,ulcerations,digital resorptions

Periorbital and extensor violaceouserythema,heliotrope withedema.Gottron's papules (violaceousflat-
topped papules with atrophy),periungual erythema, telangiectasia,calcinosis culis
Subcutaneous nodules, stellate purpura,erythema,gangrene, splinter hemorrhages, livedo reticularis,
ulceration
Keratoderma blennorrhagica (on leet),balanitis circinata (on male penis)

Petechiae,urticaria,erythema nodosum,rheumatoidnodules, evanescent rash
Raynaud's, non-pitting edema,waxy/shiny/tense atrophic skin (morphea),ulcers,cutaneous calcification,
periungual telangiectasia, acrosderosis.salt -and- pepper pigmentation
Malar erythema,discoid rash (erythematous papules or plaques with keratotic scale, follicular plugging,
atrophic scarring on lace,hands, and arms),hemorrhagic bullae,palpable purpura, urticarial purpura,
patchy /diffuse alopecia,mucosal ulcers,photosensitivity
Pyoderma gangrenosum,erythema nodosum.Sweet's syndrome

Polyarteritis Nodosa

Reactive Arthritis
Rheumatic Fever

Scleroderma

SLE

Crohn's Disease/UC
ENDOCRINE DISORDERS

Addison's Oiscasc
Cushing's Syndrome

Generalired hyperpigmcntalion or limited to skin folds, buccal mucosa,and scars
Moon lades,purple striae,acne, hyperpigmcntalion,hirsutism,atrophic skin with telangiectasia

Infections (e.g.boils,carbuncles, candidiasis. S.aureus,dermatophytoses,tinea pedis and cruris,
infectious ecrematoid dermatitis),pruritus,eruptive xanthomas,necrobiosis lipoidica diabeticorum,
granuloma annulare,diabetic foot, diabetic bullae,acanthosis nigricans,calciphylaxis
Moist,warm skin,seborrhea,acne,nailatrophy, hyperpigmentation,toxic alopecia,pretibial myxedema,
acropachy.onycholysis
Cool,dry,scaly,thickened,hyperpigrncnled skin; toxic alopecia with dry.coarse hair, brittle nails,
myxedema, loss of lateral 113 eyebrows

DM
Acanthosis Nigricans
An asymptomatic dark thickened
velvety hyperpigmentation of flexural
skin most commonly around the neck.
Associated with DM. obesity,and other
endocrine disorders,and malignancy. It
is a cutaneous marker of tissue Insulin
resistance

Hyperthyroidism

Hypothyroidism

HIV- RELATED
Infections Viral (e.g. HSV. H2V,HPV.CMV.Molluscum contagiosum,oral hairy leukoplakia),bacterial (impetigo,

acneiform folliculitis,dental caries, cellulitis,bacillary epithelioid angiomatosis, syphilis), fungal
(candidiasis, histoplasmosis,cryptococcus, blastomycosis)

Seborrhea,psoriasis,pityriasis rosea,vasculitis
Kaposi's sarcoma,lymphoma,BCC, SCC,MM

Inflammatory Dermatoses
Malignancies

MALIGNANCY
Adenocarcinoma
Gastrointestinal
Ccrvix /anus/rcctum

Peutz- Jeghers: pigmentedmacules on lips/oralmucosa
Paget's disease:eroding scaling plaques olperineum

Carcinoma
Breast

Paget's disease:eczematous and crusting lesions ol the skin ol the nipple and usually areola ol thebreast
Palmoplanlar keratoderma: thickened skin of palms/soles
Sipple's syndrome:multiple mucosal neuromas
Dermatomyositis:heliotrope erythema of eyelids and violaceous plaques over knuckles

G!
Thyroid
Breast /lung/ovary

Lymphoma/leukcmia
Hodgkin's
Acute leukemia

Multiple Myeloma

Ataxia telangiectasia: telangiectasia on pinna,bulbar conjunctiva
Ichthyosis:generalized scaling especially on extremities.Sweet's syndrome
Bloom's syndrome:butterfly erythema on face,associated with short stature

Amyloidosis: large,smooth tongue with facial petechiae and waxy papules on eyelids,nasolabial folds,
and lips

OTHERS

Liver Disease Pruritus,hyperpigmcntalion. spider nevi. palmar erythema,white nails ( ferry's nails),porphyria culanea
tarda, xanthomas,hair loss, jaundice
Pruritus,pigmentation,half and hall nails,perforating dermatosis,calciphylaxis

Erythematous papules or urticarial plaques in distribution of striae distensae: buttocks, thighs,upper inner
arms,and lower back
Palpable purpura in cold exposed areas.Raynaud's,cold urticaria,acral hemorrhagic necrosis,bleeding
disorders, associated with hepatitis C inlection

Renal Disease

Pruritic Urticarial Papules and
Plaques of Pregnancy
Cryoglobulinemia

r “i
L J
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Paediatric Exanthems
• see Paediatrics. P62

Miscellaneous Lesions
Angioedema and Urticaria

Angioedema
• deeper swelling of the skin involving subcutaneous tissues; often involves the eyes, lips, and tongue
• may or may not accompany urticaria
• hereditary or acquired forms
• hereditary angioedema (does not occur with urticaria )

onset in childhood; 80% have positive family history
• recurrent attacks; 25% die from laryngeal edema
• triggers: minor trauma, emotional upset, temperature changes

• types of acquired angioedema
acute allergic angioedema (allergens include food, drugs, contrast media, insect venom, latex)
non-allergic drug reaction (drugs include ACEI)

• acquired Cl inhibitor deficiency
• treatment

• prophylaxis with danazol or stanozolol for hereditary angioedema
• epinephrine pen to temporize until patient reaches hospital in acute attack

DDx for Urticaria

MAD HIVES
Malign ancy
Allergic
Drugs and foods
Hereditary
Infection
Vasculitis
Emotions
Stings

Urticaria
• also known as “hives”

• transient, red, pruritic well-demarcated wheals
• each individual lesion lasts less than 24 h
• second most common type of drug reaction
• results from release of histamine from mast cells in dermis
• can also result after physical contact with allergen Approach to Urticaria

• Thorough Hx and physical exam
• Acute:no immediate investigations

needed;consider referral for allergy
testing. Chronic: further investigations
required:CBC and differential,
urinalysis, ESR, TSH,LFTs to help
identify underlying cause

• Vasculitic:biopsy of lesion and
referral to dermatology

Table 26. Classification of Urticaria
EtiologyType

Acute Urticaria
>213 of cases
Attacks last<6 wk
Individual lesions last <24 h

Drugs:especially ASA.NSAIDs
Foods: nuts,shellfish,eggs,fruit
Idiopathic
Infection
Drugs (antibiotics,hormones, local anesthetics)
Foods
Parasitic infections
Insect stings (bees, wasps,hornets)
Physical contact (animal saliva,plant resins, lalei.metals,lotions, soap)
Direct mast cell release
Opiates,muscle relaxanls,radio-contrast agents
Complement-mediated
Serum sickness, transfusion reactions
Infections,virat/bacterial (>80% of urticaria in paediatric patients)

Idiopathic (90% of chronic urticaria patients)
lg£-dependenl: trigger associated
Aeroallergens
Urlicarial vasculitis
Arachldonlc acid metabolism
ASA. NSAIDs
Physical
Oermatographism (Inchon, rubbing skin), cold (ice cube,cold water),cholinergic(hot shower,exercise), solar,
pressure (shoulder strap,buttocks), aquagenic (exposure to watei),adrenergic (stress),heat

Other
Mastocytosis,urticaria pigmentosa
Parasitic infections
Systemic diseases:SLE.endocrinopathy,neoplasm
Stress

Idiopathic
Infections
Hepatitis
Autoimmune diseases

Wheal
• Typically erythematous flat-topped,

palpable lesions varying in size with
circumscribed dermal edema

• Individual lesion lasts <24 h
• Associated with mast cell release of

histamine
• May be pruritic

Chronic Urticaria
<1/3 of cases
Attacks last >6 wk
Individual lesion lasts <24 h

Mastocytosis (Urticaria Pigmentosa)
Rare disease due to excessive infiltration
of the skin by mast cells.It manifests as
many reddish-brown elevated plaques
and macules.Friction to a lesion
produces a wheal surrounded by intense
erythema (Darier's sign),due to mast
cell degranulation:this occurs within
minutes of rubbing

rUrticarial Vasculitis
Individual lesions last >24 h
Often painful,less likely
pruritic,wheals with bruise
type lesions
Biopsy indicated

SLE
Drug hypersensitivity
Cimetidine and dilliazem +
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BErythema Nodosum
Clinical Features
• acute or chronic inflammation of subcutaneous fat (panniculitis)
• round, red, tender, poorly demarcated nodules
• sites: asymmetrically arranged on extensor lower legs (typically shins), knees,arms
• associated with arthralgia, fever, malaise

Etiology
• 40% are idiopathic
• drugs: sulfonamides, OCPs (also pregnancy), analgesics, all-trans retinoic acid
• infections: GAS, I B, histoplasmosis, Yersinia
• inflammation:sarcoidosis, Crohn’s > UC
• malignancy: acute leukemia, Hodgkin's lymphoma

Epidemiology
• 15-30 vr old, 1:M=3:1
• lesions last for days and spontaneously resolve in 6 wk

DDx of Erythema Nodosum

NODOSUMM
NO cause (idiopathic) in 40%
Drugs (sulfonamides. OCP.etc.)
Other infections (Group A Strep)
Sarcoidosis
UC and Crohn's
Malignancy (leukemia,Hodgkin
lymphoma)
Many Infections

Investigations
• CXU (to rule out chest infection and sarcoidosis)
• throat culture, ASO titre, PPD skin test

Management
• symptomatic: bed rest, compressive bandages, wet dressings
• NSAIDs, intralesional steroids, oral potassium iodide
• treat underlying cause

BPruritus
Clinical Features
• a sensation provoking a desire to scratch, with or without skin lesions
• lesions may arise from the underlying disease, or from excoriation causing crusts, lichenified plaques,

or wheals DDx of Pruritus

Etiology
• dermatologic - generalized

asteatotic dermatitis (“winter itch" due to dry skin)
• pruritus of senescent skin (may not have dry skin, any time of year)

infestations: scabies, lice
• immunoglobulins disease (bullous pemphigoid)
• drug eruptions: ASA, antidepressants, opiates

psychogenic states
• dermatologic - local

• atopic and contact dermatitis, lichen planus, urticaria, insect bites, dermatitis herpetiformis
• infection: varicella, candidiasis

lichen simplex chronicus
• prurigo nodularis

• systemic disease - usually generalized
hepatic: obstructive biliary disease, cholestatic liver disease of pregnancy
renal:chronic renal failure, uremia secondary' to hemodialysis
hematologic: Hodgkin’s lymphoma, multiple myeloma, leukemia, polycythemia vera,
hemochromatosis, iron deficiency anemia, cutaneous T-cell lymphoma
neoplastic: lung, breast, gastric (internal solid tumours), non-Hodgkin's lymphoma
endocrine:carcinoid, DM, hypothyroid/thyrotoxicosis
infectious: HIV, trichinosis, echinococcosis,hepatitis C
psychiatric:depression, psychosis
neurologic: post-herpetic neuralgia, multiple sclerosis

SCRATCHED
Scabies
Cholestasis
Renal
Autoimmune
Tumours
Crazies (psychiatric)
Hematology (polycythemia, lymphoma)
Endocrine (thyroid, parathyroid, iron)
Drugs, Dry skin

Consider biopsy of any non-healing
wound to rule out cancer

Investigations
• blood work:CBC, ESR, Cr/BUN, LIT, TSH, fasting blood sugar, stool culture, and serology' for

parasites
• biopsy

ri
LJ

Management
• treat underlying cause
• cool water compresses to relieve pruritus
• bath oil and emollient ointment (especially if xerosis is present)
• topical corticosteroid and antipruritics (e.g. menthol, camphor, phenol, mirtazapine, capsaicin )
• systemic antihistamines: H1 blockers are most effective, most useful for urticaria

+
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• phototherapy with UVB or PUVA
• doxepin, amitriptyline
• immunosuppressive agents if severe: steroids and steroid -sparing Skin Phototypes (Fitzpatrick)

Phototype Colour of Skin's Response
to Sun Exposure
(without SPF
protection)

SkinWounds and Ulcers
• see Plastic Surgery, PL8, PL17 l White Always bums,

never tans
White Always burns,

little tan
White Slight burn,

slow tan

Pale brown Slight burn,
faster tan

Brown Rarely burns,
dark tan
Never burns,

brown or dark tan
black

IISunscreens and Preventative Therapy
Sunburn (Solar Erythema)
• erythema 2-6 h post U V exposure often associated with edema, pain and blistering with subsequent

desquamation of the dermis, and hyperpigmentation
• chronic UVA and UVB exposure leads to photoaging, immunosuppression, photocarcinogenesis
• prevention: avoid peak U VR (10 am-4 pm), wear appropriate clothing, wide-brimmed hat, sunglasses,

and broad-spectrum sunscreen
• clothing with UV protection expressed as UV protection factor ( UPP) is analogous to SP1;of sunscreen

IV

V

VI Bulk

Sunscreens
• under ideal conditions an SP1; of 10 means that a person who normally burns in 20 min will burn in

200 min following the application of the sunscreen
• topical chemical: absorbs UV light

requires application at least 15-30 min prior to exposure,should be reapplied every 2 h (more
often if sweating, swimming)

• UVB absorbers: PABA, salicylates, cinnamates, benzylidene camphor derivatives
• UVA absorbers:benzophenones, anthranilates, dibenzoylmethanes, benzylidene camphor

derivatives
• topical physical: reflects and scatters U V light

titanium dioxide, zinc oxide, kaolin, talc, ferric chloride, and melanin
• all are effective against the UVA and U VB spectrum

less risk of sensitization than chemical sunscreens and waterproof, but may cause folliculitis or
miliaria

• some sunscreen ingredients may cause contact or photocontact allergic reactions, but are uncommon

Management
• sunburn: if significant blistering present, consider treatment in hospital; otherwise, symptomatic

treatment (cool wet compresses, oral anti-inflammatory, topical corticosteroids)
• antioxidants, both oral and topical are being studied for their abilities to protect the skin; topical

agents are limited by their ability to penetrate the skin

SPF - burn time with cream/burn time
without cream

UV Radiation

UVA (320-400 nm):Aging
• Penetrates skin more effectively than

UVB or UVC
• Responsible for tanning, burning,

wrinkling, photoallergy, and
premature skin aging

• Penetrates clouds, glass and is
reflected off water, snow, and
cement

UVB (290-320 nm): Burning
• Absorbed by the outer dermis
• Is mainly responsible for burning and

premature skin aging
• Primarily responsible for BCC, SCO
• Does not penetrate glass and is

substantially absorbed by ozone
UVC (200-290 nm)
• Is filtered by ozone layer

Topical Steroids

Table 27. Potency Ranking of Topical Steroids
Relative Potency Relative Strength Generic Names Trade Names Usage

hydrocortisone - 2.5% (1% available Emo Cort ’x1 Intcrlriginous areas,
children, lace, thin skin

Arm, leg. trunk

Weak Body Site:
Relative Percutaneous Absorption
Forearm 1.0
Plantar foot 0.14
Palm
Back
Scalp
Forehead 6.0
Cheeks 13.0
Scrotum 42.0
Calculation of strength of steroid
compared to hydrocortisone on forearm:
relative strength of steroid x relative
percutaneous absorption

QIC )

hydrocortisone 17-valerale - 0.2%
dcsonide
mometasone luroate

>3 Westcort’5Moderate

0.83Tridesilon-

Elocom 5

Betnovale "
Celestoderm- V:
CydocorU
Oiprosone '
Lidex. fopsyngeL
lyderm!

Halog '

Dermovate!

1.7
3.7betamethasone - 0.1%

17-valerale- 0.1%
amcinonide
betamethasone
dipropionate- 0.05%
fluocinonide - 0.05%
halcinonide
dobetaso! propionate- 0.05% (most
potent)
betamethasone
dipropionale ointment
halobetasol propionate - 0.05%

16Potent Body

x9 Palms and solesVery Potent

x12 Palms and solesExtremely Potent

Oipiolene
Side Effects of Topical Steroids
• Local:atrophy, perioral dermatitis,

steroid acne, rosacea, contact
dermatitis, tachyphylaxis (tolerance),
telangiectasia, striae, hypertrichosis,
hypopigmentation

• Systemic: suppression ol HPA
axis, mood changes, nervousness,
insomnia, hyperglycemia, fluidf
sodium retention. Increased appetite,
weight gain, muscular weakness

Activate Windows
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Dermatologic Therapies
Topical Vehicles. Ointment (water in oil):hydrate,

greasy
• Cream (oil in water):hydrate,

variable
• Lotion (powder in water): drying,

cosmesis
• Solutions (water, alcohol,propylene

glycol)
• Gel (solution that melts on contact

with skin,alcohol):drying
• Foam isa newer vehicle and several

agents are now available in foam
vehicles.Examples include Olux E*

(dobetasol).Verdeso'(desonide).
Luxiq'(betamethasone), and
Enstilar ' (betamethasone propionate
and cakipotriol))

• Sprays:lamlsir (terbinafine) spray.
Clobex" spray (dobetasol)

• Lacquers:Penlac- (ddopirox),
Jublia ' (efinaconazole)

Table 28. Common Topical Therapies
Drug Name Dosing Schedule Indications Comments
Cakipotriol
(Oovonex |

0.005% cream,ointment, scalp Psoriasis
solution, apply BID
for maintenancetherapy.apply
once daily

Burning, itching, skinirritalion, worsening olpsoriasis
Avoid face,mucous membranes,eyes:wash hands after
application
Manimum weekly dosage of cream by age:

2-5»r - 25 g/wk
6-10 yr - 50 g/wk
11-14 yr - 75 g/wk
»14 y> -100 g/wk

Inactivated by light (do not apply before phototherapy)

Avoid natural/arlificral UV exposure
Local skin and application site reactions
Erythema, ulceration,edema,flu-like symptoms
Works best for warts on mucosal surfaces
May induce inflammation and erosion

Do not use in children*2 yr
Hypersensitivity to drug,or known sensitivity to
chrysanthemums
local reactions only (resolve rapidly):including burning,
pruritus
Low toxicity, excellent results
Consider second application after 7 d
Burning
Lacks adverse effects ol steroids
May be used on all skin surfaces including head.neck,and
interlriginous areas
Expensive

Burning
Lacks adverse effects of steroids
May be used on all skin surfaces including head.neck,and
interlriginous areas
Expensive

5% crearn applied 3x/wk
Apply at bedtime,leave on
8-10 h, then wash off with mild AK
soap and waler
Max duration 16 wk

Genital warts
Cutaneous warts

Imiqulmod
(Aldara )

Superficial BCC

Permethrin
(Kwellada - P
lotion and Nix
Dermal Cream)

1% or 5% cream,applied once Scabies (Kwellada-P
overnight to all skin areas from Lotion.Nix - Oermal
neck down,repeated one wk later Cream)

Pediculosis IKwellada P
Crime Rinse .Nix Crime
Rinse - )

Deciding on the Amount of Steroid
to Use. 1palm -1% BSA
• 1fingertip unit (FTU)'Amount of

topical medication (from 5 mm
nozzle) placed on pad of Index finger
from distal tip lo DIP*500 mg *
2% BSA

• Therefore give 30 g for every 2 palms
of area to cover (if applying steroid
BID.1mo supply)

1% cream BID
Use for as long as lesions persist
and discontinue upon resolution
of symptoms

Pimccrollmus
(Elidcl )

AD (mild to moderate)

Tacrolimus
Topical
(Protopic )

0.03% (children) or 0.1% (adults) A0 (mild lo moderate)
ointment BID
Continue for duration of disease
plus1wk after clearing

Table 29. Common Oral Therapies
Drug Name Dosing Schedule Indications Comments

Acitrclin
(Soriatane - )

25 50 mg PO once dally:maximum Severe psoriasis
Other disorders ol
hyperkeratinization (ichthyosis.
Datier's disease)

Monitoring
Cr at baseline:LFTs at baseline, then q1-2 wk until stable,then as clinically indicated: lasting lipid
panel atbaseline, then q1-2 wk until stable, then it long-term treatment or high-risk patient, continue
periodically:urine or serum pregnancy lest x 2 at baseline,qmo during trealmenl. then q3 mo for »3 yr
alter discontinuation:glucose ildiabeles:radiography periodically if long- term treatment
Contraindications
Women of childbearing potential unless strict contraceptive requirements are met
Drug interactions
Other systemic retinoids,methotrexate, tetracyclines, certain contraceptives
May be combined with PUVA phototherapy (known as re PUVA)

Side effects
Headache,nausea, diarrhea,abdominalpain
Reduce dose if impaired renal (unction
Plug Interactions
Cladribine. varicella vaccine,zoster vaccine

75 mg/d

ChickenpoxAntivirals famciclovir (Famvir1)
250 mg PO TIDx 7-10 d (for1st
episode of genital herpes)
125 mg P0 BID x 3 d (lor rccurrcnl
genital herpes)

H2V
Gcnilal herpes
Aculc and prophylactic lo reduce
transmission In infected patients
Herpes labialis

Side effects
Dimness,depression, abdominal pain
Reduce dose il impaired renal function
Drug interactions
cladribine. foscarnel, varicella vaccine,zostervaccine
Monitoring
BUIti'Cr x 2 at baseline, then q2 wk x 3mo. thenilstable,qmo: BP x 2.CBC.K \ Mg >•, lipid panel,uric acid al
baseline, then q2 wk x 3 mo.then qmo if stable, or more frequently if ad|ust dose;LFIs
Contraindications
Abnormal renal function,uncontrolled hypertension,maliqnancy (except NMSC).uncontrolled infection.
Immunodeficiency (excluding autoimmune disease),hypersensitivity to drug
Long- term effects preclude use of cyclosporine for »2 yr:discontinue earlier ilpossible
May consider rotating therapy with other drugs to minimize adverse effects of each drug
Monitoring
G6PD before treatment starts:CBC qwk x 4. gmo x 6.then gG mo thereafter:IFIs at baseline, then
periodically
Side effects
Neuropathy
Hemolysis (Vitamin C and (supplementation can help prevent this)
Ding interactions
Substrate of CYP2C8 /9 (minor),2C19 (minor), 2E1(minor).3A4 (major)
Often a dramatic response within hours

valacyclovir (Vallrex - )
1000 mg PO BID x 3 d
(for 1st episode ol genitalherpes)
500 mg PO BIDx 5 d
(for recurrentgenital herpes)

2.5 -4 mg/kg/d P0 divided BID
Max 4 mg/kg/d
After 4 vrk may increase by 0.5
mg/kg/d q2 wk
Concomitant dose of magnesium
may protect the kidneys

Cyclosporine
(Ncoral '1)

Psoriasis
May also be effective in:
Lichen planus
EM
Recalcitrant urticaria
Recalcitrant AD

r1
L J

50 100 150 mg P0 once daily
tapering to 25 -50 mg P0 once
daily to as low as 50 mg 2x/wk

Dermatitis herpetiformis,
ncutiophilic dermatoses

Oapsonc

+
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Table 29. Common Oral Therapies
Drug Name Dosing Schedule Indications Comments
Doxycycline 100 mg PO BIO Contraindications

Pregnancy,hepatic impairment, drug hypersensitivity
Taking acitretin.isotretinoin, or penicillin antibiotic
Oral typhoid vaccine
Monitoring
Fasting lipid panel at baseline,then q1-2 wk until lipid response to isotretinoin is established or if risk
factors more frequently;IFTs at baseline, then ql 2 wk unlit stable; pregnancy test x 2 al baseline:glucose
frequently if risk factors
Contraindications
Teratogenic - in sexually active females.2 forms of reliable contraception necessary
Generally regarded as unsafe in lactation
Side effects
Decreased night vision,decreased tolerance to contact lenses,dry mucous membranes
May transiently exacerbate acne,dry skin
Depression,myalgia
Otuo interactions
Caution if used at the same time as tetracycline family antibiotics - both may cause pseudotumour cerebri
Discontinue vitamin A supplements
Orug may be discontinued at 16-20 wk when nodule count has dropped by >70%; a second course may be
initiated after 2 mo pro
Refractory cases may require >3 courses
Contraindications

Acne vulgaris
Rosacea
Bullous pemphigoid

Isotretinoin
(Accutane
Clarus',Epuris )

0.5-1mg/kg/d given once daily to Severe nodular and/or
achieve a total dose of 120 mg/kg inflammatory acne

Acneconglobala
Recalcitrant acne
Widespread comedonal acne

(20-24 wk)

100 400 mg P0 once daily,
depending on infection
Tinea corporis/cruris/versicolor:
200 mq P0 once daily x 7 d
Tinea pedis: 200 mg P0 BID x 3 d
Toenails;200 mg PO BID x 3 d once
per mo.repeated 3x
Fingernail involvement only: 200
mg 8IDP0 x 3 doncepermo

Onychomycosis
Tinea corporis,cruris,pedis.
versicolor,capitis

Itraconaiole
(Sporanox ) CHF

Side effects
Seiious hepatotoxicity
Drug Interactions
Inhibits CVP3A4
Increases concentration of some drugs metabolized by thisenzyme (i.e.statins,diabetic drugs)
Give capsules with food,capsules must be swallowed whole

200-250 pgikg P0 weekly x 2 Onchocerciasis (USA only)
Take once as directed; repeat one Not licensed for use inCanada

Also effective for:scabies
Psoriasis

Ho significant serious side effects
Efficacious

Ivermectin
(Mcctizan ,
Stromectol )

Methotrexate
wk later

10 -25 mg qwk.PO.IM.or IV
Max:30 mgiwk
To minimize side effects,
administer with folic acid
supplementation:
1- 5 mg once daily

Monitoring
Pregnancy test at baseline:CBC albaseline, then q6 mo or more frequently if initial treatment, dose
change,elevated serum level risk,or chemotherapy use;BUNICr,If Is at baseline, then q4-8 wk or more
frequently if initial Tx. dose change,elevated serum level risk,or chemotherapy use:serum albumin at
baseline if psoriasis, then continue periodically:CXR at baseline;liver biopsy at baseline if psoriasis or if
RA with history of alcoholism, persistently abnormal baseline IfIs, or chronic HBV or HCV infection, then
if psoriasis repeat after total cumulative dose 1.5 g and each additional1-1.5 g; serum drug levels if renal
impairment,or high dose chemotherapy use
Contraindications
Pregnancy, lactation,alcohol abuse,liver dysfunction, immunodeficiency syndrome,blood dyscrasias,
hypersensitivity to drug
Restricted to severe, recalcitrant or disabling psoriasis not adequately responsive to other forms of
therapy
May be combined with cyclosporine to allow lower doses of both drugs

All combined OCPs arehelpful in acne but those listed on the left have undergone RCTs
Contraindications
Smoking,HIM.migraines with aura,pregnancy
Routine gynaecological health maintenance shoiid be up to date

A0
lymphomatoidpapulosis
May aIso be effective in:
cutaneous sarcoidosis

OCPs
(TriCydcn ,
Diane 35 ',
Alesse - )

1pill PO once daily Hormonal acne (chin, jawline)
Acne associated with polycystic
ovarian syndrome or other
endocrine abnormalities

Spironolactone 50 -100 mg P0 once daily alone or Hormonal acne (chin, jawline) Contraindications
Acne with endocrine abnormality Pregnancywith OCPs

Side effects
Menstrual irregularities at higher doses if not on OCPs
8reast tenderness,milddiuresis common
Risk of hyperkalemia - counsel patients to reduce intake of potassium rich foods such as bananas

Terbinafine
(lamisil )

250 mg P0 once daily x 2 wk
Fingernails xGwk
Toenails x 12 wk
Confirm diagnosis prior to
trealment

Onychomycosis
Tinea corporis, cruris,pedis.
capitis

Contraindications
Pregnancy, chronic or active liver disease
Drug interactions
Potent inhibitor of CYP2D6;use with caution when also taking p-btockers. certain anti-arrhythmic agents.
MA0I type B,and/or anlipsychotics
Orug concentrates rapidly in skin,hair,and nailsal levels associated with fungicidal activity
Contraindications
Seveie renal or hepatic dysfunction

Tetracycline 250-500mg PO BID to TID Acne vulgaris
Taken1h before or 2 h after a meal Rosacea

Bullous pemphigoid

r t
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Traumatic and Mechanical Disorders
PERNIOSIS

Definition
• abnormal inflammatory response to cold, damp, non-freezing conditions

Epidemiology
• common in the United Kingdom and northwestern Europe;common for those whose homes lack

central heating
• women, the elderly, and children arc most affected

Clinical Features
• single or multiple erythematous to blue-violet macules, nodules, or papules
• blistering or ulceration seen in severe cases
• lesions present on the distal toes and fingers, and less often on the heels, ears, and nose
• symptoms of burning, itching, or pain, lasting 1-3 wk

Pathophysiology
• unknown but may be associated with cryoglobulins or cold agglutinins

Differential Diagnosis
• chilblain lupus erythematosus, lupus pernio

Treatment
• warming clothing, avoidance of cold, damp conditions, keeping feet dry, smoking cessation
• nifedipine, nicotinamide, phenoxybenzamine, sympathectomy, and erythemogcnic UV B

phototherapy

TRAUMATIC AURICULAR HEMATOMA (CAULIFLOWER EAR). see Plastic Surgery, PL34

ANIMAL BITES
• see Cellulitis , D30

BITES
• see Plastic Surgery. PL11

BURN INJURIES
• see Plastic Surgery.PL18

FROSTBITE
• see Emergency Medicine. IR46

KELOIDS
• see Keloids,DIO

THERMAL INJURY
• see Plastic Surtterv. PLI8

UV LIGHT INJURIES
• see Sunscreens and Preventative therapy, D52

r n
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Landmark Dermatology Trials
Trial Name Reference Clinical Trial Details
MELANOMA
Hodi el al. 2010 NEJM 2016; 376:311- Tillo:Improved Survival with Ipilimumab inPatients with Metastatic Melanoma

Purpose:Tocompare ipilimumab administered with or without a glycoprotein 100|gp100) peplide vaccine to gp100 alone in patients with previously
treated metastaticmelanoma.
Methods:676 HLA-A*O201—positive patients with unresectable stage III or IV melanoma,were randomized in a 3:1:1ratio to receive ipilimumab-gp100
(n-403). ipilimumab alone (n-137),or gp100 alone (n

_
136).

Results: Median survival was10mo among patients receiving ipilimumab plus gptOO.as compared with 6.4 mo among patients receiving gptOO alone and
10.1mo median survival with ipilimumab alone. No significant difference In survival between ipilimumab groups was noted.Grade 3 or 4 immune related
adverse events occurred in 10-16% ot patients treated with ipilimumab and 3% treated with gplOO alone.
Conclusions:Ipilimumab.with or without a gp100 peptide vaccine,as compared with gp100 alone,improved overall survival in patients with previously
treated metastalicmelanoma.

NEJM 2011; 364:2607- Title: Improved Suivival with Vcmutalenib inMelanoma with BRAE V600E Mulation
Purpose: To compare the eflicacy of BRAE kinase inhibitor vemurafenib (PIX4032) vs. dacarbazine in patients with metastatic melanoma.
Methods:Phase 3 RCT comparing vemuralenib with dacarbazine in 676patients with untreated,metastatic melanoma with BRAE V600E mutation.Patients
were randomized to receive vemurafenib (960 mg orally twice daily) or dacarbazine (1000 mg/m'of body-surface area intravenously every 3 vreeks).Co-
primary endpoints: overall and progression- free survival.
Results: Al 6 mo.overall survival was 84% In the vemuralenib group and 64% in the dacarbazine group.Vemuralenib was associated witha relative
reduction of death risk by 63% and a reduction of 74% in the risk of either death or disease progression vs. dacarbazine.Response rates were reported
to be 48% for vemurafenib and 6% for dacarbazine.Common adverse events associated withvemurafenib:arthralgia, rash,fatigue,alopecia,
keratoacanthoma.photosensitivity,nausea,and diarrhea.
Conclusions:Vemurafenib improved rates of overall and progression- free survival in patients with previously untreated melanoma with the BRAE V600E
mutation.

I l l

BRIM - 3
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PSORIASIS
BE VIVID Lancet 2021.397:

475- 486
Title:Bimekizumab versus Ustekinumab for the Treatment of Moderate to Severe Plaque Psoriasis (BE VIVID):Efficacy and Safety from a 52 wk.Multicentre,
Double-blind.Active Comparator and Placebo Controlled Phase 3 Trial
Purpose: To compare the elficacy and safety ol a 52 wk treatment with bimekizumab vs.placebo vs. ustekinumabIn patients with moderate to severe
plaque psoriasis.
Methods:Multicentre RCT involving adults 18 yr of age or older with moderate to severe plaque psoriasis (Psoriasis Area and Severity Index [PASI] score
>12,>10% body surface area affected by psoriasis,and Investigator’s Global Assessment [IGA]score >3 on a five point scale).Patients were randomly
assigned (4:2:1) to bimekizumab 320 mg ever y 4 wk.ustekinumab 45 mg or 90 mg at wk 0 and 4. then every12 wk, or placebo every 4 wk.At16 wk.
patients in the placebo group were switched to bimekizumab.
Results: The study enrolled 567 patients.At wk 16.85% of patients in bimekizumab group had PASI90 vs. 50% in ustekinumab group and 5% in placebo
group.Approximately84% patients in bimekizumab group had an IGA response vs.53% inustekinumab group and 5% in placebo groups.Major cardiac
adverse events occurred in5 patients with pre-existing CV risk factors in the bimekizumab group whereas none occurred in the ustekinumab group.
Additionally,oral candidiasis rates were higher than placebo and ustekinumab.and one case of IB0 was recorded.
Conclusion:Bimekizumab wasmoie efficacious than ustekinumab and placebo in the treatment ol moderate to severe plaque psoriasis.Additional studies
may be needed to assess safety.

ADVANCE Title:Efficacy and Safety of Apremilast (Phosphodiesterase Inhibitor) in Patients with Mild-to-moderate Plaque Psoriasis
Purpose:Toevalualelhe effectiveness of apremilast in treating mild-to-moderate plaque psoriasis.
Methods: A phase 3. double -blind, placebo controlled study was conducted in 595 adults with mild-to-moderate psoriasis. Patients were randomized to
either 30mg twice daily oral apremilast or placebo (oral tablets olno pharmacological significance) for the first 16 wk. (he outcome of interest
was the achievement of a static Physician Global Assessment score of 0 (clear) or1(almost clear).
Results: Asignificantly larger proportion of the apremilast group met the desired static Physician Global Assessment response rate when compared with
the placebo group (21.6% vs.4.1%).
Conclusions: Apremilast proved effective as a treatment for mild-to moderate plaque psoriasis.

J Am Acad Dermatol
2022;86|1):77

ATOPIC DERMATITIS

Title:Tralokinumab (Monoclonal Antibody) Plus TopicalCorticosteroids (TCS) for theTreatmentofModerale-lo-severe Atopic Dermatitis
Purpose: to evaluate the safety and effectiveness of tralokinumab in treating moderate to severe atopic dermatitis
Methods: A double-blind placebo study was conducted using 380patients. 253 ol which were landomized to the treatment group (subcutaneous
tralokinumab 300 mg every 2 wk with TCS as needed over 16 wk) and the remainder to the placebo group (placebo every 2 wk with TCS as needed over 16
wk).The outcome of interest was a 75% improvement in the Eczema Area andSeverity Index (EASI).
Results: After 16 wk of treatment there was a significantly larger proportion of patients treated with tralokinumab (56%) that achieved the EASI benchmark
when compared to the placebo group (35.7%).
Conclusions: Iralokinumab in combination with the current standard olcare was proven to be effective and well tolerated in treatment for atopic
dermatitis.

EC21RA BrJ Dermatol
2021:184(31:450
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Acronyms
AAA abdominal aortic aneurysm D10W
AUG arterial blood gas
ACEI angiotensin-converting enzyme D25W

inhibitor
ACLS Advanced Cardiac Life Support
ACS acute coronary syndrome
AED automatic external defibrillator
AEib atrial fibrillation

anion gap
ARDS acute respiratory distress

syndrome
AVN avascular necrosis
AVPU alert,voice,pain,unresponsive EM
AXR abdominal x-ray
Bi-PAP bilevel positive airway pressure ETT
BSA body surface area
BUN blood urea nitrogen
CAS Children's Aid Society
CIWA Clinical Institute Withdrawal

Assessment for Alcohol
CNS central nervous system
CPAP continuous positive airway

pressure
cerebral perfusion pressure HI

CRP c-reactive protein
CVA costovertebral angle
CVS cardiovascular system
DSW dextrose 5% in water

dextrose 10%in water
dextrose S0%in water
dextrose 25%in water
disseminated gonococcal
infection
disseminated intravascular
coagulation
diabetic ketoacidosis
digital rectal exam
delirium tremens
deep vein thrombosis
emergency department
erythema multiforme
erythrocyte sedimentation rate
endotracheal tube
focused assessment with
sonography for trauma
forced expiratory volume in1
second
fresh frozen plasma
gastroesophageal reflux disease pRBC
glasgow coma scale
head eyes ears nose throat PTT
head injury
head and neck
inflammatory bowel disease ROM
irritable bowel syndrome
intercostal space

INR International normalized ratio ft-PA
IVC inferior vena cava
LBBB left bundle branch block
IOC level of consciousness
IP lumbar puncture
LSD lysergic acid diethylamide
LVH left ventricular hypertrophy SJS
MAP mean arterial pressure
MDI metered dose inhaler

recombinant tissue plasminogen
activator
subarachnoid hemorrhage
spontaneous bacterial
peritonitis
spinal cord injury
Stevens-Johnson syndrome
sympathetic nervous system
shortness of breath
selective serotonin reuptake
inhibitor
staphylococcal scalded skin
syndrome
ST elevation myocardial
infarction
traumatic brain injury
tricyclic antidepressant
tetanus,diphtheria,acellular
pertussis
toxic epidermal necrolysis
transient ischaemic attack
toxic shock syndrome
venous blood gas
ventricular fibrillation
ventricular tachycardia
venous thromboembolism

D50W
SAH

DGI SBP

DIC SCI

DKA SNS
AG DRE SOB

DT MDMA methylenedioxy-
methamphetamine

MMSE mini-mental state examination
MVC motor vehicle collision
NS normal saline
NSTEMI non-ST elevation myocardial

infarction
pelvic inflammatory disease

PNS parasympathetic nervous
system

POG plasma osmolar gap
packed red blood cells

SSRI
DVT
ED SSSS

=5F STEMI

FAST TBI
TCAPID

FEV1 Tdap

FFP TEN
GERD TIA
GCS TSSPT prothrombin time

partial thromboplastin time VBG
relative afferent pupillary defect VFib

VTach

HEENT
CPI> RAPD

RBBBH&N right bundle branch block
range of motion
rapid primary survey
rapid scgucncc induction

VIEIBD
IBS RPS
ICS RSI

Patient Assessment/Management

1. Rapid Primary Survey
• Airway maintenance with (.'-spine control
• Breathing and ventilation
• Circulation (pulses, hemorrhage control)
• Disability ( neurological status)
• Exposure (complete) and Environment (temperature control)

continually reassessed during secondary survey
changes in hemodynamic and/or neurological status necessitates a return to the primary survey
beginning with airway assessment

• IMPORTANT:always watch for signs of shock while doing primary survey
• addressing the “ABCs" is the hallmark of the emergency department

• in the setting of cardiac arrest, the approach changes to the “CABs":chest compressions, airway,
and breathing

• CAB can also be applied in massive trauma situations in the setting of massive blood loss to treat
hypovolemic shock

Approach to the Critically III Patient
1Rapid Primary Survey (RPS)
2.Resuscitation (often concurrent with

RPS)
3.Detailed Secondary Survey
4.Definitive Care

Signs of Airway Obstruction
• Agitation,confusion,“universal

choking sign"
• Respiratory distress
• Failure to speak,dysphonia, stridor
• Cyanosis

A. AIRWAY
• first priority is to secure airway
• assume a cervical injury in every trauma patient and immobilize with collar
• assess ability to breathe and speak
• listen for evidence of airway obstruction (e.g. stridor)
• can change rapidly, therefore reassess frequently
• assess for facial fractures/edema/burns (impending airway collapse)

Airway Management
• anatomic optimization to allow for oxygenation and ventilation

1. Basic Airway Management
• protect the C-spine
• chin lift (if C-spine injury not suspected) or jaw thrust to open the airway
• sweep and suction to clear mouth of foreign material r

2.Temporizing Measures
• nasopharyngeal airway (if gag reflex present, i.e. conscious)
• oropharyngeal airway ( if gag reflex absent, i.e. unconscious )
• “rescue” airway devices (e.g. laryngeal mask airway, Combitube*)
• especially for children <8 yo, transtracheal jet ventilation through cricothyroid membrane ( rarely

used and best to consider opting for a definitive airway)

+
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3. Definitive Airway Management
• t i l l intubation (with in-line stabilization of (.'-spine if applicable)

orotracheal ± KM preferred
• nasotracheal may be better tolerated in conscious patient

•surgical airway (if unable to intubate using oral/nasal route and unable to ventilate)
•cricothyroidotomy

Medications that can be Delivered
via ETT

NAVEL
Naloxone (Narcan *)
Atropine
Ventolin- (salbutamol)
Epinephrine
Lidocaine

Contraindications to Intubation
•see fable 2, Anesthesia.A8

upraglottic/glottic pathology that would preclude successful intubation
•provider safety: e.g. SARS-CoV-2 (COVTD- I9) precludes intubation, CPR, and other aerosol generating

procedures in the absence of full PPE

• s

Trauma requiring intubation
Indications for Intubation (4 P's)
• Patent airway
• Protects against aspiration (e g.

decreasing GCS <8)
• Positive pressure ventilation
• Pulmonary toilet (suction)

I

1
No immediate need Immediate need

li * *BreathingApneicC-spme x-ray

1 YES NOI 1^ negative"
Oral ETT
URSI)

positive ^Fiberoptic ETT or
nasal ETT or RSI

1 1
Oral ETT Oral ETT

(no RSI)
Nasal ETT or oral ETT

URSI) Rescue Techniques in Intubation
• Bougie (used like a guidewire)
• Glidescope-
• Lighted stylet (uses light through skin

to determine if ETT in correct place)
• Fiberoptic intubation (uses fiberoptic

cable for indirect visualization)

J JL

Unable Unable Unable

I I i
Rescue devices or

cricothyroidotomy
Rescue devices or
cricothyroidotomy

Rescue devices or
cricothyroidotomy

‘ Note:clearing the C spine requires radiologic and clinical assessment

Video LaryngoscopesFigure1. Approach to endotracheal intubation in an injured patient
Stylets
Bonfil
Rigid and flexible laryngoscope (RIFL)
SenseScope

B. BREATHING

Breathing Assessment
• quantitative measures of respiratory function: rate, oximetry, ABG, A-a gradient
• Look Guide Channels

AlrTraq
Pentax AWS
Res-Q-Scope II
Traditional (non-guided)
Glidescope

• mental status (anxiety, agitation, decreased LOC), chest movement (bilateral vs. asymmetrical),
respiratory rate/effort, nasal flaring, increased work of breathing

• Listen
auscultate for signs of obstruction (e.g. stridor), breath sounds, symmetry of air entry, air
escaping, adventitious sounds (e.g. wheezes, crackles)

• Feel
tracheal shift, chest wall for crepitus (e.g.subcutaneous emphysema, rib fracture), flail segments,
sucking chest wounds Noisy breathing is obstructed breathing

until proven otherwise

Management of Breathing
• treat likely underlying cause (e.g. bronchodilalors, epinephrine, diuresis)
• optimize oxygenation: nasal prongs > simple face mask > venturi mask > non-rebreather mask >

high-flow nasal cannula > CPAP/ BiPAF (in order of increasing l it )’)
• bag-valve mask and CRAP to supplement inadequate ventilation

OJ Delivery Methods

FIO. Amount
GivenC. CIRCULATION

Nasal Prongs 25 40%
Face Mask 40 60%

80-90%

161/nwi

5 10 L/min
ISUmin

Definition of Shock
• inadequate organ and tissue perfusion with oxygenated blood (brain, kidney, extremities) Hon-

rebreather
Table1.Major Types of Shock

High-flow up ID 100% 15 GOUmin
Nasal
Cannula
CPAP/BiPAP up to100%

Hypovolemic Cardiogenic Distributive Obstructive

Hemorrhage (external and Myocardial ischaemia
internal)
Severe burns
High output fistulas Cardiomyopathies
Dehydration (diarrhea.DKA) Cardiac valve problems

Septic (see Sepsis.CR3S) Cardiac tamponade (see Chest trauma.CR11)
Anaphylactic (see Anophflaxis Tension pneumothorax { seeChest haumo.IRtt)
and AllergicReactions, fR29) PE (see Venous thromboembolism, CR33)
Neurogenic (spinal cord injury) Aortic stenosis

Constrictive pericarditis

r “iDysrhythmias
L JCHF

Clinical Evaluation
• early: tachypnea, tachycardia, narrow pulse pressure, reduced capillary refill, cool extremities (except

neurogenic and septic shock), and reduced central venous pressure
• late: hypotension, altered mental status, reduced urine output

+m
Shock in a trauma patient is hemorrhagic
until proven otherwise
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Table 2. Estimation of Degree of Hemorrhagic Shock
Class II III IV

Causes cf Shock
<750 cc 750-1500 cc

15-30%
1500-2000cc
30 40%

>2000 ccBlood Loss
% of Blood Volume

Pulse
Blood Pressure

Respiratory Rale
Capillary Refill
Urinary Output
Fluid Replacement

SHOCKED
Se ptic.spinal/neurogenic
Hemorrhagic
Obstructive (e.g. tension
pneumothorax, cardiac tamponade. PE)
Cardiogenic (e.g. blunt myocardial
injury, dysrhythmia. Ml)
anaphylactiK
Endocrine (e.g. Addison's, myxedema,
coma)
Drugs

<15% >40%
<100 >100

Normal

>120 >H0
DecreasedDecreasedNormal

20 30 35 >45
Decreased
20cc/h
Crystalloid

Oecreased
lOcc/h

Crystalloid * blood

Oecreased

None
Crystalloid * blood

Normal

30 cc/lt
Crystalloid

Management of Hemorrhagic Shock
• clear airway and assess breathing either first or simultaneously
• apply direct pressure on external wounds while elevating extremities. Do not remove impaled objects

in the emergency room setting as they may tamponade bleeds
• start two large bore (14-16 G) IVs in the brachial/cephalic vein of each arm
• permissive hypotension with pRBC transfusion, ideally crossmatched. If crossmatched blood is

unavailable in a timely manner, consider O- for women of childbearing age and 0+ for men. Use ETP,
platelets or tranexamic acid in early bleeding. If available, activate 'massive transfusion protocol’

• consider common sites of internal bleeding (abdomen, chest, pelvis, long bones, G1 tract) where
surgical intervention may be necessary

Common Sites of Bleeding
• External (e.g. scalp)
• Chest
• Abdomen (peritoneum,

retroperitoneum). Pelvis
• Long bones
• Gl

D. DISABILITY
• assess LOG using GCS
• pupils

• assess equality, size, symmetry, reactivity to light
• unequal or sluggish suggests local eye problem or lateralizing CNS lesion
• non-reactive pupils + decreased LOG: structural cause (especially if asymmetric)
• lateralizing motor deficits

Fluid Resuscitation
Give bolus until HR decreases, urine
output increases, and patient stabilizes
• Maintenance:4:2:1 rule
• 0-10 kg:4 cc/kg/h
• 10-20 kg:2 cc/kg/h
• Remaining weight1cc/kg/h
• Replace ongoing losses and deficits

(assume10% of body weight)
Shortcut for calculating maintenance
fluids for any patient >20kg: Fluid rate
fin cc/hr) - 40 + patient's weight in kg

Glasgow Coma Scale
• GGS is for use in trauma patients with decreased LOG; good indicator of severity of injury and

neurosurgical prognosis
• most useful if repeated; change in GGS with time is more relevant than the absolute number
• less meaningful for metabolic coma
• patient with deteriorating GCS needs immediate attention
• prognosis based on best post-resuscitation GCS
• reported as a 3-part score: Eyes + V erbal + Motor = Total
• if patient intubated, GCS score reported out of 10 + T(T = tubed, i.e. no verbal component)

Table 3. Glasgow Coma Scale Unilateral. Dilated. Non-Reactive Pupil
• Focal mass lesion
• Epidural hematoma
• Subdural hematoma

Eyes Open Best Verbal Response Best Motor Response

Spontaneously

To voice
To pain
No response

Obeys commands

Local:res to pain

Withdraws from pain

Decorticate (flexion)

Decerebrate(extension)

6Answers questions appropriately 5

Confused,disoriented
Inappropriate words

Incomprehensible sounds
No verbal response

4

3 54

2 3 4

2 31

21

1No response

13-15 = mild injury. 9-12 - moderate injury. <8- severe injury See Table 36. fPS/ tor UoaTedC-CS tor tfonts c.rdcb.-i&eo

E. EXPOSURE/ENVIRONMENT
• expose patient completely and assess entire body for injury; log roll to examine back
• DRE for trauma patients
• keep patient warm with a blanket ± radiant heaters; avoid hypothermia
• warm IV tluids/blood
• keep providers safe (contamination, combative patient)

2. Resuscitation Contraindications to Foley Insertion
• Blood at urethral meatus
• Scrotal hematoma
• High-ridmg prostate on DRE

ri• done concurrently with primary survey
• attend to ABCs
• manage life-threatening problems as they are identified
• vital signs q5-15 min
• EGG, BP, and O’ monitors
• Eoley catheter and NG tube if indicated
• tests and investigations:CBC, electrolytes, BUN,Cr, glucose, amylase,1NR/PIT, P-hCG, toxicology

screen, cross and type

<- J

+
NG Tube Contraindications
• Significant mid-face trauma
• Basal skull fracture
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Table 4. 2010 AHA CPR Guidelines with 2020 Updates
Step/Action Adult: >8 yr Child:1-8 yr Infant:‘1yr

Head till-chin lilt; jaw thrust without head or tension il concern lor spinal injuryAirway

2 breaths at1stbrealh - slop once see chest riseBreaths
Severe Foreign-Body Airway
Obstruction

Abdominal thrust (if conscious) Back blows and chest
compressions

Compressions

Compression landmarks In the centre of the chest,lower hall of the sternum Just below nipple line
Compression method:push
hard and fast,and allow for
complete recoil

2 hands:heel of1hand with heel
of second hand on top

2hands:heel of1hand with
second on top,or
1hand:heel of1hand only

2 fingers,or thumbs

About'h to' h the depth of the chestCompression depth 2-2.4 inches
See Anesthesia, A32 forACLS GuidelinesCompression rate 100-120/min with complete chest wall recoil between compressions

Compression-ventilation ratio 30 compressions to 2 ventilations

Compression-only CPU Hands- only CPR is preferred if the bystander is not trained or does not feel confident in their ability to provide
conventional CPR or if the bystander is trained but chooses to use compressions only

Defibrination Immediate defibrillationif a shockable rhythm (ventricular fibrillation or ventricular tachycardia)is identified
Compressions|5 cycles/2 min) and use A CO if unwitnessed arrest
Manual defibrillators are preferred for children and infants but can use adult dose AEO ila manual
defibrillator is notavailable

3. Secondary Survey
•done after primary survey once patient is hemodynamically and neurologicallv stabilized
•identifies major injuries or areas of concern
•full physical exam and Cl (C-spine, chest, abdomen, and pelvis - required in blunt trauma, consider

T-spine and L-spine if indicated)

HISTORY
•“SAMPLE”: Signs and symptoms, Allergies, Medications, Past medical history, Last meal, Events

related to injury

FAST viow: Normal FAST view: Free Fluid

1. Subxiphoitl Poricarclial Window
pericardial elfusion (t )heart chamberso

2. Perisplenic
spleen (S), L kidney (K) free fluid (F)

3. Hepatorenal (Morrison s Pouch)
liver (L),kidney (K) blood IBL)

<^>
4. Polvic/Rotrovosical (Pouch of Douglas)

bladder (Bl free fluid (F) r -i
L J

+
Figure 2.Four areas of a FAST
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PHYSICAL EXAM (see Traumatology, ER7)

Head and Neck
• palpation of facial bones, scalp

Chest
• inspect for midline trachea and flail chest
• auscultate lung fields
• palpate for subcutaneous emphysema

Abdomen
• assess for peritonitis, abdominal distention, and evidence of intra-abdominal bleeding
• DRE for Cil bleed, high-riding prostate, and anal tone

Musculoskeletal
• examine all extremities for swclling, deformity, contusions, tenderness, ROM
• check for pulses (using Doppler probe) and sensation in all injured limbs
• log roll and palpate thoracic and lumbar spines
• palpate iliac crests and pubic symphysis and assess pelvic stability ( lateral, AP, vertical)

Signs of Increased ICP
• Deteriorating IOC (hallmark)
• Deteriorating respiratory pattern
• Cushing reflex (high BP. low HR.

irregular respirations)
• lateralizing CNS signs (e.g. cranial

nerve palsies, homiparcsis)
• Seizures
• Papilledema (occurs late)
• N/V and headache

Neurological
• tiCS
• full cranial nerve exam
• alterations of rate and rhythm of breathing are signs of structural or metabolic abnormalities with

progressive deterioration in breathing indicating a failing CNS
• assess spinal cord integrity
• conscious patient: assess di
• unconscious patient: response to painful or noxious stimulus applied to extremities

istal sensation and motor function

INITIAL IMAGING
• non-contrast CT head/face/C-spine (rule out fractures and bleeds)
• CXR
• FAST' (see Figure 2, ER5 ) or CT abdomen/pelvis (if stable)
• pelvis x-ray

Non-contrast head CT is the best
imaging modality for intracranial injury

Ethical Considerations
Consent to Treatment:Adults
• see Ethical. Legal, and Organizational Medicine.ELOM11
• Emergency Rule: consent is not needed when a patient is at imminent risk from a serious injury AND

obtaining consent is either:a) not possible, OR b) would increase risk to the patient
assumes that most people would want to be saved in an emergency

• any capable and informed patient can refuse treatment or part of treatment, even if it is life-saving
• be aware of who the legal substitute decision maker (SDM) is and contact them early
• exceptions to the Emergency Rule- treatment cannot be initiated if:

a competent patient has previously refused the same or similar treatment and there is no evidence
to suggest the patient’s wishes have changed (e.g. after an SDM has been contacted to clarify
patient’s wishes)
an advanced directive is available (e.g.do not resuscitate order)
NOTE: refusal of help in a suicide situation is NOT an exception; care must be given

• if in doubt, initiate treatment
• care can be withdrawn if necessary at a later time or if wishes are clarified by family

Consent to Treatment:Children
• treat immediately if patient is at imminent risk
• parents/guardians have the right to make treatment decisions, up to the age of 16 (beyond age 16, the

patient can be considered an emancipated minor)
• if parents refuse treatment that is considered life-saving or will potentially alter the child’s quality of

life, CAS must be contacted - consent of CAS is needed to treat

Jehovah's Witnesses. Capable adults have the right to
refuse medical treatment

• May refuse whole blood. pRBCs.
platelets, and plasma even if
considered life-saving

• Should be questioned directly about
the use of albumin, immunoglobulins,
hemophilic preparations

• Do not allow autologous transfusion
unless there is uninterrupted extra
corporeal circulation

• Usually ask for the highest possible
quality of care without the use of the
above interventions (e.g.crystalloids
for volume expansion, attempts at
bloodless surgery)

• Patient will generally sign hospital
forms releasing medical staff from
liability

• Most legal cases involve children of
Jehovah's Witnesses; if life-saving
treatment is refused, contact CAS

Other Issues of Consent
• consent is required for HIV testing and/or administration of blood products
• however, if delay in substitute consent for blood transfusions puts patient at risk, transfusions can be

given

Duty to Report
• law may vary depending on province and/or state
• e.g. gunshot wounds, suspected child abuse, various communicable diseases, medical unsuitability to

drive, risk of substantial harm to others

n
LJ
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Traumatology
• epidemiology

4.9 million deaths are caused by injuries worldwide (data from 2016)
in Canada, traumatic injuries contributed more than 269000 hospitalizations and 17000 deaths
(data from 2018)

• leading cause of death in patients <45 yr
4th highest cause of death in North America

• causes more deaths in children /adolescents than all diseases combined
• trimodal distribution of death

• minutes: death usually at the scene from lethal injuries
• early: death within 4 -6 h - “golden hour" (decreased mortality with trauma care)
• days-weeks:death from multiple organ dysfunction, sepsis, VTE, etc,

• injuries fall into two categories
• blunt ( most common): M VC, pedestrian-automobile impact, motorcycle collision, fall, assault,

sports
• penetrating (increasing in incidence): gunshot wound, stabbing, impalement

Always completely expose and count the
number of wounds

Considerations for Traumatic Injury
Cardiac Box: sternal notch, nipples,
and xiphoid process:penetrating
injuries inside this area should increase
suspicion ol cardiac injury

• important to know the mechanism of injury to anticipate traumatic injuries
• always look for an underlying cause (alcohol, medications, illicit substances, seizure, suicide attempt,

medical problem)
• always inquire about HI, loss of consciousness, amnesia, vomiting, headache, and seizure activity

Table 5. Mechanisms and Considerations of Traumatic Injuries
Mechanism of Injury Special Considerations Associated Injuries High-Risk Injuries

• MVC at high speed, resulting in
ejection from vehicle

• Motorcycle collisions
• Vehicle vs. pedestrian crashes
• Fall from height >12 ft (3.6 m)

MVC Head-on collision:head/facial, thoracic (aortic), lower
extremity
Uleral/l - bone collision: head, C-spine, thoracic,
abdominal, pelvic, and lower extremity
Rear-end collision: hyper-extension of C-spine (whiplash
injury)
Rollover: all of the above may be associated injuries

Adults tend to be struck in lovrer legs (lower extremity
injuries), impacted against car (truncal injuries), and
thrown to ground (HI)
Vertical:lower extremity, pelvic, and spine fractures; HI
Horizontal: facial, upper extremity, and rib fractures:
abdominal, thoracic, and HI

Vehide(s) involved:weight, sire, speed, damage
location of patient in vehicle
Use and type of seatbelt
Ejection of patient Irom vehicle
Entrapment of patrentunder vehicle
Airbag deployment
Helmet usein motorcycle collision

High morbidity and mortality
Vehicle speed is an important factor
Site of impact on car
1storey*12 ft » 3.6 m
Distance of fall:$0% mortality at 4 storeys and 96%
mortality at 7storeys
Landing position (vertical vs. horizontal)

Pedestrian-Automobile
Impact

Vehicle vs. Pedestrian Crash
• In adults look for triad of injuries
• Waddell's triad
• Tibia-fibula or femur fracture
• Truncal injury
• Craniofacial injury

Falls

Head Trauma
• see Neurosurgery. XS35

Specific Injuries
• fractures

• Dx: non-contrast head CT and physical exam
A.skull fractures

vault fractures
linear, non-depressed- most common

Signs of Basal Skull Fracture
• Battle's sign (bruised mastoid

process)
• Hemotympanum
• Raccoon eyes (periorbital bruising)
• CSF rhinorrhea/otorrhea- typically occur over temporal bone, in area of middle meningeal artery (commonest

cause of epidural hematoma)

- open (associated overlying scalp laceration and torn dura, skull fracture disrupting
paranasal sinuses or middle ear) vs. closed

depressed

basal skull fractures
typically occur through floor of anterior cranial fossa (longitudinal more common than
transverse)

can be a radiological or clinical diagnosis
associated with Battle’s sign, racoon eyes, hemotympanum, and/or (.'ST otorrhea / rhinorrhea

B. facial fractures (see Plastic Surgery, PL31)
• neuronal injury

beware of open fracture or sinus fractures ( risk of infection )
• severe facial fractures may pose risk to airway from profuse bleeding

r “t
L J
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• scalp laceration
can be a source of significant bleeding

• achieve haemostasis, inspect and palpate for skull bone defects ± CT head (rule out skull fracture)
• neuronal injury

A.diffuse
• mild TB1 = concussion (GCS 13-15, patients are awake, may be confused but able to communicate

and follow commands)
• transient alteration in mental status that may involve loss of consciousness
• hallmarks of concussion: confusion and amnesia, which may occur immediately after the

trauma or minutes later
• loss of consciousness ( if present) must be less than 30 min and post-traumatic amnesia must

be less than 24 h
• diffuse axonal injury

mild:coma 6-24 h, possibly lasting deficit
moderate: coma >24 h, little or no signs of brainstem dysfun
severe: coma >24 h, frequent signs of brainstem dysfunction

B. focal injuries
contusions

• intracranial hemorrhage (epidural, subdural, intracerebral )

ction

ASSESSMENT OF BRAIN INJURY

History
• prehospital status
• mechanism of injury

Physical Exam
• assume C-spine injury until ruled out
• vital signs

• shock ( not likely due to isolated brain injury, except in infants)
Cushing's response to increasing ICP (bradycardia, HTN, irregular respirations)

• severity of injury determined by
1. LOG

GCS <8 intubate, any change in score of 3 or more = serious injury
GCS of mild TBI = 13-15, moderate = 9-12, severe = 3-8

2.pupils:size, anisocoria >1 mm (in patient with altered LOC), response to light
3. lateralizing signs (motor/sensory)

may become subtler with increasing severity of injury
reassess frequently

Warning Signs of Severe Head Injury. GCS <8
• Deteriorating GCS
• Unequal pupils
• Lateralizing signs
MJ. tuned IOC Itahallmaik ol bf«nInjury

Investigations
• labs: CBC, electrolytes, INR/PTT,glucose, toxicology screen
• Cl' head (non-contrast ) to exclude intracranial hemorrhage/hematoma
• C-spine imaging Canadian CT Head Rule

lancet 2001:357:1391-1396
C THeadisoily required lor patients with minor
HI with airy one of the following
High-Risk (for neurological intervention). GCS score'15 at 2 h alter injury
• Sospeded open or depressed skull fracture
• Any ugn of basal tiiull fracture (hemolympanurn.

'raccoon'eyes. CSF otonhealihinorrhea.
Battle's vgn). Venting ;2 episodes. *ge *65p

Medium-Risk (lor brain injury on Cl)
• trimesa before unpact >30min (i.e. cannot recal

events just before impact)
• Dangerous raecbansm (pedestrian strode by UVt.

occupant ejected Iron motor vehicle, tadl from
height »3 ft or five stairs)

Minor HI redefined as witnessed loss of
consciousness, definite amnesia.or witnessed
disorientationin a patient with a GCS score of 13-15.
HI:CanadianClHeadRule does nut apply lot mn-
Irautviuttv lot CCS «13.090s «16. foe patlwnh on
Couitudai - jnd of hiving a bleeding tfcwdef.Of taring
an otntoaopen skull Iroctuie.

Management
• goal in ED: reduce secondary injury by avoiding hypoxia, ischaemia, decreased CPP,seizure
• general

• ABCs
ensure oxygen delivery to brain through intubation and prevent hypercarbia

• maintain BP (sBP >90)
• treat other injuries

• early neurosurgical consultation for acute and subsequent patient management after imaging
• seizure treatment/prophylaxis

benzodiazepines, phenytoin, phenobarbital
• treat suspected raised 1CP:

intubate (neuroprotective RSI where possible)
calm (sedate) if risk for high airway pressures or agitation
paralyze if agitated

• hyperventilate ( 100% 02) to a pCO:of 30-35 mmHg
• elevate head of bed to 20“

adequate BP to ensure good cerebral perfusion
give mannitol Ig/kg infused rapidly (contraindicated in shock /renal failure) or 3 ml./kg of
hypertonic (3%) saline r ^i

_ J

Disposition
• neurosurgical 1CU admission for severe HI
• in a hemodynamically unstable patient with other injuries, prioritize most life-threatening injuries

and maintain cerebral perfusion
• for minor HI not requiring admission, provide 24 h HI protocol (regular assessment of the patient

for signs of loss of consciousness, confusion or amnesia) to competent caregiver, follow up with
concussion and/or sports clinic as even seemingly minor HI may cause lasting deficits

+
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Mild Traumatic Brain Injury
Epidemiology
• TBI results in 1.7 million deaths, hospitalizations, and ED visits each year (US)
« 75% are estimated to be mild TBI; remainder are moderate or severe (see Neurosurgery, NS37)
• highest rates in children 0-4 yr, adolescents 15-19 yr, and elderly >65 yr

Clinical Features
• somatic; headache, sleep disturbance, N/V, blurred vision
• cognitive dysfunction; attentional impairment, reduced processing speed, drowsiness, amnesia
• emotion and behaviour: impulsivily, irritability, depression
• severe concussion: may precipitate seizure, bradycardia, hypotension, sluggish pupils

Etiology
• falls, M VC, struck by an object, assault, sports

Extent o( retrograde amnesia correlates
with severity ol injury

Investigations
• neurological exam
• concussion recognition tool (see parachute.ca)
• imaging - CT as per Canadian CT Head Rules, or MR1 if worsening symptoms despite normal CT

Treatment
• close observation and follow-up; for patients at risk of intracranial complications, give appropriate

discharge instructions to patient and family; watch for changes to clinical features of more severe TBI
(see above), and if change, return to ED

• hospitalization with normal CT (CCS <15, seizures, bleeding diathesis), or with abnormal CT
• pharmacological management of pain, depression, headache
• follow Return to Flay/Return to Learn guidelines

For minor paediatric HI (up to16 yo
with CCS z13 and injury within the last
24 h), use Canadian Assessment of
Tomography for Childhood Head Injury
(CATCH) rule to determine need for CT.
CT head required if any of the following
findings are exhibited
• CCS <15 at two hours after injury
• Suspected open or depressed skull

fracture
• History of worsening headache
• Irritability on examination
• Signs of basal skull fracture. Hematoma on scalp
• Dangerous mechanism of injury

(MVC. fall from >3ft or 5 stairs, fall
from bicycle with no helmet)

Prognosis
• most recover with minimal treatment

athletes with previous concussion are at increased risk of cumulative brain injury
• repeat TBI can lead to life-threatening cerebral edema or permanent impairment

Spine and Spinal Cord Trauma
• assume cord injury with significant faUs (>12 ft), deceleration injuries, blunt trauma to head, neck,or

back
• spinal immobilization (cervical collar, spine board during patient transport only) must be maintained

until spinal injury has been ruled out
• vertebral injuries may be present without spinal cord injury; normal neurologic exam does not

exclude spinal injur}'
• cord may be injured despite normal C-spine x-ray (spinal cord injury without radiologic abnormality)
• injuries can include:complete/incomplete transection, cord edema, spinal shock

History
• mechanism of injur}', previous deficits, SAMPLE
• neck pain, paralysis/weakness, paresthesia

Every Patient with One or More of the
Following Signs or Symptoms should
be Placed in a C-Spine Collar. Midline tenderness. Neurological symptoms or signs

• Significant distracting injuries
HI

• Intoxication
• Dangerous mechanism. History of altered LOC

Physical Exam. ABCs
• abdominal: ecchymosis, tenderness
• neurological: complete exam, including mental status
• spine: maintain neutral position, palpate C-spine:log roll, then palpate T-spine and L-spine, assess

rectal tone
when palpating, assess for tenderness, muscle spasm, bony deformities, step-off, and spinous
process malalignment

• extremities: check capillary refill, suspect thoracolumbar injury with calcaneal fractures

Of the investigations.CT is the best
modality to assess C-Spine injuries. If
unavailable and significant trauma is
suspected, protect C-Spine and transfer
for definitive imaging. If minor trauma of
C-Spine.may consider x-ray imaging

Cauda Equina Syndrome can occur
with any spinal cord injury below T10
vertebrae look for incontinence,
anterior thigh pain, quadriceps
weakness, abnormal sacral sensation,
decreased rectal tone, and variable
reflexes

Investigations
• bloodwork: CBC, electrolytes,Cr, glucose, coagulation profile, cross and type, toxicology screen. imaging

CT of the spine; if not available, protect spines and transfer for definitive imaging
indications

C-spine injury
» unconscious patients ( with appropriate mechanism of injury)

neurological symptoms or findings
deformities that are palpable when patient is log rolled
back pain

+
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bilateral calcaneal fractures (due to fall from height)
- concurrent burst fractures of the lumbar or thoracic spine in 10% (T11-L2)

MRI (for soft tissue injuries) if appropriate

The Canadian C-Sp< neRule
JAMA 200l:286:1841-48
For AlertlGCS Score = 181and Stable Trauma
Patients where C-Spine Injury is a Concern

Can Clear C-Spine if:
•oriented to person , place, time, and event
•no evidence of intoxication
•no posterior midline cervical tenderness
•no focal neurological deficits
•no painful distracting injuries (e.g. long bone fracture)

Management of Cord Injury
•immobilize
•evaluate ABCs
•treat neurogenic shock (maintain sBP >100 mmHg)
•insert NCi ( for decompression of paralytic ileus) and holey catheter (only if no concerns about urethral

injury)
•complete imaging of spine and consult spine service
•continually reassess high cord injuries as edema can travel up cord
•if cervical cord lesion, watch for respiratory insufficiency

low cervical transection (C5-T1) produces abdominal breathing (phrenic innervation of
diaphragm still intact but loss of innervation of intercostals and other accessory muscles of
breathing)
high cervical cord injury (above C4) may require intubation and ventilation

•if patient is in shock, treat with:warm blanket, Trendelenburg position (occasionally), volume
infusion, consider vasopressors

1. Any high -risk (actor that mandates
radiography?

Age >fi5vt
or

Oangerous mechanism*

or
Paresthesias in extremities

No

2.Any low-risk factor
that allows sale
assessment oIROM?
Simple rear-end MVCt

or
Sitting position in ED

or
Ambulatoryat any time

or
Delayed (not immediate)

onsetofneck pain
or

Absence of midline
C-spine tenderness

Yes

No
Radiography

UnableYes
i.Able toactively rotate neck?

>45* left and right

Able|
|.o radiographyApproach to C-Spine Imaging

•CT of the spine is the screening modality of choice
•C-Spine CT can detect 97-100% of injuries
•compared to radiography, CT scans allows for more rapid clearance of the C-Spine
•MRI of C-Spine is the preferred technique for soft tissue injuries (spinal cord lesions, intervertebral

discs, and spinal ligaments)
•CT of C-Spine is the preferred modality. If only C-Spine x-rays are available, radiography can be

assessed as follows

'Dangerous Mechanism:
• Fa.’lfrom >1 meter , 5stairs
• Axial load*to head le a. diving )
• MVC high speed < >100 km/hf i

ejection
• Motorized recreabonal vehicles
• Bicycle collision

tSimple reai-end MVC excludes:
• Pushed into oncoming tiallic
• Mil by busrlarge truck
• Rollover
• Hitbyhigli-speedvehicle

rollover.

Table 6. Interpretation of Lateral View: The ABCS
A Adequacy and Alignment

Follow the anterior and posterior contour lines
Translation ol the vertebra >3.8 mm and angulation ol >11 dcgiccs is consideicd significant loi spinal instability
Next, follow the spinolaminar line: Ihe diameter between the posterior cortex and the spinolaminar line should be >18 mm
Fanning of spinous processes suggests posterior ligamentous disruption
Widening olfacet joints
Check atlanto-occipilal joint
line extending interiorly horn cirrus should transect odontoid
Atlanto axial articulation, widening ol predental space ( normaI:<3mm in adults, <8 mm in children) indicates injury of C1 or C2
In children, (here isa phenomenon called pseudosubluxation where there Isa normal “translation" of C2 on C3 (less often C3 on C4)
The translation may be seen in Ihe flexed or neutral position and is not associated with soft tissue swelling (see below)
The line of Swlschuk is helpful in differentiating pathological cervical spine displacement Irom pseudosubluxation
The line is drawn from the anterior aspect ol the posterior arch Irom C1-C3
The anterior aspect of Ihe posterior arch olC2 should not be more than 2 mm from (his line (>2mm is indicative of hue subluxation)

B Bones
Follow the bony contours of the vertebrae to look lor any breaks in Ihe cortex
Height, width, and shape of each vertebral body
Pedicles, facets,and laminae should appear as one-doubling suggests rotation

C Cartilage
look at the disk spaces to ensure that they are of equal length throughout
The anterior and posterior aspect of the individual discs should be equal
Intervertebral disc spaces-wedging anteriorly or posteriorly suggests vertebral compression
Measure the pre-dental space (distance from dens lo C1body):it should be <3 mm
The distance between the lowest part of the occiput base and Ihe dens should be <2 mm
The facet joints should be stacked on lop ol each other at a 45-degree angle

S Soft Tissues
The retropharyngeal space lies anteriorly to theC-Spine; it widens around C4 due to the esophagus
The retropharyngeal space normally measures less than 7mm at C 2 and 21mm at C7; may be wide in children <2 yr on expiration
(alternatively, less than the height of the vertebra at C2 and less than the width ol Ihe vertebra at C7)
Assess relrotracheal spaces (normal:<22 mm at C6-11. <14 mm in children <8 yr)

1. Anterior vertebral line
2. Posterior vertebral line

(anterior margin of spinal canal )
3. Posterior border of facets
4. Laminar fusion line

( posterior margin ol spinal canal )
5. Posterior spinous line

^
(along tips of spinous processes)

^
Figure 3. Lines of contour on a
lateral C-spine x-ray

ri

• Plain films of C-Spine arc not reliable in patients with significant trauma and should he used with
caution

+Prevertebral soft tissue swelling is only
49% sensitive for injury
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Sequelae of C-Spine Fractures
• see Neurosurgery, XS39
• acute phase of SCI

spinal shock:absence of all voluntary and reflex activity below level of injur)'
decreased reflexes, no sensation, flaccid paralysis below level of injury, lasting days to months

• neurogenic shock:loss of vasomotor tone, SNS tone
watch for: hypotension (lacking SNS), bradycardia (unopposed PNS), poikilothermia (lacking
SNS so no shunting of blood from extremities to core)
occurs within 30 min of SCI at level T6 or above, lasting up to 6 wk
provide airway support, fluids, atropine (for bradycardia ), vasopressors for BP support

• chronic phase of SCI
autonomic dysreflexia: in patients with an SCI at level T6 or above

signs and symptoms: pounding headache, nasal congestion, feeling of apprehension or
anxiety, visual changes, dangerously increased sBP and dBP
common triggers

- GU causes: bladder distention, urinary tract infection, and kidney stones
- G1causes:fecal impaction or bowel distension

treatment: monitoring and controlling BP, prior to addressing causative issue

1.0ensofC2
2- Cl lateral-ass
3 C2

To clear thex-rayeraure that
A.The dens is centred between the

lateral masses of Cl
B.C1 and C2 are aligned laterally
C.The lateral masses of Cl are

symmetrical m size
T3

Chest Trauma t)
Figure 4. C-spine x-ray;odontoid
view• two types: those found and managed in 1° survey and those found and managed in 2° survey

Table 7. Life-Threatening Chest Injuries Found in Primary Survey
Physical Exam Investigations Management

Airway Obstruction Anxiety, sltidor.hoarseness, altered
mental status
Apnea, cyanosis

Oo not wad lor A 36 to intubate Definitive airway management
Intubate early
Remove foreign body with magill
forceps prior to the intubation Be
prepared for a potential surgical
airway

Non-radiographic diagnosis Needle thoracostomy - large bore
needle.2nd ICS mid clavicular line
or finger thoracostomy.Definitive
management is a chest tube

Supine Oblique Views
• Rarely used
• Better visualization of posterior

element fractures (lamina,pedicle,
facet joint)

• Good to assess patency of neural
foramina

• Can be used to visualize the C7-T1
junction

Tension Pneumothorax
Clinical diagnosis
One-way valve causing
accumulation of air inpleural
space

Respiratory distress, tachycardia,
hypoxia,distended neckveins.
cyanosis,asymmetry ot chest wall
motion
Tracheal deviation away from
pneumothorax
Percussion hyperresonance
Unilateral absence of breath sounds
Gunshot or other wound
(hole >2/3 tracheal diameter)iexit
wound
Unequal breath sounds
Pallor, flat neck veins,shock
Unilateral dullness
Absent breath sounds
Hypotension

A8G:decreased p0’Open Pneumothorax
Air entering chest from wound
rather than trachea

Air - tightdressing sealed on
3 sides
Chest tube
Surgery
Restore bloodvolume
Chest tube
Thoracotomyit:
»1500 cc total blood loss
>200 cc/h continued drainage

20% of C-spine fractures are
accompanied by other spinal fractures,
so ensure thoracic and lumbar spine CT
is normal before proceeding to OR

Massive Hemothorax
>1500 cc blood loss m chest
cavity

Usually only able to do supine
CXR - entire lung appears
radiopaque as blood spreads out
over posterior thoracic cavity

Trauma to the chest accounts for 50% of
trauma deaths

Flail Chest Paradoxical movement of flail VBG:decreased pOe.increased 02- fluid therapy*pain control
pC02 Judicious fluid therapy in absence
CT:rib fractures,lung contusion of systemic hypotension

Positive pressure ventilation
iintubation and ventilation if
persistently hypoxic or unable to
ventilate
IV fluids
Open thoracotomy

Free-floatngsegmentot chest segment
wall due to >2rib fractures,each Palpable crepitus of ribs

Decreased air entry on affected sideat 2sites
Underlying lung contusion (cause
of morbidity andmortality)

80% of all chest injuries can be managed
non-surgically with simple measures
such as intubation,chest tubes,and
pain control

Cardiac Tamponade
Clinical diagnosis
Pericardial fluidaccumulabon
impairing ventricular funebon

Penetrating wound (usually)
Bech's triad:hypotension,distended
neck veins,muffled heart sounds
Tachycardia.tachypnea
Kussmaul's sign (increased JVP with
inspiration)

Echocardiogram
-o

3-way Seal to* Open Pneumothorax
(i.e.sucking chest wound)
Allows air to escape during the
expiratory phase (so that you do not get
a tension pneumothorax) but seals itself
to allow adequate breaths during the
inspiratory phase

ri
L J

+Pulsus Paradoxus:a drop in BP of >10
mmHg with inspiration.Recall that BP
normally drops with inspiration,but
what's -paradcuricar about this is that it
drops more than it should
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Table 8. Potentially Life-Threatening Chest Injuries Found in Secondary Survey
Physical Exam Investigations Management

Pulmonary Contusion Cl: aicas ol opacification ol lung
within 6 hoi trauma

Blunt trauma tochest
Interstitial edema impairs
complianceandgasenchange

Maintain adequate ventilation
Monitor with ABC. pulse oximeter,
and ECG
Chest physiotherapy
Positive pressure ventilation it
severe
Laparotomy for diaphragm repair
and associated intra-abdominal
injuries

Ruptured Diaphragm Blunt trauma to chest or abdomen CXR: abnormality of diaphragm/
le g. high lap bell in MVC| lower hing fieldsi'NG tube

placement
Cl scan and endoscopy:
sometimes helpful for diagnosis

Esophageal Injury Usually penetrating trauma (pain CXR:mediastinal air (not always)
out of proportion to degree of
injury)

Sudden high speed deceleration CXR.Cl scan, transesophageal
je.g. MVC. fall, airplane crash), echocardiogram , aortography
complaints of chest pain, dyspnea, (gold standard)
hoarseness (frequently absent)
Decreased femoral pulses,
differential arm BP larch tear)

Early repair (within 24 h) improves
outcome)Esophagram (Gastrograffin ' )

flexible esophagoscopy

Aortic Tear
90% tear at subclavian (near
ligamentum arleriosum). most
die at scene
Salvageable il diagnosis made
rapidly
Blunt Myocardial Injury
(rare)

Ihoracotomy (may treat other
severe injuries first) Ruptured diaphragm is more often

diagnosed on the left side,as the liver
conceals right side defects

Blunt trauma to chest (usually in ECG: dysrhythmias. SI changes Of
setting of multi system trauma Cardiac blood work (e.g. troponin) Anlidysrhythmic agents
and therefore difficult to diagnose) 2-D Echo: Can assess for
Physical exam:overlying injury
(e.g. fractures, chest wall
contusion)

Aortic Tear
Analgesia

tamponade, wall motion, valve
function, or thrombi.
Patients with a normal ECG.

ABC WHITE
Xtay features of Aortic tear
Depressed left mainstem Bronchus
pleural Cap
Wide mediastinum (most consistent)
Hemothorax
Indistinct aortic knuckle
Tracheal deviation toright side
Esophagus (NG tube) deviated to right
(Note: these features are present in85%
of cases, but cannot rule out if absent)

normal troponin, and normal
hemodynamics rarely get
dysrhythmias

Other Potentially Life-Threatening Injuries Related to the Chest

Penetrating Neck Trauma
• includes all penetrating trauma to the three zones of the neck
• management: injuries deep to platysma require further evaluation by angiography, contrast CT, or

surgery
• do not explore penetrating neck wounds except in the OR

Airway Injuries
• always maintain a high index of suspicion
• larynx

• history: strangulation, direct blow, blunt trauma, any penetrating injury involving platysma,
inhalational injury (e.g. burns)

• triad: hoarseness, subcutaneous emphysema, palpable fracture
other symptoms: hemoptysis, dyspnea, dysphonia

• investigations: CXR, CT scan, arteriography (if penetrating)
management

« airway: manage early because of edema
C-spine may also be injured, consider mechanism of injury
surgical: tracheotomy vs. repair

• trachea/bronchus
frequently missed

• history:deceleration, penetration, increased intrathoracic pressure, complaints of dyspnea,
hemoptysis

• examination: subcutaneous emphysema, Hamman's sign (crunching sound synchronous with
heartbeat)

• CXR: mediastinal air, persistent pneumothorax, or persistent air leak after chest tube inserted for
pneumothorax

• management
surgical repair if >1/3 circumference

If Penetrating Neck Trauma Present.
DON'T:, Clamp structures (can damage

nerves)
• Probe
• Insert NG tube (leads to bleeding)
• Remove weapon/impaled object

Zone III

Zone II

Zone I

Zone III: Superior aspect of neck
Zone II: Midportion of neck (cricoid to the

angle of mandible)
Zone I: Base of neck (thoracic inlet to. ciicoid cartilage)Abdominal Trauma

Figure 5. Zones of the neck in trauma• two mechanisms
• blunt: usually causes solid organ injury (spleen = most common, liver = second most common )

penetrating: usually causes hollow organ injury or liver injury (most common)

BLUNT TRAUMA
•results in two types of hemorrhage: intraperitoneal and retroperitoneal
•adopt high clinical suspicion of bleeding in multi-system trauma

L J
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History
• mechanism of injury, SAMPLE history

Seatbelt Injuries May Cause
• Retroperitoneal duodenal trauma
• Intraperitonea! bowel transection
• Mesenteric injury
• l-spine Injury

Physical Exam
• often unreliable in multi-system trauma, wide spectrum of presentations

• slow blood loss not immediately apparent
• tachycardia, tachypnea, oliguria, febrile, hypotension

other injuries may mask symptoms
serial examinations are required

• abdomen
inspect: contusions, abrasions, seat-belt sign, distention
auscultate: bruits, bowel sounds

• palpate: tenderness, rebound tenderness, rigidity, guarding
DRE: rectal tone, blood, bone fragments, prostate location

• placement of N(i and l-'oley catheter should be considered part of the abdominal exam
• other systems to assess: cardiovascular, respiratory ( possibility of diaphragm rupture), genitourinary,

pelvis, back/neurological

Indications for Foley and NG Tube in
Abdominal Trauma
Foley catheter: unconscious or patient
with multiple injuries who cannot void
spontaneously
NG tube: used to decompress the
stomach and proximal small bowel.
Contraindicated if suspected facial or
basal skull fractures

Investigations
• labs:CBC, electrolytes, coagulation, cross and type, glucose,Cr, CK, lipase, amylase, liver enzymes,

VBG, blood EtOH, (3-hCG, U/A, toxicology screen Point-of -Care Ultrasonography for Diagnosing
Thoracoabdominal Injuries in Patients with
Sunl Trauma
Cochrane DB Syst Rev 20I8 CDOI 2669
Purpose: determine the diagnostic accuracy ol
FOCUS lor detect ngand excluding free Dull oigan
injuries, vascular lesions,and other injuries compared
to(agnostic reference standardsin patents with
blunt trauma.
Methods:Systematic review of prospective or
retrospective diagnostic cohort studies of patients
with any type ol Id unttrawna.
Results 34 studies. 8535 part (pints for
abdominal trau ma, FOCUS had a sensitivity ol 0.08
(9S\ Cl 0.59 0.75) and a specificity ol 0.95|95% Cl
0.92-0-97|. In children, pooled sensitivity ol FOCUS
was 0.63 (95% Cl 0.46 -0.77).as compared foO.78
(95% Cl 0.69-0.84|in an adultra red population.
For chest injuries, P0CUS hadasensitivity of 0.96
(95%> CI 0.88-0-99) and a spetifierty of 0_95 (95%
O 0.97-1.00).
Conclusions: In patients with blunt
thoracoabdominal trauma, positive FOCUS findings
ait helpful lot guiding treatment decisions. However,
with regard tu abdominal trauma, anegative P0 CUS
Uses not tide out Injuries and must be verified. This is
of particular importancem paediatric trauma, where
the sensitivity of P0C US is poov.Based on a sma II
number ol studies in a mined population. POCUS may
have a higher sensitivity in chest injuries.

Table 9. Imaging in Abdominal Trauma
Imaging Strengths Limitations
Ultrasound: FAST Identifies presence/absence of free fluid in peritoneal NOT used to identify specific organinjuries

cavity
RAPID exam:less than 5 min
Can also examine pericardium and pleural cavities
Can do serial examinations quickly

If patient has ascites. FAS1will be falsely positive
False negatives with small amounts of blood, retroperitoneal
blood, delayed presentations, prior abdominalsurgery,or
incorrect positioning
Technically difficult if patientis obese

Chest (looking lot free air under diaphragm,

diaphragmatic hernia,air fluid levels),pelvis, cervical.
Ilioradc. lumbar spines

Most specilie test

Soft tissue not well visualizedX -Ray

CTScan Radiation exposure 20 x more than x-ray
Use vrilh caution if hemodynamic instability
Cannot test for retroperitoneal bleed or diaphragmatic rupture
Cannot distinguish lethal from trivial bleed
Results can take up to1h

Diagnostic Peritoneal Most sensitive test
Lavage (rarely used) Tests for intraperitoneal bleed

•imaging must he done if:
• equivocal abdominal examination, altered sensorium, or distracting injuries (e.g. head trauma,

spinal cord injury resulting in abdominal anesthesia)

• unexplained shock /hypotension
• patients have multiple traumas and must undergo general anesthesia for orthopaedic,

neurosurgical, or other injuries
• fractures of lower ribs, pelvis, spine

positive EAST

Management
•general: ABCs, early blood products, and stabilization
•surgical: watchful waiting vs. laparotomy
•solid organ injuries: decision based on hemodynamic stability, not the specific injuries
•hemodynamicallv unstable or persistently high transfusion requirements: laparotomy
•hollow organ injuries: laparotomy
•even if low suspicion of injury:admit and observe for 24 h

Laparotomy is Mandatory if
Penetrating Trauma and:

• Shock
• Peritonitis
• Evisceration
• Free air in abdomen
• Blood in NG tube, Foley catheter, or

on DREPENETRATING TRAUMA
• high-risk of gastrointestinal perforation and sepsis
• history: size of blade, calibre/distance from gun, route of entry
•local wound exploration under direct vision may determine lack of peritoneal penetration ( not reliable

in inexperienced hands) with the following exceptions:
• thoracoabdominal region (may cause pneumothorax)

back or flanks ( muscles too thick)

“Rule of Thirds" for Stab Wounds
• 1/3 do not penetrate peritoneal cavity
• 1/3 penetrate but are harmless
• 1/3 cause injury requiring surgery

ri
Management
•general: ABCs, tluid resuscitation, and stabilization
•gunshot wounds always require laparotomy

i.J
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Genitourinary Tract Injuries
• see Urology, U35

Etiology
• blunt trauma: often associated with pelvic fractures

• upper tract
renal

- contusions (minor injury - parenchymal ecchymoses with intact renal capsule)
- parenchymal tears/laceration: non-communicating (hematoma) vs. communicating

(urine extravasation, hematuria)
ureter: rare,at uretero-pelvic junction

lower tract
bladder

- extraperitoneal rupture of bladder from pelvic fracture fragments
- intraperitoneal rupture of bladder from trauma and full bladder

urethra- posterior urethral injuries: MVCs, falls, pelvic fractures
- anterior urethral injuries: blunt trauma to perineum, straddle injuries/direct strikes

external genitalia
• penetrating trauma

» damage to:kidney, bladder, ureter (rare),external genitalia
• acceleration/deceleration injury

renal pedicle injury: high mortality rate (laceration and thrombosis of renal artery, renal vein,
and their branches)

• iatrogenic
ureter and urethra (from instrumentation )

History
• mechanism of injury
• hematuria (microscopic or gross), blood on underwear
• dysuria, urinary retention
• history of hypotension

Physical Exam
• abdominal pain, flank pain, CVA tenderness, upper quadrant mass, perineal lacerations
• DRE:sphincter tone, position of prostate, presence of blood
• scrotum: ecchymoses, lacerations, testicular disruption, hematomas
• bimanual exam, speculum exam
• extraperitoneal bladder rupture: pelvic instability, suprapubic tenderness from mass of urine or

extravasated blood
• intraperitoneal bladder rupture:acute abdomen
• urethral injury: perineal ecchymosis,blood at penile meatus, high riding prostate, pelvic fractures

Investigations
• urethra: retrograde urethrography
• bladder: VIA, CT scan, urethrogram ± retrograde cystoscopy ± cystogram (distended bladder t post-

void )

• ureter: retrograde ureterogram
• renal:CT scan (best, if hemodynamically stable), intravenous pyelogram

Gross hematuria suggests bladder injury

Management
• urology consult
• renal

• minor injuries:conservative management
• bed rest, hydration, analgesia, antibiotics

• major injuries: admit
* conservative management with frequent reassessments, serial U/A ± re-imaging

surgical repair (exploration, nephrectomy): hemodynamically unstable or continuing to bleed
>48 h, major urine extravasation, renal pedicle injury, all penetrating wounds and major
lacerations, infections, renal artery thrombosis

• ureter
ureteroureterostomy

• bladder
extraperitoneal

minor rupture: Foley drainage x 10-14 d
major rupture: surgical repair

intraperitoneal
• urethra

anterior: conservative, if cannot void, Eoley or suprapubic cystostomy and antibiotics
posterior: suprapubic cystostomy (avoid catheterization) ± surgical repair

In thecase of gross hematuria, the
genitourinary system is investigated
from distal to proximal (i.e. urethrogram,
cystogram.etc.)

n
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Orthopaedic Injuries
• see Orthopaedic Surtterv (see Shoulder OR2. Knee OR34, Wrist OR23, Ankle OIOII ) Description of Fractures

SOLARTAT
Goals of ED Treatment
• diagnose potentially life/limb-threatening injuries
• reduce and immobilize fractures (cast/splint) as appropriate
• proside adequate pain relief
• arrange proper follow-up if necessary

History
• use SAMPLE, mechanism of injury may be s'ery important

Physical Exam
• look (inspection ): “HEADS" = swelling, erythema, atrophy, deformity, and skin changes (e.g. bruises)
• feel (palpation): all joints/bones for local tenderness, swelling, warmth, crepitus, joint effusions, and

subtle deformity
• move: joints affected plus those above and below injury - active ROM preferred to passive
• neurovascular status: distal to injury (before and after reduction )

Site
Open vs. closed
Length
Articular
Rotation
Translation
Alignment/Angulation
Type e.g. Salter-Harris. etc.

tiled ol a Single Dose of Oral Opioid and
Nonopioid Analgesics on Acute Eitremity Pain
in the ED
JAMA 2017:318:1661 166P
Purpose: lo compare the efficacy ol 4 aratjesns on
acute extremity pain.
Methods: K1 unhiding 416 patients«ith "ipdeiate
ta severe acute eitremity pam. Participants lecened
ibupiolen 400 mgard acetaminophen 1000 mg:
oiycodone S mg and acetaminophen 325 mg:
hydrocodone 5 mg and acetam nophen 300 mg;or
codeine 30 mg and acetaminophen 300 mg.Ihe
primary outcome was the difference m decline in
pain 2 h after ingestion.Pain was assessed using an
11-point numerical rating scale [MRS).
Results:At 2 h, the mean HRS pain score decreased
try 4.3 in the ihuprofen and acetaminophen group: by
4.4 in the oiycodone and acetaminophen group: by
3.5 in the hydrocodoneand acetaminophen group:
and by 3.9 in the codeine and acetaminophen group
(P-0.053).
Conclusions: For patients present ng to the ED with
acute eitremity pain, there were no statistically
significant or clinically important differeoces m pam
reduction at 2 h among single -dose treatment with
ibupiolen andacelaminophen or with 3different
opioid and acetaminophen combmationenelgesics.

LIFE- AND LIMB-THREATENING INJURIES

Table 10. Life- and Limb-Threatening Orthopaedic Injuries
Life-Threatening Injuries (usually blood loss) Limb-Thieatening Injuries (usually interruption of blood supply)

Major pelvic fractures
Traumatrcampulations
Massive long bone injuries and associated fat emboli
syndrome
Vascular injury proximal to knee/elbow

Fracture/dislocation ol ankle (talar AVN)
Crush injuries
Compartment syndrome
Open fractures
Dislocations olknee/hip
fractures above knee/elbow

Open Fractures
• communication between fracture site and external surface of skin - increased risk of osteomyelitis
• remove gross debris, irrigate, cover with sterile dressing - formal irrigation and debridement often

done in the OK
• control bleeding with pressure ( no clamping)
• splint
• antibiotics (1st generation cephalosporin and aminoglycoside) and tetanus prophylaxis
• standard of care is to secure definitive surgical management within 6 h, time to surgery may vary

from case-to-case

Vascular Injuries
• realign limb/apply longitudinal traction and reassess pulses (e.g. Doppler probe)
• surgical consult
• direct pressure if external bleeding

When Dealing with an Open Fractuie.
Remember "STAND"

Splint
Tetanus prophylaxis
Antibiotics
Neurovascular status (before and after)
Dressings (to cover wound)

Compartment Syndrome
• when the intracompartmental pressure within an anatomical area (e.g. forearm or lower leg) exceeds

the capillary perfusion pressure, eventually leading to muscle/nerve necrosis
• clinical diagnosis: maintain a high index of suspicion

pain out of proportion to the injury
• pain worse with passive stretch
• tense compartment
• look for “The 6 Hs” (note: radial pulse pressure is 120/80 mrnHg while capillary perfusion pressure

is 30 mrnHg, seeing any of the 6 Ks indicates advanced compartment syndrome, therefore do not
wait for these signs to diagnose and treat)

• in the unconscious patient, a Stryker compartment pressure monitor can be used
• requires prompt decompression: remove constrictive casts, dressings; emergent fasciotomv may be

needed

Vascular injury/compartment syndrome
Is suggested by “The 6 Ps” Injury
Compartment Syndrome •

6 Ps
Pulse discrepancies
Pallor
Parcsthesia/hypoesthesia
Paralysis
Pain (especially when refractory to
usual analgesics)
Polar (cold)

r n
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UPPER EXTREMITY INJURIES
• anterior shoulder dislocation

axillary nerve (lateral aspect of shoulder) and musculocutaneous nerve (extensor aspect of
forearm) at risk
seen on lateral view:humeral head anterior to glenoid

• many techniques for reduction (e.g. traction, scapular manipulation), immobilize in internal
rotation, repeat x-ray, out-patient follow-up with orthopaedics
with forceful Injury, look for fracture

• Colics' fracture
• distal radius fracture with dorsal displacement from “Kail on Outstretched Hand" ( I'OOSH )
• anteroposterior film: radial shortening, radial deviation, radial displacement
• lateral film: dorsal displacement, volar angulation

reduce, immobilize with splint, out-patient follow-up with orthopaedics or immediate
orthopaedic referral if complicated fracture
if involvement of articular surface, consider outpatient fracture clinic or orthopaedic referral if
unsatisfactory reduction in ED

• scaphoid fracture
• tenderness in anatomical snuffbox, pain on scaphoid tubercle, pain on axial loading of thumb

negative x-ray: thumb spica splint, repeat x-ray in I wk ± CT scan/bone scan
positive x-ray: thumb spica splint x 6-8 wk, repeat x- ray in 2 wk

• treat based on clinical suspicion even in absence of radiological scaphoid fracture
risk of AVN of scaphoid if not immobilized
outpatient orthopaedic follow-up

¥
Lateral view

A-P view
CN1.Dorsaltilt

2.Dorsal displacement
3.Ulnar styloid fracture
4 Radial displacement
5.Radialtilt
6. Shortening

|
£
23
S

J
Figure 6. Codes’ fracture

LOWER EXTREMITY INJURIES
• knee injuries

• see Ottawa Knee Rules
• ankle and foot fractures

see Ottawa Ankle and l'oot Rules
• avulsion of the base of 5th metatarsal

occurs with inversion injury
• supportive tensor or below knee walking cast for 3 wk

• calcaneal fracture
associated with fall from height
associated with axial loading (other injuries may involve ankles, knees, hips, pelvis, lumbar
spine)

1Ulna Radius

-Scaphoid
Trapezium
Trapezoid

"Capitate

Lunate 14 si
Triquetrum
Pisiform*
Hamate /

Metacarpal
bones (1-51i

SEIishova Marcus^
A luiec x-ray examination is required only for acute injury patients with one or more of:

• Age 55 yr or older
• Tenderness at head of fibula
• Isolated tenderness ol patella
• Inability to Ilex to 90 '
• Inability to bear weight both immediately and in the ED Hour steps)

Figure 7. Carpal bones

Figure 8. Ottawa knee rules
Adapted Irom:SUell 16.Wells GA.Hoag RH.et aL JAMA 1997:278:2075-2079.

LATERAL VIEW An ankle radiographic series is
required only if there is any pain in
malleolar zone and any of these
findings:

Malleolar ZoneA. Posterior
edge or tip of
lateral
malleolus

Midlout Zone

1. Bony tender ness at A
or

2 Bony tenderness atB,-C. Baseol5th
metatarsal or

3.Inability to bear weight both
immediately and in ED

A radiographic series isrequired
only if there is any pain in midfoot
zone and any of these findings:

MEDIAL VIEW
B. Posterior

edge or tip
of medial
malleolus

MalleolafZODt 1 Bony tender ness atC
orMidfoot Zone

2 Bony tenderness atD
or

3. Inability to bear weight both
immediately and in EDD. Navicular

+(ENataiie Cormier 2016

Figure 9. Ottawa ankle and foot rules
Adapted Irom: Stiell 16. Mcknight RO.Greenbetg 6H.et al. JAMA1994:271:827-832.
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Wound Management
Goals of ED Treatment
• identify injuries and stop any active bleeding - direct pressure
• manage pain
• wound examination and exploration
• cleansing ± antibiotic and tetanus prophylaxis
• closure and dressing

Acute Treatment ol Contusions

RICE
Rest
Ice
Compression
Elevation

Tetanus Prophylaxis
• both tetanus toxoid ( I'd) and immunoglobulin (TIG) are safe in pregnancy

Table 11. Guidelines for Tetanus Prophylaxis for Wounds High-Risk Factors for Infection
Wound Factors

• Puncture wounds
• Crush injuries
• Wounds >12 hold
• Hand or foot wounds
Patient Factors

• Age >50 yr
• Prosthetic joints or valves (risk of

endocarditis)
• Immunocompromised

Clean, Minor Wounds All Other Wounds'

Vaccination History
Unknown or fewer than3 doses Yes
3 or more doses

TIG TIGTdaporld* Tdap or Id1

Yes YesHo

Hoi Ho'Ho Ho
'Such as, but not limited to, woundscontaminated with dirt, feces, soil, and saliva:puncture wounds; uvulslons; and wounds resulting from
missiles, crushing, burns, and frostbite
’Tdap Is preferred to Td for adults who have never received Tdap. Single antigen tetanus toxoid (IT) Is no longer available In the United Stales
SYes.It more than ten years since the last tetanus toxoid-containing vaccine dose
'.Yes. if more than five years since the last tetanus toxoid-containing vaccine dose
Source:MM WR 1991:40(No.RR-10|:1-28

Bruises
• non-palpable = ecchymosis
• palpable collection (not swelling) = hematoma following blunt trauma
• assess for coagulopathy (e.g. liver disease), anticoagulant use

Suture Use and Duration

Suture to: Close with Approx.
Nylon or Duration (d)
Other Non-
absorbable
Suture

Abrasions
partial to full thickness break in skin

• management
• clean thoroughly with brush to prevent foreign body impregnation ± local anesthetic antiseptic

ointment (Polysporin* or Vaseline*) for 7 d ± tetanus prophylaxis
Face 6-0or 5-0 5
Hot Joint 4-0
Joint 34)

Scalp
Mucous Absorbable N/A
Membrane

7
10

Lacerations
• see Plastic Suruerv. PL8, sidebar PL24
• consider every structure deep to a laceration injured until proven otherwise
• in hand injury patients, include the following in history:handedness, occupation, mechanism of

injury, previous history of injury
• physical exam

• think about underlying anatomy
• examine tendon function actively against resistance and neurovascular status distally
• clean and explore under local anesthetic; look for partial tendon injuries
• x-ray or U/S wounds if a foreign body is suspected (e.g.shattered glass) and not found when

exploring wound (remember: not all foreign bodies are radiopaque), or if suspect intra-articular
involvement

• management
• disinfect skin/use sterile techniques
• irrigate copiously with normal saline or tap water

analgesia ± anesthesia
• maximum dose of lidocaine

7 mg/kg with epinephrine
5 mg/kg without epinephrine

• in children, topical anesthetics such as LET (lidocaine, epinephrine, and tetracaine), distraction
provided by Child Life Specialist or parent; and in selected cases a short-acting benzodiazepine
(midazolam or other agents) for sedation and amnesia are useful

• secure hemostasis
• evacuate hematomas, debride non-viable tissue, remove hair and foreign bodies
• ± prophylactic antibiotics (consider for animal/human bites, intra-oral lesion, or puncture wounds to

the foot)
suture unless:delayed presentation (>24 h), puncture wound, mammalian bite,crush injury,or
retained foreign body

• take into account patient and wound factors when considering suturing
• advise patient when to have sutures removed
• cellulitis and necrotizing fasciitis (see Plastic Suruerv, El.16)

40 7

fray!)

N.B.Patientson steroid therapy may need
sutures for longer periods of lime

Early wound irrigation and debridement
are the most important factors in
decreasing infection risk

Q
Alternatives toSutures
• Tissue glue
, Steristrips -
• Staples
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Approach to Common ED Presentations
Abdominal Pain

Table 12. Selected Differential Diagnosis of Abdominal Pain
Emergent Usually Less Emergent

Perforated viscus, bowel obstruction, ischaemic bowel, appendicitis. Diverticulitis, gastroenteritis, GERD,esophagitis,
strangulated hernia, I8D flare, esophageal rupture, peptic ulcer disease gastritis, IBS

Hepatobiliary Hepatic/splenic injury.pancreatitis, cholangitis,spontaneous bacterial Biliary colic,cholecystitis, hepatitis
peritonitis

Genital Female:Ovarian torsion, ectopic pregnancy, tubo ovarian abscess
Male:Testicular torsion

Urinary Pyelonephritis
Ml,aortic dissection,AAA

Respirology PE. empyema
Metabolic OKA.sickle cell crisis, toiin.Addisonian crisis

Gl

Female: PIO, ovarian cysl.salpingitis, endometriosis
Male: epididymitis, prostatitis, orchitis
Renal colic, cystitis
Pericarditis
Pneumonia
Tonic ingestions (e.g. acetaminophen, Iron.HSAIDs,
etc.), lead poisoning, porphyria
Abdominal wall injuty.herpcs roster, psychiatric,
abscess, hernia, mesenteric adenitis

CVS

Other Significant trauma,acuteangle closure glaucoma

• differential can be focused anatomically by location of pain: right upper quadrant, left upper
quadrant, right lower quadrant, left lower quadrant, epigastric, periumbilical, diffuse

History. pain:OPQRST
• review symptoms from genitourinary, gynecological, gastrointestinal, respiratory, and cardiovascular

systems
• abdominal trauma/surgeries, most recent colonoscopy, most recent endoscopy, last FOBT/F1T test

Physical Exam
• vitals, abdominal (including DRE, CVA tenderness), pelvic/genital, respiratory, and cardiac exams as

indicated by history

Investigations
• ABCs, do not delay management and consultation if patient unstable
• labs: CBC, electrolytes, glucose, BUN/Cr, U/A t liver enzymes, Ll Ts, lipase, fi-hCG, ECG, troponins, ±

VBCi/lactate
• AXR: if suspicious of foreign body or SBO (small bowel obstruction ) in low resource setting. Can also

use if frequent SBOs and usual conservative management
• CXR upright:look for pneumoperitoneum (free air under diaphragm), lung disease
• U/S:all gynaecologic structure, testicles, biliary' tract, ectopic pregnancy, appendicitis in children and

young adults, nephro-urolithiasis in young patients, AAA, free fluid: in select cases, can proceed to CT
if U/S if non-diagnostic but there is high clinical suspicion

• CT: SBO, trauma, AAA, pancreatitis, nephro-/urolitniasis, appendicitis, and diverticulitis

Management
• NPO, IV, NG tube (if SBO), analgesics, consider antibiotics and anti-emetics
• growing evidence that small amounts of opioid analgesics improve diagnostic accuracy of physical

exam of surgical abdomen
• consult as necessary: internal medicine, general surgery, vascular surgery, gynecology, etc.
Disposition
• admission:surgical abdomen, workup of significant abnormal findings, need for IV antibiotics or pain

control
• discharge: patients with a negative lab and imaging workup who improve clinically during their stay;

instruct the patient to return if severe pain, fever, or persistent vomiting develops

n \
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Acute Pelvic Pain
Etiology
• gynecological

ovaries: ruptured ovarian cysts (most common cause of pelvic pain), ovarian abscess, ovarian
torsion (rare,50% will have ovarian mass)
fallopian tubes:salpingitis, tubal abscess, hydrosalpinx
uterus: leiomyomas (uterine fibroids) - especially with torsion of a pedunculated fibroid or in a
pregnant patient (degeneration), P1D
other: ectopic pregnancy (ruptured/expanding/leaking), spontaneous abortion (threatened or
incomplete), endometriosis and dysmenorrhea, sexual or physical abuse

• non-gynecological (see causes of lower abdominal pain above)

History and Physical Exam
• pain:OPQRST
• associated symptoms: vaginal bleeding, discharge, dyspareunia, bowel and/or bladder symptoms
• pregnancy and sexual history, including oligo/amenorrhea, menorrhagia, and fibroids
• vitals
• gynecological exam:assess for cervical motion tenderness/“chandelier sign" (suggests P1D)
• abdominal exam

Investigations
• (J-hCG for all women of childbearing age
• CBC and differential, electrolytes, glucose, creatinine, BUN, culture and sensitivity, PTl'/lNR
• U/A to rule out urologic causes
• vaginal and cervical swabs for culture and sensitivity if performing a pelvic exam or urine NAAT for

ST1 testing if no pelvic exam is performed
• pelvic and abdominal U/S:evaluate adnexa, thickness of endometrium, pregnancy, free fluid or

masses in the pelvis
• Doppler llow studies for ovarian torsion

Gynaecological Causes of Pelvic Pain
• Ovarian cyst
• Dysmenorrhea
• Mittclschmorz
• Endometriosis. Ovarian torsion. Uterine fibroids/neoplasm
• Adnexal neoplasm. P1D*cervicitis

Management
• general: analgesia, determine if admission and consults are needed
• specific:

• ovarian cysts
unruptured or ruptured, and hemodynamically stable:analgesia and follow-up
ruptured with significant hemoperitoneum: may require surgery

ovarian torsion: surgical detorsion or removal of ovary
uncomplicated leiomyomas, endometriosis, and secondary dysmenorrhea can usually be treated
on an outpatient basis,discharge with gynecology follow-up
P1D: broad spectrum antibiotics, recommend low threshold to treat empirically

U/S is the preferred imaging modality in
the assessment of acute pelvic pain

Possible Causes of Coma

AEIOU TIPS
Acidosis/Alcohol
Epilepsy
Infection
Oxygen (hypoxiaf/Opiates
Uremia
Temperature/Trauma (especially head)
Insulin (too little or too much)
Psychogenic/Poisoning
Structural or space-occupying lesion

Disposition
• referral: gynecological or obstetrical causes requiring surgical intervention, requiring admission, or

oncological in nature
• admission: patients requiring surgery, IV antibiotics/pain management
• discharge: negative workup and resolving symptoms; give clear instructions for appropriate follow-up

Altered Level of Consciousness
Definitions
• altered mental status: collective, non-specific term referring to change in cognitive function,

behaviour, or attentiveness, including:
delirium (see Psychiatry, PS23)
dementia (see Psychiatry, PS24 )
lethargy: state of decreased awareness and alertness (patient may appear wakeful)
stupor: unresponsiveness but rousable
coma: a sleep-like state, not rousable to consciousness
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Coma (GCS <8)

1 (Minority)(Majority)

A 1

^Primary CNS disease/lrauma jToxic/Metabolic

M - Major organ failure
E - Electrolyte/Endocrine
T - Toxins/Temperature
A -Aciddisorders
B -Basedisorders
0 -decreased Oxygen level
L -lactate
I -Insulin/Infection (sepsis)
C -Cardiac/hyperCalcemia

j
Bilateral cerebral hemispheres

(affecting cognition)
Brainstem

(affecting reticular activating system)

* I
[Diffuse trauma/ischemia ] [ Diffuse lesion ] Compression
' ' ' > •Supra/infratentorial

tumour
•Sub/epidural
hematoma

Direct
• Brainstem
infarct or
hemorrhage

Figure 10.Etiology of coma

MANAGEMENT OF ALTERED LOC

History
• obtain collateral from family, friends, police, paramedics, patient record, MedicAlert* bracelet, etc.
• onset and progression

antecedent trauma, seizure activity, fever
• abrupt onset suggests CNS hemorrhage/ischaemia, cardiac cause, or poisoning

progression over hours to days suggests progressive CNS lesion or toxic/metabolic cause
• determine patient’s baseline LOC
• past medical history (e.g.similar episode(s), depression,overdose)

Physical Exam
• ABCs, vitals including temperature; cardiac, respiratory, abdominal exams
• complete neurological exam; in particular, examination of the eyes ("PEARL" pupils equal and

reactive to light)
• use the GCS to evaluate LOC (see Patient Asscssment/Management, ER2)

Classically,intubate if GCS<8.but
ability to protect airway is primary
consideration

Investigations
• blood work

• serum glucose level, electrolytes, creatinine, BUN, LET*, serum osmolality, CBC, VBG, lactate,
PT/PTT/1NR, troponins
serum acetaminophen, salicylate levels, ethanol ( ± toxic alcohols)

• imaging
CT head, CXR (if respiratory compromise or symptoms)

• other tests
ECG, U/A, urine toxicology

Diagnosis
• distinguish between structural and toxic-metabolic coma

structural coma
pupils, extraocular movements,and motor findings, if present, are usually asymmetric
look for focal or lateralizing abnormalities

toxic-metabolic coma
* dysfunction at lower levels of the brainstem (e.g. caloric unresponsiveness)
• respiratory depression with intact upper brainstem (e.g. equal and reactive pupils)
• extraocular movements and motor findings are symmetric nr absent

essential to re-examine frequently because status can change rapidly
• diagnosis may become apparent only with the passage of time

delayed deficit after head trauma suggestive of epidural hematoma (characteristic “lucid
interval")

n
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Table 13. Toxic-Metabolic Causes of Fixed Pupils
Dilated Dilated to Normal Constricted

Hypothermia
Barbiturates
Anlipsycholies

Cholinergic agents (e.g.
organophosphates)
Opioids (e.g. heroin), except
meperidine

Anoxia
Anticholinergic agents fe.g. atropine, tricyclic antidepressants)
Methanol
Cocaine
Opioid withdrawal
Amphetamines
Hallucinogens
Serotonin syndrome (MAPI 5SRI)

Management
• administer appropriate universal antidotes (mnemonic DON'T)

« D50W (50 ml.) if hypoglycemic on poinl-of-care test ( POO ) capillary blood glucose
oxygen if needed

• naloxone 0.4 mg, up to I 0 mg IV if opiate overdose suspected
thiamine 100 mg IV if history of l.tOH or patient looks malnourished

Disposition
• admission: if ongoing decreased LOC, admit to service based on tentative diagnosis, or transfer

patient if appropriate level of care not available
• discharge: readily reversible alteration of LOC;ensure adequate follow-up care

Life-Threatening Causes of Chest Pain

PET MAP
Pfc
Esophageal rupture
Tamponade
Ml/angina
Aortic dissection
Pneumothorax

Chest Pain
Imaging is necessary for all suspected
aortic dissections, regardless of BP

Table 14. Differential Diagnosis for Chest Pain
Emergent Usually Less Emergent

CVS Ml. unstable angina, aortic dissection, cardiac tamponade, arrhythmia Stable angina, pericarditis, myocarditis

Pneumonia, pleural effusion, malignancy
Mallory-Weiss tear or esophageal rupture,
pneumomediastinum

Rib fracture, costochondritis

Herpes zoster, psychiatric/panic attack

Respirology PE. pneumothorax

Esophageal rupture.Mallory-Weiss tear or pneumomediastinum
Angina Characteristics
1. Retrosternal location
2.Provoked by exertion
3. Relieved by rest or nitroglycerin

Gl

MSK
Risk for Coronary Artery Disease
3/3* "typical angina" - high-risk
2/3 - intermediate risk for women

>50 yr. all men
1/3- Intermediate risk in men >40 yr,

women >60 yr

Other

History and Physical Exam
• OPQRST, previous episodes and change in pattern
• cardiac risk factors ( HIN, DM.dvslipidemia, smoking, THx)
• inquire about any previous cardiac procedures, last stress test, last angiogram and if they are

currently followed by a cardiologist
• vitals, cardiac, respiratory, peripheral vascular, abdominal exams

Investigations
• EC(i ( most important ): assess for STEMi (or those that may evolve to S I EMI ), always compare with

previous; may be normal in up to 50% of PE and acute Ml
• CBC, electrolytes, Cr, BUN, glucose, PTT/1NR, cardiac biomarkers ( troponin )
• CXR:compare with previous
• CT: if indicated (e.g. aortic dissection, PE)

HEART Score
H (History )
Highly MSpiOOUS history
Moderately suspicious history
Slightly or non-suspicious history
f (!C 6)
Auhtuhtrmi
IB68. R88B. IVH, PH
No signsof acute ischemia

A (Age)

2 pis
Ipt
Opst

2 pis
1 pl

Management and Disposition
• ABCs, OJ ( if needed), cardiac monitors, IV access
• treat underlying cause and involve consultants as necessary
• consider further observation /monitoring if unclear diagnosis or risk of dysrhythmia
• can refer to H EART score to risk stratify patients with chest pain
• discharge: patients with a low probability of life-threatening illness due to resolving symptoms and

negative workup;arrange follow-up (e.g. rapid /acute cardiac clinic) and instruct to return if SOB or
increased chest pain develops

Oph

>65 yi 2 pis
age 45-65 yr
<45 yr
( (Risk factors)
3 risk factors", or history ol atherosclerotic
disease
1or 2 risk factors
Ho risk betas kixiwn

1 pl
Opts

2 pis

1 pl
Opts

I ( troponin)
troponin >42 ngl
troponin 15-42 ngl
troponin 14 rgl

2 pis
Ipt
Opts r ->

L J
’Risk (actors:Diabetes meHia.current or recent ('-30
days) smoker, hypertension, hypercholesterolemia, and
lamiy history ol coronary artery disease
0 to 3points = tow risk (0.6% to17% risk Ol mayor
adversecariiac events):4 lo6 points = intermediate
risk (16.6% risk):7 to 10 points = hirfi risk (503% risk) +
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Table 15. Comparison of Chest Pain Diagnoses
Classic History Classic Findings Diagnostic

Investigations
Management and
Disposition ACS more likely to be atypical in

females,diabetics,and >80 yr.
Anginal equivalents include dyspnea,
diaphoresis, fatigue,nomretrosternal
pain

Acute Coronary
Syndrome

Hew or worsening pattern New or worsened murmur. ECG:ischaemia|15-lead
of retrosternal squeezing/ hypotension,diaphoresis, if hypotensive.AV node
pressure pain, radiation pulmonary edema
toarm/neck.dyspnea,
worsened by exercise,
relieved by rest.N/ V.
syncope
Pleuritic chest pain(25%), tachycardia,hypoxemia;
dyspnea:risk (actors tor evidence ol DVI
venous thromboembolism

ABCs.Aspirinanticoagulation
and emergent cardiology consult to

involvement or inferior Ml), consider percutaneous intervention
serial troponinI(sensitive or thrombolytic
6 8 halter onset),CXR

It is important to look for reciprocal
changes in STEMI in order to
differentiate (rom pericarditis (diffuse
elevations)

Wells'criteria:D -dimer, ABCs, anticoagulation: consider
Cl pulmonary angiogram, airway management and
ventilation-perfusion ( V/0) thrombolysis if massive PE
scan:leg Doppler.CXR (hypotension and cardiovascular

collapse)

ABCs,rule out Ml,high dose NSAIDs
t colchicine:consult if chronic/
recurrent,large pericardial
effusion, or non-viral cause (e.g.
SlE.renal failure,requires surgery)

Pulmonary
Embolism

ECG:sinustachycardia,
diffuse SI elevation, PR
depression in II,III.avf
and V 4 6: reciprocal
PR elevation and SI
depression in aVRiVI:
echocardiography

Acute Pericarditis Viral prodrome,anterior Friction rub
precordial pain,pleuritic,
relieved by sitting up and
leaning forward

Tracheal deviation is away from tension
or towards non-tension pneumothorax

Clinical diagnosis ABCs, if unstable,needle to 2nd
ICS at mid-clavicular line:urgent
surgical consult/thoracostomy 4th
intercostal space and chest tube

Pneumothorax Iraumaorspontaneous Hemithoraxwilh
pleuritic chest pain often decreased/absent breath CXR: posteroanterior
in tall,thin,young male sounds,hyper -resonance: view,lateral, expiratory
athlete deviated trachea and views-lung edge, loss of

hemodynamic compromise lung markings, tracheal
(if tension pneumothorax) shift:deep sulcus sign on

supine view
POCUS:Loss of lung
slide,lack of comet tails,
barcode sign,!transition
point

Dots thisPatient with Chest Pain have Acute
Coronary Syndrome!:The RationalClinical
E lamination Systematic Review
JAMA 2015:314:1955-1965
Purpose:loreriew accuracy of the initial history,
physical examination, ECC, and risk scores
incorporating these elements with the first cardiac-
specific troponin.
Methods Systematic rev ew of prospective studies
amongpahenls admitted to the ED with symptoms
suggesting ACS.
Results Prior abnormal stress lesl(specificity 94%:
IR 3.1.55% Cl 2.04.!), peripheral artery disease
(speo6crty9!%:LR 2.!.95% CM.5 4.8),and pain
rad at -rg tobotharms (specificity 96%;LR 2.6.95%
Cl1.8-3.!) were most suggestive of ACS.Ihe most
soggestve ECC findings were Sl-segnent depression
and any evidence of rsetaemia.The History,ECG,Age.
Risk factor!Iroporin (HEART) (LR 13.95% Cl1-24)
and thelhrombotysis in Ml (TIMI) risk scores (IR 68.
95% Cl.S.2-8.9) were bolh predicbve of ACSn the
high-risk scores.
Conclusions Amongpatients withsuspected ACS
presenting to the EO.the initialhistory,physical
fid-' ration,and f CC alone did not confirm or eichide
thedaguosrsof ACS. Instead,the HEARI or IIMI risk
scores,which incorporate the first cardiac troponin,
provided more diagnostic information.

Aortic Dissection Sudden severe fearing
retrosternal or
midscapular pain;focal
pain/neurologic loss in
extremities in context
olHTN

HIN; systolic BP difference Cl angiogram:CXR - wide
•20 mmHg or pulse deficit mediastinum, left pleural
between arms: aortic
regurgitant murmur

ABCs, reduce 8P and HR; classify
type A (ascending aorta, urgent
surgery) vs.8 (nol ascending aorta,
medical) on Cl angiogram and
urgent consull

effusion,indistinct aortic
knob. >4 mm separation
of intimalcalcification
from aortic shadow.20%
normal

Cardiac
Tamponade

Dyspnea,cold extremities. Beck 's triad •hypotension. Clinical diagnosis
± chest pain:often a recent elevated JVP,muffled CXR:may show
cardiac intervention or
symptoms of malignancy, pulsus paradoxus >10
connective tissue disease mmHg
Sudden onset seveve pain Subcutaneous
alter endoscopy, fovcctul emphysema, findings
vomiting, labour,or consistent with sepsis
convulsion,or in context of
corrosive injury or cancer
Frequent heartburn,acid Oral thrush or ulcers (rare) Hone acutely
reflux,dysphagia,relief
with antacids
Abnormal skin sensation Hone if early;
- itching,1 tingling/pain - maculopapular rash
preceding rash by1-5 d developing into vesicles

and pustules that crust

ABCs, cardiac surgery or cardiology
consult,pericardiocentesis if
unstable, treat underlying causehear!sounds; tachycardia, cardiomegaly,evidence

of trauma.ECG may show
electrical allcrnans
CXR:pleural
effusion (75%).
pneumomediastinum; Cl
or water soluble conlrasl
esophagogram

ABCs, early antibiotics,
resuscitation, tboracics consull.
HPO.consider chest tube

Esophageal
Rupture

Esophagitis or
GERD

ABCs.PPI medication, avoid EtOH,
tobacco,trigger foods

Conservative vs.Interventional Treatment lor
Spontaneous Pneumothorax
HEJM 2020:382:405-415
Purpose: Detrtmme whether conservative
management isan acceptablealternative to
interventional management lor uncomplicated,
moderate-to-laige primary spontaneous
pneumothoiax.
Methods Open label, rmulticenter,noninleriority
triaL Patients 14-50 y r were recruited with a
Hist-known,unilateral,moderate-to-targe primary
spontaneous pneumothorax.Patients (n -316) were
randomly assig~ed to immediate interventional
management of the pneumothorax or a conservative
observational approach and were followed for 12
mo.fhe primary outcome was long re-expansion
within8 wk.
Resells Re expansion wilhinS wk occurred m 129 of
131patients with interventional management and in
118 of 125 wnthcoRservative management (P-0.02,
for nomnfeciority).Conservative management
resulted m a lower risk olserious adverse events
or pneumothorax recurrence than interventional
management
Conclusions:The trial provides modest evidence that
conservative management of primary spontaneous
pneumothorax was noninferior lo interventional
management with a lower risk of seriousadverse
events.

Herpes Zoster Clinical diagnosis;direct ABCs, anti virals (if <<48 h onset),
immunofluorescence assay analgesiaisleroids, diessing:

r/o ocular involvemenI/refer if
necessary

ABCs.NSAIDs. tcsl.orthopaedics
consultation lot fractures

Reproduction of symploms M5K Injury or fracture on
x-rays

MSK History of injury
with movcinentor
palpation (not specific -
present in 25% of Ml)

Symploms of anxiety. Tachycardia,diaphoresis. Diagnosis of exclusion
depression,history of tremor
psychiatric disorder:may
coexist with physical
disease

ABCs,arrange social supports,
rule out suicidality and consider
psychiatry consult

Anxiety

r -i

+

Activate Windows
Go to Settings to activate Windows.



ER23 Emergency Medicine Toronto Notes 2023

Table 16. Common Life-Threatening ECG Changes
ECG FindingsPathology

Diagnosis olPulmonary Embolism with 0 Dimer
Adjusted toClinicalProbability
NE JM 2019:381:2125-2134
Purpose: Heir ospetbnanalyses suggest that PE
is ruled out by a 0-dimer leiet ol<1000 ngtal in
patients with a low cknulpretest probability (C-PTP)
and by a d-dimer lerel of <500 ng'mLh patients with
a moderateC-PTP.
Methods:Prospeobrt study in which PE was
considered to be ruled out without further testing
in 2017 outpatients witha low C-PIP and a d-dimer
level of <1000 ngtml or witha moderate C -PIP and a
d dmrer level of <500 ngfml.If PE wasnot diagnose!
patients did notrecenre anticoagulant therapy.
Patients were followed for 3 mo for VIE.
Results:Of the1325 pabenis who had a low C-PTP
or moderate C-PIP and a negative d-dimer test,none
had VIE during foliow-up.This diagnostic strategy
resulted in the use of chest unagmg m 34.3% ol
patients. A strategy m whuh PE is considered tohe
ruled out with a low C -PIP and a d-dimer level of
<500 ng.'mlwould result in the use of chest imaging

M S
Conclusion !combination ola low C-PIP and a
d-dimer level of <1000 ngfmlidentified a group of
patients at low-risk for PE during folow-up.

Dysrhythmia
Torsades depointes
Ventricular tachycardia
Ventricular flutter
Ventricular fibrillation

Ventricular complexes In upward- pointing and downward-pointing conlmuum|1G0 250 bpm)
3 or more consecutive premature ventricular beats (>100 bpm. 0R5 >120 ms)

5mootb sine wave pattern of similar amplitude (>200 bpm)
Erratic ECG tracing, no identifiable waves

Conduction
2nd degree heart block (Mobil:type II) PR interval stable, some ORSs dropped
3rd degree heart block Prolonged ORS complex (>0.12 s)

RSR' in VS or V6
Total AV dissociation, but stable P-P and R- R intervals
MonophasiclandV6
May see ST elevation
Difficult to interpret,new L8BB is consideredSIEMI equivalent

left bundle branch block

Ischaemia
SI elevation in leads associated with injured area ol hcarl and reciprocal lead changes (depression)SIEMI

Metabolic
Initially, talll-waves
Followed by PR prolongation, ORS widening, loss of P waves
Finally,sinusoidal pattern and pulse electrical activity (PEA)fVFib/Asystole
P wave flattening
ORS complex widening and flattening
U waves appear
FlattenedIwaves

Hyperkalemia

Hypokalemia

Digitalis Toxicity Supraventricular tachycardia
Slow ventricular response
Frequent premature ventricular contractions
At risk for AV blocks and ventricular irritability

Common Therapeutic Approach to
Severe Migraine

• 1 L bolus of NS
• prochlorperazine/metoclopramide

10 mg IV
• diphenhydramine 25 mg IV. ketorolac 30 mg IV
• dexamethasone 10 mg IV
• Other options include haloperldol.

metodopramide. ergotamine.
sumatriptan, analgesics

Syndromes
Brugada RBB8 with St elevation in VI. V2. and V3

Susceptible lo deadly dysrhythmias, including VFib
Marked T wave Inversion In V2 and V3
Left anterior descending coronary stenosis
01interval longer than ff> ol cardiac cycle
Predisposed to ventricular dysrhythmias

Wellens

tong 01syndrome

Headache Ottawa SAH Rule
JAMA 2013,310(12) 12« 12 SS
(he lor alcrl patients older than 15 yt Willi new severe
non-lraumatic headache reaching maximum intensity
within th
Not lor patients with new neurologic deficits,
previous aneurysms.SAH.bran tumours,or history
of recurrent headaches (>3 episodes over the course
of >6 mo)
Investigate if >1high-risk variables present:

Age >40 yr
Reck pain o< stxfiness
Witnessed toss of consciousness
Onset during exertion
Ihunderdap headache(instantly peaking pain)
Limited neck flexionon examination

Subarachnoid hemorrhagecan he predicted with
100% sensitivity using this rule.

• see Neurology, N46

Etiology
• common and less serious

common migraine (without aura)/classic migraine (with aura)
common: unilateral, throbbing, aggravated by activity, moderate/severe intensity, N/ V,
photo</phonophobia

classic: fully reversible aura symptoms that precede headache, e.g. flashing lights, pins and
needles (paresthesia), loss of vision, dysarthria

treatment: simple analgesics ( NSAlDs, acetaminophen, Aspirin"), antiemetics, triptans
family physician to consider prophylactic treatment

tension headache
bilateral, non-throbbing, not aggravated by routine physical activity, mild-moderate intensity.
can last between 30 min to 7 d
triggered with stress, sleep deprivation
treatment: modify stressor(s), simple analgesics ( NSAlDs, acetaminophen, Aspirin*)

• less common but potentially fatal
subarachnoid hemorrhage (SAH) (see Neurosurgery, NS22)

sudden onset, “worst headache of life,” maximum intensity within minutes, “thunderclap
headache"

r ^increased pain with exertion, N/V, meningeal signs
• diagnosis L J

- new generation CT 100% sensitive within 6 h of onset (hyperattenuating signal
around Circle of Willis)

- LP to look for xanthochromia if suspected SAH and normal CT after 6 h
management: urgent neurosurgery consult

• increased ICP
+

worse in morning, when supine or bending down, with cough or Valsalva
physical exam: neurological deficits, cranial nerve palsies, papilledema

Activate Windows
GcLto Settings to. activate.Windows,.



F.R2-I Emergency Medicine Toronto Notes 2023

diagnosis: CT head, LF if suspect idiopathic intracranial hypertension (risk of blindness if
missed)
management: consult neurosurgery

meningitis (see Infectious Diseases, 11317)
at least two of the following features suggests that the headache could be due to meningitis:
fever, neck stiffness, altered mental status
possible clinical/laboratory findings: nausea, focal neurologic signs, seizure, papilledema,
petechial rash, high CSI:WBC count, growth of organism in blood culture
investigations: rule out increased ICP (CT head, mental status normal, no neurological signs,
no papilledema), if ruled out then perform diagnostic LP
treatment: early empiric antibiotics (high dose ceftriaxone t vancomycin ± ampicillin if >50
y/o or immunocompromised) ± acyclovir ± steroid therapy (administer based on clinical
suspicion, DO NOT wait for LP)

giant cell arteritis/temporal arteritis (causes significant morbidity, blindness) (see
Ophthalmology, OP36)

vasculitis of large and mid-sized arteries, gender 3:11;:M, most commonly ages >70 yr
headache, scalp tenderness, jaw claudication, arthralgia, myalgia, fever, malaise or weight
loss
temporal artery tender on palpation, RAPD, optic disc edema on fundoscopy
labs: elevated ESR. CRP
temporal artery biopsy is gold standard for diagnosis
associated with polymyalgia rheumatica
treatment: high-dose steroids immediately if suspected, no need to hold treatment until
pathology results

• cerebral venous sinus thrombosis
physical symptoms depend heavily on location, size, and extent of the clot. They may include
gradual or sudden onset headache, vomiting, papilledema, visual disturbances, focal
neurological deficits, seizures, and acute mental status changes
investigations: neuroimaging (e.g. CT head, CT venography) to assess and r/o other acute
processes (e.g. intracranial hemorrhage), CBC with coagulation studies and/or D-dimer,
consider LP to r/o meningitis
treatment: anticoagulation (most commonly LMWH or heparin)

Validation of the Ottawa Subarachnoid
Hemorrhage Rule in Patients with Acute
Headache
CMAJ 201?:189:f1379 -E1385
Purpose: Validate the Ottawa S1H Rule m emergency
department patients.
Methods:Prospective cohort studyat ( university-
aftlrated tertiary-care hospital emergency
departments in Canada from 2010-2014.Included
alert neurotogically intact adult patientswith
headache peaking within1hourof onset The rule was
scored before investigations.
Resnlts:1153/1743 potentially eligible patients were
enrolled, 67 had subarachnoid hemorrhage.Ottawa
SAH rule had 100% sensitivity and 13.6% specificity
with simitar neuioiinaging rates (87%).
Conclusions: the Ottawa SAH Rule was sensitive lor
identifying subarachnoid hemorrhage in otherwise
alert and neurotogically intact patients.

Meningitis
• Do not delay IV antibiotics for LP
• Deliver first dose of dexamethasone

with or before first dose of antibiotic
therapy

Disposition
•admission: if underlying diagnosis is critical or emergent, if there are abnormal neurological findings,

if patient is elderly or Immunocompromised (atypical presentation), or if pain is refractory to oral
medications

•discharge: assess for risk of narcotic misuse; most patients can be discharged with appropriate
analgesia and follow-up with their family physician; instruct patients to return for fever, vomiting,
neurologic changes, or increasing pain

ParcnttralDeiamethasone (or Preventing
Recurrence of Acute Severe Migraine Headache
SMJ 2008;336(76S7):1359
Purpose: Ip examine effectiveness of parenteral
corticosteroids for relief of acute severe migraine
headache and prevention of recount headaches.
Methods:Meta-analysis of RCTscomparng
corticosteroids (aloneor in comhloahoo with standard
abortive therapy] to placeboor any other standard
treatment for acute migraine in adults.
Results:Seven RCIs met eligibility criteria,at
of which used standard abortive therapy and
subsequently compared single dose parenteral
dexamethasone to placebo.All trialseoarined pain
relief and lecuunti ol headache within 72 hr.While
dexamethasone and placeboweie comparable
for acotepaln reduction (meanddfereuceO.37.
95% Cl -0.20 to 0.94|and sde effect profiles,
dexamethasone provided lower recurrence rates
(relative risk 9.75,9.60 to 0.90;number needed
to treat 9).
Contusion:Single dose parenteral deiamethasone
with standard abnrbve therapy is associated with
a 26% relative reduction in headache recurrence
within 72 h.

Joint and Back Pain
JOINT PAIN (see Rheumatology. RH3)
• rule out life- threatening causes e.g. septic joint (sec Orthopaedic Surgery, OKU )

History and Physical Exam
• history: recent trauma, drug use (anticoagulants, glucocorticoids)
• associated symptoms: fever, constitutional symptoms, skin lesions, conjunctivitis, urethritis
• patterns of joint involvement:polyarticular vs. monoarticular, symmetric vs. asymmetric
• inflammatory symptoms: morning stiffness >30 min, pain/stiffness that ease with activity, mid-day

fatigue, soft tissue swelling
• non-inflammatory symptoms: morning stiffness <30 min, stiffness short-lived after inactivity,

increasing pain with activity
• assess for pain with ROM , localized joint pain , effusion, erythema, warmth, swelling, inability to bear

weight, fever; may indicate presence of septic joint

Sew;Investigations
• blood work: CBC, ESR, CRP, INR/PTT,blood cultures, urate

joint x-ray ± contralateral joint for comparison
• bedside U/S to identify effusion ± joint aspiration
• test joint aspirate for: culture, WBC, polynuclear cells, glucose, Gram stain, crystals

Red Flags for Back Pain

Bo wel or bladder dysfunction
Anesthesia (saddle)
Constitutional symptoms
K - Chronic disease. Constant pain
Paresthesia
Age >50 and mild trauma
IV drug use/infection
Neuromotor deficits

Management
• septic joint: empiric IV antibiotics ± orthopaedic consultation for joint decompression and drainage
• crystalline synovitis: NSAlDs at high dose, colchicine within first 24 h, corticosteroids

do not use allopurinol for acute flares, as it may worsen acute attack
• acute polyarthritis: NSAlDs, analgesics (acetaminophen ± opioids), local or systemic corticosteroids

osteoarthritis: NSAlDs, acetaminophen
• soft tissue pain:

non-pharmacologic treatment: local heat or cold, electrical stimulation, massage
pharmacologic: oral analgesics, NSAlDs, muscle relaxants, corticosteroid injections, topical
agents

+
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BACK PAIN (see family Medicine. I M l 1 )
• rule out extraspinal emergencies:aortic dissection, AAA, PE, Ml, retroperitoneal bleed, pancreatitis
• rule out spinal emergencies: osteomyelitis, cauda equina syndrome, epidural abscess or hematoma,

spinal fracture, or malignancy

History and Physical Exam
• evaluate risk for fracture (osteoporosis, age, trauma), infection (IV drug user, recent spinal

intervention, immunosuppression), cancer, vascular causes (cardiac risk factors), neurological
symptoms (e.g. saddle anesthesia)

• typical musculoskeletal back pain is moderate, worse with movement or cough with no visceral symptoms
• assess vital signs, perform precordial, abdominal, and neurologic examination of lower extremities

Investigations
• WBC, ESR, CRP, U/A, post-void residual bladder scan
• reserve imaging for neurological deficits, metastases, and patients at high-risk of fracture, infection,

cancer, or vascular cause
consider x-ray ± Cl' if trauma or fracture risk
urgent MRI if neurological findings

Management
• treat underlying
• lumbosacral strain and disc herniation:analgesia and continue daily activities as much as tolerated:

discuss red flags and organize follow-up
• spinal infection: early IV antibiotics and infectious disease consultation
• cauda equina syndrome: dexamethasone, early neurosurgical consultation

cause

Seizures
• see Neurology, N18

Definition
• paroxysmal alteration of behaviour and/or EECi changes resulting from abnormal, excessive activity of

neurons
• status epilepticus: continuous or intermittent seizure activity for greater than 5 min without regaining

consciousness (life-threatening)

Categories
• generalized seizure (consciousness always lost): tonic/clonic, absence, myoclonic, atonic
• partial seizure (focal):simple partial, complex partial
• causes: primary seizure disorder, structural (trauma, intracranial hemorrhage, infection, increased

1CP), metabolic disturbance ( hypo-/hyperglycemia, hypo-/hypcrnatremia, hypocalcemia,
hypomagnesemia, toxins/drugs)

• differential diagnosis: syncope, stroke/TIA, psychogenic non-epileptic seizure, migraines, movement
disorders, narcolepsv/cataplexy

History and Physical Exam
• history of seizures, identify potential precipitanls (illness, alcohol withdrawal, sleep deprivation )
• preceding aura, rapid onset, brief duration, alterations in consciousness, tonic-clonic movements, and

post-ictal symptoms would suggest a seizure
• common signs include tongue biting (high specificity), loss of bladder/bowel control, emesis, and

aspiration
• perform vitals, complete neurologic examination and look for injuries to head, spine, and shoulder

( particularly posterior dislocations)

$
Minimum Workup in an Adult with 1st
Time Seizure
CBC and differential
Electrolytes including CaJ+. Mg'*. PCU1-
CT Head

If administering phenytoin, patient must
be on a cardiac monitor as dysrhythmias
and/or hypotension may occur

m
If IV access is not feasible, midazolam
0.2 mg/kg IM up to 10 mg can be used
for initial control of seizure in adults

Table 17. Concurrent Investigation and Management of Status Epilepticus
Timing Steps
Immediate Protect airway will) positioning: intubate II airway compromised or elevated ICC

Monitor:vital signs, ECG. oximetry: POCT capillary blood glucose
Establish IV access

Benzodiazepine - lorazepam 2 mg IV at 2 mg,'min up to10 mg or midazolam 5 mg IM up to10 mg:repeat at10 min if ineffective:intranasal or I0 if no IV access
Fluid resuscitation
IV dextrose it glucose <60 mg/dl
Give 60% glucose 60 ml (preceded by thiamine 100 mg IM if concerned about alcohol withdrawal)

Obtain CBC.electrolytes, Ca 2;Mg2 - , VBG , serum blood glucose, toxins, and anliepileptic drug levels; p - hCG
Vasopressor support if sBP "90 or MAP "70 mmHg alter aggressive fluid resuscitation

Urgent Establish second IV line, urinary catheter
If status persists, phenytoin 20 mg/ kg IV al 25 50 mg/m in in adults:may give additional 10 mg /kg IV10 min alter loading infusion
II seizure resolves, antieplleptic drug slill required lo prevent recurrence

EEC monilonng lo evaluate lor non-convulslve status epilepticus

Refractory If status persists alter maximum doses above, consult ICU and start one or more of:
Phenobarbilal 20 mg/kg IV at 50 mg/min
Midazolam 0.2 mg /kg IV loading dose and 0.10.4 mg/kg/h
Propofol 2 mg/ kg IV al 2-5 mg / kg / h then loading dose then 2-10 mg/ kg/h

Requires definitive airway management indudingiapid sequence intubation and assisted ventilation . Elcctroencephalogiaphy (EEC) lor continuous monitoring

Post-Seizure Investigate underlying cause: consider CT.IP. MRI. ICP monitoring

ri

+

Nate: All interventions should be done os soon os possible dopted from Brophy et al.Guidelines for the evaluation and management of status epilepticus.Neurocrit Care 2012:17:3-23
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Disposition
• decision to admit or discharge should be based on the underlying disease process identified

if a patient had a brief generalized seizure and has returned to baseline function and is Intramuscular »5. Intravenous Therapy for
PrehospitalStains Epileptirus
HE JM 2012:366:591600
Purpose lo investigate the eHkacy of intramuscular
(IM|midatolam with that of IV locatepam for
children and adults HI statusepileptrcus treated by
paramedics.
Methods:Double-Mind, randomized, non-inferiority
trial.Subjects whose convulsions had persisted more
than S min and were still convulsing alter paramedics
arrived were given the study meditation by either IM
or IV Infusion.Primary outcome:absence olstiluses
at the timeof arrival in the emergency department
without the need for rescue therapy.
Results:Seizu resnere absent without rescue
therapy in 73% of the IM-midaiolam group and
m 63.4% ol the IV-loratepam group [P‘0.001foi
nonlnferiority and Superiority). The median times lo
active treatment weit 1.2 min in the IM midazolam
group and 4.8 min in the IV-lorazepam group,with
corresponding median timesfrom active treatment
tocessatlonofconvutsmnsof 3.3minaed1.(min.
Adverse -event rates were snmlai.
Conclusions: For subjects in status epdeptcus.
IM midazolam isat least assafe and effective as K
(orazepam fur prehospital seizurecessation.

neurologicalIy intact, then consider discharge with outpatient follow-up
• first-time seizure patients being discharged should be referred to a neurologist for follow-up
• admitted patients should generally have a neurology consult
• patient should not drive until medically cleared (local regulations vary)

• complete notification form to appropriate authority regarding ability to drive (based on local legal
requirements)

• warn regarding other safety concerns (e.g. no swimming, bathing children alone, etc.)

Shortness of Breath
• see Respirologv, R3 and Cardiology and Cardiac Surgery, C6

Table 18. Differential Diagnosis for Dyspnea
High Mortality/Morbidity Usually Less Emezgent

Respiratory Airway obstruction (foreign body,epiglottitis, abscess, anaphylaxis)
Pneumo/hemothorax
Gas exchange - pulmonary edema.PE. pneumonia, acute exacerbations Pleural effusion
olasthma or CORD

CHE,Ml. valvular disease, tamponade, arrhythmia
Metabolic acidosis NYD. toxin ingestion

Neuromuscular Myasthenia gravis, diaphragmatic paralysis
Deconditioning, respiratory splinting due lo unrelatedpain

Chronic obstructive,interstitial or restrictive lung
disease

Cardiac Chronic CHE, angina
Anemia.Hemoglobinopathy
CNS lesion, primary muscle weakness
Anxiety

Metabolic

Other

History and Physical Exam
• acute SOB is often due to a relatively limited number of conditions;associated symptoms and signs are

key to the appropriate diagnosis
substcrnal chest pain with cardiac ischaemia

• fever, cough, and sputum with respiratory infections
urticaria with anaphyl
wheezing with acute bronchospasm
environmental or occupational exposures

• dyspnea may he the sole complaint and the physical exam may reveal few abnormalities (e.g. PE,
pneumothorax)

• vitals including pulse oximetry
wheeze and stridor (ventilatory) vs. crackles (parenchymal),|VP,and murmurs

laxis

Investigations
• blood work

CBC and differential (hematocrit to exclude anemia), electrolytes, consider AB(i/VB(i
serial cardiac enzymes and ECG if considering cardiac source
PERC or Wells scores to consider appropriateness of D-dimer

• imaging
CXR (hyperinflation and bullous disease suggestive of obstructive lung disease, or changes in
interstitial markings consistent with inflammation, infection, or interstitial fluid)
CT chest may be indicated in acute dyspnea, specifically when suspicion for thromboembolic
disease (i.e. PE)

Disposition
• history and physical exam lead to accurate diagnoses in patients with dyspnea in approximately two-

thirds of cases; the decision to admit or discharge should be based on the underlying disease process
identified and its severity

non-invasive positive pressure ventilation (N1PPV) should be considered in patients with severe
COPD or CHI', may reduce the need for intubation in this patient population
consider intubation in COPD and CHE if NIPPV will not be tolerated (e.g.decreased LOC,
vomiting)

• if discharging, organize follow-up and educate regarding signs to return to hospital

Syncope ri
j

Definition
• sudden, transient loss of consciousness and postural tone with spontaneous recovery
• usually caused by generalized cerebral or reticular activating system (brainstem) hypoperfusion

Etiology
• cardiogenic:dysrhythmia, outflow obstruction (e.g. PE, pulmonary'HTN), Ml, valvular disease
• non-cardiogenic: peripheral vascular (hypovolemia), vasovagal,

disorders, CNS, metabolic disturbances (e.g. EtOH intoxication)

+

orthostatic, cerebrovascular
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History
• gather details from witnesses, and clarify patient’s experience (e.g.dizziness, ataxia, or true syncope)

• two key historical features:prodrome and situation (setting, patient posture)
• distinguish between syncope and seizure (see Neurology. N19)

• some patients may have myoclonic jerks with syncope - NOT a seizure
signs and symptoms during presyncope, syncope, and postsyncope (seizure has post-ictal
period afterwards, syncope does not).
past medical history, drugs
think anatomically in differential: pump (heart), blood, vessels, brain

• syncope is cardiogenic until proven otherwise if
there is sudden loss of consciousness with no warning or prodrome
syncope is accompanied by chest pain

Physical Exam
• postural BP and HR
• cardiac, respiratory, and neurological exams
• examine for signs of secondary injury caused by syncopal episode (e.g. head injury')

Investigations
• EGG ( tachycardia, bradycardia, blocks, Wolff-Parkinson White, long QT interval, Brugada Syndrome,

right ventricular strain, hypertrophic cardiomyopathy),
• POCT capillary blood glucose
• consider blood work:CBC, electrolytes, BUN/Cr, VBG, troponin, Ca 2|, Mg-', p-hCG, D-dimer
• consider toxicology screen

Management
• ABCs, IV, O’, monitor
• cardiogenic syncope: admit to medicine/cardiology
• low-risk syncope: discharge with follow-up as indicated by cause ( non-cardiogenic syncope may still

be admitted )

Disposition
• decision to admit is based on etiology
• most patients will be discharged
• on discharge, instruct patient to follow up with family physician

educate about avoiding orthostatic or situational syncope
evaluate the patient for fitness to drive or work

• patients with recurrent syncope should avoid high-risk activities (e.g. driving)

sSexual Assault
Epidemiology
• I in 5 women and I in SO men will be sexually assaulted in their lifetime;only 7% are reported

General Approach
• ABCs, treat acute, serious injuries; physician priority is to treat medical issues and provide clearance
• ensure patient is not left alone and provide ongoing emotional support
• obtain consent for medical exam and treatment, collection of evidence, disclosure to police (notify

police as soon as consent obtained)
• Sexual Assault Kit (document injuries, collect evidence) if <72 h since assault
• label samples immediately and pass directly to police
• offer community crisis resources (e.g. shelter, hotline)
• do not report unless victim requests or if <16 yr old (i.e. legally required)

Interprofessional teams are key; many
centres or regions have sexual assault
teams whospecialize in the assessment
and treatment of sexual assault
victims, leaving emergency physicians
responsible only for significant injuries
and medical clearance

History
• ensure privacy for the patient - others should be asked to leave
• questions to ask: who, when, where did penetration occur, what happened, any weapons, or physical

assault?
• post-assault activities (urination, defecation, change of clothes, shower, douche, etc.)
• gynaecologic history

gravidity, parity, last menstrual period
contraception use

• last voluntary intercourse (sperm motile 6-12 h in vagina, 5 d in cervix)
• medical history: acute injury/illness,chronic diseases, psychiatric history, medications, allergies, etc.

Physical Exam
• never re-traumatize a patient with the examination
• intimate exams and specimen collection should ideally be deferred to a sexual assault nurse if there is

one available.This is to avoid re-traumatization and for medico-legal reasons (samples once collected
must be secured, otherwise their validity will be questioned during legal proceedings)

r i

+
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•general examination
• mental status
• sexual maturity

patient should remove clothes and place in paper bag
• document abrasions, bruises, lacerations, torn frenulum/broken teeth (indicates oral penetration)

•pelvic exam and specimen collection
ideally before urination or defecation
examine for seminal stains, hymen, signs of trauma

• collect moistened swabs of dried seminal stains
• pubic hair combings and cuttings

speculum exam
lubricate with water only
vaginal lacerations, foreign bodies
Pap smear, oral/cervical/rectal culture for gonorrhea and chlamydia
posterior fornix secretions if present or aspiration of saline irrigation
immediate wet smear for motile sperm
air-dried slides for immotile sperm, acid phosphatase, ABO group

•fingernail scrapings and saliva sample from victim

Investigations
•Venereal Disease Research Lab ( VDRL): repeat in 3 mo if negative
•serum p-hCCi
•blood for ABO group, Rh type, baseline serology (e.g. hepatitis, HIV )

Management
•involve local/regional sexual assault team (sexual assault forensic examiner or sexual assault nurse

examiner)
•medical

• suture lacerations, tetanus prophylaxis
gynecology consult for foreign body, complex lacerations
assume positive for gonorrhea and chlamydia

management:azithromycin 1 g PO x 1 dose (alt:doxycycline 100 mg PO BID x 10 d) and
ceftriaxone 250 mg IM x 1 dose

may start post-exposure prophylaxis for hepatitis B, syphilis, HIV
pre and post counselling for HIV testing
pregnancy prophylaxis offered

levonorgestrel 1.5 g PO ST'AT (Plan B*)
•psychological

high incidence of psychological sequelae
have victim change and shower after exam completed

Disposition
•discharge if injuries/social situation permit
•follow-up with physician in rape crisis center within 24 h for repeat pregnancy and S'l'l testing
•best if patient does not leave ED alone

INTIMATE PARTNER VIOLENCE
•women are usually the victims, but male victimization also occurs
•identify the problem (need high index of suspicion)

suggestive injuries (bruises, sprains, abrasions, occasionally fractures, burns,or other injuries;
often inconsistent with history' provided)
somatic symptoms (chronic and vague complaints)

• psychosocial symptoms
• clinician impression (your 'gut feeling’ e.g. overbearing partner that won’t leave patient’s side)

•if disclosed, be supportive and assess danger
•patient must consent to follow-up investigation/reporting (unless patient is <16 y/o)

Management
•treat injuries and document findings
•ask about sexual assault and children at home (encourage notification of police)
•safety plan with good follow-up with family physician/social worker

r i
L J
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Medical Emergencies
Most Common Triggers for Anaphylaxis. Foods (nuts, shellfish, etc.)

• Stings. Drugs (penicillin. NSAIDs. ACEl)
• Radiographic contrast media
• Blood products
• Latex

Anaphylaxis and Allergic Reactions
Etiology

• anaphylaxis is an exaggerated immune-mediated hypersensitivity reaction that leads to systemic
histamine and vasoactive mediator release leading to increased vascular permeability and
vasodilation

• regardless of the etiology, the presentation and management of anaphylactic reactions are the same
• epinephrine ( 1 :1000) 0.3-0.5 mg (1M in anterolateral thigh)

• allergic (e.g. re-exposure to allergen )
• non-allergic (e.g. exercise-induced)

Diagnostic Criteria
• diagnosis of anaphylaxis is highly likely with any of the following:

1.acute onset of an illness (min to h) with involvement of the skin, mucosal tissue, and at least one of
respiratory compromise (e.g. dyspnea, wheeze, stridor, hypoxemia)
hypotension/end-organ dysfunction (e.g. hypotonia, collapse, syncope, incontinence)

2. two or more of the following after exposure to a LI KLLV allergen for that patient (min to h)
involvement of the skin-mucosal tissue
respiratory compromise
hypotension or associated symptoms
persistent gastrointestinal symptoms (e.g. crampy abdominal pain, vomiting)

3.hypotension after exposure to a KNOWN allergen for that patient (min to h)
management is also appropriate in cases which do not fulfill criteria, but who have had
previous episodes of anaphylaxis

life- threatening differentials for anaphylaxis include asthma and septic shock
angioedema may mimic anaphylaxis but tends not to improve with standard anaphylaxis
treatment

Management
• moderate reaction: generalized urticaria, angioedema, wheezing, tachycardia

• epinephrine (1 :1000) 0.3-0.5 mg (1M in anterolateral thigh)
• antihistamine: cetirizine 10 mg PO/1V

salbutamol ( Ventolin*) 1 cc via MD1
• severe reaction/evolution: severe wheezing, laryngeal/pulmonary edema, shock

• ABCs, may need definitive airway (e.g. ETT) due to airway ede
• epinephrine ( 1 :1000) 1 -10 pg/min IV (or via ETT if no IV access) titrated to desired effect

antihistamine: diphenhydramine (Benadryl*) 50 mg IV (~ 1 mg/kg) or cetirizine (Reactine* ) 10
mg IV

• glucocorticoids: methylprednisolone 125-250 mg IV or prednisone/prcdnisolone 40-60 mg PO
large volumes of crystalloid may lie required

• patients on (5-blockers may not respond to epinephrine in an anaphylactic reaction and may benefit
from glucagon for reversal

Disposition
• monitor for 4-8 h in ED (minimum) and arrange follow-up with family physician in 24-48 h
• can have second phase (biphasic) reaction up to 72 h later, patient may need to be supervised
• educate patient on avoidance of allergens
• instructions to seek immediate medical attention in ED during any future anaphylaxis reaction, even

when self-treatment has been self-initiated
• medications

• epinephrine auto-injector
• HI antagonist (cetirizine 10 mg PO once daily or Benadryl’ 50 mg PO q4-6 h x3 d)

Second-generation H 1 antagonists (e.g. cetirizine) are less sedating than first-generation H 1
antagonists (e.g. Benadryl*)

• glucocorticoids not recommended if good response to epinephrine and absence of asthma; if
indicated, methylprednisolone 1-2 mg/kg/d for 2 d is sufficient

Anaphylaxis should be suspected
if airway, breathing, or especially
circulation compromise is present after
exposure to a known allergen

Hypotension is defined as sBP >30%
decrease from baseline or

• >11 yr:<90 mmHg
• 1-10 yr:<70 mmHg + (2 x age)
• 1 mo-1yr: <70 mmHg

o
Early epinephrine is lifesaving and there
are no absolute contraindications

n

Paediatric Dosing
Epinephrine:001 mg/kg IM up to 0.5
mg q5-10 min
Initial crystalloid bolus:20-30 mL/kg.
reassess
Epinephrine infusion:0.1-1.5 pg/kg/min
Diphenhydramine:1mg/kg PO/IV
q4-6 h
Methylprednisolone:1-2 mgikg IV

o
Beware of thesilent chest in asthma
exacerbations.This is a medical
emergency and requires aggressive
treatment. Intubation of patients with
severe asthma is extremely high risk and
maximum medical therapy should be
used to avoid it if possible

Asthma
•see Respirologv, R7 and Paediatrics. P91
•chronic inflammatory airway disease with episodes of bronchospasm and inflammation resulting in

reversible airflow obstruction r -t
L

History and Physical
•find cause(s) of asthma exacerbation (e.g. viral, environmental, etc ,)
•history of asthma control; severity of exacerbations (e.g. 1CU, intubation history)
•signs of respiratory distress (e.g. accessory muscle use)
•vitals, specifically 0 2 saturation

+
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Investigations
• peak flow meter
• ± ABCi if in severe respiratory distress

CXR if diagnosis is uncertain to rule out pneumonia, pneumothorax, etc.
Elements of Well-Controlled Asthma
Can Respir J 2010:17(1):15-24
• Daytime symptoms <4x2wk
• Nocturnal symptoms <1x/wk
• No limitation in activity
• No absence from work/school
• Rescue inhaler use <4x2wk
• FEVi <90% personal best
• PEF <10-15% diurnal variation. Mild infrequent exacerbations

Table 19. Asthma Assessment and Management
Classifications History and Physical Exam Management

Exhausted, confused, diaphoretic, cyanotic
Silent chest, ineffective respiratory effort
Decreased NR. respiratory rale (RR ) >30. pCO 2
»45 mmHg
02 sat <90% despite supplemental 02

Anticipate need for intubation
100% 02. cardiac monitor. IV access
Inlubale (consider induction with ketamine)
Short acting 3-agonist [Ventolin ! ): nebulizer 5 mg conbnually
Short-acting anticholinergic (Alrovent:):nebulizer 0.5 mg x 3
IV steroids:mcthylprednisolone 125 mg

Similar to above management
Magnesium sulphate 2 g IV
0 J to achieve 02 sat >92%

Respiratory Arrest
Imminent

Severe Asthma Agitated, diaphoretic, laboured respirations
Speaking in words
No relief from 3-agonist
A sat <90%. FEVi < 50%

SOB at rest, cough, congestion, chest lightness
Speaking in phrases
Inadequate relief from 0-agonist
FEVi 50- 80%
Exertional SOB /cough with some nocturnal
symptoms
Difficulty Finishing sentences
FEVi >80%

Combined Inhaled 8-Agonist and Anticholinergic
Agents for Emergency Management In Adults
with Asthma
Cochrane 08 Syst Rev 2017:C0001284
Purpose Oeteim.ne the effectiveness of combined
short-acting 8-agonist|SA8A) * short-acting
anticholinergic (SAAC) vs.SASAc me to reduce
hospita ' izahon in adult patients presenting to the EO
with an exacerbation of asthma.
Methods: Systematic review of RCIs.
Results: 23 trials. 2224 patients. Combination
nhaled therapy was associated with reduced
Uellhood of hospitaliration (RR 072.95% Cl
0.59-0.82) for severe but not mild or moderate
asthma exacerbations.Combination therapy was also
associated with improved FEVI (MD 0.25L, 95% Cl
0.02-0.48) and PEF (MO 24.88.95% Cl14.83-34.93)
and patients weie less likely to return to EO for
additional care|RR 0.80.95% Cl 0.66-0.98). In
contrast, patients receiving combination therapy
were more likely to experience adverse events than
those treated with SABA alone (OR 2.03. 95% Cl
1.28-3.20).
Conclusions:Combination SAAC SABA therapy
reduces hospitalizations and improves pulmonary
luntlion in adults presenting tothe ED with acute
asthma.However, adults tecerring combination
therapy were more likely to experience adverse
events, such as tremor,agitation, and palpitations,
compared to patients receiving SABA alone.

02 to achieve 02 sat >92%
Short-acting 3-agonist ( Ventolin- ):MDI or nebulizer q5 min
Short-acting Anticholinergic (Alrovent ' ):MD! or nebulizerx 3
Steroids:prednisone 40- 60 mg P0
3-agonisl
Monitor FEVi
Consider steroids (MDI or P0)

Moderate Asthma

Mild Asthma

Disposition
• discharge is safe in patients with FEVI or peak expiratory flow ( PEE) >60% predicted, and maybe safe

if I FVI or PEE 40-60% predicted based on the patient’s risk factors for recurrence of severe attack
risk factors for recurrence: frequent FD visits, frequent hospitalizations, recent steroid use, recent
exacerbation, poor medication compliance, prolonged use of high dose (3-agonists

• p-agonist MDI with aerochamber 2-4 puffs q2-4 h until symptoms controlled, then PUN
• initiate inhaled corticosteroids with aerochamber if not already prescribed

if moderate to severe attack, administer prednisone 30-60 mg/d for 5-10 d with no taper
• counsel on medication adherence and educate on use of aerochamber

• follow up with primary care physician or asthma specialist

Cardiac Dysrhythmias
• see Cardiology and Cardiac Surgery.09

Bradydysrhythmias and AV Conduction Blocks
• AN' conduction blocks

• 1st degree: prolonged PR interval (>200 msec), no treatment required
2nd degree

Mohitz 1: gradual prolongation of PR interval then dropped QRS complex, usually benign
Mohitz 11: PR interval constant with dropped QRS complex, can progress to 3rd degree AV
block

• 3rd degree: P wave unrelated to QRS complex, PP and RR intervals constant
atropine and transcutaneous/transvenous pacing (atropine with caution)
if transcutaneous/transvenous pacing fails consider IV dopamine, epinephrine

• long-term treatment for Mobitz II and 3rd degree block - internal pacemaker
• sinus bradycardia ( rate <60 bpm )

• can be normal (especially in athletes)
• causes: vagal stimulation, vomiting, Ml /ischemia, increased ICE, sinus node dysfunction,

hypothyroidism, drugs (e.g. (3-blockers, calcium channel blockers)
• treat if symptomatic (hypotension, chest pain )

acute: atropine ± transcutaneous/ transvenous pacing
sick sinus: transcutaneous/transvenous pacing
drug induced: discontinue/reduce offending drug, consider antidotes

Adenosine vs. Intravenous Calcium Channel
Antagonists for Supraventricular Tachycardia
C ochrane OB Syst Rev 2012:00005154
Purpose Compare adenosine vs. calcium channel
antagonists in terminating supraventiicular
tachycardia.
Methods:Systematic lev lew of RCIsforany patient
presenting with supiaventiicutar tachycardia.
Results 2 RCIs.822 participants. Moderate quality
evidence shows no differences mthe number or
people revetting to sinus rhythm who were treated
with adenosi re or calcium channel antagonist (89.7%
vs.92.9%. OR 1.51) . low-quality evidence suggests no
differences in major adverse event rales.
Conclusions:Mnderate-quality evidence shows
no differences in effectsof adenosine andcakium
channel antagonists lor treatment of upravrntiicular
tachycardia on reverting to sinus ihythm.and
low-quality evidence suggests no differences in the
incidence of hypotension.

Supraventricular Tachydysrhythmias (narrow QRS)
sinus tachycardia (rate >100 bpm)
• causes: increased sympathetic tone, drugs, fever, shock, anemia, thyrotoxicosis, Ml, HF,

emotional, pain, etc.
• search for and treat underlying cause

• regular rhythm (i.e. not sinus tachycardia)
• vagal maneuvers (e.g. carotid massage, Valsalva), adenosine 6 mg IV push, if no conversion give

12 mg, can repeat 12 mg dose once, electrical cardioversion if vagal maneuvers and adenosine
unsuccessful

• rhythm converts: probable reentrant tachycardia (atrioventricular (AV ) nodal reentrant
tachycardia (AVNRi) more common than AV reentrant tachycardia (AVRT)

monitor for recurrence
treat recurrence with adenosine or longer acting medications

+
If a patient with tachydysrhythmia
is unstable, perform immediate
synchronized cardioversion
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rhythm does not convert:atrial flutter, ectopic atrial tachycardia, junctional tachycardia
rate control (diltiazem, p-blockers) or rhythm control with cardioversion

• consult cardiology if refractory
•irregular rhythm

probable AFib,atrial flutter, or multifocal atrial tachycardia
» rate control (e.g.diltiazem, p-blockers), or rhythm control if AFib/flutter and at least <48h from

onset

N patient has Wolff-Parklnson-White
and is in AFib,use amiodarone or
procainamide or cardiovert avoid AV
nodal blocking agents (adenosine,
digoxln, diltiazem. verapamil,
8-blockers), as these can increase
conduction through bypass tract, leading
to cardiac arrest

Atrial Fibrillation
•most common sustained dysrhythmia; no organized P waves (atrial rate >300/min), irregularly

irregular heart rate, narrow QRS (typically)
•etiology: HTN, CAD, thyrotoxicosis, FtOH (holiday heart), valvular disease, pericarditis,

cardiomyopathy, sinus node dysfunction
•treatment principles:stroke prevention, treat symptoms, identifv/treat underlying cause
•decreases cardiac output by 20-30% (due to loss of organized atrial contractions)
•acute management

» if unstable; immediate synchronized cardioversion
hemodynamically stable patients with AFib <48 h: rhythm or rate control ± electrical or chemical
cardioversion

•electrical cardioversion; synchronized direct current (DC) cardioversion
•chemical cardioversion; procainamide, flecainide, propafenone
•long-term management: rate or rhythm control, consider anticoagulation (see Cardiology and Cardiac

Surgery.CHADS2 score, C23)

<§>
Causes of Atrial Fibrillation

C ("sea”) PIRATES
CHF, Cardiomyopathy
Pulmonary embolism
Ischaemic heart disease
Rheumatic or valvular disease
Anemia
Thyroid (hyperthyroidism)
EtOH. Elevated blood pressure
Sick Sinus. Stress - surgery, sepsis

Ventricular Tachydysrhythmias (wide QRS)
•VTach (rate usually 140-200 bpm )

definition:3or more consecutive ventricular beats at >100 bpm
etiology:CAD with Ml is the most common cause

• treatment: sustained VTach (>30 s) is an emergency
hemodynamic compromise:synchronized DC cardioversion
no hemodynamic compromise: synchronized DC cardioversion, amiodarone, procainamide

•V Fib:call a code blue, follow ACLS for pulseless arrest
•torsades de pointes

• looks like VTach but QRS ‘rotates around baseline’ with changing axis and amplitude (twisted
ribbon)

• etiology: prolonged QT due to drugs (e.g. quinidine,TCAs, erythromycin, quinolones), electrolyte
imbalance (hypokalemia, hypomagnesemia), congenital

• treatment
IV Mg2', temporary overdrive pacing, isoproterenol
correct cause of prolonged QT

Early or Delayed Cardioversion in hcnt-Onset
Atrial Fibrillation
HUM 2019:310:1499 1308
Purpose: Patients with recent-onset AFib commonly
undergo immediate restoration of sntrrs rhythm by
cardioversion.Whether this is necessary is not known,
since If rb often terminates spontaneously.
Methods: Random ty assigned patients with stable,
recent-onset|<36 h ). symptomatic If b in the10 to
be treated with a wart-aod -see approach (delayed -
cardioversion group) or early cardioversion.Ihe
wait -and -see approach involved Initial Ueatment
with rate-control meditation only and delayed
cardioversion if the AFib did not resolve within 48 h.
Primaryendpoint:presence of sinos rhythm at 4 wk.
Results:Ihe presence of sinus rhythmat 4 wk
occurred in 91% ol patients in the delayed -
cardioversion group and in 94% In the early-
cardioversion grouj(M.005lor nnniiferiority).
Among the patients whn completed remote
monitoring during 4 wk ol follow-up.a recurrence ol
AFib occurred in 3t% ol the delayed-candioversion
group and In 29% ol the eariy-caidioitrsion group.
Conclusions:Wait-and-see appertain was non-
inferior to early cardioversion in stable AFib patients.

Acute Exacerbation of COPD
•see Respirologv. R8
•progressive development of irreversible airway obstruction, typically caused by smoking

History and Physical Exam
•cardinal symptoms of acute exacerbation of COPD (AECOPD): increased dyspnea, increased coughing

frequency or severity, increased sputum volume or purulence
•triggers:virus, pneumonia, PE, CHF, Ml, drugs
•characterize previous episodes and hospitalizations, smoking history
•vital signs, LOC, signs of respiratory distress, respiratory exam

Investigations
•CBC, electrolytes, CXR, ECG, consider ABG
•Pulmonary Function Tests are NOT useful in managing acute exacerbations

Management
•oxygen: keep O 1 saturation 88-92% (be aware of chronic hypercapnic/CO’ retainers but do not

withhold 01 if hypoxic)
•bronchodilators: short-acting p-agonist (salbutamol 4-8 puffs via MDI with spacer ql5 min x3 PRN) ±

short-acting anticholinergic (ipratropium 0.5 mg via MDI q30 min x3 PRN)
•steroids: prednisone 40-60 mg PO for 7-14 d, or methylprednisolone 1-2 mg/kg IV if severe

exacerbation, or unable to take PO.antibiotics: trimethoprim/sulfamethoxazole, cephalosporins, respiratory quinolones (given if all 3
cardinal symptoms present or 2 cardinal symptoms with increased sputum purulence or mechanical
ventilation); no antibiotics for mild exacerbation (only 1 of 3 cardinal symptoms)

•ventilation: apply noninvasive positive-pressure ventilation (CPAP or Bi-PAP) if severe distress or
signs of fatigue, arterial pH <7.35, or hypercapnic

•if life-threatening, intubate in ED and refer to ICU admission for ventilation (chance of ventilation
dependency)

w
Physical Exam Findings In COPD
• Wheeze
• Maximum laryngeal height s4 cm
• Forced expiratory time 26 s
• Decreased breath sounds
• Decreased cardiac dullness

r ~\
LJ

Need to Rule Out with COPD
• Exacerbation
• Pneumothorax
• CHF exacerbation. Acute Ml
• Pneumonia and other infectious

+

causes. PE
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mDisposition
• no guidelines for admission - based on clinical judgment, comorbidities, and presence/absence of

ongoing symptoms
• lower threshold to admit if comorbid illness (e.g. diabetes, CHE, CAD, alcohol use disorder)
• if discharging, use antibiotics, taper steroids, up to 4-6 puffs QID of ipratropium and salbutamol, and

organize follow-up

Precipitant;of CHF Exacerbation

FAILURE
For got medication
Arrhythmia (Dysrhythmia)/Anemia
Ischaemia/Infarction /Infection
Lifestyle (e.g. high salt intake)
Upregulation of cardiac output
(e.g.pregnancy, hyperthyroidism)
Renal failure
Embolism (pulmonary)

Heart Failure
•see Cardiology and Cardiac Surgery, C40

Etiology
•causes of chronic heart failure: decreased myocardial contractility ( ischaemia, infarction,

cardiomyopathy, myocarditis), pressure overload states ( H'i'N, valve abnormalities, congenital heart
disease), restricted cardiac output (myocardial infiltrative disease, cardiac tamponade)

•precipitants of acute decompensated heart failure (ADHE)
cardiac (ischaemia, infarction, arrhythmia, e.g. AEib)

• medications (P-blockers, calcium channel blockers, NSAlDs, steroids, non-compliance)
• dietary (increased sodium and/or water intake)
• high output (anemia, infection, pregnancy, hyperthyroid)
• other (renal failure, hypertensive crisis, iatrogenic fluid overload - blood transfusions or IV fluids)

CHFonCXR
• Pulmonary vascular redistribution. Perihilar infiltrates
• Interstitial edema.Kerley B lines
• Alveolar edema,bilateral infiltrates
• May see cardiomegaly. pleural

effusions
• Peribronchial cuffing
• Fissural thickening (fluid in fissure)

Presentation
•left-sided heart failure

• dyspnea, SOB on exertion, orthopnea, paroxysmal nocturnal dyspnea, nocturia, fatigue, altered
mental status, presyncope/syncope, angina, systemic hypotension

• hypoxia, decreased air entry to lungs, crackles, S3 or S4 , pulmonary edema (on CXR), pleural
effusion (usually right-sided)

•right-sided heart failure
dependent bilateral pitting edema,|VP elevation and positive abdominojugular test, ascites,
hepatomegaly

•patients often present with a combination of right-sided and left-sided symptoms

Investigations
•blood work: CBC, electrolytes, AST, ALT, bilirubin, Cr, BUN, cardiac enzymes, brain natriuretic

peptide
•CXR: most useful test (see sidebar)
•EC(i: look for Ml. ischaemia (ST elevation/depression, T-wave inversion), LVH , atrial enlargement,

conduction abnormalities
•bedside ultrasound: B-lines, rule out cardiac tamponade
•echocardiogram: left ventricular function, structural heart disease
•rule out other serious diagnoses: PE, pneumothorax, pneumonia/empyema, AECOPD

Management
•ABCs, may require intubation if severe hypoxia
•sit upright, cardiac monitoring, and continuous pulse oximetry
•saline lock IV, l-'oley catheter only if patient cannot void in a commode at bedside
•100% 02 by mask

if poor response, may require Bi-PAP ( preferred) or intubation
•medical

diuretic ( if volume overloaded): furosemide 0.5- 1 mg/kg IV, titrate to response
vasodilators (if sBP >100 mmHg): nitroglycerin 0.4 mg SL q5 min PRN ± topical Nitrodur* patch
(0.4-0.8 mg/h)

if patient not responding to treatment or showing signs of ischaemia (angina): nitroglycerine
5- 10 pg/min IV, titrate to response

Inotropes/vasopressors ( if sBP <90 mmHg )
without signs of shock: dobutamine 2.5 pg/kg/min IV, titrate up to sBP >90 mmHg. always
have norepinephrine or epinephrine running alongside as dobutamine can cause reflex
tachycardia and hypotension
with signs of shock: norepinephrine 8-12 pg/min IV, titrate up to sBP >90 mmHg

•treat precipitating factor - e.g. rate control ((1-blocker, calcium channel blockers) or rhythm-control
(electrical or chemical cardioversion) if new AEib

•cardiology or medicine consult

Acute Treatment of CHF

LMNOP
La six3 (furosemide)
Morphine
Nitroglycerin
Oxygen
Position (sit upright).Pressure (Bi-PAP)

Hospital Management Required if
• Acute Ml
• Pulmonary edema or severe

respiratory distress
• Severe complicating medical illness

(e.g. pneumonia). Anasarca
• Symptomatic hypotension or syncope
• Refractory to outpatient therapy. Thromboembolic complications

requiring Interventions
• Clinically significant dysrhythmias. Inadequate social support for safe

outpatient management
• Persistent hypoxia requiring

supplemental oxygen

Diagnostic Accuracy of FOCUS and CXR in Adults
With Symptoms Suggestive of ADHF
JAMA 2019;2:e190703
Purpose: lo compare the accuracy of Point-of -Care
lung Ultrasonography (lUS) unlit the accuracy ol CXR
in the diagnosis of cardiogenic pulmonary edema.
Methods: Systematic renew with inclusion criteria
of patients presenting with dyspnea who underwent
both LUS and CXR on initial assessment. Imaging
resalts were compa red by > clinical expert after
either a medical record retie*or a combination of
echocardiography findings andB-type natriuretic
peptide (BNP) criteria.Primary outcome
comparative accuracy of IUS a nd CXR in
AOHF as measured by the differences between the 2
modalities in pooled sensitivity and specificity.
Results:6studies met the iucl usion criteria:a total
of 1827 patients.Pooled estimates lor LUS were
Oitloi
estimate

wasthe
diagnosing

Venous Thromboembolism n
L J

sensitivity and 0.94 lot specificity. Pooled
isfor CAR weteO.23 for sensitrailyard 0.94

lor specificity. Ihe relative sensitivity ratio of IUS.
compared with CXR, was12. No difference was found
in specificity between tests.
Conclusions:The findingssuggest that LUS is mure
sensitive than CXR in detecting pulmonary edema
n ADHF; LUS should be considered asan adjunct
(waging modality in the evaluation ol patients with
dyspnea at nsktor AOHF.

• see Rcspiroloyv. RI 9

Risk Factors
• Virchow’s triad: alterations in blood flow (venous stasis), injury to endothelium (smoking, HTN,

surgery, catheter, trauma), hypercoagulable state (including pregnancy, use of oral contraceptive pills,
malignancy)

• clinical risk factors (see sidebar, Risk Factors for VIE, ER33)

+
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DEEP VEIN THROMBOSIS

(§)Presentation
• calf pain, unilateral leg swelling/erythema/edema, palpable cord along the deep venous system on

exam
• clinical signs/symptoms are unreliable for diagnosis and exclusion of DVT (may be asymptomatic;

bilateral leg presentation unlikely but does not rule out diagnosis; think inferior vena cava (IVC)
occlusion if bilateral DVT)

further investigation is often needed

Investigations
• use Wells’ criteria for DVT to guide investigations (see Figure 12, HR34 )
• D-dimer is only useful for ruling out DVT, and a D-dimer test result should only be considered in

cases where a low-moderate risk patient has a negative test (high sensitivity)
high-risk of false positives in: elderly, infection, recent surgery', trauma, hemorrhage, late in
pregnancy, liver disease, cancer

• U/S has high sensitivity & specificity for proximal clot but only 73% sensitivity for calf DVT (may need
to repeat in 1 wk)
• if positive - treat for DVT unless anticoagulation is contraindicated

if negative and low-risk - rule out DVT
if negative and moderate to high-risk - repeat U/S in 5-7 d to rule out DVT

Management
• direct oral anticoagulants (DOAC) can be used in acute management of symptomatic DVT

• rivaroxaban: 15 mg PO BID for first 21 d; 20 mg PO once daily for remaining treatment (taken
with food at the same time each day)
apixaban: 10 mg PO BID for first 7 d; 5 mg PO BID for remaining treatment

• low molecular weight heparin ( LM WH ) unless patient also has renal failure
dalteparin 200 lU/kg SC q24 h or enoxaparin I mg/kg SC q24 h

• warfarin started at same time as LMWH (5 mg PO once daily initially followed by dosing based on
INK)

• LMWH discontinued when INR has been therapeutic ( 2-3) for 2 consecutive days
• consider thrombolysis if extensive DVT threatening limb compromise
• JVC filter or surgical thrombectomy considered if anticoagulation is contraindicated
• duration of anticoagulation: 3 mo if transient coagulopathy; 6 mo if unprovoked DVT; life-long if

ongoing coagulopathy

PULMONARY EMBOLISM

Presentation
• dyspnea, pleuritic chest pain, hemoptysis, tachypnea, cyanosis, hypoxia, fever
• clinical signs/symptoms are unreliable for diagnosis and exclusion of PE; investigation often needed

Investigations
• use Wells’ criteria for PE to guide investigations (see Figure 13, HR-16 )
• pulmonary embolism rule-out criteria (PERC) score (see EBM on sidebar, Kespirologv, R21) alone can

rule out PE in low-risk patients unless pregnant
• EC'G and CXR are useful to rule out other causes (e.g. ACS, pneumonia, pericarditis) or to support

diagnosis of PE
EC(i changes in PE: sinus tachycardia, right ventricular strain (SIQ3T3, see Cardiology and
Cardiac Surgery, CIO ), T wave inversions in anterior and inferior leads, APib
CXR findings in PE: Hampton’s hump (triangular density extending from pleura, sign of
pulmonary infarct) or Westermark's sign (dilatation of vessels proximal to an obstruction, with
collapse of vessels distal to obstruction, often with a sharp cutoff )

• D-dimer is only useful at ruling out a PE if it is negative in low-moderate risk patients (highly
sensitive)
• if positive D-di mer or h igh-probability patient, then pursue CT pulmonary angiography or V/Q

scan
• CT pulmonary angiography has high sensitivity and specificity for PE, may also indicate an

alternative diagnosis
• V/Q scan useful in pregnancy, when CT pulmonary angiography not available, or IV contrast

contraindicated

Risk Factors for VTE

THROMBOSIS
Trauma, travel
Hypercoagulable. hormone
replacement therapy (HRT)
Recreational drugs (IV drug use)
Old (age >60 yr)
Malignancy
Birth control pill
Obesity,obstetrics
Surgery,smoking
Immobilization
Sickness (CHF. Ml. nephrotic syndrome,
vasculitis)

Wells’Criteria for DVT
Active cancer
Paralysis,paresis or recent
immobilization olleg
Recently bedridden x3 dot
major surgery within 4 wk
Local tenderness
Entire leg swollen
Calf swelling 3 cm
> asymptomatic leg
Unilateralpitting edema
Collateral superficial veins
Alternative 0« more likely •2
0:Low probability
1-2:Moderate probability-3:High probabiriy

Wells’ Criteria for PE
Previous Hx of DVT/PE 1.5
HR >100
Recent immobility or surgery *1.5
Clinical signs of DVT
Alternate Dx less likely than PE *3
Hemoptysis

1.5

3

+1
i ' ll ter 1-2:low probability
2-6: In-6:High prtfcabMy

Signs of PE on CXR
Westermark's sign:abrupt tapering of
a vessel on chest film
Hampton's hump: a wedge-shaped
infiltrate that abuts the pleura
Effusion, atelectasis, or infiltrates 50%
normal
Both signs are specific but not sensitive
A normal CXR in the hypoxic patient
warrants a work-up for PE

Management
• treatment of PE with anticoagulation and duration of treatment is the same as for DVT (see above)
• thrombolysis indicated in massive PE, which is defined as acute PE with sustained hypotension (sBP

<90 mmHg for at least 15 min or requiring inotropic support, not due to a cause other than PE)
• catheter-directed thrombolysis or surgical thrombectomy may be considered in massive PE or if

anticoagulation is contraindicated
• often can be treated as an outpatient, may require analgesia for chest pain (narcotic or NSA1D)
• admit if hemodynamically unstable, require supplemental 02, major comorbidities, lack of sufficient

social supports, unable to ambulate, need invasive therapy
referral to medicine for coagulopathy and malignancy workup

ri

+
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Suspected (symptomatic ) acute DVT
I PERC Score

• Age >S0 yr
• HR >100 bpm
• Oi saturation on room air <95%. Prior Hx of DVT/PE
• Recent trauma or surgery
• Hemoptysis
• Exogenous estrogen
• Clinical signs suggesting DVT

Compression U/S

1 i
Inconclusive or inadequate study DVT presentNormal

i I I
Repeat U/S in 5 days Venography or MRI Treatment

4
DVT present DVT absent DVT present Negative for DVT Score1for each question:a score

0/8 means patient has <1.6% chance
of having a PE and avoids further
Investigation. Caution using the PERC
score in pregnant women as the original
study excluded pregnant women

I i 1*Treatment No treatment Treatment No treatment

Figure 11.Approach to suspected DVT

Determine need to investigate
via PERC scorePositive >1/8 Negative 0/8

I D-dimer is only useful H it is negative:
negative predictive value >99%Wells' Criteria PE excluded

Low Moderate/High14
D-dimer assay

I 50% of patients with symptomatic
proximal DVT will develop PE. often
within days to weeks of the event

4
^ CT pulmonary

angiogram ICT-PA)
>500 ng/ml<500 ng/mL

I
PE excluded

Negative Positive
Oral Direct Thrombin Inhibitors or Oral Factor
Xa Inhibitors for the Treatmentol Pulmonary
Em holism
Cochrane OB Syst Rev 2015:CE>010957
Purpose:Assess effectr / enessof oral directthrorrhin
inhibitors and oral factor Xa inhibitors for long-term
treatmentofPE.
Methods: Systematic review ol tCIsm peticntsmdh
confirmed PE receiving oral direct thrombin inhibitors
or factor Xa inhibitors forminimom 3 mo.
Results:5 RCTs, 7897 participants. No difference in
the effectiveness of oral direct thrombin inhibitorsn.
standard art coagulat OI in preventing recurrent PE
(OR 1.02. 95% Cl 0.50 -2.04). recurrent VIE (OR 0.93,
953, Cl 0.52-166), DV1|0R 0.72, 95% Cl 0.39-1.32),
all-cause mortality (OR 1.16, 95% Cl 0.79-1.70).or
major bleeding (OR 0.9/, 95% Cl 0.59-1.62).
Conclusions: H gh quality evidence suggests here is
no difference between oral direct thrombin inhibitors
and standard anticoagulatron in the prevention ol
recurrent pulmonary embolam. Moderate-high
evidence suggests there is no difference in recurrent
VIE.Off.at -cause mortality,and major bleeding
between OOACs and standard anticoagulation.

4 4
PE confirmed

Figure 12 . Approach to PE in patients with low clinical suspicion of a PE
PE excluded

Diabetic Emergencies
• see Endocrinology.E14

Diabetic Ketoacidosis
• triad of hyperglycemia, ketosis, and acidosis due to severe insulin deficiency and counter-regulatory

hormone excess
• precipitating factors: infection, cardiac or mesenteric ischaemia, Ml, intoxication, insulin omission,

or SGLT2i (euglycemic DKA )
• clinical features

often young, 11DM patients ( may rarely be first presentation of undiagnosed T2DM), with
symptoms evolving within a day
early signs and symptoms: polyuria, polydipsia, malaise, nocturia, weight loss

• late signs and symptoms
Gl: anorexia, nausea, vomiting, abdominal pain
neurological: fatigue, drowsiness, stupor, coma
respiratory: Kussmaul’s respiration, dyspnea (often due to acidosis), fruity ketotic breath

• investigations
blood work: GBC, electrolytes, Ca 3’, Mg-1, POt Cr, BUN, glucose, ketones, osmolality, AST/
ALT/ALP, amylase, troponin
urine: glucose and ketones
ABGorVBG
hCXi (electrolyte disturbances may predispose to dysrhythmia. Ml is rarely a precipitant )

• management
rehydration

bolus of NS, then high rate NS infusion (beware of overhvdration and cerebral edema in
paediatric patients (see Paediatrics, P31))

beware of a pseudohyponatremia due to hyperglycemia (add 3 Na 1 per 10 glucose over 5.5
mmol/ L)

» potassium
essential to avoid hypokalemia: replace KG1 20 mEq/ L (only if patient is voiding, adequate
renal function, and initial K ’<5.5 mmol / L)

use cardiac monitoring if potassium levels normal or low +
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insulin
critical, as this is the only way to inhibit gluconeogenesis/ketosis
do not give insulin if K'<3.3 mmol/L as insulin will exacerbate hypokalemia
continuous infusion at 0.1 U/kg/h
once the blood glucose <14 mmol/L, dextrose should be added to the patient’s IV fluids

bicarbonate is not given unless patient is at risk of shock or death (typically pH <7.0)

Hyperosmolar Hyperglycemic State
•hyperosmolar hyperglycemic state (H HS) is characterized by extreme hyperglycemia (33.3 mmol/L)

due to relative insulin deficiency, counter-regulatory hormones excess, gluconeogenesis, and
dehydration (due to osmotic diuresis)

•clinical features
• often older, T2DM patients with more comorbid illnesses and larger fluid losses with symptoms

evolving over days to weeks, fewer G1 symptoms and more neurological deficits than DKA
including: mental disturbances, coma,delirium, seizures
polyuria, N/V

•investigations
blood work:CBC, electrolytes, Ca Mg - , PO-tJ-, Cr, BUN, glucose, ketones, osmolality
urine: glucose and ketones- ABGorVBG
find underlying cause: ECG, CXK, blood and urine C&S

•management
rehydration with IV NS (total water deficit estimated at average 100 cc/kg body weight)
O 2, cardiac monitoring, frequent electrolyte, and glucose monitoring

• insulin management as per DKA
• identify and treat precipitating factors, similar to DKA but HHS has also been noted following

cardiac surgery and with the use of certain drugs (e.g. diuretics, glucocorticoids, lithium, atypical
antipsychotics)
admission to medicine

Four Criteria for DKA Dx
• Hyperglycemia
• Metabolic acidosis
• Hyperketonemia
• Ketonuria

<§>
Signs and Symptoms of DKA

Diircsis, dehydration, drowsy,
delirium, dizziness
Kussmaul's breathing, ketotic breath
Abdominal pain, anorexia

m
Precipitating Factors in DKA

The 5 Is
Infection
Ischaemia
Infarction
Intoxication
Insulin missed

Hypoglycemia
•characterized by Whipple’s triad: low plasma glucose, symptoms suggestive of hypoglycemia, prompt

resolution of symptoms when glucose administered
•clinical features

oglycopenic symptoms: headaches, confusion, seizures, loss of consciousness, coma
autonomic symptoms:diaphoresis, nausea, tremor, hunger, tachycardia, palpitations

•history and physical exam
last meal, known DM, prior similar episodes, drug therapy, and compliance

• liver/ renal/endocrine/neoplastic disease
depression, alcohol or drug use

•management
• check a bedside capillary blood glucose
• oral sugar if possible ( juice, sugar tablets)

IV access if oral route not possible
• D50W 50 mL IV push

use lower concentration dextrose solutions in children ( rule of 50's: 1 mL/kg of D50W, 2 mL/
kg of D25W, 5 mL/kg of DI0W, 10 mL/kg of D5W )

« if IV access and oral replacement not possible, glucagon 1-2 mg 1M, repeat in 10-20 min
0 2, cardiac, frequent blood glucose monitoring

• thiamine 300 mg IM (if alcohol use disorder is suspected)
• full meal as soon as mental status permits

if due to long-acting insulin, or sulfonylureas, watch for prolonged hypoglycemia due to long half-
life (may require admission for monitoring)
search for cause (common causes include exogenous insulin, alcohol, or sulfonylureas)

Causes of Hypoglycemia
• Most common:excessive insulin use

in setting of poor PO intake
• Common:alcohol indication.

neur

sepsis, liver disease, oral anti-
hyperglyccmics

• Rare: insulinomas, hypopituitarism,
adrenal insufficiency, medication
side effects

<8>
Cerebral edema may occur if
hypcrosmolality is treated too
aggressively

r t

+

Activate Windows
Go to Settings to activate Windows.



ER36 Emergency Medicine Toronto Notes 2023

Electrolyte Disturbances
• see Nephrology, NP8

Table 20. Electrolyte Disturbances
Electrolyte
Disturbance

Common Causes Symptoms Treatment Special Considerations

Hypernatremia Inadequate H :0 inlake (elderly/disablcd) or
inappropriate excretion ol H 10 (diuretics. Li.
and diabetes insipidus)

lethaiqy, weakness, irritability, and
edema:seirures and coma occur with
severe elevations of Ha* levels (»158
mmol/l)

Neurologic symptoms secondary to
cerebral edema, headache, seizure,
decreased LOC, depressed reflexes:
chronic milder than acute

Salt restrict and give normal saline Ho more than 12 inmolll in 24 h drop in Ha*
until hemodynamically stable. Use hall- (0.5 mmol/ L/ h ) due lo risk ol cerebral edema,
normal saline onccvilals are stable seizures, death

Hypovolemic (Gl. renal, skin . blood fluid
loss), euvolemic (syndrome ol inappropriate
anlidiuietic hormone secretion (SIADH)/
stress, adrenal insufficiency, hypothyroid,
diet/ intake).hypervolemic jCHF.ciiihosis,
nephrotic syndrome)

Rhabdomyolysis. insulin deficiency,

metabolic acidosis (e.g. acute icnal failure,
missed dialysis), medications (e.g. K sparing
diuretics, ACEI. IISAIDs)

Metabolic alkalosis (e.g. diarrhea), insulin,
diuretics (except K* sparing), anorexia ,

salbutamol
Hyperparathyroidism and malignancy
account (or *90 '% ol cases, medications (e.g.
thiazide diuretics, lithium)

Limit total rise to 8 mmol/ L in 24 h (0.25
mmol/l/h maximum) as patients are at risk ol
osmotic demyelliiating syndiome (00S)

Hyponatremia Hypovolemic: normal saline
Euvoleinic: restrict water, eliminate
underlying cause
Hypervolemic:restrict fluid and sodium,
loop diuretic if severe
3% hypertonic saline i( seizure or coma

High - risk ol dysrhythmia - ECO: peaked/
narrow 1 wave, decreased P wave, prolonged
PR interval, widening of ORS.sine ivavc. AV

Remove K*: fluids » furosemide, dialysis block, VFib. bradycardia

Hyperkalemia Nausea, palpitations, dysrhythmias,
muscle silliness, arellexia

Protect heart: calcium gluconate
Shill K* Inlocells: D50W insulin.
llaHCOs. salbutamol

Hypokalemia N/V.fatigue, muscle cramps,
constipation, dysrhythmias

K- Dur:, It sparing diuretics, IV solutions ECG: U v/aves most important, flattened/
with 20 40 mEq'lKCI over 3- 4 h inverted I waves, prolonged 01.depressed SI

May need to restore Mg >'
Multisystem includingCVS.Gl (groans ),
renal (stones), rheumalological. MSK
(hones), psychiatric (moans)

Hypercalcemia Isotonic saline (* luiosemidc il
hypervolemic )
Bisphosphonales. dialysis, chelalion
ILthylenediamineletraacelic acid (EDIA)
oi oral PCM!|
Acute ( ionized CaJ’*0.7 mM) requires
immediate treatment: IVcalcium
gluconate1-2 g in 10-20 min followed by
slow infusion

Palicnls with more severe or symptomalic
hypercalcemia are usually dehydrated and
require saline hydration as initial therapy

Hypocalcemia latyngospasm, hyperreflexia.
paresthesia , tetany. Chvostek's and
Trousseau's sign

Prolonged 01 interval can arise (leading lo
dysrhythmia as can upper airway obstruction)

Iatrogenic, hypoalbuminemia. liver
dysfunction, primary hypo-parathyroid
hormone

Hypertensive Emergencies
Hypertensive Emergency (Hypertensive Crisis)
• definition: severe elevation of HP with evidence of end-organ damage (CVS, retinal, CVS, renal, (il )
• etiology

essential HTN, emotional exertion, pain, use of sympathomimetic drugs (cocaine, amphetamine,
etc.), MAOl use with ingestion oftyramine-containing food (cheese, red wine, etc.),
pheochromocytoma, pregnancy

• clinical features

Table 21. Signs and Symptoms of Hypertensive Emergencies
Retinal Cardiovascular GastrointestinalCNS Renal HELLP Syndrome (seen only in

preedampsia/edampsia)Complication Stroke/TIA. headache, Vision change, hemorrhage. Nocturia, elevated Ischaemia /angina. N/V.abdominal
altered mental status, exudates, papilledema Cr, proteinuria. inlardion.dissection pain,elevated liver
seizures, hemorrhage hematuria, oliguria (back pain).CHF enzymes Hemolytic anemia

Elevated Liver enzymes
Low Platelet count• investigations

• blood work: C'BC, electrolytes, BUN, Cr
• urinalysis

peripheral blood smear: to detect microangiopathic hemolytic anemia
• CXR: if SOB or chest pain

ECG, troponins, creatine kinase (CK ): if chest pain
• CT head: if neurological findings or severe headache

toxicology screen if sympathomimetic overdose suspected (not needed if patient admits to
taking it)

Catecholamine-Induced Hypertensive
Emergencies
Avoid use of non-sclective (5-blockers
as they inhibit ^ mediated vasodilation
and leave a-adrenergic vasoconstriction
unopposed

• management
in general, strategy is to gradually and progressively reduce BP in 24*48 h
lower BP by 25% over the initial 60 min by initiating antihypertensive therapy ( usually
nitroprusside and labetalol)
if preeclampsia, immediately consult obstetrician-gynaecologist (OB/GYN) (see Obstetrics, OB26)
establish arterial line; transfer to lCU for further reduction in BP under monitored setting
in case of ischaemic stroke:do not rapidly reduce BP, maintain BP >150/100 for 5 d
in case of aortic dissection: rapid reduction of sBP to 110-120 SEAT (do not resuscitate with IV
fluids)
in case of excessive catecholamines: avoid (3-blockers (except labetalol )

• in case of ACS:address ischaemia initially, then BP

r i
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Table 22. Commonly Used Agents for the Treatment of Hypertensive Crisis
Special IndicationsDrug Onset of

Action
Duration of Adverse Effects'
Action

Dosage

VASODILATORS

Sodium
Nitroprusside
(vascular smooth
muscle dilator)
1st line

0.2510 ag/
kg/min

3-5 minImmediate N/ V.muscle twitching, sweating. Most hypertensive emergencies
cyanide intoxication,coronary (especially CHF. aortic dissection)
steal syndrome Use in combination with p-blockers

(e.g.esmolol) in aortic dissection
Caution with high ICP and aiolemia
Most hypertensive emergencies
Caution with acute CHF

With CNS manifestations of severe
HTN,it is often difficult to differentiate
causal relationships (i.e. HTN could be
secondary to a cerebral event with an
associated Cushing reflex)Nicardipine S mg/h IV, then 15-30 min

(calciumchannel increase by 2.5
blocker)

40 min Tachycardia, headache,
flushing, local phlebitis (e.g.
encephalopathy, renal failure,
eclampsia, sympathetic crisis)

Hypotension, bradycardia,

headache, lightheadedness,
dizziness
Dizziness, drowsiness,
headache, tachycardia. Na-
relention

mg/ hq5-10min
(max 15 mg /h)

Nitroglycerin 5-20 iig /min IV 1-2 min 3-5 min Ml, pulmonary edema

Hydralazine 5-10 mg IV/ IM 5-20 min
q20 min (max
20 mg)

2-6 h Eclampsia

ADRENERGIC INHIBITORS
Labetalol 20 mg IV bolus 5-10 min

qlOminor 0.5-
2 mg/min

3-6 h Vomiting, scalp tingling,
burning in throat , dizziness,
nausea, heart block, orthostatic (especially eclampsia)

Avoid in acute CHE, heart block >1st
degree
Aortic dissection, acute Ml
supraventricular tachycardia (SVT )
dysrhythmias, perioperative HIN
Avoid in acute CHF, heart block >1st
degree

Tachycardia, headache, (lushing Calccholaminecxcess|e.g.
pheochromocytoma, unopposed
alpha - e.g. cocaine)

Usually first choice
Most hypertensive emergencies

hypotension

250-500 pg/ 1-2 min
kg/min 1 min,
then 50 pg/ kg/
min for 4 min:
repeal

5-15 mg q5-15 1-2 min

10 20 minEsmolol Hypotension, nausea,
bronchospasm

3 10 minPhcntolaminc
min

'Hypotension may occur when using any ol these agents

Acute Coronary Syndrome
• see ( ardinlouy and Cardiac Surgery. C32
• definition: nesv onset of chest pain (cardiac type), or acute worsening of previous chest pain (cardiac

type), or chest pain (cardiac type) at rest with:
negative cardiac biomarkers and no ECXi changes = unstable angina ( UA)
positive cardiac biomarkers (elevated troponin ), NSTEMI on ECG, ± other changes (NSTEM1)

• positive cardiac biomarkers (elevated troponin ) and STEM1 on IXXi
• investigations

• ECG SEAT (as soon as history suggests possible ACS), serial troponins (2-6 h after symptom
onset), CXR (to rule out other causes of the patient’s presentation)

• management
stabilize:ABCs, oxygen, IV access, cardiac monitors, oximetry
ASA 162-325 mg chewed and swallowed
nitroglycerin 0.3 mg SL q5 min x 3; 1V only if persistent pain. CH E, or hypertensive

contraindications: hypotension, phosphodiesterase inhibitor use, right ventricular infarctions
(1/3 of all inferior Mis, as these Mis are preload-dependent)
symptom relief only, no mortality benefit

• anticoagulation : choice of anticoagulation (unfractionated heparin, LMWH, or fondaparinux)
and additional antiplatelet therapy (clopidogrel, ticagrelor, or prasugrel ) depends on STEM1 vs.
NSTEMI and reperfusion strategy
early cardiology consult for reperfusion therapy

UA/ NSTEM1: early coronary angiography recommended if high thrombolysis in Ml (TIMI)
risk score

STEM1: primary percutaneous coronary intervention (PCI ) (within 90 min) preferred;
thrombolytics if PCI unavailable within 120 min of medical contact, symptoms <12 h and no
contraindications ri

L J
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Sepsis
• see Infectious Diseases, ID20 and Kespirologv. R32
• definitions

• overall, sepsis can be thought of as a life-threatening organ dysfunction caused by a dysregulated
host response to infection; however, definitions exist on a spectrum, as outlined below
svstemic inflammatory response svndrome (SIRS): twTo or more of T >38”C or <36"C, HR >90, RR
>20, WBC >12
sepsis; SIRS and suspected or present source of infection
septic shock: sepsis and either initial lactate >4 or hypotension
qSOl-'A score >2: high risk for in-hospital mortality (see Infectious Diseases.1020)

Surviving Sepsis Campaign1Hour Bundle
J Intensive Cere Med 2013:44:925428
U pdale sepsis bundle from 3 h to 1h lime Irene with
lime zero being lime of triage B Ihe tO
Artms include:
• Measure lactate level. Remeasure . I nitial lactate

lt >2ratl/l
• Obtain Mood cultures prior to administration ol

antibiotics
• Administer broad spectrum antibiotics- Begin rapd administration ol 30 inL 'kg crystalloid

for hypotension or lactate >4 mmol/l
Apply vasopressors il the patient is hypotensive
during or after fluid resuscitation to maintain MAP
><5 mmHg

• although the presence of a positive qSOl-'A should alert clinicians to the possibility of sepsis in all
resource settings, it should not be used as a single screening tool given its poor sensitivity.

• management
» early recognition of sepsis and investigations to locate source of infection

identify severe sepsis with lactate or evidence of tissue hypoperfusion
• sepsis standard operating procedures, initially specified as Early Goal Directed Therapy have

evolved to “usual care” which includes a standard approach with components of the sepsis
bundle, early identification, lactate, cultures, antibiotics, and fluids
treatment priorities:

ABCs, monitors, lines
aggressive fluid resuscitation; consider ventilatory and inotropic support
cultures, then early empiric appropriate antibiotics - consider broad spectrum and atypical
coverage

source control - e.g. remove infected Foley or surgery for ischaemic gut
monitor adequate resuscitation with vital signs, inferior vena cava on U/S, and serial
measurement of serum lactate

in patients presenting with septic shock, goal-directed therapy and aggressive management
should not be delayed while waiting for lab values
patients failing initial therapy should be resuscitated more aggressively (e.g. use of
vasopressors, glucocorticoids, inotropic therapy, blood transfusion, etc.)

Stroke and Transient Ischaemic Attack
• see Neurology, N51
• definitions

• stroke; sudden loss ofbrain function due to ischaemia (87%) or hemorrhage (13%) with
persistence of symptoms >24 h or neuroimaging evidence

TTA: transient episode of neurologic dysfunction from focal ischaemia without acute infarction or
neuroimaging evidence

• clinical features

Seven Causes of Emboli from the Heart. AFib. Ml
• Endocarditis
• Valvular disease
• Dilated cardiomyopathy
• Left heart myxoma
• Prosthetic valves

Table 23. Signs and Symptoms of Stroke
Language/ Vision
Throat

Coordination Motor SensationGeneral Reflex

Signs/ Decreased
Symptoms LOC. changed

menial status,
confusion,
neglect

Ataxia, intention Increased lone. Loss of
tremor, lack of loss of power. sensation
coordination spasticity

Dysarthria,
aphasia.
swallowing
difficulty

Diplopia, eye
deviation,
asymmetric
pupils, visual
field defect

Hyperreflexia,
clonus

• patients with hemorrhagic stroke resulting in subarachnoid hemorrhage can present with sudden
onset thunderclap headache that is usually described as “worst headache of life” and can often recall
the exact moment their headache started

• stroke mimlckers: seizure, T odd's paresis ( period of partial or complete paralysis following a seizure),
migraine, hypoglycemia, peripheral nerve injury, Bell’s palsy, tumour, syncope, somatic symptom
disorder

Differentiation of Upper Motor
Neuron (UMN) Disease vs. Lower
Motor Neuron (LMN) Disease
Category UMH Disease LMH Disease

Muscular
deficit

Musde
groups
Increased Decreased/

absent
Increased Decreased

Individual
musdes

Table 24. Stroke Syndromes Relleres
Stroke SyndromeRegion of Stroke

ToneAnterior Cerebral Artery Contralateral hemianesthesia and hemipatesis (legs > aims/face), gall apraxia, altered menial status, impaired
judgement

Middle Cerebral Artery Contralateral hemianesthesia and hemipatesis (arms/face > legs), contralateral homonymous hemianopsia,

ipsilaleral gaze
Posterior Cerebral Artery Contralateral homonymous hemianopsia , cortical blindness, impaired memory
Vertebrobasilar Artery Wide variety of cranial nerve,cerebellar, and brainstem deficits: vertigo, nystagmus, diplopia, visual field deficits,

dysphagia, dysarthria, facia!hypoesthesia.syncope, ataxia
loss of pain and temperature sensation in ipsilaleral face and contralateral body

r n
iJFasciculalions Absent Present

Absent/
minimal

Atrophy Present

Plantar
Response

Upgorng Downgomg
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Investigations
• CBC, electrolytes, blood glucose, coagulation studies ± cardiac biomarkers ± toxicology screen
• CT angiography and perfusion of the head and neck
• ECG: rule out AE'ib, acute Ml as source of emboli
• other imaging: if you are suspicious of a ’llA a plain CT followed by carotid Doppler, outpatient CT

angiography neck and/or head, magnetic resonance angiography (MKA) can be arranged based on
local resources

If a patient presents within 4.5 h of onset
of disabling neurological deficits >60
min with no signs of resolution, they may
be a candidate for thrombolysis. Do brief
assessment and order CT head STAT

Management
• ABCs; intubation with RSI if GCS <8, rapidly decreasing GCS, or inadequate airway protective reflexes
• thrombolysis (rt-PA, e.g. alteplase): immediate assessment for eligibility; need acute onset, <4.5 h from

last seen normal AND compatible physical findings AND no evidence of hemorrhage on CT scan
• thrombectomy: may be an option in some centres as an alternative to thrombolysis in the first 4.5

to 6 hours, and in some instances up to 24 hours after symptom onset or last seen normal
• dual antiplatelet therapy for 21 days

• this should be initiated for high risk TTA in the ED.
• elevating head of bed if suspicious of increased 1CP, aspiration, or worsening cardiopulmonary status
• NPO, IV ± cardiac monitoring

• judge fluid rate carefully to avoid overhydration (cerebral edema) as well as underhydration
(underperfusion of the ischaemic penumbra)

• BP control: only treat severe HTN (sBP >200 mmHg, dBP >120 mmHg, MAP >140 mmHg) or HTN
associated with hemorrhagic stroke transformation, cardiac ischaemia, aortic dissection, or renal
damage; use IV nitroprusside or labetalol

• glycemic control serum glucose of 7.8 - 10 mmol/L
• cerebral edema control: hyperventilation, mannitol to decrease ICP if necessary
• consult neurosurgery, neurology, medicine as indicated
• following acute event:

antiplatelet agents to: prevent recurrent stroke or stroke after TlAs, e.g. Aspirin* (1st line);
dopidogrel, Aggrenox* (2nd line)

• consider anticoagulation: if Afib present or if immobile for DVT prophylaxis
follow-up for consideration of carotid endarterectomy, cardiovascular risk optimization

Absolute Exclusion Criteria for Tissue
Plasminogen Activator (tPA)
• Suspected subarachnoid hemorrhage
• Previous Intracranial hemorrhage
• Cerebral infarct or severe HI within

the past 3 mo. sBP >185 mmHg.or dBP >110 mmHg
• Bleeding diathesis. Prolonged PT >15s or INR >1.7. Platelet count <100000. Heparin received within last 48 h
• Current use of thrombin inhibitors or

direct factor Xa inhibitors
• Blood glucose <2.8 mmol/L (<50

mg/dl)
• Intracranial hemorrhage on CT or

large volume infarct
Relative Exclusion Criteria for tPA
• Only minor or rapidly improving

symptoms
• Pregnancy
• Gl or urinary hemorrhage within the

past 21 d
• Seizure at onset causing postictal

impairmentsOtolaryngological Presentations and
Emergencies

•ear symptoms:otalgia, aural fullness, otorrhea, hearing loss, tinnitus, vertigo, pruritus, fever
•risk factors for hearing loss: Q-tip use, hearing aids, headphones, occupational noise exposure

Dizziness and Vertigo
distinguish four types of dizziness: vertigo (“room spinning”), lightheadedness (“disconnected from
environment"), presyncope (“almost blacking out"), dysequilibrium (“unstable," “off-balance")

•broad differential and diverse management (see f amily Medicine. EM 28 and Otolaryngology.OT6)
•rule out stroke
•consider adverse drug events

Otalgia (see Otolaryngology. OT6)
•differential diagnosis

• infections: acute otitis externa, acute otitis media, otitis media with effusion, mastoiditis,
myringitis, malignant otitis externa in patients with diabetes, herpes simplex/zoster, auricular
cellulitis, external canal abscess, dental disease
others: trauma, temporomandibular joint dysfunction, neoplasm, foreign body, cerumen
impactions, trigeminal neuralgia, granulomatosis with polyangiitis

•inspect for otorrhea, palpate outer ear/mastoid, otoscopic examination to look for bulging
erythematous tympanic membrane, perforation, membrane retraction, infiltration, vesicles, ulcers,
masses, lesions

•C8cS of ear canal discharge, if present
CT head if suspicion of mastoiditis, malignant otitis externa

•antibiotics/antifungals/antivirals for respective infections

Hearing Loss (see Otolaryngology, OT9)
•differentiate conductive vs. sensorineural hearing loss
•rule out sudden sensorineural hearing loss (SSNHL), a medical emergency requiring high dose

steroids and urgent referral
•an elderly patient presenting with unilateral tinnitus or SSNHL must be presumed to have an acoustic

neuroma (vestibular schwannoma) until proven otherwise
•consider audiogram and referral to or follow-up with family physician

r -i
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Epistaxis
• see Otolaryngology, OT27
• 90% of nosebleeds stem from the anterior nasal septum ( Kiesselbach's plexus located in Little's area)
• can be life-threatening

Etiology
• most cases of epistaxis are caused by trauma (e.g. digital, blunt, foreign bodies)
• other causes: barometric changes, nasal dryness, chemicals (e.g. cocaine, Otrivin*), or systemic

disease (e.g.coagulopathies, H l'N)

Investigations
• blood work:CBC, PT/PTT/INR/platelet function assay (if suspicious of bleeding disorder)
• imaging: x-ray, CT as needed (e.g. trauma)

Thrombocytopenic patients- use
resorbable packs to avoid risk ol
re-bleeding caused by pulling out the
removable pack

$
Complications of Nasal Packing
• Hypoxemia. TSS
• Aspiration. Pharyngeal fibrosis/stenosis
• AJar/scptal necrosis

Treatment
• goals of treatment: localize bleeding and achieve haemostasis
• first-aid: ABCs, clear clots by blowing nose or suctioning, lean forward, pinch cartilaginous portion of

nose for 20 min twice (note:best to use a compression device and not the patient's fingers)
• assess blood loss:vitals; if severe bleeding or unstable patient IV NS,cross match 2 units pRBC
• if first aid measures fail twice, proceed to packing
• apply an anterior pack

• clear nose of any clots
apply topical anesthesia/vasoconstrictors (lidocaine with epinephrine, cocaine, or soaked
pledgets)

• insert either a traditional Vaseline* gauze pack or a commercial nasal tampon or balloon
N.B. if the site of bleeding is identified, cautery with silver nitrate can be performed as an
alternative to packing (only cauterize one side of the septum because if both are cauterized this
can lead to septal perforation)
if bleeding stops, arrange follow-up in 48-72 h for reassessment and pack removal
if packing both nares, prophylactic anti-staphylococcal antibiotics to prevent sinusitis or TSS

• if suspect posterior bleed or anterior packing does not provide haemostasis, consult ENT for posterior
packing and further evaluation

» though posterior packing may be placed by an ED physician, it requires monitoring; can cause
significant vagal response and posterior bleeding source can lead to significant blood loss,
therefore usually requires admission

Tranexamic Acid For Patients with Nasal
Haemorrhage (Epistaxis)
C ocltrane DBSyst Rev 201S:CD 004328
Purpose:Determine theeffectiof traaexamitacid
compare) to placebo,no additional intervention or
any other haemostatic agent in the management nf
patients with epistaxis.
Methods:Systematic renew ol PCIs comparing
tranenamic acid. In addition to standard care,

compared to usual care plus placebo in adultsand
children.
Results:6 PCIs, (92 partkipants. Oral (IP 0.23.
9S% Cl 0.SS 0.96)anrt topical|RR 0.66.95% Cl
0.41-1.05) reduced risk of re-bleeding compared to
placebo.There was no dfference in time to stop initial
bleeding. Ibe proportion ol patients whose bleeding
stopped within 10 min was higher with topical
tranenamic acid than other haemostatic agents|RR
2.35.951» Cl 1.90-2.92).
Conclusions: Moderate Quality evidence tbal risk
ol re-bleed mg with oral or topical traneiamic acid,

in addition to usual care, is lower in adult patients
with epistaxis, compaied to placebo with usual care.
Fuither.topical tranenamk acid Is probably better
than other topical agents stopping bleeding m the
first10 min.

Disposition
• discharge:discharged upon stabilization and appropriate follow-up; educate patients about prevention

(e.g. topical vaseline, humidifiers, saline spray, avoiding irritants, managing HTN)
• admission: severe cases of refractory bleeding, and most cases of posterior packing

Gynaecologic/Urologic Emergencies

Vaginal Bleeding
•see Gynaecology. GY20 and Obstetrics.OB14

Etiology
•pregnant patient

lst/2nd trimester:ectopic pregnancy, abortion (threatened, incomplete, complete, missed,
inevitable, septic), molar pregnancy, implantation bleeding, friable cervix (most common cause),
subchorion ic hemorrhage
2nd/3rd trimester: placenta previa, placental abruption, premature rupture of membranes,
preterm labour
other: trauma, bleeding cervical polyp, passing of mucous plug, incompetent cervix

•postpartum
postpartum hemorrhage, uterine inversion, retained placental tissue, endometritis

•non-pregnant patients
• structural (PALM- polyps, adenomyosis, leiomyoma, malignancies/hyperplasia)

lion-structural (COE1N - coagulopathy, ovulatory,endometrial, iatrogenic, not yet diagnosed)
i j

History
•characterize bleeding (frequency, duration, number of pads/tampons, types of pads used, cyclicity)
•pain, if present (OPQRSTU V)
•menstrual history, sexual history, STI history, syncope/presyncope, malignancy history, family

history, hematological history, cardiac history, abdominal history
•details of pregnancy, including gush of fluid and fetal movement (>20 wk)
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Physical Exam
• ABCs (especially noting postural BF/HR and mucous membranes)
• abdominal examination (signs of peritoneal pathology, tenderness, distension, mass)
• speculum examination ( NOT if 2nd/3rd trimester bleeding as may worsen bleeding; perform only if

placenta previa has been ruled out with U/S)
• look for active bleeding, trauma/anomaly, and cervical dilatation

• bimanual examination ( NO T if 2nd/3rd trimester bleeding as may worsen bleeding; perform only if
placenta previa has been ruled out with U/S)

cervical motion tenderness, size of uterus, cervical length /dilatation
• sterile gloves and speculum if pregnant and beyond the first trimester
• FOCUS; rule in intra-uterine pregnancy, check for free fluid in pelvis/right upper quadrant ( RUQ)/left

upper quadrant (LUQ), consider assessment of fluid responsiveness (intra-hepatic IVC collapsibility,
carotid flow measurement)

Vaginal bleeding can be life-threatening.
Always start with ABCs and ensure your
patient is stable

Need|3-hCG 21200 to see intrauterine
changes on transvaginal U/S

An ectopic pregnancy can be ruled out
by confirming an intrauterine pregnancy
by bedside U/S unless the patient is
using,V> vitro fertilization (IVF) due to
the associated high-risk of heterotopic
pregnancy

Investigations
• p-hCG test for all patients with childbearing potential
• CBC, blood and Rh type, quantitative P-hCG, F IT, INR
• type & cross if significant blood loss
• transvaginal U/S (rule out ectopic pregnancy and spontaneous abortion)
• abdominal U/S (rule out placenta previa, fetal demise, or retained products postpartum)

Management
• ABCs
• pulse oximeter and cardiac monitors if unstable
• Rh immune globulin (Rhogam*) for vaginal bleeding in pregnancy and Rh-negative mother
• lst/2nd trimester pregnancy

ectopic pregnancy: definitive treatment with surgery or methotrexate
intrauterine pregnancy, no concerns of coexistent ectopic:discharge patient with obstetrics
follow-up
U/S indeterminate or p-hCG >1000-2000 IU: further workup and/or gynaecology consult
abortions: if complete, discharge if stable; for all others, consult gynaecology

• 2nd/3rd trimester pregnancy
placenta previa or placental abruption:obstetrics consult for passible admission

• postpartum
manage ABCs: start 2 large bore IV rapid infusion, type St cross 4 units of blood, consult OB/GYN
immediately

• non-pregnant
if unstable admit to gynaecology for IV hormonal therapy, possible dilation and curettage

• non-structural abnormalities
• tranexamic acid to stabilize clots

medroxyprogesterone acetate 10 mg FO once daily xlO d, warn patient of a withdrawal bleed
» stable structural abnormalities (fibroids, polyps, endometrial thickening, adenomyosis),

outpatient gynaecology referral once stable

Vaginal bleeding (and its underlying
causes) can be a very distressing event
for patients: ensure appropriate support
is provided

Disposition
• decision to admit or discharge should be based on the stability of the patient, as well as the nature of

the underlying cause; consult OB/GYN for patients requiring admission
• if patient can be safely discharged, ensure follow-up with family physician or OB/GYN
• instruct patient to return to ED for increased bleeding or presyncope

Pregnant Patient in the ED

Table 25. Complications of Pregnancy
Trimester Fetal Maternal
First Pregnancy failure

Spontaneous abortion
Fetal demise
Gestational trophoblastic disease

Disorders of fetal growth
Intrauterine growth restriction
Oligo/polyhydramnios

Ectopic pregnancy
Anemia
Hypcremcsis gravidarum
UTlfpyelonephrilis
Gestational DM
Rh incompatibility
UTlfpyelonephrilis
Cervical Incompetence
Preterm labourfpreterm premature rupture of the
membranes
Prccdampsia (hypertension in pregnancyVedampsia
Placenta previa
Placental abruption
Uterine rupture
DVT/PE

1-12 wk

Second
13-27 wk

Third Vasa previa L
28- 41 wk
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Nephrolithiasis (Renal Colic)
• see Urology. U 18

Epidemiology and Risk Factors
• 10% of population (twice as common in males)
• recurrence 50% at 5 yr
• peak incidence 30-50 yr
• 75% of stones <4 mm pass spontaneously within 2 wk, larger stones may require consultation

Clinical Features
• urinary obstruction -> upstream distention of ureter or collecting system -> severe colicky pain
• may complain of pain at flank, groin, testes, or tip of penis
• writhing, N/V, hematuria (90% microscopic), diaphoresis, tachycardia, tachypnea
• occasionally symptoms of trigonal irritation (frequency, urgency)
• fever, chills, rigors in secondary pyelonephritis
• peritoneal findings/anterior abdominal tenderness usually absent

Differential Diagnosis of Renal Colic
• acute ureteric obstruction
• acute abdomen: biliary, bowel, pancreas, AAA
• urogynaecological: ectopic pregnancy, torsion/rupture of ovarian cyst,
• pyelonephritis (fever,chills, pyuria, vomiting)
• radiculitis (LI): herpes zoster, nerve root compression

Investigations
• CBC:elevated WBC in presence of fever may support an infectious cause
• electrolytes, Cr, BUN to assess renal function
• VIA: routine and microscopy (WBCs, RBCs, crystals), CStS
• non-contrast CT is the study of choice
• consider abdominal U/S in females of childbearing age, children, or if patient has another

contraindication to CT scanning: may demonstrate stone(s), hydronephrosis, debris in the collecting
system, reduced cortical vascularity, abnormal renal parenchyma

• AXR will identify large radiopaque stones (calcium, struvite, and cystine stones) but may miss smaller
stones, uric acid stones, or stones overlying bony structures; consider as an initial investigation
in patients who have a history of radiopaque stones and similar episodes of acute flank pain (CT
necessary if film is negative)

Management
• analgesics: NSAIDs (usually ketorolac (ToradoD, preferable over opioids), antiemetics, IV fluids if

indicated
• urology consult indicated, especially if stone >5 mm, or if patient has signs of obstruction leading to

renal dysfunction or infection
• a-blocker (e.g. tamsulosin) may be helpful to increase stone passage in select cases

Disposition
• most patients can be discharged
• ensure patient is stable, has adequate analgesia, and able to tolerate oral medications
• may advise hydration and limitation of protein, sodium, oxalate,and alcohol intake

Kidney Stones
• 80% calcium oxalate
• 10% struvite. 10% uric Kid

<8>
Obstruction Infection- Urological Emergency
Urgent urology consult

testicular torsion

Indications for Admission to Hospital
, Intractable pain
• Fever (suggests infection) or other

evidence of pyelonephritis. Single kidney with ureteral
obstruction. Bilateral obstructing stones

• Intractable vomiting
• Compromised renal function

Ophthalmologic Emergencies
• see Ophthalmology.OF5

History and Physical Exam
• patient may complain of pain, tearing, itching, redness, photophobia, foreign body sensation, trauma
• mechanism of foreign body insertion - if high velocity injury suspected ( welding, metal grinding,

metal striking metal), must obtain orbital x-rays, U/S, or CT scan to exclude presence of intraocular
metallic foreign body

• ask about sexual partners and exposure of eye(s) to bodily fluids (semen, urine, blood, vaginal fluids,
saliva, etc.)

• visual acuity in both eyes, pupils, extraocular structures, extraocular movements, fundoscopy,
tonometry, slit lamp exam, visual fields

Management of Ophthalmologic Foreign Body
• copious irrigation with saline for any foreign body
• remove foreign body under slit lamp exam with cotton swab, sterile needle, or electric burr tool
• antibiotic drops if indicated (e.g. organic foreign body)
• patching may not improve healing or comfort - do not patch contact lens wearers
• limit use of topical anesthetic to examination only
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• tetanus prophylaxis
• ophthalmology consult if globe penetration suspected

Contraindications to Pupil Dilation
• Shallow anterior chamber
• Iris-supported lens implant
• Potential neurological abnormality

requiring pupillary evaluation
• Caution with CV disease- mydriatics

can cause tachycardia

Table 26. Differential Diagnosis of Red Eye in the Emergency Department
Possible Serious EtiologySymptom

Light Sensitivity
Unilateral

Significant Pain
White Spot on Cornea
Non-Reactive Pupil
Copious Discharge
Blurred Vision

Iritis, keratitis,abrasion, ulcer
Above* herpes simplex, acute angle closure glaucoma

Above * sderitis
Corneal ulcer

Acute glaucoma, iritis
Gonococcal conjunctivitis
All of the above

Other Ophthalmologic Emergencies
Infectious: Red eye, endophthalmitis,
hypopyon
Trauma:Globe rupture,orbital blow-
out fractures, comeal injuries,eyelid
laceration,hyphema, lens dislocation,
retrobulbar hemorrhage
Painful vision loss:Acute iritis, corneal
abrasion,globe rupture, lens dislocation,
retrobulbar hemorrhage,optic neuritis,
temporal arteritis,endophthalmitis,
keratitis
Painless vision loss:Central retinal vein
occlusion,amaurosis fugax.occipital
stroke

Table 27. Select Ophthalmologic Emergencies
Condition Signs and Symptoms Management
Acute Angle Closure Unilateral red,painful eye

Decreased visual acuity,halos around lights
fixed,mid- dilated pupil

Ophthalmology consul! for laser iridotomy
Medications: AABCDE/EAT PAL
o-agonisl: epinephrine

2-agonist:apradonidine
Marked increase in intraocular pressure (I0P) (»40 mmHg) pblocker: timolol

Cholinomimetic: pilocarpine
Diuretic: acetarolamide,mannitol
Eicosanoid: latanoprost

Glaucoma

N/V

Shallow anterior chambert cells

Corneal Abrasion Pain, redness, tearing,photophobia,foreign body
sensation
De - epithelialired area stains with fluorescein dye

Most clear spontaneously within 24 - 48 h
If due to foreign body, remove under magnification
using local anesthetic and sterile needle, or consult
ophthalmology for removal under magnification
Topical antibiotic (drops or oinlmenl)
Irrigate site of accident with NS with eyelid retracted until
neutral pH achieved
Sweep fornices
Cycloplegic drops and topical antibiotics
Admission, ophthalmology consult
Blood cultures,orbitalCl
IV antibiotics Iceflriaxone vancomycin)
Drainage of abscess

POCIIS for the Diagnosis of RetinalDetachment:A
Systematic Review andMeta - Analysis
Acad Emerg Med 2019:26:931-939
Purpose:POCUS has been suggested to idenbfy
retinal delachment rapidly. Iheprimary outcome for
this review wasto determine the test characteristics
of POCUS for the diagnosis olretioal detachment.
Methods: Systematic review and metaanalysis
looking for all prospectuetnalsand RCIs assessing
Ihe accuracy of POCUS for identifying retinal
detachment.
Results:IIstudies (n - 844) were identified.

Overall,ultrasound was 94.2\ (95% Cl 78.4% to
98.5\) sensitive and 96.3%|95% CI 89.2% to98.83.)
specific for the diagnosisof retinaldetachment with
a poutue likelihood ratio of 25 2 (95% Cl 8.1to 78.0)
and a negative likelihood ratio of 0.06 (9S% Cl*
0.01to0.2S).
Conclusions:POCUS «sensitive and specific lot the
diagnosis of retinal detachment.

Chemical Burn Known exposure to acids or alkali (worse)
Pain,decreased visual acuity
Vascularization or defects of cornea
Iris andlens damage

Red.painfuleye. decreased visual acuity
Headache. fever
lid erythema, edema,and difficulty opening eye
Conjunctival injection and chemosis
Pioptosis.opthalmoplegia * RAPD
Sudden, painless,monocular vision loss
RAPD
Chciry red spot and retinal pallor on fundoscopy if central
retinal artery occlusion
Painless,monocular,gradual, or sudden vision loss
sRAPD
On lundoscopy:"blood and thunder" appearance,
diffuse retinalhemorrhages, collon wool spols, venous
engorgement,swollen oplic disc,macular edema

Retinal Delachment flashes of light, floaters, and curtains of blackness/
pcriphetal vision loss
Painless
loss of ted reflex, decreasedI0P
Detached areas are gvey
Visible detachment orbital POCUS
iRAPD

Orbital Cellulitis

Retinal Artery
Occlusion

Restore blood llow <2 li
Massage globe
DecreaseI0P (topical 8-blockers,Inhaled Ot /CO) mix, IV
Olnroox ", IV mannitol, drain agueous fluid)

Ophthalmology consull for retinal lasei pholocoagulation.
anli- VEGf, and/or corticosteroid injection

Retinal Vein
Occlusion

eOphthalmology consult lor scleral buckle/pncumallc
retinopexy Visual acuity is the "vital sign" of the

eyes and should ALWAYS be assessed
and documented in both eyes when
a patient presents to the ED with an
ophthalmologic complaint

Dermatologic Emergencies
Rash Characteristics
A. Diffuse Rashes

• Staphylococcal Scalded Skin Syndrome (SSSS)
caused by an exotoxin from infecting strain of coagulase-positive S. aureus
mostly occurs in children
prodrome: fever, irritability, malaise, and skin tenderness
sudden onset of diffuse erythema: skin is red, warm, and very tender
flaccid bullae that are difficult to see, then desquamate in large sheets

• Steven-Johnson Syndrome (S]S) and Toxic Epidermal Necrolysis (TEN )
see Dermatology. D26
caused by drugs (e.g. phenytoin, sulfas, penicillins, and NSAlDs), bone marrow
transplantation, and blood product transfusions
usually occurs in adults
diffuse erythema followed by necrosis
severe mucous membrane blistering

r i
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entire epidermis desquamation
high mortality (>50%)

Toxic Shock Syndrome (TSS)
see Infectious Diseases. ID22
caused by superantigen from S.aureus or Group A Streptococcus (GAS) activating T-cells and
cytokines
patient often presents with onset of shock and multi-organ failure, fever
diffuse erythematous macular rash
at least 3 organ systems involved:CNS, respiratory, Gl, muscular, mucous membranes, renal,
liver, hematologic, and skin (necrotizing fasciitis,gangrene)
vesiculobullous lesions

• Erythema Multiforme (EM)
immunologic reaction to herpes simplex
viral prodrome 1-14 d before rash
target lesion:central grey bulla or wheal surrounded by concentric rings of erythema and
normal skin
Drug reaction with eosinophilia and systemic symptoms (DRESS) syndrome

B. Discrete Lesions
Pyoderma Gangrenosum

often associated with 1BD, rheumatoid conditions, leukemia, and monoclonal gammopathies
often occurs in arms, hands, feet,or perineal region
usually begins as painless macule/vesicle/pustule/bulla on red/blue base sloughing, leavinga
gangrenous ulcer

• Disseminated Gonococcal Infection (DGI)
see Dermatology. D38
fever, skin lesions (pustules/vesicles on erythematous base -5 mm in diameter), arthritis
(joint swelling and tenderness), and septic arthritis (in larger joints, such as knees, ankles,
and elbows)
most commonly in gonococcus-positive women during menstruation or pregnancy
skin lesions usually appear in extremities and resolve quickly (<7 d)

Meningococcemia
flu-like symptoms of headache, myalgia, N/ V
petechial, macular, or maculopapular lesions with grey vesicular centres
usually a few millimeters in size, but may become confluent and hemorrhagic
usually appear in extremities, but may appear anywhere
look for signs of meningeal irritation: positive jolt accentuation test, Brudzinski, Kernig

History and Physical Exam
•determine onset, course, and location of skin lesions
•fever, joint pain
•associated symptoms:CNS, respiratory, GU,Gl, renal, liver, mucous membranes
•medications, sexual encounters, living environment, occupational exposures
•vitals, physical exam based on relevant history

Investigations
•case-dependent, consider: CBC, electrolytes, Cr, AST, ALT, ALP, blood culture, skin biopsy, serum

immunoglobulin levels (serum lgE)
Thorough dermatologic examinations
are required:examination of
asymptomatic skin may Identify more
lesions: ensure adequate draping during
dermatologic examinationsManagement

•general: judicious IV fluids and electrolyte control, consider vasopressors if hypotensive, prevention of
infection

•if patient unstable, immediately consult for admission: dermatology, or infectious diseases, allergy/
immunology, plastic surgery

•specific management is determined by etiology
SSSS, TSS, DGI, and meningococcemia

IV antibiotics- EM,S)S, TEN, and DRESS syndrome
stop precipitating medication

» fluids
symptomatic treatment: antihistamines, antacids, topical corticosteroids, systemic
corticosteroids (controversial), prophylactic oral acyclovir, consider IV immunoglobulin
(1VIG), plasmapheresis
TEN: debride necrotic tissue

SJS <10% of USA
SJS/TEN -10-30% BSA
TEN *>30% BSA

r ~i
L JDispositiond

•most cases will require urgent care and hospitalization
•SJS & TEN:early transfer to burn centre improves outcome

Tor an approach to describing a rash and common skin lesions that are seen in the Emergency
department please please refer to Dermatology

+
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Environmental Injuries

Heat Exhaustion and Heat Stroke
HEAT EXHAUSTION
• clinical features relate to loss of circulating volume caused by exposure to heat stress
• “water depletion":heat exhaustion occurs if lost fluid not adequately replaced
• “salt depletion”: heat exhaustion occurs when losses replaced with hypotonic fluid

Heat exhaustion may closely resemble
heat stroke:heat exhaustion may
eventually progress to heat stroke, so
if diagnosis is uncertain treat as heat
strokeHEAT STROKE

• life-threatening emergency resulting from failure of normal compensatory heat-shedding mechanisms
• divided into classical and exertional subtypes
• if patient does not respond relatively quickly to cooling treatments, consider other possible etiologies

of hyperpyrexia (e.g. meningitis, thyroid storm, anticholinergic poisoning, delirium tremens,
infections), adverse drug events (including drug interactions)

Table 28. Heat Exhaustion vs. Heat Stroke
Heat Exhaustion Classical Heat Stroke Exertional Heatstroke

Clinical Non specific malaise,neadacte. Occurs in selling of high ambient temperatures
(e.g.heat wave,poor ventilation)
Often patients are older and sedentary or immobile overwhelms homeostatic mechanisms
Dry.hoi skin
Temp usually >40.5°C
Altered mental status, seitutes.delirium, or coma
May have elevated AST,AIT

Occurs withhigh endogenous heat
production (e.g.exercise) thatFeatures fatigue

Body temperature'AO.S'C
(usually normal)
No coma or seizures

Patients often younger,more active
Skin often diaphoretic
Other features as for classical heat stroke.Dehydration (KB.orthostatic

hypotension) but may also have DK.acute renal failure,
rhabdomyolysis.marked lactic acidosis

Treatment Rest in acool environment Cool body temperature with water mist (e.g.spray bottle) and standing fans
IV NS if orthostatic hypotension: Ice water immersion also effective;monitor body temperatureclosely using rectal thermometer,
otherwise replace losses
slowly P0

to avoid hypothermic overshoot
Secure airway because of seizure and aspiration risk
Give fluid resuscitation if still hypotensive after above therapy
Avoid P- agonists (e.g. epinephrine), peripheral vasoconstriction,and antipyretics (e.g.ASA)

sHypothermia and Cold Injuries
HYPOTHERMIA
• hypothermia is defined as a core temperature below 35“C, in which the body's heat loss is greater than

heat production
• etiology: increased heat loss (e.g.environmental exposure), decreased heat production (e.g.endocrine

disease), impaired regulation (e.g.CNS failure)
• predisposing risk factors:ethanol use, homelessness, psychiatric disease, and older age (the elderly

have increased risk due to decreased physiological reserve, chronic diseases, medication side effects,
and social isolation)

• treatment based on re-warming and supporting cardiorespiratory function
• complications: coagulopathy, acidosis, dysrhythmias (AFib, Vl'ib, profound bradycardia, asystole),

and volume/electrolyte depletion
• labs:CBC, electrolytes, VBG, serum glucose, Cr/BUN, Mg 2+, Ca-', amylase, coagulation profile,

troponin, lactate ± P-hCG
• imaging: CXR (aspiration pneumonia, pulmonary edema are common)
• monitors: ECG, initial rectal thermometer followed by transesophageal temperature probe for ongoing

monitoring, Foley catheter, NG tube, monitor metabolic status frequently

Table 29. Classification of Hypothermia
Class Symptoms/SignsTemp

Mild 32*34.9* Tachypnea,tachycardia,ataxia,dysarthria,shivering

Loss of shivering,dysrhythmias.Osborne (J) waves on ECG.decreased LOC. combative behaviour,musde
rigidity,dilated pupils
Unresponsive,hypotension,acidemia, VFib,AFib.asystole, flaccidity.apnea

28-31.9*Moderate

Severe <28*
Re-warming Options
• gentle fluid and electrolyte replacement in all (due to cold diuresis)
• passive external re-warming

• suitable for most stable patients with core temperature >32.2°C
• involves first removing all wet clothes then covering patient with insulating blanket; body

generates heat and re-warms through metabolic process, shivering
• active external re-warming

• involves use of warming blankets
beware of “afterdrop" phenomenon
safer when done in conjunction with active core re-warming

r

Afterdrop Phenomenon
Warming of extremities causes
vasodilation and movement of cool
pooled blood from extremities to core,
resulting in a drop in core temperature
leading to cardiac arrest

+
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• active core re-warming
generally for patients with core temperature <32.2°C, and/or with cardiovascular instability

• avoids “afterdrop” seen with active external re-warming alone
re-warm core by using

warmed humidified oxygen, IV fluids
peritoneal dialysis with warm fluids
gastric/colonic/pleural/bladder/pericardial irrigation with warm fluids
external circulation (cardiopulmonary- bypass machine) is most effective and fastest

Approach to Cardiac Arrest in the Hypothermic Patient
• do all procedures gently or may precipitate VFib
• check pulse and rhythm for at least 1 min; may have profound bradycardia
• if any pulse at all (even very slow) do NOT do CPR
• if in VFib try to defibrillate up to maximum 3shocks if core temperature <30°C
• intubate if required, ventilate with warmed, humidified O;
• medications (vasopressors, antidysrhvthmics) may not be effective at low temperatures

(controversial); may try one dose
• focus of treatment is re-warming

FROSTBITE

Classification
• ice crystals form between cells
• classified according to depth - similar to burns (1st to 3rd degree)
• 1st degree

symptoms: initial paresthesia, pruritus
• signs:erythema, edema, hyperemia, no blisters

• 2nd degree
symptoms: numbness

» signs:blistering (clear), erythema, edema
• 3rd degree

sy mptoms: pain, burning, throbbing (on thawing); may be painless if severe
signs: hemorrhagic blisters, skin necrosis, edema, no movement

• 4th degree
• extension into subcuticular, osseous,and muscle tissues

Anterior
[4V4

%
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Management
• treat for hypothermia:O’, IV fluids, maintenance of body warmth
• remove wet and constrictive clothing
• immerse in 40-42<>C agitated water for 10-30 min (very painful; administer adequate analgesia)
• clean injured area and leave it open to air
• consider aspiration/debridement of blisters (controversial)
• debride skin
• tetanus prophylaxis
• consider penicillin G as frostbite injury has high-risk of infection
• surgical intervention may be required to release restrictive eschars
• never allow a thawed area to re-chill/freeze

T

PosteriorBurns
• see Plastic Surgery. PL18 to

.%
Clinical Features/Physical Exam Findings
• burn size

rule of nines; does not include 1st degree (superficial) burns
• burn depth

superficial (1st degree): epidermis only (e.g.sunburn ), painful and tender to palpation
superficial partial thickness (2nd degree):extends to epidermis and superficial dermis, blister
formation occurs, very painful
deep partial thickness (2nd degree): involves hair follicles, sebaceous glands; skin is blistered,
exposed dermis is white to yellow, absent sensation
full thickness (3rd degree): epidermis and all dermal layers; skin is pale, insensate, and charred or
leathery
deep (4th degree): involvement of fat, musde, even bone

/ V
18%to to

% %

)% 3%

n
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Management
• remove noxious agent/stop burning process and consider appropriate PPE usage
• establish airway if needed (indicated with bums >40% BSA or smoke inhalation injury)
• resuscitation for 2nd and 3rd degree burns (after initiation of 2 large bore 1Vs)
• fluid boluses if unstable

Parkland Formula: Ringer's lactate 4 cc/kg/% BSA burned; give half in first 8 h, half in next 16 h;
maintenance fluids are also required if patient cannot tolerate PO hydration
urine output is best measure of resuscitation, should be 40-50 cc/h or 0.5 cc/kg/h; avoid diuretics

1-2 I
©

+Figure13. Rule of 9sfor total BSA

Activate Windows
Go to Settings to activate Windows.



ER-17 Emergency Medicine Toronto Notes 2023

•pain relief: continuous opioid (e.g. hydromorphone, fentanyl, morphine) infusion for pain with
breakthrough doses PUN

•investigations: GBG, electrolytes, U/A, CXR, EGG, ABG, carboxyhemoglobin
•burn wound care: prevent infection, clean/debride with mild soap and water, sterile dressings
•escharotomy or fasciotomy for circumferential burns (chest, extremities )
•topical antibiotics, burn victims are highly susceptible to infection (portal of entry with reduced

immune function) - systemic antibiotics are often required
•tetanus prophylaxis if burn is deeper than superficial dermis

Use palm of the patient's hand to
estimate1% of BSA affected

Disposition
•admit

• 2nd degree burns >10% BSA, or any significant 3rd degree burns
2nd degree burns on face, hands, feet, perineum, or across major joints

• electrical, chemical burns, and inhalation injury
• burn victims with chronic medical conditions or immunosuppressed patients

Burn Causes
• Thermal (flame, scald)
• Chemical
• Radiation (UV, medical/therapeutic)
• Electrical

Inhalation Injury
Etiology
•carbon monoxide ((X)) or cyanide (poisoning through dermal contact or inhalation)
•direct thermal injury: limited to upper airway (above the vocal cords)
•smoke causes bronchospasm and edema from particulate matter and toxic inhalants (tissue

asphyxiates, pulmonary irritants, systemic toxins)

History and Physical Exam
•risk factors: closed space fires, period of unconsciousness, noxious chemicals involved
•cherry red skin and bitter almond odour are classic findings of cyanide toxicity but are often not

present clinically
•singed nasal hairs, soot on oral/nasal membranes, sooty sputum
•hoarseness, stridor, dyspnea
•decreased LOG, confusion
•P()2 normal but 02 saturation low suggests GO poisoning

Always look for inhalational injury in
patients with burns.Intubate eariy (prior
to fluid boluses) if you suspect inhalation
injury asairway can become obstructed
due to edema

Investigations
•measure carboxyhemoglobin levels, co-oximetry.ABG
•GXR ± bronchoscopy

Management
•CO poisoning: 100% 02 ± hyperbaric 02 (controversial, specific scenarios where it can be considered)
•cyanide poisoning: hydroxocobalamin 70 mg/kg IV over 15 min (max 5 g), up to two doses
•direct thermal injury: humidified oxygen, early intubation, pulmonary toilet, bronchodilators, and

mucolytics (N-acetylcysteine)

Bites
MAMMALIAN BITES
• see Plastic Surgery, PL11
History
• time and circumstances of bite, symptoms, allergies, tetanus immunization status, comorbid

conditions, risk of rabies exposure/transmission, HIV/hepatitis risk (human bite)
• high morbidity associated with clenched fist injuries, “fight bites"

Physical Exam
• assess type of wound: abrasion, laceration, puncture, crush injury
• assess for direct tissue damage: skin, bone, tendon, neurovascular status, joints (if applicable)

Investigations
• if bony injury or infection suspected, check for fracture and gas in tissue with x-rays
• get skull films in children with scalp bite wounds ± CT to rule out cranial perforation
• ultrasound may be helpful for identifying abscess formation as well as locating radiolucent foreign

bodies in infected wounds r n
L J

Initial Management. wound cleaning and copious irrigation as soon as possible
• irrigate/debride puncture wounds if feasible, but not if sealed or very small openings; avoid

hydrodissection along tissue planes
• debridement is important in crush injuries to reduce infection and optimize cosmetic and functional

repair
+

• culture wound if signs of infection (erythema, necrosis, or pus); obtain anaerobic cultures if wound is
foul smelling, necrotizing, or if abscess is present; notify lab that sample is from bite wound
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•suturing
vascular structures (i.e. face and scalp) are less likely to become infected, therefore consider
suturing
allow avascular structures (i.e. pretibial regions, hands, and feet ) to heal by secondary intention
or delayed primary closure

•tetanus immunization if >5 yror incomplete primary series (see Tabic II , ERI7 )

Prophylactic Antibiotics
•types of infections resulting from bites: cellulitis, lymphangitis, abscesses, tenosynovitis,

osteomyelitis, septic arthritis, sepsis, endocarditis, meningitis
•a 3-5 d course of antibiotics is recommended for all bite wounds to the hand and should be considered

in other bites if any high-risk factors present
•dog and cat bites ( pathogens: Pasteurella multocida, S.aureus, S. viridans )

10-50% of cat bites, and 5% of dog bites become infected
1st line: amoxicillin + clavulanic acid (not cefalexin as it does not cover Pasteurella spp. or
Eikenella corrodens)

•human bites (pathogens: Eikenella corrodens,S.aureus,S.viridans,oral anaerobes)
1st line:amoxicillin + clavulanic acid

•rabies (see Infectious Diseases, ID19)
reservoirs: warm-blooded animals except rodents (primarily bats and raccoons in Canada),
lagomorphs (e.g. rabbits)
post-exposure vaccine is effective; treatment depends on local prevalence

Near Drowning
•most common in children <4 yr and teenagers
•causes lung damage, hypoxemia, and may lead to hypoxic encephalopathy
•must also assess for shock, C-spine injuries, hypothermia, and scuba-related injuries (barotrauma, air

emboli, lung re-expansion injury)
•complications: volume shifts, electrolyte abnormalities, hemolysis, rhabdomyolysis, renal, D1C

Physical Exam
•ABCs, vitals: watch closely for hypotension
•respiratory: rales (ARDS, pulmonary edema), decreased breath sounds (pneumothorax)
•CVS: murmurs, dysrhythmias,|VP (CHI', pneumothorax)
•H& N: assess for C-spine injuries
•neurological:CCS or AVPU, pupils, focal deficits

Investigations
•labs: CBC, electrolytes, ABCs, Cr, BUN,1NR, P IT, U/A (drug screen, myoglobin)
•imaging: CXR (pulmonary edema, pneumothorax) ± C-spine imaging
•ECG

Management
•ABCs, treat for trauma, shock, hypothermia
•cardiac and 0 2 monitors, IV access
•intensive respiratory care

ventilator assistance if decreased respirations, pCO 2 >50 mmHg, or p02 <60 mmHg on maximum
F102
may require intubation for airway protection, ventilation, pulmonary toilet
high flow 0 2/CPAP/Bi-PAP may be adequate but some may need mechanical ventilation with
positive end-expiratory pressure

•dysrhythmias: usually respond to corrections of hypoxemia, hypothermia, and acidosis
•vomiting:very common, NG suction to avoid aspiration
•convulsions: usually respond to O 2; if not, lorazepam 4 mg IV slowly
•bronchospasm: bronchodilators
•bacterial pneumonia: prophylactic antibiotics not necessary unless contaminated water or hot tub

(Pseudomonas)
•always initiate CPR in drowning-induced cardiac arrest even if patient is hypothermic;continue CPR

until patient is fully rewarmed

Disposition
•non-signilicant submersion (duration of submersion 5 min ) discharge after short observation
•significant submersion (even if asymptomatic): long period of observation (72 h) as pulmonary edema

may appear late
•CNS symptoms or hypoxemia: admit
•severe hypoxemia, decreased LOC: ICU

"Secondary drowning" where the onset
of symptoms, as a result of pulmonary
edema or infection, can be insidious. It
can develop over hours,or possibly even
days,and must be anticipated in the
near drowning patient

L
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Toxicology

Approach to the Overdose Patient
Indications to Suspect Overdose
• Altered lOC/como
• Young patient with life-threatening

dysrhythmia
• Trauma patient
• Bizarre or puzzling clinical feature

History
• age, weight, underlying medical problems, medications
• substance, route, and quantity
• time and symptoms since exposure determines prognosis and need for decontamination
• route
• intention, suicidality

Physical Exam
• focus on: ABCs, LOC/GCS, vitals, pupils

s“ABCD3EFG” of Toxicology
• basic axiom of care is symptomatic and supportive treatment
• address underlying problem only once patient is stable

Airway (consider stabilizing C-spine)
Breathing
Circulation
Drugs

- ACLS as necessary to resuscitate the patient
- universal antidotes (DONT)

Draw bloods
Decontamination (decrease absorption)

Expose (look for specific toxidromesj/examine the patient
Full vitals, ECCi monitor, foley, x-rays
Give specific antidotes and treatments

o
Principles of Toxicology
4 principles to consider with all
ingestions:
• Resuscitation (ABCD3EFG). Screening (toxidrome,clinical clues)
• Decrease absorption of drug
• Increase elimination of drug

A
B
C
D1

D2
D3
E
F
G

Further Steps following ABCD3EFG
• reassess
• call Poison Information Centre
• obtain corroborative history from family and bystanders

BD1- Universal Antidotes
•treatments that will not harm patients and may be essential

Dextrose (glucose)
•give to any patient presenting with altered LOC
•measure blood glucose prior to glucose administration if possible. adults: D50YV 0.5-1.0 g/kg (1-2 mL/kg) IV
•children: D25W 0.25 g/kg (2-4 mL/kg) IV

Universal Antidotes

DONT
Dextrose
Oxygen
Naloxone
Thiamine (must give BEFORE dextrose)Oxygen

•do not deprive a hypoxic patient ofoxygen regardless of the antecedent medical history (i.e. even
COPD with CO2 retention)

•if depression of hypoxic drive, intubate and ventilate

Naloxone (central p-receptor competitive antagonist, shorter half-life than naltrexone)
> antidote for opioids: administration is both diagnostic and therapeutic (< 1 min onset of action)
•used for the undifferentiated comatose patient
•loading dose

• adults

Although doses in the ED are generally
small, administration of naloxone can
cause acute opioid withdrawal in people
who are chronic opioid users (Ultrarapid
Opioid Detoxification. UROD):
• Minor withdrawal may present as

lacrimation, restlessness, rhlnorrhea.
diaphoresis, yawning, piloercction.
HTN, myalgia. N/V. tachycardia

• Severe withdrawal may present as
hot and cold flashes, arthralgias,
myalgias, N/V, and abdominal cramps

• response to naloxone can be drastic, so stepwise delivery is recommended
• 0.05 or 0.1 mg IV with escalation of doses PRN
• naloxone administration during cardiac arrest:

- begin ACLS protocol and administer 2 mg 1 V/IM every 3 min, may increase dose by
doubling up to maximum of 12 mg L

child
0.01 mg/kg initial bolus IV/IO/ETT (max 2 mg per dose)
children over 20 kg can receive naloxone 2 mg IV

maintenance dose
may be required because half-life of naloxone (30-80 min) is much shorter than many opioids
hourly infusion rate at 2/3 of initial dose that allowed patient to be roused

+
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Thiamine (Vitamin B1)
• 200 mg IV/IM with IV/PO glucose to all patients
• given to prevent/treat Wernicke’s encephalopathy
• a necessary cofactor for glucose metabolism (may worsen Wernicke's encephalopathy if glucose given

before thiamine), but do not delay glucose if thiamine is unavailable
• must assume all undifferentiated comatose patients are at risk

Thiamine is deficient in the
malnourished.Consider in patients
with alcohol use disorder,anorexia,or
malnutrition states

D2- Draw Bloods
• essential tests

• CBC, electrolvtes, BUN/Cr, glucose,1NR/PTT, osmolality
• ABGs,Ot sat

ASA, acetaminophen, EtOH levels
• potentially useful tests

• drug levels- this is NOT a serum drug screen (e.g. digoxin, iron)
Ca -+,Mg-*, PO-t5-
protein, albumin, lactate, ketones, liver enzymes, CK - depending on drug and clinical features

Serum Drug Levels
• treat the patient, not the drug level
• negative toxicology screen does not rule out a toxic ingestion - signifies only that the specific drugs

tested were not detectable in the specimen
• specific drugs available on general screen vary by institution; check before ordering
• urine screens also available (qualitative only; not often thought to change management)

Urine drug screen is costly and generally
not helpful in the ED management of
the poisoned patient unless suspicion
of A SA.acetaminophen, or toxic EtOH
ingestion

Table 30. Toxic Gaps (see Nephrology,NP18)

METABOLIC ACIDOSIS
Increased AG;"GOLDMARK" ("" toxic)
Glycols" (ethylene glycol,propylene glycol)
Oxoproline (metabolite of acetarrInopben)"
l-lactate
0 lactate (acetaminophen,short bowelsyndrome,propylene glycol

infusions for lorazepam S phenobarbital)
Methanol*
ASA"
Renal failure
Ketoacidosis (OKA.EtOH".starraton)

Increased osmolar gap: “MAE DIE- (if it ends m"-of.A will likely
increase the osmolar gap)
Methanol
Acetone
Ethanol
Diuretics [glycerol,mannitol,sorbitol)
Isopropanol
Ethylene glycol

Note:normal osmolar gap does not rule out tonealcohol:
only an elevated gap ishelpful

Increased 02 saturation gap
Carboxyhemoglobin
Methemoglobin
Sulfmethemoglobm

Decreased AG
Electrolyte imbalance(increasedNatK "Mg Ty
Hypoalbuminemia (50% fall in albumin "SA mmoL'L decrease in the AG)
Lithium,bromine elenaton
Paraproteins (multiplemyeloma)

Normal AG
Renal HC03 loss;renal tubular acidosis,hyperparathyroidism
Gl HCO: loss:diarrhea,fistula
Other:NS infusion,acetazolamide.hyperkalemia,hypoaldosteionism

Table 31. Use of the Clinical Laboratory in the Initial Diagnosis of Poisoning
Finding Selected CausesTest

Hypoventilation (high pCO;)
Hyperventilation (low pC02)

Electrolytes AG metaboic acidosis
Hyperkalemia
Hypokalemia

CNS depressants (opioids,sedative-hypnotic agents,phenothiazmes.EtOH)
Salicylates.CO.other asphyxiants
“GOLDMARK": see Table 30
Digitalis glycosides, fluoride,potassium
Theophylline, caffeine,p - adrenergic agents,soluble banum salts,diuretics,
insulin
Oral hypoglycemic agents,insulin.EtOH.ASA

"MAE DIE": see Table 30

ABG
Anion Gap
=Na+-Cl-- HCO3-
Normal A G <12 mM/L

Glucose Hypoglycemia

Osmolality and Elevated osmolar gap
Osmolar Gap

ECG Wide 0RS complex
Prolonged 01 interval
Atrioventricular block

Radiopaque pilb or objects

TCAs.quinidine, other class la and icantidysrhythmic agents
Terfenadine,astemizole,antipsychotics.hydroxychloroquine
Ca- antagonists, digitalis glycosides,phenylpropanolamine,hydroxychloroquine
“CHIPES":Calcium,Chloral hydrate,CC(4.Heavy metals.Iron.Potassium.
Enteric coated Salicylates,and some foreignbones
May be onlysign of acetaminophen poisoning

Abdominal
X-Ray

Serum Osmolar Gap
*[(2 x Na+) Glu + Urea] Measured
Osmolality
Normal <10

Elevated level (1000 pmotL 4 h after
Acetaminophen ingestion)

Consult RumackMatthew nomogram in
single ingestion cases
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D3- Decontamination and Enhanced Elimination
Ocular Decontamination
• saline irrigation to neutralize pH;alkali exposure requires ophthalmology consult

Dermal Decontamination
• wear protective gear
• remove clothing, brush ofTtoxic agents, irrigate all external surfaces

Gastrointestinal Decontamination
• single dose activated charcoal

use of activated charcoal is a source of much debate amongst toxicologists,evidence of
effectiveness is not strong and risk of aspiration is high
consider if recent ingestion, delayed absorption medication, can consult poison control PRN
adsorption of drug/toxin to activated charcoal decreases toxin bioavailability
contraindications: unprotected airway, late presentation after ingestion (1-2 h post ingestion),
small bowel obstruction, poor toxin adsorption
dose: 10 g/g drug ingested or lg/kgbody weight (may vary depending on ingestion )
odourless, tasteless, prepared as slurry with H:0

• whole bowel irrigation (occasionally used)
500 mL/h (child) to 2000 mL/h (adult) of polyethylene glycol solution by mouth until clear
effluent per rectum

start slow (500 mL in an adult) and aim to increase rate hourly as tolerated
indications

awake, alert, can be nursed upright, with an NG tube who cannot tolerate drinking it, or
intubated and airway protected

delayed release product
drug/toxin not bound to charcoal
drug packages (if any evidence of breakage emergency surgery)
recent toxin ingestion

• contraindications
evidence of ileus, perforation, or obstruction

• multidose activated charcoal
• may be used for: carbamazepine, phenobarbital, quinine, theophylline, for toxins which undergo

enterohepatic recirculation
removes drug that has already been absorbed by drawing it back into G1 tract
various regimens:12.5g (1/4bottle) PO ql h or 25g (1/2 bottle) PO q2 h until non-toxic

• surgical removal in extreme cases
surgical indicated for drugs that are toxic, form concretions,or cannot be removed by
conventional means

• use of cathartics (i.e. ipecac) and gastric lavage in the ED is generally not recommended

Lipid Emulsification
• new therapy used in cardiogenic shock due to toxins
• may be used for: anesthetics (e.g. lidocaine), (5-blocker/calcium channel blocker, atypical

antidepressant overdose
• initial bolus lipid solution 20% 1.5 mL/kg over 3 min then infusion of 0.25 mL/kg/min

Urine Alkalinization
• may be used for:ASA, methotrexate, phenobarbital, chlorpropamide
• weakly acidic substances can be trapped in alkaline urine (pH >7.5) to increase elimination

Hemodialysis
• indications/criteria for hemodialysis

toxins that have high water solubility, low protein binding, low molecular weight,adequate
concentration gradient, small volume of distribution, or rapid plasma equilibration
clinical deterioration despite maximal medical support

• useful for the following toxins
methanol
ethyleneglycol
salicylates
lithium
phenobarbital
chloral hydrate (trichloroethanol)

• others include theophylline, carbamazepine, valproate, methotrexate

n
LJ
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E - Expose and Examine the Patient
• vital signs (including temperature), skin ( needle tracks,colour), mucous membranes, pupils, odours,

and CNS
• head-to-toe survey including

C-spine
signs of trauma, seizures (incontinence, “tongue biting," etc.), infection (meningismus), or
chronic alcohol/drug misuse (track marks, nasal septum erosion)

• feel the patient’s axillae; in the average patient, should be somewhat moist (if dry, may indicate
anticholinergic toxicity)

• mental status

Table 32, Specific Toxidromes
Overdose Signs and Symptoms

Hyperthermia
Dilated pupils
Dry skin
Vasodilation
Agitalion/hallucinalions
Ileus
Urinary retention
Tachycardia
-DUMBELS*

Diaphoresis.Diarrhea, Decreased BP
Urination
Miosis
Bronchospasm. Bronchorihca. Bradycardia
Emesis. Excitation of skeletal muscle
Lacrimation
Salivation, Seizures
Dysphonia.dysphagia
Rigidity and tremor
Motor restlessness, crawling sensation (akathisia)
Constant movements (dyskinesia)
Dystonia (muscle spasms, laiyngospasm. trismus,
oculogyric crisis, torticollis)
Increased respiratory rate
Decreased LOC
Seizures
Cyanosis unresponsive to Or
lactic acidosis

Toxidrome Examples of Drugs

Anticholinergic “Hot as a hare”
"Blind as a bat"
"Dry as a bone"
“Red as a beet"
“Mad as a hatter"

Antidepressants (e.g . ICAs)
Cyclobeniaprine ( Flcxeril ' )
Carbamate pine
Antihistamines (e.g.diphenhydramine)
Antiparkinsonians

“The bowel and bladder lose Antipsychotics
their tone and the heart goes Antispasmodics
on alone” Belladonna alkaloids (e.g.atropine)

Cholinergic Natural plants: mushrooms, trumpet flower
Anticholinesterases: physostigmine
Insecticides (organophosphates.carbamates)
Nerve gases

Extrapyramidal Ma|or tranquilizers
Antipsychotics

Hemoglobin
Derangements

CO poisoning (carboxyhemoglobin)
Drug ingestion (methemoglobin.sulfmethemoglobin)

Opioid,Sedative/
Hypnotic, EIOH

Hypothermia
Hypotension
Respiratory depression (opioid)
Dilated or constricted pupils (pinpoint in opioid )
CHS depression

Increased temperature
CNS excitation (including seicures)
Tachycardia. H1N

EIOH
Benzodiazepines
Opioids (morphine, heroin, fentanyl. etc.)
Barbiturates
CHS ("G." "liquid gold")
Amphetamines, caffeine, cocaine. ISO. phencyclidine
Ephedrinc and other decongestants
Thyroid hormone
Sedative or EIOH withdrawal

Sympathomimetic

N /Y
Diaphoresis
Dilated pupils

Serotonin Syndrome Mental status changes, autonomic hyperactivity,
neuromuscular hyperactivity, hyperthermia,diarrhea. HTN

MAOI.TCA.SSRI, opiate analgesics
Cough medicine, weight reduction medications

Note:ASA poisoning end hypoglycemia mimicsympathomimetic toxidrome

F- Full Vitals, ECG Monitor, Foley, X-Rays

G - Give Specific Antidotes and Treatments
Urine Alkalinization Treatment for ASA Overdose
• urine pH >7.5
• fluid resuscitate first, then 3 amps NaHCOi/L of D5\V at 1.5.x maintenance
• add 20-40 mEq/L KC1 if patient is able to urinate r t

L J
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Table 33. Protocol for Warfarin Overdose
Management:Consider Prothrombin CompelConcentrate (Octaplex:.Beriplex:) tor any elevated INR.AND either life-threatening
bleeding,or a plan for the pabent to undergo a surgical procedure within the next 6 h (vitamin K takes 4-6 h post IV administration
to work)

Cessation of warfarin administrate!!.obsenrabon.serial INR PI

INR

<5.0
5.1-9.0 If no risk factors for bleeding,hold warfarin x1-2 d and reduce maintenance dose

OR Vitamin K1-2mgP0 if patient at increased risk of bleeding
9.1-20.0 Hold warfarin,vitamin K 2-4mg PO.serial INR PT.addibonal vitamin K if necessary

Hold warfarin,vitam nit10 mg IV over 10 - -. ncrease vitar - Kdssng (g4 h) f -eeded>20.0

Table 34. Specific Antidotes and Treatments for Common Toxins*
Toxin ConsiderationsTreatment

Often clinically silent:evidence of liver/renal damage delayed >24 h
fete dose >200 mg'kg (»7.5 g adult)
Monitor drug level 4 h post -ingestion;also liver enzymes, INR,
PIT.SUN.Cr
Hypoglycemia,metabolic acidosis,encephalopathy poor prognosis
0;alysis may berequired to manage in very high overdoses
Berutropme (Cogentm |has euphoric effect and the potential for
misuse

Acetaminophen Decontaminate(activated charcoal)
N-acetylcysteine

Benztropine:12mg IM IV then 2 mg P03 d
OR Oiphenhydramine12 mg/kgIV.then 25mg P0
010 x3 d

Consider decontammabon (activated charcoal)
Supportive care
Consider decontaminabon (activated charcoal)
Alkalinize urine:want urine pH >7.5

Acute Dystonic
Reaction

Special anbdotes available:consult Poison Information CentreAnticholinergics

ASA Monitor serum pH and drug levels closely
Monitor Ktevel:may require supplement for urine alkalinization
Hemodialysis may be needed if intractable metabolic acidosis,
very high levels,or end-organ damage (i.e. unable to diurese)

Benzodiazepines Consider decontamination (activated charcoal)
Flumazeml (only use in iatrogenic overdose (operative
oversedabon) due to extensive contramdications
(mixedoverdose.Hx of EtOH.seizures))
Supportive care
Consider decontamination (activated charcoal,consider
whole bowel irrigation for extended-release ingestion)
IV glucagon.IV calcium chloride.IVhigh-dose insubn
(with dextrose).IV lipid emulsificabon
Consider deconta- nabon (acbvated charcoal,consider Order EC6.electrolytes (especially Ca*-.Mg 2\ Ha’.K')
whole bowel irrigabon for extended-release ingesbon)
IV glucagon.[V calcium chloride.IVhigh-dose insulin
(with dextrose).IV intralipid

Decontaminate (acbvated charcoal) if oral
Aggressive supportive care

p-blockers

Calcium Channel
Blockers

Cocaine 3-blockers are contraindicated in acute cocaine toxicity
Intralipid for life-threatening symptoms
Consider benzodiazepines for any major side effect of cocaine
overdose (agitation,hypertension, tachycardia,etc.)
Order ECG.VBG.Consider lactate and troponin depending on
specific presentabon

See Inhalation Injury.fl?47
Supportive care
100“c 0J;may requirehyperbaric 0’
Hydroxocobalamin Sg IV (Cyanokit')
Consider decontaminabon (activated charcoal)
Oigoxm-specific antibody fragments
10- 20 vials IV if acute:3-6 if chronic
1vial (40 mg) neutralizes0.5mg of toxm
Thiamine100 mg IMilV
Manage airway and circulatory support

CO Poisoning

Cyanide
Digoxin

Consider in all patients found in a fire
Use for life-threatening dysrhythmias unresponsive to
conventional therapy.6h serum digoxin >12 nmol/L.initial K- >5
mmol/l.ingestion >10 mg|adult)/>4 mg (child)
Common dysrhythmias include VFib.VTach.and conduction blocks
Mouthwash - 70% EtOH:perfumes and colognes - 40 60% EtOH
Order serum EtOH level and glucose level:treat glucose level
appropriately

CBC.electrolytes,glucose,ethanol level
Consider hemodialysis

Ethanol

Ethylene Glycol/
Methanol

Fomepizole (4-methylpyrazole)
15 mg/kg IV load over 30 mm.
then10 mg,rkgq12 hOR
Ethanol (10%)10 mL Vg over 30min.then 1.5mt/h
Protamine sulfate25-50 mg IV
Glucose IV. PO/NG tube
Glucagon:1-2mgIM(if no access to glucose)

Heparin
InsulinIM/SC/

For unfracbonated heparin overdose only
Glyburide carries highest risk of hypoglycemia among oral agents
Consider ocbeotide for oral hypoglycemics (50-100 pg SC q6 h|in
these cases:consult local Poison Information Centre

Monitor CK:treat rhabdomyolysis with high flow fluids: aggressive
eitemal cooling for hyperthermia
Review medical history if possible for serotonergic use

Oral
Hypoglycemic
MDMA Consider decontaminabon (acbvated charcoal)

Supportive care

Opioids

TCAs

See Universal Antidotes.f.R4i?

Consider decontaminabon (acbvated charcoal)
Aggressive supportive care
NaHCOs bolus for wide ORS seizures

r *>
u J

Flumazeml antidote conbaindicafedin combinedICA and
benzodiazepine overdose
Also consider cardiac andhypotension support,seizure control
Intralipid therapy
Succinylcholine +Organophosphate 100% 0’ endotracheal intubation

Atropine
Pralidoxime (2-PAM)

* Call local Poison Information Centre for reporting of cases,specif c doses,andtreatment recommendations. Most toxicology cases should involve
communication with your local PoisonInformation Centre
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Alcohol Related Emergencies
• see Psychiatry. PS29

ft
Acute Intoxication
• slurred speech, CNS depression,disinhibition, lack of coordination
• nystagmus, diplopia, dysarthria, ataxia, may progress to coma
• hypotension ( peripheral vasodilation )
• if obtunded, rule out

head trauma/intracranial hemorrhage
associated depressants, toxic alcohols

• may also contribute to respiratory/cardiac depression
hypoglycemia (screen with bedside glucometer)

• hepatic encephalopathy: confusion, altered LOO, coma
• precipitating factors: Cil bleed, infection, sedation, electrolyte abnormalities, protein meal

• Wernicke’s encephalopathy (ataxia, ophthalmoplegia, delirium)
post-ictal state, basilar stroke

Withdrawal
• beware of withdrawal signs
• treatment

diazepam 10-20 mg I WEI) or lorazepam 2-4 mg 1V/PO q 1 h (if known liver dysfunction) until two
negative CIWA scores

• frequency of dosing may have to be increased depending on clinical response
may use CIWA protocol and give benzodiazepines as above until CIWA <10
thiamine 200 mgIM/IV then 50-100 mg/d

naltrexone & gabapentin if no improvement
magnesium sulfate 4 g 1V over I -2 h (if hypomagnesemic)
admit patients with delirium tremens or multiple seizures or persistently high CIWA (symptoms)
despite high doses of benzodiazepines

Alcohol levels correlate poorly with
intoxication

Alcohol intoxication may invalidate
informed consent

*
CIWA Withdrawal Symptoms
• N/V
• Tremor
• Paroxysmal sweats
• Anxiety
• Agitation
• Visual disturbances. Tactile disturbances
• Auditory disturbances
• Headache
• Disorientation
• 10 symptoms each scored out of 7

except orientation, which is scored
out of 4

Table 35. Alcohol Withdrawal Signs
Time Since Last Drink Syndrome Description

6-8 h Generalized tremor,anxiety, agitation,but no delirium
Autonomic hyperactivity (sinustachycardia),insomnia,HIV
Visual (most common),auditory,and tactile hallucinations
Vitals often normal
Typically brief generalizedIonic-clonic seizures
May have several within a few hours
Cl head if focal seizures have occurred

5%of untreated withdrawal patients
Severely confused state, fluctuating LOC
Agitation, insomnia,hallucinations/delusions, tremor
Tachycardia,hyperpyrexia, diaphoresis
High mortality rale

Mild withdrawal

1-2 d Alcoholic hallucinations

8 h-2 d Withdrawal seizures

3-5d D1

Cardiovascular Complications
• H1N
• cardiomyopathy:SOB, edema
• dysrhythmias (“holiday heart”)
• Al-'ib (most common), atrial flutter,SVT, VTach (especially Torsades if hypomagnesemic/

hypokalemic)

Metabolic Abnormalities
• alcoholic ketoacidosis

metabolic acidosis, urine ketones, low glucose, and normal osmolality
history of chronic alcohol intake with abrupt decrease/ccssation
malnourished, abdominal pain with N/V
treatment: thiamine (250-500 mg IM/IV prior to dextrose), dextrose, volume repletion (with NS)

• generally resolves in 12-24 h
• toxic alcohols

ethylene glycol:CNS,CVS, renal findings
• methanol

early: lethargy, confusion
late: headache, visual changes, N/V, abdominal pain, tachypnea

toxic alcohols initially produce a high osmolar gap, as the toxic alcohol is metabolized the
osmolar gap drops and an anion gap develops leading to a severe metabolic acidosis, the goal of
treatment is to block this pathway
EtOH co-ingestion is protective

n
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• treatment
• urgent hemodialysis required
» fomepizole 15 mg/kg IV bolus (treatment of choice) or 10% EtOH IV bolus and infusion to

achieve blood level of 22 mmol/ L (EtOH loading may be done PO)
consider folic acid for methanol, and pyridoxine and thiamine for ethylene glycol - both help
reduce conversion to active metabolites

• other abnormalities associated with alcohol: hypomagnesemia, hypophosphatemia, hypocalcemia,
hypoglycemia, hypokalemia

Gastrointestinal Abnormalities
• gastritis

common cause of abdominal pain and Cil bleed in chronic alcohol users
• pancreatitis

serum amylase very unreliable in patients with chronic pancreatitis, may need serum lipase
hemorrhagic form (15%) associated with increased mortality
fluid resuscitation very important

• hepatitis
AST/ALT ratio >2 suggests alcohol as the cause

• peritonitis/spontaneous bacteria] peritonitis
leukocytosis, fever, generalized abdominal pain/tenderness
occasionally accompanies cirrhosis
paracentesis for diagnosis (common pathogens:t.coli, Klebsiella, Streptococcus)
albumin shown to improve outcomes in sBP patients

• G1 bleeds
most commonly gastritis or ulcers, even if patient known to have varices
consider Mallory-Weiss tear secondary to retching
often complicated by underlying coagulopathies
minor: treat with antacids

• severe or recurrent: endoscopy
variceal bleeds: octreotide

Disposition from the Emergency Department
• alcohol

before patient leaves ED ensure stable vital signs, can walk unassisted, and fully oriented
offer social services to find shelter or detox program
ensure patient can obtain any medications prescribed and can complete any necessary follow-up

• methanol, ethylene glycol
delayed onset, admit, and watch clinical and biochemical markers

• T'CAs
• prolonged /delayed cardiotoxicity warrants admission to monitored 1CU bed
• if asymptomatic and no clinical signs of intoxication:6 h ED observation adequate with proper

decontamination and no ECCi abnormalities
• sinus tachycardia alone (most common finding) with history of overdose warrants observation in

ED
• hydrocarbons/smoke inhalation

pneumonitis may lag 6-8 h
consider observation for repeated clinical and radiographic examination

• ASA,acetaminophen
if borderline level, get second level 2-4 h after first

• for ASA, must have at least 2 measurements showing decreasing toxin serum concentration
before discharge (3 levels minimum)

• oral hypoglyccmics
admit all patients for minimum 24 h if hypoglycemic and 12 h after last octreotide dose

• observe asymptomatic patient for at least 8 h
• opioids

administer naloxone, a short-acting opioid antagonist, preferably IV in incremental doses (0.2-1
mg)
patients in cardiorespiratory arrest following possible opioid overdose should be given 2 mg of
naloxone minimum
admit and observe for 24h
referral to rapid access clinic and offer a naloxone kit

r -i
LJPsychiatric Consultation

• once patient medically cleared, arrange psychiatric intervention if required
• beware- suicidal ideation may not be expressed

+
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Psychiatric Emergencies

Approach to Common Psychiatric Presentations
$. see Psychiatry. PS2

• before seeing patient, ensure your own safety; have security/police available if necessary

History
• safety

assess suicidality: suicidal ideation (SI; passive/active), intent, plan, lethal means, past attempts,
protective factors
assess homicidality: homicidal ideation (HI), access to weapons, intended victim, and history of
violence

• driving and children
• command hallucinations

• identify current stressors and coping strategies
• mood symptoms: manic, depressive
• anxiety: panic attacks, generalized anxiety, phobias, obsessive-compulsive disorder, post-traumatic

stress disorder
• psychotic symptoms:delusions, hallucinations, disorganized speech, disorgani

behaviour, negative symptoms (affective flattening, alogia, avolition )
• substance use history: most recent use, amount, previous withdrawal reactions
• past psychiatric history, medications, adherence with medications, admissions
• medical history: obtain collateral if available

Physical Exam
• complete physical exam focusing on: vitals, neurological exam, signs of head trauma, signs of drug

toxicity, signs of metabolic disorder; which could be contributing or causing psychiatric presentation
• mental status exam:general appearance, behaviour, cooperation, speech, mood and affect, thought

content and form, perceptual disturbances, cognition (including MMSE if indicated), judgment,
insight, reliability

Investigations
• investigations vary with age, established psychiatric diagnosis vs. first presentation, history and

physical suggestive of organic cause
• as indicated:blood glucose, urine and serum toxicology screen, pregnancy test, electrolytes, TSH,

AST/ALT, bilirubin, serum Cr, BUN,and osmolality
• blood levels of psychiatric medications
• CT head if suspect neurological etiology
• LP if indicated (anti-NMDA receptor encephalitis)

Key Functions of Emergency
Psychiatric Assessment
• Is the patient medically stable?
• Rule out medical cause
• Is psychiatric consult needed?
• Are there safety issues (SI.HI)?
• Is patient certifiable? (must

demonstrate risk (present/past test)
and apparent mental illness (future
test))

zed or catatonic

Psychiatric Review of Systems

MOAPS
Mood
Organic
Anxiety
Psychosis
Safety

Acute Psychosis
Differential Diagnosis
• primary psychotic disorder (e.g. schizophrenia)
• secondary to medical condition (e.g.delirium)
• drugs: substance intoxication or withdrawal, medications (e.g. steroids, anticholinergics)
• infectious (CNS)
• metabolic (hypoglycemic, hepatic, renal, thyroid)
• structural (hemorrhage, neoplasm )

• autoimmune (anti-NMDA receptor encephalitis)

Management
• violence prevention

remain calm, empathic, and reassuring
ensure safety of staff and patients, have extra staff and/or security on hand
patients demonstrating escalating agitation or overt violent behaviour may require physical
restraint and/or chemical restraint

• treat agitation: whenever possible, offer medication to patients as opposed to administering with force
(helps calm and engage patient)
• benzodiazepines: lorazepam 2 mg PO/IM/SL
• antipsychotics: olanzapine 5-10 mg PO/IM, haloperidol 5 mg PO/1M

• treat underlying medical condition
• psychiatry or Crisis Intervention Team consult

Suicidal Patient
Epidemiology
• attempted suicide 1;>M, completed suicide M >l;
• second leading cause of death in people <24 yr
• significantly increased incidence among marginalized communities, particularly Indigenous peoples

and 2SLGBTQQIA Canadians

+See Psychiatry.Common forms, PS62
fot certification (involuntary assessment/
admission) considerations
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Management
• ensure patient safety: close observation, remove potentially dangerous objects from person and room
• assess thoughts ( ideation), means, action (preparatory, practice attempts), previous attempts,

protective factors
• admit if there is evidence of: active intent and organized plan, access to lethal means, psychiatric

disorder, intoxication (suicidal ideation may resolve with few days of abstinence)
• patient may require certification (completion of forms I and 42) if unwilling to stay voluntarily
• do not start long-term medications in the ED
• psychiatry or Crisis Intervention Team consult

High-Risk Patients

SAD PERSONS
Sex - male
Age >45 yr
Depression
Previous attempts
Ethanol use
Rational thinking loss
Suicide in family
Organized plan
No spouse, no support system
Serious illness

Common Paediatric ED Presentations
Modified Glasgow Coma Score

Table 36. Modified GCS
Modified GCS lor Inlants
Eye Opening
4 - spontaneously
3 - to speech
2- to pain
1-no response

VerbalResponse
5 - coos,babbles
4 - irritable cry
3 - cries to pain
2- moans to pain
1- no response

Motor Response
6 -normal,spontaneous movement
5 - withdraws to touch
4 - withdraws to pain
3 -decorticate flexion
2-decerebrale extension
1- no response

Any trauma or suspected trauma
patient <1yr with a large,boggy scalp
hematoma requires U/Sor CT

Modified GCS for Infant|<2 years)br Non verbal Patients
Eye Opening
4 -spontaneously
3 - to speech
2- to pain
1-no response

Motor Response
6 -normal,spontaneous movement

4-confused speech,disoriented,consolable 5 - localizes to pain
3 - inappropriate words,not consolablefaware 4 -withdraws to pain

3 -decorticate flexion
2-decerebrale extension
1- no response

VerbalResponse
5- oriented,social,speaks,interacts

2 - incomprehensible,agitated,restless,
not aware
1-no response

Consider Alert.Pain. Verbal,Unconscious <AVPll) scale

Respiratory Distress
• see Paediatrics, PRO, P93

History and Physical Exam
• infants not able to feed, older children not able to speak in full sentences
• anxious, irritable, lethargic - may indicate hypoxia
• tachypnea >60 (>40 if preschool age, >30 if school age), retractions, tracheal tug

see Paediatrics, P3 for age specific vital signs
• pulsus paradoxus (rarely used clinically)
• wheezing, grunting, vomiting

Table 37. Stridorous Upper Airway Diseases:Differential Diagnosis
EpiglottitisCroup Bacterial TracheitisFeature

Age Range|yr)

Prodrome
Temperature
Radiography

Etiology
Barky Cough

Drooling
Appear Toxic

Intubation/ICU
Antibiotics
NOTE

0.5 4 S 10 28
Mild for days then acutely severe Hours to days

Low grade
Steeple sign
Parainfluenza

Mmulcs to hours

High High
Exudates intracheat
S. ouieusMS

Thumb sign

H. inlluenioe typeb

Yes Yes No

Occasionally No Yes
No Yes Yes

No but yes if severe (rare) Yes Yes
No Yes Yes

r T
Oral exam Oral exam No oral exam,consult ENT LJ 1

flow rare withHib vaccine in common use
found asdiffuse haziness and irregularity of the anterior wall of trachea:consider imaging only after ruling out epiglottitis

+
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Management
• croup (usually laryngotracheitis caused by parainfluenza viruses)

• dexamethasone x 1 dose
if moderate-severe, add nebulized or MDI epinephrine ( racemic has limited availability)
consider bacterial tracheitis/epiglottitis if unresponsive to croup therapy
humidified O’has no evidence for efficacy

• bacterial tracheitis
airway maintenance - usually require intubation, ENT consult, ICU
start antibiotics (e.g.doxacillin ), pending C&S

• epiglottitis
• •) D's: drooling, dyspnea, dysphagia, dysphonia + tripod sitting
• do not examine oropharynx or agitate patient
• immediate anesthcsia /ENT call - intubate
• then IV fluids, antibiotics, blood cultures

Febrile Infant and Febrile Seizures
FEBRILE INFANT
• for fever >38°C without obvious focus

• <28 d
admit
full septic workup (CBC and differential, CRP, blood C&S, urine C&S, LP ± stool C&S, CXR if
indicated)
treat empirically with broad spectrum IV antibiotics (ampicillin, and ceftazidime or cefepime
or cefotaxime (if available) or gentamicin (add acyclovir or vancomycin when indicated))

• 28-90 d
• as above unless infant meets Rochester criteria, if so, complete a partial septic workup (CBC

and differential, blood C&S, urine C&S, CXR if indicated )
• antibiotics (ceftriaxone or cefotaxime (if available), add acyclovir or vancomycin when

indicated)- >90 d
toxic: admit, treat, full septic workup
non-toxic and no focus: investigate as indicated by history and physical
antibiotics (Ceftriaxone or cefotaxime (if available), add acyclovir or vancomycin when
indicated)

FEBRILE SEIZURES
• see Paediatrics, P88 $
Etiology
• children ages 6 mo-6 yr with fever or history of recent fever
• typical vs. atypical febrile seizures
• normal neurological exam afterward
• no evidence of intracranial infection or history of previous non-febrile seizures
• often positive family history of febrile seizures
• relatively well-looking after seizure

Rochester Criteria for Febrile Infants
Ages 28-90 Days Old
• Helps identify SBI (serious bacterial

infection) and guide testing/work-up
for well-looking febrile neonates

• Non-toxic looking
• Previously well f>37 wk gestational

age. home with mother, no
hyperbilirubinemia, no prior
antibiotics or hospitalizations, no
chronic/underlying illness)

• No skin, soft tissue, bone, joint, or
ear infection on physical exam. WBC 5000 15000. bands <1500,
urine <10 WBC/HPF. stool <5 WBC/

Investigations and Management
• if confirmed febrile seizure: treat fever and look for source of fever
• if not a febrile seizure: treat seizure and look for source of seizure

note: may also have fever but may not meet criteria for febrile seizure
• ± LEG (especially if first seizure), head U/S (if fontanelle open)

HPF
Table 38. Typical vs. Atypical Febrile Seizures
Characteristic Typical Atypical
Duration
Type of Seizure
Frequency

<5 min
Generalized
1in 24h

>5 min
Focal features
»1in 24 h
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Abdominal Pain
• see Paediatrics, P46

History
• neuro, infections, autoimmune, hematology, trauma, abuse Hx questions
• nature of pain, associated fever
• associated Gl, GU symptoms
• anorexia, decreased fluid intake

• stress and /or social issues (most common in middle aged children) Red Flags (or Abdominal Pain
• Significant weight loss or growth

retardation (need growth chart)
• Fever
• Joint pain with objective physical

findings
• Rash
• Rectal bleeding
• Rebound tenderness and radiation of

pain to back,shoulders,or legs
• Pain wakes from sleep
• Severe diarrhea and cncopresis

Physical Exam
• HEENT, respiratory, abdominal exam including ORE, testicular/genital exam

Table 39. Differential Diagnosis of Abdominal Pain in Infants/Children/Adolescents
SurgicalMedical

Colic Malrotation with volvulus
Hirschsprung's disease
Nccrotiring enterocolitis
Incarcerated hernia
Intussusception
Duodenal atresia
Appendicitis
Cholecystitis
Pancreatitis
Adnexal torsion (testicular or ovarian)
Ectopic pregnancy
Trauma
Pyloric stenosis

DTI
Constipation
Gastroenteritis
Sepsis
Henoch-Schonlein purpura
ac

Hemolytic uremic syndrome
Pneumonia
Strep throat
Sickle cell disease crisis
OKA
Functional
'Remember to keep an index ol suspicion tor child abuse

Common Infections
• see Paediatrics. P62

Table 40. Antibiotic Treatment of Paediatric Bacterial Infections
Infection Pathogens Treatment

MENINGITIS SEPSIS
Group 8 Streptococcus (GBS),f. coli. Listeno.Gram-
negative bacilli
Same pathogens as above and below

ampicillin * cefotaximeNeonatal

1-3 mo celtriaxone/cefotaxrme vancomycin ampicillin (if
immunocompromised)
ceftriaxone * vancomycin>3mo S. pneumoniae, H. influenioe type B (>Syr).

meningococcus
OTITIS MEDIA
1st Line 5.pneumoniae, H. influenioe type B,

M. calarrholis
amoxicillin 75-90 mg/kg/d BID
OR 45-60 mgfkg/day TID
1.cefuroxiine axettl 30 mg/kgld BI0/TI0
OR ceftriaxone SO mgikg/daylM x 3 d (if minor allergy)
2. clarithromycin 15 mg/kg/d BID (lor severe allergy)
7:1amoxicillin to davulanate ratio
<35 kg:45-60 mg kgd TID
»35 kg: 50 mg P0 TID

1st Line with
Penicillin Allergy

Treatment Failure

STREP PHARYNGITIS
Group A P-hemoly tic Streptococcus penicilltn/amoxicrllin. celalexin. or erythromycin (can

cause Gl upset)

DTI

l.coli, Proteus, H. influenioe, Pseudomonas, S.
soprophyticus.(nletococcus. CBS

Oral: celalexin
IV:aminoglycoside (gentamycin) t ampicillin

PNEUMONIA
1-3 mo Viral,S. pneumoniae. C. trachomotis, B.pertussis, S.

oureus, H. influenioe

Vital,S. pneumoniae. S. oureus, It. influenioe.
Mycoplasma pneumoniae

As above

cefutoxime *macrolide (erythromycin)
OR ampicillin± macrolide

ampicillin/amoxicillin or cefutoxime
r n
L J3 mo-5 yr

>5 yr ampicillin/amoxicillin macrolide
OR cefuroxime macrolide
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Child Abuse and Neglect
Association of 2 Social Needs Interventions
with ChildEmergency Deportment Use and
Ho spitaliiotions
JAMA Pediatr. Published online AprilIt. 2022
do;:10.1001/ jemaptdratri(i.2022.0S03
Purpose: to link social needs interventions to
healthcareoutcomesamong paediatric populations.
Methods: 604 chikkaregirer pairs were randomired
to groups in which they are given a social resources
handout ($RH) withand without the help ola patient
navigator support.
Results:Ojrmg the 00d of follow-up,pans that
navi gated the S8H alore were associated with
increased probability of hospitalization when
compared to those grren professional help.

• see Paediatrics. P18
• obligation to report any suspected /known case of child abuse or neglect to CAS yourself (do not

delegate)
• document injuries
• consider skeletal survey x-rays (especially in non-ambulatory child), ophthalmology consult,Ci head
• injury’patterns associated with child abuse

HI: torn frenulum, dental injuries, bilateral black eyes, traumatic hair loss, diffuse severe CNS
injury, retinal hemorrhage

• Shaken baby syndrome: diffuse brain injury, subdural/SAH, retinal hemorrhage, minimal/no
evidence of external trauma, associated bony fractures
skin injuries: bites, hruises/burns in shape of an object, glove/stocking distribution of burns,
bruises of various ages, bruises in protected areas
bone injuries: rib fractures without major trauma, femur fractures < 1 yr, spiral fractures of long
bones in non-ambulatory children, metaphyseal fractures in infants, multiple fractures of various
ages, complex/multiple skull fractures
GU/GI injuries: chronic abdominal/perineal pain, injury to genitals/rectum, ST'l /pregnancy,
recurrent vomiting or diarrhea Presentation of Neglect

• Failure to thrive, developmental
delay

• Inadequate or dirty clothing,poor
hygiene

• Child exhibits poor attachment to
parents

Common Medications
Table 41. Commonly Used Medications
Drug Dosing Schedule Indications Comments
Acetaminophen

Activated charcoal

325-650 mg P0 q4- 6h PRN

30-100 gPO in 250mlHtO

Pain control

Poisoning/overdose

Max 4 g daily

Ellicacy and safety are case-dependent and
are a source ol debate

Procedures that may Require Sedation
• Setting fractures
• Reducing dislocations
t Draining abscesses
• Exploring woundsfulcers/superficial

infections
• Endoscopic examination
• Reduce patient anxiety/agitation for

imaging/procedures

325 650 mg P0 q4 h max 4 gfd
stroke/MI risk:81-325 mg PO once
daily
160 mg cheered

5mg slow IV q5 min x3 if no
contraindications

ASA Pain control
Prevention ol adverse cardiac
events
ACS

(3-blockcrs
(metoprolol)

Acute Ml
CAD

Or
25 mg PO BID up to 100 mg PO BID

anxiety:2*10 mg PO TID/010
alcohol withdrawal:10-20 mg PO/IV
q1h titrated tosignsfsymptoms
1mgkg SC BID

Diazepam Anxiety
Alcohol withdrawal

Enoxaparin Acute Ml
DVT Prophylaxis/treatmenl

anaphylaxis:0.3 0.5mg IM:ACLS Anaphylaxis.ACLS cardiac arrest,
cardiac arrest:1mg IV q3-5 min ACLS ACLS bradycardia
bradycardia: 2-10 pg/rtnn IV infusion Hypotension
0.5 -1.0 pg/kglV

Epinephrine Maxlmgfdose

fcnlanyl Procedural sedation
Pain control

Very short acting narcotic
(complication~apnea)

Benzodiazepine antagonist
Can cause seizures/status epileplicus in
chronic benzodiazepine users
Monitor lor electrolyte imbalances:also
risk of ototoxicity with high dose

In conjunction with Insulin for hyperkalemia
Monitor for side effects if prescribing
to a pdlienl with Parkinson’s disease
(cxtrapyramidal side ellects):results in CNS
depression

0.3 mg IV bolus q5 min x3 dosesFlumazenil Reversal of procedural sedation

furosemidc (Lasix ) CHF: 40 -80 mg IV
HTN:10-40 mg P0 BID
0.5-1.0 g/kg (1-2 mUkg) IV of D50W

CHF
HIM

Glucose
Halopcridol

Hypoglycemia/DKA
Psychosis
Cannabis Hyperemesis Syndrome
(anyH/ V)
Sedation
Mild to moderate acute pain
Analgesic and anti-inflammatory
properties
Hyperglycemia
CCBBB overdose

2.5-5.0 mg PO/IM initial effective
dose
6-20 mgfd

200-800 mg PO1ID PRN max1200Ibuprofen
mq/d

bolus 5-10 U|0.2 U/kg)
then 5-10 U (0.1U/kg) per h

Insulin Monitor blood glucose levels
Consider K* replacement,alsomeasure
blood glucose levels before administration

Contraindications include:peanul/soy
allergy
Caution with narrow-angle glaucoma

Not to be used in lingers, nose, toes,
penis,ears

r m
Ipratropium bromide 2-3 puffs inhaled TID - OID.max12

puffsJd
Asthma lJ

lidocainewithepi max 7 mg/kg SC local anesthetic

+
max 5 mg/kg SC
anxiety:0.5-2 mg P0/IM/IV q6 8 h
status epileplicus: 4 mg IV repeat
up to q5 min

Lidocainew/oepi

lorazcpam
Local anesthetic
Anxiety
Status epileplicus
Alcohol withdrawal

Activate Windows
Go to Settings to activate Windows.



ER61 Emergency Medicine Toronto Notes 2023

Table 41. Commonly Used Medications
Drug Dosing Schedule Indications Comments

Short acting benzodiazepine (complication
- apnea when used with narcotic)
Fentanyl and midazolam often used
together for procedural sedation

Glandconstipation side effects
DO KOI CRUSH,CUT,orCHEW
Risk of tolerance

Midazolam 50 pg/kglV Procedural sedation
Sedation for agitation

Morphine 10-30 mg P0 g4h
2.5-5 mg IV q4h

Mild to moderate acute/chronic
pain
Prescribed in combination with
NSAIDs or acetaminophen

0.5-2 mg or 0.01-0.02mg/kg initial Comatose patient
bolus
IV/IM/SL/SC or via ETT (2-2.5* IV
dose),increase dose by 2 mg until
response/max10 mg

If patient is a chronic opioid user begin
with very small doses,and go up with small
increments as needed

Naloxone
Opioid overdose
Reversal in proceduralsedation

Nitroglycerin acute angina:0.3-0.G mg SL q5 min. Angina
OR Spgfmin IV increasing by 5-20 pg/ Acute Ml

Heart failure
Moderate pain control

Not to be used with other antihypertensives
Not in right ventricular Ml

min q3-5 min
Percocet 10/325 1-2 tabs POqGhPRN Oxycodone acetaminophen

Max 4 g acetaminophen daily
Begin maintenance dose 12h after loading
dose
Continuous ECG.6P monitoringmandatory

Phenytoin Status epilepticus:seefob/e 17.IRIS Status epilepticus
Epilepsy

Superficial infections

Proceduralsedation, also
refractory status epilepticus
Rapid sequence intubation

Apply to affected area BID/ TID

0.25-1mg/kg IV
Polysporin
Propofol

&

Short acting
Aneslhelic /sedalive (complication - apnea,
decreased BP)

Caution vrith cardiac abnormalitiesSalbutamol 2 puffs inhaled q4-6 h max12 puffs/d Asthma
Reactive airways

Thiamine 100 mg IV/IM initially,then 50-100 To treatr'prevent Wernicke’s
encephalopathy

Caution use in pregnancy
mg
IM/IV/P0 once daily x3 d

1-2 tabs P0 q4-6 hPRNTylenol*3 Pain control Acetaminophen* codeine
Metabolism of codeine is highly variable
Max 4 gacetaminophen daily

Landmark Emergency Medicine Trials
Trial Name Reference Clinical Trial Details
DIVERTICULITIS

DINAMO AnnSurg.2021:274|5):e435 Title:Efficacy and Safety of Nonantibiotic Outpatient Treatmentin Mild Acute Diverticulitis
Purpose: fo support that uncomplicated acute diverticulitis can be treated using outpatient care withoutantibiotics.
Methods:A Prospective, multicentre, open-label,RCT trial was conducted with 480 patients diagnosed with uncomplicated mild diverticulitis
using CT.Patients were randomized to the classical treatment with antibiotics and without antibiotics.The outcome of interest was hospital
admission.
Results:14/238 patients treated with antibiotics were admitted to hospital and 8 /242 patients treated without antibiotics were admitted to
hospital.
Conclusion:The results show that treatment of uncomplicated mild diverticulitis can be effectively conducted as an outpatient without use of
antibiotics.

CONCUSSION

NCT03S64210 JAMA Pediatr.
2021;175(11):1124

Title: Effect of Screen Time on Recovery from Concussion
Purpose:To determine if screen time during the first 48 h after injury has an impact on the duration of concussive symptoms.
Methods:RCT consisting of 125 patients who were permitted to engage in unrestricted screen time or advised to abstain from screen time for 48 h
after injury.The primary outcome of concern was days needed for resolution of concussive symptoms (<3on Post concussive symptom scale).
Results:The treatment group with unrestricted screen time had a significantly longer recovery time when compared to the group advised to
abstain from screen time - 8 d and 3.5 d, respectively.
Conclusion: The results of this study show that abstention from screen time during the first 48 h may reduce the duration of concussive symptoms.

r n
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Luteinizing Hormone and Follicle Stimulating Hormone
Antidiuretic Hormone
Pituitary Pathology
Thyroid.
Thyroid Hormones
Tests of Thyroid Function and Structure
Thyrotoxicosis
Graves’ Disease
Subacute Thyroiditis (Thyrotoxic Phase)
Toxic Adenoma/Toxic Multinodular Goitre
Thyrotoxic Crisis/Thyroid Storm
Hypothyroidism
Hashimoto’s Thyroiditis
Myxedema Coma
Non-Thyroidal Illness (Sick Euthyroid Syndrome)
Thyroid Nodules
Thyroid Malignancies

Adrenal Cortex
Adrenocortical Hormones
Adrenocortical Functional Workup
Mineralocorticoid Excess Syndromes
Cushing’s Syndrome
Congenital Adrenal Hyperplasia
Hyperandrogenism
Adrenocortical Insufficiency
Adrenal Medulla
Catecholamine Metabolism
Pheochromocytoma/Paraganglioma
Disorders of Multiple Endocrine Glands.
Multiple Endocrine Neoplasia
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Acronyms
hemoglobin Ate
abdominal aortic aneurysm
antibodies

ABCA1 ATP-binding cassette
transporter A1

ACEI angiotensin converting enzyme
inhibitor
albumin-creatinine ratio
antidiuretic hormone
anion gap

ApoA1 alipoprotein A1
ApoB apolipoprotein B
ApoC2 alipoprotein C2
ApoE4 alipoprotein E4
ARB angiotensin receptor blockers

absolute risk reduction
arginine vasopressin
blood glucose

BMD bone mineral density
CAH congenital adrenalhyperplasia
CHO carbohydrates

creatine kinase
CKD chronic kidney disease
CMV cytomegalovirus
CNS central nervous system
CrCI creatinine clearance
CVD cardiovascular disease
DDAVP desmopressin (1-deamino-

8-D-arginine vasopressin)

A1c DHEA dehydroepiandrosterone
diabetes insipidus

DKA diabetic ketoacidosis
OXM dexamethasone
DVT deep vein thrombosis
ECF extracellular fluid
ECFV extracellular fluid volume
FFA free fatty acids
FNA fine needle aspiration
FPG fasting plasma glucose
GFR glomerular filtration rate
GHRH growth hormone releasing

hormone
glucagon-like peptidel
gonadotropin releasing
hormone
hemoglobin

hCG human chorionic gonadotropin
HDL high density lipoprotein
HHS hyperosmolar hyperglycemic

state
HLA human leukocyte antigen
HMG-CoA3-hydroxy-3-methylglutaryl-

coenzyme A
HPA hypothalamic pituitary adrenal
Hs-CRP highly-sensitive C-reactive

protein
HVA homovanillic acid
ICF intracellular fluid

IDL intermediate density lipoprotein PTU
impaired fasting glucose
insulin-like growth factor 2
impaired glucose tolerance
juxtaglomerular apparatus
lecithin-cholesterol
acyltransferase
low density lipoprotein
low density lipoprotein-
cholesterol

propylthiouracil
RAAS renin-angiotensin-aldosterone

system
radioactive iodine

RAIU radioactive iodine uptake
RANKL receptor activator of nuclear
RH releasing hormone

factor-xB ligand
RRR relative risk reduction

Dl IFGAAA
IGF2Ab
IGT RAI
JGA
LCAT

ACR LDL
LDL-CADH

AG SA secondary aldosteronism
low density lipoprotein receptor SGLT2i sodium/glucose cotransporter-2

inhibitor
LDL-R
LP lipoprotein

lipoprotein (a)
LPL lipoprotein lipase
MEN multiple endocrine neoplasia T4

methimazole
MTC medullary thyroid cancer

normal saline
OGTT oral glucose tolerance test

primary aldosteronism
PAD peripheral arterial disease
PCOS polycystic ovary syndrome
PCSK9 Proprotein convertase subtilisin/ TSI

kexin type 9
POMC pro-opiomelanocorticotropin
PRL prolactin
PTH parathyroid hormone
PTHrP parathyroid hormone-related

protein

LP(a) SHBG sex hormone-binding globulin
T3 triiodothyronine

thyroxine
TBG thyroid-binding globulin
TC total cholesterol
TG triglycerides
TgAb thyroglobulin antibodies
TPOAb anti-thyroid peroxidase

antibodies
TRAb TSH receptor antibodies

thyroid stimulating
immunoglobulin

VIDl very low density lipoprotein
VMA vanillylmandelic acid
WC waist circumference

GLP-1
GnRH

ARR MMI
AVP Hb
BG NS

PA

CK

Basic Anatomy Review

Major Endocrine Organs

PITUITARY GLANDHYPOTHALAMUS
Corticotropin-RH ICRHI
Gonadotropin-RH (GnRH)
Thyrotropin-RH (TRH)
Growth hormone-RH(GHRH)
Antidiuretic hormone (ADH)*
Oxytocin*

Anterior pituitary
Growthhormone (GHI
Prolactin (PRL)
Thyroid-stimulating hormone (TSH)
Luteinizing hormone ILH)
Follicle-stimulating hormone (FSH)
Adrenocorticotropic hormone ( ACTH)

Posterior pituitary
Antidiuretic hormone (ADH)*THYROID GLAND

Triiodothyronine (T3I
Thyroxine (T4)

Oxytocin*

PARATHYROID GLANDS
Parathyroid hormone (PTH)

ADRENALGLAND
Cortex

Aldosterone
Cortisol
Androgens

Medulla
Catecholamines

PANCREAS
Insulin
Glucagon
Somatostatin

OVARIES
Estrogen
ProgesteroneTESTES

Testosterone

’ADH and oxytocin are produced in the hypothalamus and storedinthe posterior pituitary gland © Stefania Spano 2012

Figure1.Endocrine system
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Dyslipidemias
Definition
• metabolic disorders characterized by elevations of fasting plasma LDL-C and/or TG, and/or low HDL-

cholesterol

Overview of Lipid Transport
• lipoproteins are spherical complexes that consist of a lipid core surrounded by a shell of water-soluble

cholesterol, apolipoproteins, and phospholipids
• lipoproteins transport lipids within the body
• apolipoproteins serve as enzyme cofactors, promote clearance of the particle by interacting with

cellular receptors, and stabilize the lipoprotein micelle

Table 1. Lipoproteins
Lipoprotein Function
Chylomicron

VIOL

Transports dietary TG from gut loadipose tissue and muscle

Transports hepatic synthesized TG from liver to adipose tissue and muscle
Product of hydrolysis of TG in VLDLby lipoprotein lipase resulting in depletion of TG core
Enriched incholesterol esters

Cholesterol rich atherogenic particles
Formed by further removal of residual TG from I0L core by hepatic lipase
Transports cholesterol from peripheral tissues to liver
Acts as a reservoir for apolipoproteins

IDL

LDL

HDL

CW

CM
EXOGENOUS PATHWAY

Dietary
ENDOGENOUS PATHWAY

=
TGs Oxidized LDLoccurs in

subendothelial space of
arterial bloodvessels

3

Bile AcidsDietary
Cholesterol =aEndocytosis through

LDLReceptor
A A

* MACROPHAGE
[hCholesterol

absorption
inhibitors

SMALL
BOWELv

|Acetyl-CoABile acid
X~| sequestrants

"T-1 (resins) I
HMG-CoA 1Statin

W mStatin LIVER EXTRAHEPATIC
TISSUES

Cholesterol
IFOAMB-100N— Endogenous

cholesterol %
- apoE \ f
- TG

CELL @
Dietary

cholesterol

IJUNiacin
TOLIVEREndocytosis through

Remnant Receptor
EARLY

ATHEROSCLEROSIS
C-ll Hepatic Lipase.1B-48 C-ll AÎ AII

E^f-48 E^B-IDO E^B-1!

I Chylomicron N^**,,*, jVLDL T'DL

\ _ TRemnant l
B^BCAPILLARY^BB B^BCAPILLARY^BB

Fibrate I -I- I I Fibrate I + I I
Free Fatty Acids LPLipase* 4—* Free Fatty Acids

degrades TG

HDL

PLASMA LCAT
IIDL givesphospholipids and
TG to HDLandreceives
cholesterol esters fromHDL)

ICholesterol

Triglyceride

*LP Lipase requires activationby Apo C-ll

LP Lipase*
degradesTG ii

Adipose Tissue and Muscle Adipose Tissue andMuscle

Figure 2. Exogenous and endogenous biosynthetic lipid pathways

Primary Dyslipidemias (rare)
Definition
• caused by a genetic defect in lipid metabolism
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Table 2. Primary Dyslipidemias
Condition Main Lab Abnormality Mechanism Clinical Features Treatment

t Total cholesterol
» LOL cholesterol

Genetic defect in LDLR (most common).
PCSK9.orApoB

Tendinous xanthomatosis (achilles. patellar. Maximally tolerated Stalin as initial drug
therapy,addition of second drug leietimibe
and/or PCSK9 inhibitor) as second line,third
line for homocygotes is portacaval shunt or

Heterozygotes: premature CAD.50% risk of LDL aplieresis:potential liver transplant
Ml in men by age 30
Homocygotes:manifest CAD and other
vascular disease early in childhood which
can be fatal (in<20 y/o)

Premature coronary heart disease,
xanthelasma, and obesity

Familial
Hypercholesterolemia and extensor tendons of hand)

An autosomal dominant condition that can be Arcus cornealis
homorygous or heterozygous
Impacts liver's ability lo clear LDL from the
circulation

Xanthelasmata

Refer to lipid specialist in drug-resistant
hypercholesterolemia

Familial Combined
Hyperlipidemia

t ApoB Increased production of ApoB-100-
containing lipoproteins from the liver

Statins as initial drug therapy
Addition of ecetimibe and/or PCSK9 inhibitor
if LDLIowering isnot achieved. May consider
fibrate if elevated TG

t TGs
t LDL

t LDL Mild defects in multiple genes responsible
for IDLmelabolism: LDL-R.ApoB.ApoE4

Higher risk of cardiovascular disease similar Statins as first line
to familial hypercholesterolemia for patients Use ecetimibe, bile acid sequeslranls. PCSK9
older than 40

Polygenic Familial
Hypercholesterolemia

inhibitor,or nicotinic acid as alternatives (if
not tolerated) or in addition
<10-15% of calories from fat
Supplement with essential fatty acids, fat-
soluble vitamins
Plasmapheresis may help individuals with
ApoCx mutation

Hereditary
Chylomicronemia

Familial lipoprotein
lipase deficiency
(e.g.Familial
Hypertriglyceridemia/type
IV familial dyslipidemia)
ApoC2 deficiency

Familial
Hypoalphalipoproteinemia

t TG from excess
chylomicron particles

Lipoprotein lipase deficiency:prevents Presents at infancy (LPL),adolescence to
proper digestion and storage of fats leading adulthood (ApoCr)
to massive accumulation of triglyceride rich Abdominal complaints (pain,

hepatosplenomegaly.pancreatitis)
Lipemia retinalis
Eruptive xanthomata

chylomicron particles
ApoCz deficiency:prevents activation
of lipoprotein lipase leading to massive
accumulation of triglyceride rich chylomicron
particles

Autosomal dominant inheritance of a
mutation in the A8CA1or the ApoAr gene

Reduce the risk of atherosclerosis
with lifestyle changes,management
of concomitant hypercholesterolemia,
hypertriglyceridemia, and metabolic
syndrome if present

Reduce the risk of atherosclerosis
with lifestyle changes,management
of concomitant hypercholesterolemia,
hypertriglyceridemia, and metabolic
syndrome if present

* HDL cholesterol Premature atherosclerosis
Cerebrovascular disease

Tangier Disease * HDLcholesterol Autosomal recessive inheritance of
mutations in the ABCA1gene
Impaired HDL-mediated cholesterol
efflux from macrophages and impaired
intracellular lipid trafficking

Mild hypertriglyceridemia
Neuropathy
Enlarged,orange-coloured tonsils
Premature atherosclerosis
Splenomegaly
Hepatomegaly
Corneal clouding
T2DM

Secondary Dyslipidemias
Definition
• caused by acquired medical conditions or lifestyle factors that affect lipid metabolism

Familial Hypercholesterolemia and
Cardiovascular Risk Calculators
• Risk calculators such as Framingham

and SCORE do not apply to patients
with familial hypercholesterolemia

• Consider all adults with familial
hypercholesterolemia as “high-risk"

Table 3. Etiology of Secondary Dyslipidemias
Hypercholesterolemia HypertriglyceridemiaLow HDL

Endocrine:hypothyroidism (small dense LDL Endocrine:obesity/metabolic syndrome.DM
with T 2DM and obesity,with normal LDL level)
Renal:nephrotic syndrome, CKD
Immunologic:monoclonal gammopalhy
Hepatic:cholestatic liver disease (e.g.primary
biliary cirrhosis)
Nutritional:anorexia nervosa
Drugs:cyclosporin, carbamazepine, steroids
Lifestyle: smoking, obesity

Endocrine:obesity/metabolic syndrome, DM
Renal:nephrotic syndrome.CKD
Drugs:corticosteroids,estrogen,
hydrochlorothiazide, retinoic acid,P-blockers
without intrinsic sympathomimetic action
(ISA), anti-retroviral drugs,atypical
antipsychotics, oral contraceptive pills
Lifestyle:alcohol,high carbohydrate/high
fat diet
Other: pregnancy

Drugs: p-blockers.anabolic steroids
Other:acute infections, inflammatory
conditions

Treatment Effect
• Each 1.0 mmol/L decrease in LDL

corresponds to approximately
20-25%relative risk reduction in
cardiovascular disease

• Statins lower LDL by about 30-40%
• Ezetimibe lowers LDL by about 18%
• PCSK9 inhibitors lowers LDL by

about 50%Dyslipidemia and the Risk for Coronary Artery Disease
•increased LDL is a major risk factor for atherosclerosis and CAD
•increased HDL is associated with decreased CVD and mortality
• moderate hypertriglyceridemia (triglyceride level 2.3-9 mmol/L ) is an independent risk factor for

CAD,especially in people with DM and in post-menopausal women

Screening
•screen men and women >40 yr or post-menopausal women
•if the following risk factors are present, screen at any age:

DM
current cigarette smoking or COPD
H'l' N (sBP >140, dBP >90), hypertensive diseases of pregnancy
obesity ( BM1 >30 kg/m )

6% Rule
• If the dose of a statin is doubled,

there is approximately a 6% increase
in the LDL lowering efficacy
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family history of premature CVD or dyslipidemia
clinical signs of hyperlipidemia (xanthelasma, xanthoma, arcus cornealis)
clinical or radiological evidence of AAA

• clinical evidence of atherosclerosis
• inflammatory disease ( rheumatoid arthritis, SLE, psoriatic arthritis, ankylosing spondylitis,

inflammatory bowel disease)
HIV infection on highly active antiretroviral therapy (HAART)
CKD (estimated GPR <60 mL/min/1.73 m -1)

• erectile dysfunction
high-risk ethnicity: South Asian, Indigenous peoples

•screen children with a family history of hypercholesterolemia or chylomicronemia
•components of screening:

• history and physical examination, lipid panel ( total cholesterol, LDL-C, HDL-cholesterol, TG),
non-HOLcholesterol, B(> , eGFR
optional: urine ACR, ApoB

For Statin Follow- Up
• Liver enzymes and lipid profile: liver

enzymes measured at the beginning
of treatment, then once after therapy
initiated. Lipids (once stabilized)
measured annually. Order both if
patient complains of jaundice, right
upper quadrant pain, dark urine

• CK at baseline and if patient
complains of myalgia

• Discontinue statin if CK >10x upper
limit of normal or patient has
persistent myalgia

•ApoB
each atherogenic particle (VLDL, IDL, LDL, and lipoprotein A) contains one molecule of ApoB
serum (ApoB) reflects the total number of particles and may be useful in assessing cardiovascular
risk and adequacy of treatment in high-risk patients and those with metabolic syndrome

• I.p(a) levels may help stratify those at intermediate risk, but is not recommended for routine
measurement (only measured once in a patient's lifetime)

•coronary artery calcium (CAC) may help stratify those at intermediate risk
•CRP levels

2021 Canadian Cardiovascular Society
Guidelines on the Management of
Dyslipidemia for the Prevention of
Cardiovascular Disease in the Adult
Can J Cardiol 2021:S0828-282X(21)00165-3

• Patients with clinical atherosclerosis.
AAA, LDL-C £5.0 mmoLL, and most
with diabetes or CKD should be
started on statin therapy

• Lipid/llpoprotein screening Is
recommended in patients >40 yr or at
any age for those at increased risk

• Non-HOL cholesterol or Apo8
are preferred to LDL-C as lipid
parameters for screening in patients
with TG >1.5 mmol/L

• LP(a) should be measured once in a
person's lifetime as part of initial lipkl
screening to assess cardiovascular

highly sensitive acute phase reactant (non-specific)
may be clinically useful to identify those at a higher risk of CVD than predicted by the global risk
assessment

CVD Risk Assessment
•Framingham Risk Score ( IRS): I0 yr risk of major CVD event. Calculated based on gender, age, total

cholesterol, HDL-cholesterol, sBRand smoking (>20%: high-risk; 10- 19%: moderate risk; <10%: low-
risk)

•Reynolds Risk Score: 10 yr risk of major CVD event. Calculated based on age, sBP, total cholesterol,
HDL-cholesterol, high sensitivity CRP, family history of Ml

Treatment of Dyslipidemias
Approach to Treatment

risk
• Lipid-lowering therapy should be

intensified with ezetimibe and/or
PCSK9 inhibitors in patients with
LDL-C remaining >1.8 mmol/L (or non-
HDL cholesterol >2.4 mmol/L or ApoB
20.7 g/l) on a maximally tolerated
statin dose

Primary Prevention

Low-Risk Intermediate- Risk High- Risk
FRS <10% FRS 10-19 9% and FRS >20%

LDL C>_3 5mmol/L or
Non HDL C >$ 2 mmol/L or

ApoB > 1.2 g/Lor
Mon>50 and women >60 withone additional risk
factor , low HDL C. IFCThigh WC. smoker . HTN or

with presence of other risk modifiers:
hsCRP>2.0 mg/L, CAC >0 AU. family history of
premature CAD, Lp(a)>_50 mg/dL(100 nmol/L)

See Landmark Endocrinology Trials far more
informal!on on the JUPITER trial. It details the effects
of statm treatment on cardiovascular events m
patients with elevated high -sensitivity CRP levels.

Statin thorapy not recommondod for most
low risk individuals,oxcoptions includo:

a. LDL C >5.0 mmol/L lor ApoB >J 45 g/L or
non HDL C >4 2 mmol/L) or

b. FRS is 5 9.9% with LDL C >3.5 mmol/L
(or non HDL C >4.2 mmol/Lor ApoB
>J.05 g/L), particularly with other CV
risk modifiers le.g.FHx,Lpla ) 50mg/dL
|or 100 nmol/Uor CAC >0 AU) as the
proportional benefitfrom statin therapy
may be similar to other treated groups

i—H Discuss hoalth behaviouralmodifications

Initiate Statin Treatment

NO
HDL ?̂VS,>m2oli/n,utLn?[,^,f.52,80f^SiMindcS»nun

Honllh Behaviour Modifications:
•Smoking cessation
•Diet: it is recommended all individuals

adopt a healthy dietary pattern
•Exercise: itisrecommended adults

accumulate at least 150 mirx/wk of
moderate vigorous intensity aerobic
physical activity

YES YES-4* Discuss add- on therapy withpatient:
Evaluate reduction in CVD risk vs. cost/access and side effects

r ~i

"- J /
NOMonitor

•Rosponsoto statin Rx
•Response to add on lipid lowering Rx
•Health behaviour changes

ADD ON
YES Ezotiinibo as 1st line

(BAS as alternative) +
Figure 3a. Treatment approach for primary prevention patients (without a statin indicated conditiont)
Adapted from 2021Canadian Cardiovascular Society Guidelines for the Management of Dyslipidemia for the Prevention of Cardiovascular Disease in
the Adult. Canadian Cardiovascular Society.
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IStatin Indicated Conditions

LDL>_5.0mmol/L
•orApoB >1.4Sg/Loi
non-HDLC i5.8 mmol/L
•Familial hypoicholostorolomio or

gonotic dyslipidomio

Most potients with diabotos:
•Ago £t0
•Ago >30 & 0Mx>_15 yrdurotion
•Microvasculor disoasu
Most patients with diabotos:
•Ago >50 and oGFR <60ml/miiVt 73nf

or ACR >3mg/mmol

Atherosclerotic Cardiovascular
Disoaso:
•Myocardial infarction,ocuto coronary

syndromos
•Stable angina,documented coronary

artery disoaso by ongiography
•Stroke, TIA,document carotid disoaso
•Peripheral arterial disease,claudication

and/or ABI <0.9
•Abdominal aortic aneurysm

abdominal aorta >3.0 cm or previous
aneurysm surgery

Rcvicw/Discuss health behavioural modifications

I
Initiate StatinTreatment

ftIf LDL- C £.5 mmol/L
(or <50% reduction)
orApoB 20.85 g/Lor

non HDL C 23 2 mmol/L

If LOL C .^2 0 mmol/L or
ApoB >0.80 g/Lor

non HDL C ^2.6mmol/Lon
maximally tolerated statin dose

If LDLC>J.8 mmol/Lor
ApoB 21.70 g/Lor

DLC>2.4 mmol/Lon
NO NO

non H
maximally tolerated statin dose

J YES YES YES

Discuss add-on therapy with patient
Evaluoto reduction in CVD risk vs. cost/access and sido offocts

Discuss intensification of
therapy with patient

ADD ON ADD ON INTENSIFICATION

Refer to FigureE/otimibo or
PCSK9 inhibitor

Ezotimibcas 1st lino
IBAS as alternative add onto

othor diugs)
Treatment Intensification App

foi Potients with ASCVO
roachiu.un •tMonitor

•Rosponso to statinRx•Response to add on liprd lowering Rx * Health behaviour modifications

Figure 3b. Treatment approach for patients with a statin indicated condition
Adopted horn 2021 Canadian Cardiovascular Society Guidelines for the Management of Dyslipldemia lor the Prevention of Cardiovascular Disease in
the Adult. Canadian Cardiovascular Society.

I Patients with Atherosclerotic Cardiovascular Disease

If LDLC >1.8mmol/Lor
ApoB.2).70 g/Lor

ifnon HDL C >2.4mmol/L

If TG >1.5 to 5.6 mmol/L

A
LDL C 1.8 2.2 mmol/Lor

ApoB 0.70 0.80 g/Lor
non HD L C 2.4 2.9mmol/L

LDLC >2.2 mmol/Lor
ApoB >0.80 g/L or

non HDL C >2.9 mmol/Lor
high PCSK9i benefit patient

Consider
Icosapent ethyl 2000 mg BID

Consider
EzotimiboiPCSK9 inhibitor

Consider
PCSK9 inhibitor ezotnmbo

Figure 3c. Treatment intensification approach for patients with atherosclerotic cardiovascular disease
(ASCVD)
Adapted horn 2021 Canadian Cardiovascular Society Guidelines lor the Management of Dyslipldemia lor the Prevention olCardiovascular Olscose In
the Adult. Canadian Cardiovascular Society.
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Disorders of Glucose Metabolism
Overview of Glucose Regulation

•s \ Reduction of Cardiovascular Events with
Icosapent Ethyl Intervention Trill - REDUCE IT
HLIU 2019;580:11-22
Study Mjtticenter.nnUonned, double-blind,
bacebo co-tio led trial with S yr ot follow-up.
Population:81)9 patients with established CUD or
with diabetes and other risk lac tors,who hadbeen
relentingstatin therapy arid who had a fastingID
revet of 135-459 ragfdLard a LDL level of 41-100
mgidL
Intervention:Randomly assigned to receive 2 gof
icosapent ethyl BID or placebo.
Primary Outcome:Composite ol cardiovascular
death,nonlatal HI.nonlatal stroke,coronary
revascolariiation or unstable angina.
Desalts 4 pnmatyendpoint event occurred in t).2%
ot the patients in the icosapent ethyl groupiompared
to 22\ of the patients In the placebo group (HR-0.7S.
95%Ct 0.68-0.83,P‘0.001). The rates of additional
ischemic eod points weresignificantly lower in the
icosapent ethyl groupthan in the placehogroup.
induingthe rate of cardiovascular death.A larger
percentage of patients in the icosapent ethyl group
thanin the placebn group ware hospitaliied for atrial
fibrii’ation or flutter (P*0.004|and serious bleeding
occurledin 2.1% of the patients in the icosapent
ethylgroup as compared to 2.1% in the placebo group
(P-0.06)
Conclusions Among patients with elevated16 levels
despite statin therapy, the risk of cardiovascular
events wassigrufrcanlly lower in the group who
received 2 gof icosapent ethyl BIO compared to those
who received placebo.
See trralfor more details,outlining specdie emboints
and results.

gills of the pancreas
stimulated to roloaso

Sinsulininto the blood Insulin
(Astream
• -

Body colls take
up more glucose /• Liver takesup

excess glucose and
stones it as

glycogen

Increase inblood
glucose levels

Blood Glucose Level Decrease inblood
glucoso levels

Liver breaks down
glycogen stores and
rclcascsglucosc
into the blood

Glucagon
stimulated to release

glucagon into the blooda culls

Figure 4. Blood glucose regulation

Pre-Diabetes (Impaired Glucose Tolerance/Impaired Fasting
Glucose)

• 1-5% per yr go on to develop DM
• 50-80% revert to normal glucose tolerance
• weight loss may improve glucose tolerance (5-10% of body weight)
• increased risk of developing niacrovascular complications
• lifestyle modifications decrease progression to DM by 58%

Diagnostic Criteria (Diabetes Canada 2018 Guidelines) (any of the following)
• ll-G: I PG 6.1-6.9 mmol/L
•1GT:2 h 75 g OGTT 7.8-11.0 mmol/L
• Ale: 6.0-6.4%

Diabetes Mellitus
Definition
• DM is a heterogeneous metabolic disorder characterized by the presence of hyperglycemia
• chronic hyperglycemia of diabetes is associated with relatively specific long-term microvascular

complications affecting the eyes, kidneys, and nerves, as well as an increased risk for macrovascular
complications such as CVD, stroke, and peripheral vascular disease. Diabetes also increases the risk of
heart failure

See Landmark Endocrinology Trials
foe more information on the 4T trial.It
details the efficacy of complex insulin
regimen for patients with T2DM.

Diagnostic Criteria (as per Diabetes Canada 2018 Clinical Practice Guidelines)
• any one of the following is diagnostic: See Landmark Endocrinology Trials for

more information on the UKPDS trial.
It compares the safety and efficacy of
intensive blood-glucose control with
sulphonylurea or insulin vs. conventional
treatment on the risk of complications
in T20M.

Table 4. Diagnosis of Diabetes
FPGs7.0 mmoDl

Fasting - no caloric intake lor at least 8 h
or

A1c »6.5% (in adults)
Hot lor diagnosis ol suspected MOM.children,adolescents, or pregnant women 1

or L J
2hPG in a 75 g OGTT >11.1mmol/L

See Landmark Endocrinology Trials for
more information on the DCCT trial.
It details the use of intensive insulin
injection therapy for the treatment of
T1DM in patients with no cardiovascular
history or severe diabetic complications.

or
Random PG»11.1mmol/L

Random- any lime of the day.without regard to the interval since last meal
+

• in the presence of hyperglycemia symptoms ( polyuria, polydipsia, polyphagia, weight loss, blurry
vision ), a confirmatory test is not required

• in the absence of hyperglycemia symptoms, a repeat confirmatory test ( IPti, A Ic, 2hP(i in a 75 g
OGTT) on another day is required for diagnosis of diabetes
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Etiology and Pathophysiology

Table 5. Etiologic Classification of Diabetes Mellitus
Diabetes Canada 2018 Clinical
Practice GuidelinesI.T1DM immune-med ated or idiopathic ^ cell destruction,usually leading to absolute insulin deficiency (includes latent autoimmune diabetes in

adults (LADA))

II.T2DM occurs when the pancreas does notproduce enoughinsulin or when the body doesnot effectivelyuse the insulin that is produced

III.Other Specific Causes of DM
a. Genetic defects of 8 cell function (e.g.Maturity-Onset Oiabetes of the Young(MOOY;also known as monogenic diabetes)) or insulin action
b. Diseases of the exocrine pancreas:

Pancreatitis,pancreatectomy,neoplasia,cystic fibrosis,hemochromatosis Tbronrediabetes")
c. Endocrinopathies:

Acromegaly.Cushing's syndrome,glucagonoma.pheochromocytoma.hyperthyroidism
d. Drug-induced:

Glucocorticoids, thyroidhormone.8-adrenerg.c agonists,thiazides,phenytoin.antipsychotics
e. Infections:

Congenital rubella.CMV.coxsackie
f. Genetic syndromes associated with DM:

Down's syndrome.Klinefelter's syndrome, turner's syndrome

IV.Gestational Diabetes Mellitus|seeObstetrics.0B29)

target
<1.0% (most adults)
4-7 mmolI

A1c
Fasting plasma
glucose
2h post-prandial
glucose

5-10 mmol/L
5-8mmoLl if not
meeting target A1c
and can be safely
achieved

Lipids
Blood pressure

LDL <2.0 or 50%
<130/80

Table 6. Comparison of Type 1 and Type 2 Diabetes Mellitus
Type 1 Type 2
Usually <30 yrolage Usually >40 yr of age

Increasing incidence in paediatric population 2" to obesity
More common in Black.Hispanic. Indigenous, and Asian populations
Accounts for >90% of all DM

Onset

Epidemiology traditionally more common in European populations
less common m Asian.Hispanic.Indigenous,andBlack populabons
Accounts for 5-10% of all DM
Autoimmune or idiopathic

Monozygotic twin concordance ts 30-40%
Associated with HLA class IIDR3 and DR4.with either allelepresent in up to 95% of T1DM
Certain DO alleles also confer a risk

Etiology

Genetics

Complex and multifactorial

Greater herilability than T1DM
Monozygotic twin concordance is 70-90%
Polygenic
Kon-HLA associated
Impairment of insulin secretion, excess glucose production by the liver,insulin resistance
in fat and muscle,impaired renal handling of glucose|SGLT2i).impaired incretin activity
(decreased insulin production, excess glucagon production,enhanced carbohydrate
absorption in the gut and increased appetite from the hypothalamus)

Pathophysiology Synergistic effects of genetic,immune,and environmental factors that cause 3cell
destruction resulting in impaired insulin secretion
Autoimmune process is believed to be triggered by environmental factors (e.g.viruses,
bovine milk protein,urea compounds)
Pancreatic cells are infiltrated with lymphocytes resulting m islet cell destruction
80% of 8 cell mass is destroyed before features of DM present

Natural History insulin resistance glucoseglucose

^(3 cell function . *

N
''v-t/AiAA-'' '.v insulin

insulin
I

0 cell defect II (3 cell failurehoneymoon period
time

(S coll
decompensation

After initial presentation,honeymoon periodoften occurs where gtycemic control can
be achieved withlittle or no insulin treatment as residual cellsare still able to produce
insulin
Once thesecells are destroyed, there iscompleteinsulin deficiency

Early on.glucose tolerance remains normal despite insulin resistance as 8 cells
compensate with increased insulin production
As insulin resistance and compensatory hyperinsulinemia continue, the 8 cells are unable
to maintain the hyper insulinemic state whichresults in glucose intolerance and DM

Circulating Islet cell Ab present in up to 60-85%
Autoantibodies Most common islet cell Ab is against glutamic acid decarboxylase|GA0)

Up to 60% have Ab against insulin
Risk Factors Personal history of other autorrune diseases includingGraves' disease,myasthenia

gravis,autoimmune thyroid disease,celiac disease,and perniciousanemia
Family history of auto mmune diseases

<10%

Age >40 yr
Schizophrenia
Abdominal obesity/overweight
Fatty liver
First-degree relative with DM
Hyperuricemia
Race/ethnicity (Black.Indigenous.Hispanic,Asian-American.Pacific Islander)
HxoflGTorlFG
HIM
Dyslipidemia
Medications e.g.2nd generation antipsychotics
PC0S
Hx of gestational DM or macrosomic baby (>9 lb or >4 kg)

Typically overweight with increasedcentral obesity
lifestyle modification
Non-insulin antihyperglycemic agents •unless contraindicated,metformin shouldbe the
initial antihyperglycemic agent of choice. Additional agents to be selected on the basis of
clinically relevant issues, such as CV risk,eGFR.glucose-lowering effectiveness,risk of
hypoglycemia,and effect on body weight
Insulin therapy

Body Habitus
Treatment

Normal to thin
Insulin

HHSAcute
Complications
Screening

DKA +DKA
Subdimcal prodrome can be detectedn first and second-degree relabves of those with
T1DM by the presence of pancreatic islet autoantibodies

Screen individuals with risk factors
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Treatment of Diabetes $
Who should receive statins (regardless
of LDL-C level). Clinical CVD. Age >40 yr. Microvascular complications or
• Diabetes >15 yr duration and age

>30 yr. Warrants therapy based on the 2016
Canadian Cardiovascular Society
Guidelines for the Diagnosis and
Treatment of Dyslipidemia

Glycemic Targets
Ale reflects glycemic control over 3 mo and is a measure of long-term glycemic control
Ale is recommended to be measured once every 3-6 mo and personalized Ale targets should be set for
patients based on their frailty' or functional dependence and life expectancy
therapy for most individuals living with T1DM or T2DM (especially younger patients) should be
targeted to achieve an A lc 57.0% in order to reduce the risk of microvascular and, if implemented
early in the course of disease, macrovascular complications
more intensive glucose control, Ale <6.5%, maybe targeted to further reduce risk of nephropathy and
retinopathy, provided this does not result in a significant increase in hypoglycemia
less stringent Ale targets (7.1-8.5%) may be more appropriate in patients with limited life expectancy,
higher level of functional dependency, a history of recurrent severe hypoglycemia, multiple
comorbidities, extensive CAD,or a failure to achieve an Ale <70% despite intensified basal and bolus
insulin therapy
there may be harm associated with strategy to target Ale <6.0% (see ACCORD Trial, E63 )
Ale can be slightly increased in iron deficiency, vitamin B12 deficiency, alcoholism,CKD, independent
of glycemic status
Ale can be slightly decreased in chronic liver disease, reticulocytosis, ingestion of ASA, vitamin C or
E, and splenomegaly, independent of glycemic status
timing and frequency of self-monitored blood glucose is determined by the type of diabetes,
treatment, and the individual’s capacity to use the information
flash glucose monitoring and continuous glucose monitoring devices may be suggested for some
people living with diabetes to optimize their diabetes seif-management

Who should receive ACEI/ARB
(regardless of baseline BP). Clinical CVD
• Age >55 years with an additional

CV risk factor or end organ damage
(albuminuria, retinopathy, left
ventricular hypertrophy)

• Microvascular complications

•:*ABCDESof Diabetes Care

Ale targets (<7.0%)
Blood pressure (<130/80)
Cholesterol (LDL-C <2.0mmolfl)
Drugs for CVD risk reduction
Exercise goals and healthy eating
Smoking cessation
Screening for complications
Stress management

Diet
nutritional therapy can reduce Ale by 1-2%
it is recommended to intake 45-60% carbohydrates, 15-20% protein, and <35% fats as a percentage of
total daily energy
it is recommended to intake <7% of saturated fats and <10% of polyunsaturated fats as a percentage of
total daily calories
it is recommended to replace high-glycemic-index carbohydrates with low-glycemic-index
carbohydrates and increase fibre intake
limit sodium,alcohol, and caffeine intake
people with diabetes should adopt dietary patterns that result in the greatest adherence based on their
values and preferences
type 1: carbohydrate counting is used to titrate prandial insulin dose
type 2: weight reduction to help control blood glucose levels

Cloud-Loop Insulin Delivery for Elyceinic Control
inMoncriticalCare
HEJM 2018:379:547-556
Purpose:lo determine if a closed-loop delivery
system (artificial pancreas) can impioit glycemic
controlinpatients with T2DM rtcening noncribcal
care.
Methods:Patients|n=136) retentd either cloud-
loop insulin delivery or cnnventionalsubcutaneous
insulin therapy.The percentage of time the sensor
glucose measurement was within S.6to10.0mmol/L
was measured.
Results:Closed-loop Insulin detnrety was more
effective at mainlainlngglucou within tlu target
range (95% Cl:18.6-30.0:P<0.D01|.Patients on
closed-loop insulin therapy hadlower mean glucose
levels|P<0.001|.There wasno difference in duration
of hypoglycemia or amount of insolindelivered
between groups.
Conclusions: The use of an automated,closed-loop
msuim-deiivery system (artificial pantreasl resulted
in signitcantly better glycemic control among
inpatients with T2DM receiving oooaitical care.

Lifestyle
losing 5-10% of the initial body weight can improve insulin sensitivity, glycemic control, hypertension,
and dyslipidemia in people with T2DM
regular physical exercise can improve insulin sensitivity, lower lipid concentrations, and control blood
pressure. At least 150 min per wk of moderate-vigorous aerobic exercise and at least 2 sessions per wk
of resistance exercise are recommended
smoking cessation, referral to diabetes education clinic, psychosocial support

Medical Treatment: Non-Insulin Antihyperglycemic Agents (T2DM)
initiate non-insulin antihyperglycemic therapy (generally metformin first line) within 3 mo if lifestyle
management does not result in adequate glycemic control
if the initial Ale value is more than 1.5% higher than the patient’s personalized Ale target, initiate
pharmacologic therapy with metformin immediately, and consider insulin or a combination of
therapies
if presenting in metabolic decompensation, begin with insulin therapy immediately
adjust dose or add additional pharmacologic therapy in a timely fashion to achieve target Ale within
3-6 mo of diagnosis
see Common Medications, E57 for details on antihyperglycemic agents

Clotrt-laop insulin delivery usingMartificial
pancreas bus also shown promise m patientswith
BDM(MEJM 2019:381:1797-17).

Medical Treatment: Insulin
used for TT DM at onset, may be used in T2DM at any point in treatment
routes of administration: subcutaneous injections, continuous subcutaneous insulin infusion pump,
IV infusion ( regular insulin only)
basal insulin: to control blood sugar (produced by liver) during periods of fasting; slow onset of action,
long-acting
bolus insulin: required to dispose of glucose from a meal or BG correction; rapid onset of action,
short-acting
estimated total daily insulin requirement: often start with 0.3-0.5 units/kg/d (see Table 7, Ell )

See landmark Endocrinology Trials for
more information on the ACCORD trial.
It details the effects of intensive glucose
control in patients with T2DM and
cardiovascular risk factors.

n
L J

m +See landmark Endocrinology Trials
for more information on the ACCORD
Trial -Blood Pressure Control.It details
the effects of intensive blood pressure
control for patients with T2DM.
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Figure 5. Ominous octet: factors leading to hyperglycemia
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Healthy eating, weight control, increased activity

INITIALDRUG Metformin
MONOTHERAPY

Elticacyl-t HbAlc) High
Hypoglycemia Low Risk

Weight Neulral/Loss
Side elfectls) 61/Lactic Acidosis

Costs Low

See Landmark Endocrinology Trials for
more information on the ACCORD Trial -
Combination Lipid Therapy. It details the
effects of combinational lipid therapy for
patients with T2DM.

Alter -3months: it needed to reach individualized HbAIc target, proceed totwo-drug combination
Iorder not meant to denote any speciiic preference!

MetforminA MetforminTWO-DRUG
COMBINATIONS

Metfoimm Metformin Metformin See Landmark Endocrinology Trials for
more information on the PREDIMED trial.
It details the effects of a Mediterranean
diet on reducing major cardiovascular
events in patients with T2DM or other
high cardiovascular risk factors.

+ + + +
Sulfonylurea GLP-IReceptor

Agonist
Insulin (usually
basal)

Thiazolidinedione DPP-4 Inhibitor

Efficacy (J.HbAlc)
Hypoglycemia

Weight
Major side ef fect(s)

Costs

High Intermediate
Low risk
Neutral

Edema,HE,Fx's Rare

High High Highest
Low riskModerate risk Low risk Low risk

LossGain Gain Gain
GlHypoglycemia Hypoglycemia

VariableHigh HighLow High
Alter -3months: ilneeded to reach individualized HbAlc target, proceed to three-drug combination

Iorder not meant to denote any speciiic preference)
Metformin

Sick Day Management
If patient is ill and is unable to maintain
adequate fluid intak e, or has an acute
decline in renal function, they should
hold the following medications:

Metformin Metformin MetforminMetforminTHREE-DRUG
COMBINATIONS’ ' + + + +

Sulfonylurea
+ one of:

Thiazolidinedione DPP-4 Inhibitor
+ one of:

GLP-IReceptor
Agonist
+ one of:

Insulin (usually
basall
+ one of:

+ one of:
SAD MANS
Sulfonylureas
ACEIs
Diuretics and direct renin inhibitors
Metformin
ARBs
NSAIDs
SGLT2!

TZD TZD TZDTZD TZD
DPP-4-i

GLP-l-RA
Insulin :

DPP-4-i
GLP-l-RA
Insulin

DPP-4-i
GLP-l-RA
Insulin

DPP-4-i
GLP-l-RA

Insulin :

DPP-4-i
GLP-l-RA

Insulin: £
S3
5Alter -3-6months: il combination therapy that includes basal insulin tails to achieve HbAIc

y j Proceed to complex insulinstrategy,usually in combination with one or twononinsulinagents:

Insulin (multiple daily doses)

CI
More complex

insulin strategies
:.;i

Figure 7. Management of hyperglycemia in T2DM
Adapted fiom Canadian Journal of Diabetes.Volume42,Lipscombe L.Booth Gillian.Butalia S. et al.Pharmacologic Gtycemic Management of Type 2
Diabetes in Adults. Page S92.Copyright (2020).with permission from Elsevier

Table 7. Available Insulin Formulations Conversion Chart
for Porcontago HbAlc

to Avorago Blood Sugar Control
Average blood

sugar level
(mmol/LI

Insulin Type (trade name) Onset Peak Duration
PRANDIAL (BOLUS) INSULINS
Rapid-acting insulin analogues
Insulin aspatl (NovoRapld - )
Insulin faster aspait (Hasp )
Insulin lispro (Humalog '.Humalog 200 units/mL)
Insulin glulisine (Apidra - )

Short-acting Insulins
Kumulin R;
Hovolin Toronto*

Hemoglobin Ate
(% HbAlc)

3 - 5 h10-15 min
4min
10-15 min
10-15 min

1-1.5 h
3- 4h1h

1-2 h 3.5- 4.75 h 12%17 —I
16 —Inadequatel_ n%

Control
1-1.5 h 3-5 h

30 min 2-3 h 6.5 h j— 10%
L- 9%

'0 —Suboptumil '

I4-,
12 —

BASAL INSULINS

Intermediate-acting
Humulin N1

Hovolin NPH •

long-acting basal insulin analogues
Insulin detemir (Leveniir * )
Insulin glargine100 units/ml (Lantus ' /Basaglar - )
Insulin glargine 300 unitsr'mL (Toujeo -)
Insulin glargine (Basaglar r j
Insulin degludec (Tresiba *)

7%81- 3 h 5-8 h Up to 18 h
6 _ Optimal _ 6%

COUVMMMIdull adupli-d liom Nalhun DM.«1<1.Ike
dmedrVoimeon value ol aglycosylated hvmogloOie
euy.NUM 1984:310:341-34690 min

90 min
Up to 6 h
90 min
60 min

Up to 24 h (detemir 16-24 h)
Up to 24h (glargine 24 h)
Up to 30h
Up to 24h (glargine 24 h)
Ultralong acting (42 h)

Hot applicable

The 81’sPrecipitating DKA
Infection
Ischemia or Infarction
Iatrogenic (glucocorticoids)
Intoxication
Insulin missed
Initial presentation
Intra-abdominal process (e.g.
pancreatitis, cholecystitis)
Intraoperative/perioperative stress

PRE-MIXED INSULINS
Premixed regular insulin- NPH
Humulin 30/70 '
Hovolin30/70'

Premixed insulin analogues
Biphasic insulin aspart (NovoMix 30'I
Insulin lispro/lispro protamine
(Humulin 30/70.Nowlin 30/70.Novomix 30 and Humalog
Mix 25)

A single vial or cartridge contains a fixed ratio olinsulin
(% olrapid-acting or short -acting insulin to % olintermediate-acting insulin)
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.Lispro/Aspart/Glulisinc
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Rcgular/Toranto NPH

GlargineyOetemir

\ 1 1
Breakfast DinnerLunch Bed

Figure 8.Duration of activity of different insulins

Table 8. Insulin Regimens for T2DM and T1DM
Regimen Administration
Basal-bolus (multiple daily injections (MDI|) Estimated total insulinrequirement is 0.5-0.7 U/kg

40% is given as basal insulin atbedtime
20% is given as bolus insulin before breakfast, lunch, and dinner

Estimated total insulinrequirement is 0.5-0.7 U/kg
2/3 dose is given as pre-ruied insulin before breakfast
1/3 dose is given as pre-maed insulin before dinner
Titrate up by1unit until EPG <7.0 mmol/L

T1DM

Premiied

T2DM Non* insulin antihyperglycemic agent * basal insulin
'Bolus insulin:Aspart.Gfulisine.lispro:'Basal insulin:Glargire.Detemir.NPH:'Pre-rrued insulin:Humdin 30/70.Novolin 30/70.Novomix 30.and
HumalogMu2

Table 9. Titrating Insulin Doses
Insulin CorrectionHyperglycemic Reading

High AM sugar

High lunchsugar
High suppersugar

High bedtime sugar

Increase bedtime basal insulin

Increase AM rapid/regular insulin
Increase lunch rapid/regular insulin or increase AM basal insulin

Increase supper rapid/regular insulin

Insulin Dose Schedules

Table 10. Insulin Titration and Titration Suggestions for T2DM (as per Diabetes Canada 2018 Clinical Practice Guidelines)
Basal Insulin Only-Add-on to Anti-hyperglycemic Agents

See above summary for Ale.BE targets
Most patients wdl need 40-50 units/d to achieve target but there is no maximum dose
Start at a lour dose of 10 U at bedtime (lower for lean patients <50 kg)
Titrate dose accord -gky until fasting BG target is achieved (see CDA guidelines for appropriate titration)
If fasting hypoglycemia,dose of bedtime basal should be reduced
If daytime hypoglycemia,reduce dose of oral antihyperglycemic agents (especially secrelagogues)

Dosing and Titration Examp/e
Starling dose — 10 U at bedtime
Increase dose by1U every1night until fasting BG has reached
target of 4-7 mmolTl

Basal-Bolus Insulins
When addition of basal insulin toanti-hyperglycemic agents is insufficient to reach target BG.bolus (prandial) insulin should be
added before meals
Option exrsts lo only add bolus insulin to the meal with the highest postprandial BG as a startingpoint
Insulin secretogogues typically stopped when bolus (prandial) insulin added:metformin is continued
Maintain thebasal dose and add bolus insulin with each meal at a dose equivalent to10% of basal dose
Total Daily Insulin (TOI)-0.3-0.5 U/kg:40% TDI - basal.20% TDI prandial (bolus) prior lo each meal
Adyust basal insulin to achieve target fasting BG. bolus insulin to achieve postprandial BG levels (5-10 mmol/L).or preprandial BG
levels for subsequent meal (4-7mmol/L)

Dosing and Titration Examp'e
TDI - 0.5 U/kg:0.5 x 100 kg- 50U
Basal insulin - 40% of TDI
40% x 50 U- 20 U:basal bedtime- 20 U
Bolus insulin - 60% of TDI
60% x 50 U - 30 U:10 U dosed with each meal

Premiied InsulinBefore Breakfast and Before Dinner

Target fasting and pre-dinner BG levels of 4-7 mmol/L
Most patients with T20M need40-50 U BID to achieve target,but no maximum dose
Start ata low dose of 5-10 U BID (beforebreakfast and before dinner)
Patients can self bbate by increasing insulin dose by1U/d unlit pre -dinner (breakfast dose) or fasting BG (dinner dose) at target
Continuemetforminand consider slopping secretagogne

Dosing and Titration Example
10 U beforebreakfast.10 U before dinner
Increase breakfast doseby1U/d until pre-dinner BG has reached
target
Increase dinner dose by1U/d unbi fasting 3G has reached target

• Correction f actor (Cl ) = 100/Tota ) Daily Dose of insulin (TDD) = change in blood glucose per unit
insulin

• BG <4 mmol/ L:call physician and give 15 gof rapid-acting carbohydrates and recheck in 15 min
• BG between 4 to 8: no additional insulin
• BG between 8 to (8 + CF): give one additional unit
• BG between (8 + CT) to (8 + 2CF): give two additional units

BG between (8 + 2CF) to (8 + 3CF): give three additional units

Insulin Pump Therapy: Continuous Subcutaneous Insulin Infusion (CSII)
• external battery-operated device provides continuous basal dose of rapid-acting insulin analogue

(aspart, glulisine, or lispro) through small subcutaneous catheter
• at meals, patient programs pump to deliver insulin bolus based on carbohydrate:insulin ratios
• presides improved quality of life and flexibility
• risk of DKA if pump is inadvertently disconnected or pump malfunctions
• cos’erage for insulin pumps for individuals with T1D.\l varies by province

r T
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Acute Complications

Table 11. Acute Complications of Diabetes Mellitus:Hyperglycemic Comatose States
Diabetic Ketoacidosis (DKA) Hyperosmolar Hyperglycemic State (HHS)

Occurs in T 2DM
Often precipitated by sepsis,stroke.Ml.CHF. renal failure, trauma,drugs
(glucocorticoids,immunosuppressants, phenyloin. diuretics),dialysis,tecenl
surgery,burns
Partial or relative insulin deficiency decreases glucose utilization in muscle,fat. and
liver while inducing hyperglucagonemia and hepatic glucose production
Presence of a small amount of insulin prevents the development of ketosis by
inhibiting lipolysis
Characterized by hyperglycemia,hyperosmolality.and dehydration without ketosis
More severe dehydration compared to OKA due to mote gradual onset and
duration of metabolic decompensation plus impaired fluid intake which is common
in bedridden or elderly
Volume contraction -* renal insufficiency* t hyperglycemia. » osmolality -* shift of
fluid from neurons to ECF -> mental obtundation and coma

• Onset is insidious -* preceded by weakness,polyuria,polydipsia
History of decreased fluid intake
History ol ingesting large amounts olglucose containing fluids
Dehydration (orthostatic changes)

* IOC » lethargy,confusion,comatose due to high serum osmolality
Kussmaul's respiration is absent unless the underlying precipitant has also caused

a metabolic acidosis
t BG (typically 44.4-133.2 mmol/l)
In mild dehydration,may have hyponatremia(spurious 2" to hyperglycemia •* for
every « in BG by 10 mmol/lthere is a a in Ha* by 3 mmol/l)
- if dehydration progresses, may get hypernatremia

Ketosis usually absent or mild if starvation occurs
« osmolality

Pathophysiology • Usually occurs in T10M
• Insulin deficiency with » counlerregulatory hormones (glucagon, cortisol,

catecholamines.OH)
• Can occur with lack of insulin (non-adherence,inadequate dosage,1st

presentation) or increased stress (surgery, infection,exercise)
• Unopposed hepatic glucoseproduction * hyperglycemia -•osmotic diuresis -»

dehydration and electrolyte disturbance * * Na+ (water shift to ECF causing
pseudohyponatremia)

• Fat mobilization» » FFA »ketoaods*metabolic acidosis
• Severe hyperglycemia exceeds Iherenal threshold lor glucose and ketone

reabsorption •* glucosuria and ketonuria
• Total body K* depletion but serum K* may be normal or elevated,2" to shift from

ICF to ECF due to lack of insulin, t plasma osmolality

ClinicalFeatures • Hyperglycemia (polyuria,polydipsia,weakness)
• Acidosis (air hunger, nausea, vomiting, abdominal pain. Kussmaul's respiration,

acetone- odoured breath)
• Precipitating conditions (insulin omission,new diagnosis of diabetes,infection.

Ml. thyrotoxicosis, drugs)

Serum • » BG (typically 14 55 mmol/l, * Na -(2’lo hyperglycemia -* foi every * in BG by
10 mmol/lthere is a « in Na* by 3 mmol/l)

• Normal or t K •, a HCOJ-, * BUN. t Cr,ketonemia,» P0«J-
• t osmolality
• corrected sodium * currentsodium* (0.3 x (current glucose -5)]
• Be aware of possible euglycemic DKA (with near normal sugars) in pregnancy and

with those who use SGIT2 inhibitors

• Anion gap metabolic acidosis with possible 2“ respiratory alkalosis
• If severe vomiting/dehydration there may also be a metabolic alkalosis
• +ve lor glucose and ketones

ABG Metabolic acidosis absent unless underlying piccipitant leads to acidosis (c.g. lactic
acidosis in Ml)

•ve for ketones unless there is starvation ketosis
Glycosuria

Urine

• ABCs are First priority
• Monitor degree of ketoacidosis with AG.not BG or serum ketone level
• NOIE: AG is the most important endpoint used to monitor the resolution ol the

metabolic acidosis
• Dehydration

- 500 ml/h x4 h, then 250 mL/h x4h NS if mild- moderate deficit,1-2l/h HS il
severe deficit (shock)

- Switch to 0.45% NaCI once euvolemic (continue NS if corrected (Na *) is low or . K replacement
rate of fall of plasma osmolality >3 mosm/kg/h)- Once BG reaches 14.0 mmol/ladd D5W or D10W to maintain BG of 12-14 mmol/l

• Insulin therapy
-Critical to resolve acidosis,not hyperglycemia
-Do not use with hypokalemia (see below), until serum K'is corrected to >3.3

mmol/l

Same resuscitation and emergency measures as DKA
Dehydration

- IV fluids:IlfhHSinitially
- Evaluate corrected scrurn Na'
- If corrected serum Na'high or normal,switch to 0.45% HaCI (4 14 ml/kg/h)
- If corrected serum Na'low,maintain HS (4-14 ml/kg/h)
- When serum BG reaches13.9mmol/L (250 mg/dl|switch to D5W

Treatment

- less severe K'deplelion compared to OKA- If serum Kv3.3 mmol/l, give 40 mEq/ lK 'replacement andhold insulin until|K'|
:3.3mmol/l
- When K 3.3 5.0 mmol/L add KCL 10 - 40 mEq/L to keep K 1n the range of 3.5 -5

mEq/l
- If serum K>5.5 mmol/L, checkK "every 2 h

• Search for precipitatingevent
• Insulin therapy- Achieved by monitoring plasma osmolality,adding glucose lo infusions once BG

reaches 14 mmol/l.using correct concentration of saline
- Switch lo 0.45% HaCI once euvolemic as unnar y loss of electrolytes in osmotic

diuresis are usually hypotonic- Increase saline concentration if falling too rapidly

-Maintain on 0.1U/kg/h insulin R infusion-Check serum glucose hourly
• K'replacement-With insulin administration,hypokalemia may develop

- If serum K'*3.3 mmol/l, give 40 mEq/lK'replacement and hold insulin until
|IC ]»3.3mmol/L-When K "3.3-5.0 mtnol/L add KC110- 40 mEq/L to keep K 'in the range of 3.5-5
mEq/ L. HCOJ-- If pH <7.0 or il hypotension, arrhythmia,or coma is present give HCOJ'1
ampoule (50mmol) in 200ml D5W (or sterile water ilavailable) over 1h.
repeated q1-2 h until pH >7.0

-Oo not give if pH >7.1(risk olmetabolic alkalosis)
-Can give in case of life-threatening hyperkalemia

• <1-3.3% mortality in developed countries
• Serious morbidity from sepsis,hypokalemia,respiratory complications,

thromboembolic complications,and cerebral edema (the latter inchildren)

• Mortality rates between12-17%.but studies looking at this included mixed DKA/
HHS stale

Prognosis
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Macrovascular Complications $
Laboratory Testing: Ketones
• The nitroprusside test for

ketones identifies acetone and
acetoacetate but does NOT detect
p hydroxybutyrate (BHB). the ketone
most frequently in excess in DKA.
This has two clinical consequences:

• Be wary of a patient with a clinical
picture of DKA but negative serum or
urinary ketones. These could be false
negatives because of the presence
of BHB

• As DKA is treated. BHB is converted
to acetone and acetoacetate. Serum
or urinary ketones may therefore
rise, falsely suggesting that the
patient is worsening when in fact
they are improving

• increased risk of CAD, ischemic stroke, and peripheral arterial disease secondary to accelerated
atherosclerosis

• CAD ( see Cardiology and Cardiac Surgery. C30)
risk of Ml is 3-5x higher in those with DM compared to age-matched controls
CAD is the leading cause of death in T2DM

• most patients with DM are considered "high-risk" under the risk stratification for CAD (see
Dyslipldemias, M3)

• ischemic stroke (see Neurology, N53)
• risk of stroke in those with DM is approximately 2-3x higher for men and 2-5x higher for women

level of glycemia is both a risk factor for stroke and a predictor of a poorer outcome in patients
who suffer a stroke

• Ale level is a significant and independent predictor of the risk of stroke
• peripheral arterial disease (see Vascular Surgery, VS4)

manifests as intermittent claudication in lower extremities, intestinal angina, foot ulceration
• risk of foot gangrene is 30x higher in those with DM compared to age-matched controls
• risk of lower extremity amputation is 15x higher in those with DM

• screening: Ale every 3 mo, BP monitoring, lipid profile every 1-3 yr, resting ECG every 3-5 yr for high-
risk patients

• treatment
• tight blood pressure control (<130/80 mmHg), especially for stroke prevention
• tight glycemic control in early DM without established CV D (refer to ACCORD, VA DT,

ADVANCE, DCCT, ED1C, UKPDS extension studies)
• tight LDL control (LDL <2.0 mmol/L) or >50% LDL reduction from baseline
• statin use in patients with clinical CVD, age £40, or either diabetes duration >15 yrand age >30,

or microvascular complications
ACE1 or ARB in high-risk patients
smoking cessation, healthy diet, physical activity, and maintenance of healthy weight goals
for adults with CVD who do not meet glycemic targets, recommended to add anti-hyperglvcemic
agent with demonstrated cardiovascular benefit (SGLT2I/GLP- I RAs) to reduce the risk of major
CV events

£ffectsol USAforPrimary Prevention in Persons
with Diabetes Hellitus
H EJM 2018:319:1529 1539
Study: Ml. 0' rded . with /.Ayr ol mean (ollow up
Population: 15480 patents Witt DU with no known
cardiovascular risk
Intervention: ASA lOOng once daily
Primary Outcome : Primary clhcacy outcome was
lirst instance of vascular event (composite outcome
ol non -fatal HI.nonfata! stroke, or transient ischemic
attack , or death from any vascular cause.
Results: the ASA grojp experienced a fewer nun her
ol vascular events (P*0.01|but a greater number
ol major Weeding events|P'0.01)compaied to the
placebo group.

Conclusions: Currently. ASA is not recommended
for primary prevention in people with diabetes hut is
recommended loi secondary prevention

©
See Landmark Endocrinology Trials for
more information on the EMPA REG
OUT COME trial. It details the effects
of empagliflozin (SGLT2 inhibitor) on
cardiovascular risk in patients with
T2DM.
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Regular Review
• Assess glyccmic control,

cardiovascular and renal status
• Scroon for complications

(eye, foot, kidneys)
Review efficacy, side effects,
safety and ability to take current
medications

• Reinforce and support healthy
behaviour interventions

If A1C NOT at target
and/or

change in clinical status
Liraglutidc andCardioviscularOutcomes in12DM
NEJU 2016; 375:311 322
Rugose lo investigate whether liraglutidc (a ClP-1
analogue) has any effect on cardovascular risk in
patients with T 2DM whenadded to standardcare.
Study:Multi-centre,double- blind KUcompairq
liragtutide to placebo control:9340 patients (drug
n-4668.placebo n-46!2|.median obserratam 3.8 ft.
Outcome:Death from cardiovascular causes,
nonfatal Ml.or nonfatal stroke.
Resalts:Both groups concurrently received the
standard treatment for I20M Ihe lirag jt de
grouphad significantly louver rates of death from
cardiovascular causes than control|4.7V vs.6%:
P“0.00?|.Ihe drug groupalso had lower all-cause
mortality|8.2% and 9.6V R'0.02). Bales olnonfatal
Ml. nonfatal stroke, and kospitaIllation lor heart
laBure were not signhcantly lower In Ihe litagliditfe
group.
Conclusion:Adding hraglutide to standard
treatment lor pabants with12DM radoced death from
cardiovascular cause and all-cause mortality when
compared to placebo.

Adjust or advance
therapy*

T
f ASCVD, CKO or HF OR age >60 with 2 CV risk factors J f ]A1C above target and glucose lowering required

* I
ADD or SUBSTITUTE AHA with demonstrated

cardiorenal benefits
ADD or SUBSTITUTE AHA" according to

clinical priorities'"Start insulin for symptomatic hyperglycemia and/or
metabolic decompensation

CV safety,
but NO proven

cardiorenal
benefit'

PROVEN
cardiorenal
benefit in
high-risk

populations"

RISK of HFEstablished cardiovascular
or renal disease

Risk
factors

>60 yr with
CV risk
factors'

ASCVD CKO HF
GLP1-RA Weight loss GLPI RA

exenatide ER.
lixisenatide

dulaglutide.
liraglutide.

semaglutide
SGL2T.—a SGLT2PGIP1-RA—i

F GLP1-RAor or< SGini1 GLPI RAo 2
- QrtuQlrfloiin1" *

ISGLT2i)
canagliflozm.
dapagliflozm.-JempagliflozinSGLT2i:

(ardlcwer
CVmonadtv*

.E -t.
SGLT2V SGLT2I SGLT2i'g —_ "Dm,

sitagliptm, linagiiplm, alogliptm
Acarbosc

E saxagliptin
IDPP4HO- |tts>

S|
2? 2-s SGLTO'SGLT2T SGLT2J

Sylfonylurcas
Mcglitinidcs

Insulin
Hypoglycemia Weight gain

s i
Q-§—i Thiarotidinediones

Highestlevelofevidence (GradeA (GiadeBj (CradaCorD)
Initiate only if eGFR >30 ml/min/1.73m‘' rixed dose combinations may be considered to reduce burden

Changes in clinical status may necessitate adjustment of glycemic targets and/or depresciibing
Tobacco uso; dyslipcdomio luso of lip<d modifying thorapy or o documented untreated low density lipoprote n ILDLI > 34 mmoVL or

high density lipoprotein chalastorol IHDL 0 cl.Ominol/lfor mon and <1.3 inmoVLfoc womon.or triglyceridos> 2.3mmolU;or hypertension
(use of blood pressure drug or untreated systolic blood pressure ISBPI>140 mmHg or diastolic blood pressure |0BP|>95 rnmHg)

All antihyperglycemic agents (AHAs) have grade A evidence for effectiveness to reduce blood glucose levels
" Consider degree of hyperglycemia,costs and coverage, renal function,comorbidity, side effect profile and potential for pregnancy~ In CV outcome trials performed in people with atherosclerotic cardiovascular disease IASCVDI.chronic kidney disease (CKO),heart failure

(HF) or at high cardiovascular (CV) risk
' Vortis (CV outcome trial for ortuglifloMi) presented at Americon Oiabetes Association ( ADA) Juno 2020 showed noninferiority for major

adverse CV events (MACE). Manuscript not published at time of writing
A1C - glycated hemoglobin; DPP4i - dipeptidyl peptidase 4 inhibitors; eGFR _ estimated glomerular filtration rate; GLP1 RA - glucagon like
peptide 1 receptor agonists;exenatide ER = exenatide extended release.HHF - hospitalization for heart failure.SGLT2i - sodium- glucose

^ cotransporter 2 inhibitors

Figure 9. Treatment approach for patients living with diabetes

Microvascular Complications
Diabetic Retinopathy (see Ophthalmology, OP34 for a more detailed description)

Epidemiology
• diabetic retinopathy is the most common cause of incident blindness in people of working age
• among individuals with T1DM, limb amputation and vision loss due to diabetic retinopathy are

independent predictors of early death

Clinical Features
• macular edema: diffuse or focal vascular leakage at the macula
• non-proliferative ( microaneurysms, intraretinal hemorrhage, vascular tortuosity, vascular

malformation) and proliferative (abnormal vessel growth)
• retinal capillary closure

r t
L j

Treatment and Prevention
• tight glycemic control (delays onset, decreases progression), tight lipid control, manage HTN,smoking

cessation
• ophthalmologic.il treatments available (see Ophthalmolcmv, OP35 for more details)
• annual follow-up visits with an optometrist or ophthalmologist to examine whether symptomatic or

not through dilated pupils (immediate referral after diagnosis of T2DM; 5 yr after diagnosis of 'TlDM
for those >15 yr)

• interval for follow up should be tailored to severity of retinopathy

+
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Diabetic Nephropathy (see Nephrology, NP33 for a more detailed description)

Epidemiology
• DM-induced renal failure is the most common cause of renal failure in North America. 20- 10",, of persons with T1DM (after 5-10 yr) and 4-20% with T2DM have progressive nephropathy

Screening
• serum creatinine for eGFR, random urine ACR
• ACR is used as albuminuria is considered the earliest clinical sign of diabetic nephropathy

(microalbuminuria); diagnosis requires persistent elevated urinary albumin (2 out of 3 urinary
samples required over 3 mo)

• 24 h urine collection for protein/albumin is the gold standard but is difficult to perform, inconvenient,
and often incorrect; random urine albumin is insufficient as albumin levels vary with urine
concentration

• begin screening annually at diagnosis for all T2DM, and >5 yr after diagnosis of T1DM for
postpubertal patients

Treatment and Prevention
• appropriate glycemic control
• appropriate BP control (<130/80 mmHg)
• use either ACPI or ARB to delay progression ofCKD (often used first line for CVD protection)
• use SGLT21 for nephroprotection
• limit use of nephrotoxic drugs and dyes

Diabetic Neuropathy

See Landmark Endocrinology Trials
for more information on the Steno-2
trial. It details the effects of intensive,
multifactorial interventions on the rates
of death in patients with T2DM and
microalbuminuria

LEFT
Epidemiology
• approximately 50% of patients within 10 yr of T1DM and T2DM onset

Pathophysiology
• can have peripheral sensory neuropathy, motor neuropathy, or autonomic neuropathy
• mechanism poorly understood
• acute cranial nerve (CN ) palsies and diabetic amyotrophy are thought to be due to ischemic infarction

of peripheral nerves
• the more common motor and sensory neuropathies are thought to be related to metabolic, vascular,

and possibly hormonal factors

Screening
• 128 Hz tuning fork or 10 g monofilament
• begin screening annually at diagnosis for all T2DM,and >5 yr after diagnosis of IT DM for post-

pubertal patients

Clinical Features

o

o
° I

.c
3

CO

I
Vo s

Figure 10. Monofilament testing for
diabetic neuropathyTable 12. Clinical Features of Diabetic Neuropathies

Peripheral Sensory Neuropathy Autonomic NeuropathyMotor Neuropathy
Paresthesias (tingling, itching), neuropathic Less common than sensory neuropathy end
pain, radicular pain, numbness, decreased occurs later in the disease process
tactile sensation

Postural hypotension, tachycardia, decreased
cardiovascular response to valsalva maneuver

Pharmacologic Interventions for Painful Diabetic
Neuropathy: An Umbrella Systematic Review
a ad Comparative Effectiveness Network Meta -
Analysis
Ann Intern Med 2011;141:639 - 49
Purpose: focompare the efficatiesof rarionsoral
and topical anatges.esfor diabetic neuropathy.
Study Selection:RCIs that assessed pharmacologic
treatments lor pa nful diabetic peripheral neuropathy
in adults.
Results: 65 RCIs , r , a eg 12632 patents were
included. Ibelolluwng pharmacological agents
demonstrated superiority over placebofor short-term
pain control:seroton:n and norep inepbrine reuptake
inhibitors (SNRIs) lstandaidired mean difference
(SMD). -1.36; 95% credible interval (Cil).|-1.77 to
0.9S1I, topkalcaps4ii ,r (SMD, 0.91;Crl (MS

to-0.0811, tricyclic ante]epressants|ICAs|(SMD.
-0.78; Crl|-1.24 to -0.33]), and anticonvulsants
(SMD, -0.67:Crl[-0.97 to -0.37]).Spedfe agents
included:carbamaiep,-e (SMD. -1.57;Crl [-2.83 to
0.31[|, renlalaiine (SMD. 1.53: Crl ( 2.41 to -0.6511.

dularetmelSMO. 1.33:Crl 1182 to 0 86)). arid
amitriptyline (SMD. -0.72:Crl (-1.35 tn -0.08'J .
Conclusion:SNSIs. topical capsaicin. TCAs
and anticonvulsants are effective in short-term
nanagementdf painful diabetic neuropathy, but their
relative cflicacy compared to each other is unknown.

Delayed motor nerve conduction and muscle Gastroparesis and alternating diarrhea and
Bilateral and symmetric with decreased weaknesslatrophy constipation
perception ol vibration and pam'tempcrature; May involve one nerve trunk (mononeuropalhy) Urinary retention and erectile dyslunclion
especially hue in Ihe lower evlremilics but 0, m0It (mononeur ,tis multiplex)
may also be present In Ihe hands
Decreased ankle reflex

Some ol the motor neuropathies
spontaneously resolve after 6-8 wk

Distal - predominant as the longest nerves are Reversible CN palsies:III (ptosis/
affected first ophthalmoplegia, pupil sparing).VI (inability

to laterally deviate eye), and VII (Bell 's palsy)
Diabetic amyotrophy i.e. Bruns Garland
Syndrome:refers to pain, weakness, and
wasting ol hip flexors or extensors

Classic stocking- glove distribution
May result in neuropathic ulceration ol loot

Treatment and Management
• tight glycemic control
• for neuropathic pain syndromes: tricyclic antidepressants (e.g. amitriptyline), pregabalin, duloxetine,

anticonvulsants (e.g. carbamazepine, gabapentin ), and capsaicin
• foot care education
•|obst’ fitted stocking and tilting of head of bed may decrease symptoms of orthostatic hypotension
• treat gastroparesis with dietary modification, domperidone and/or metodopramide (dopamine

antagonists), erythromycin (motllln receptor agonist)
• medical, mechanical, and surgical treatment for erectile dysfunction (see Urology, U33)

L J
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Other Complications
Dermatologic
• diabetic dermopathy: atrophic brown spots commonly in pretibia! region ( “tibia spots") secondary to

increased glvcosylation of tissue proteins or vasculopathy
• eruptive xanthomas secondary to increased triglycerides
• necrobiosis lipoidica diabeticorum: rare complication characterized by thinning skin over the shins

allowing visualization of subcutaneous vessels

Other Players in Glucose Homeostasis
These hormones act to increase:
Blood glucose levels
Glucagon
Epinephrine
Cortisol
Growth hormone

Bone and Joint Disease
• juvenile cheiroarthropathy:chronic stiffness of hand caused by contracture of skin over joints

secondary to glycosylated collagen and other connective tissue proteins
• Dupuytren's contracture
• increased fracture risk in both T1DM and T2DM due to decreased bone quality
• adhesive capsulitis (“frozen shoulder")

C-Peptide
A short peptide released into the
circulation when proinsulin is cleaved
to insulin

Cataracts
• subcapsular and senile cataracts secondary to glycosylated lens protein or increased sorbitol causing

osmotic change and fibrosis

Infections
• see Infectious Diseases. Diabetic Foot Infections. ID14

Use of C -pcptide Levels to Distinguish
between Exogenous and Endogenous
Source of Hypetmsulinemia
Increased endogenous
Decreased or normal = exogenous

Hypoglycemia ©Etiology and Pathophysiology
• hypoglycemia occurs most frequently in people with DM receiving insulin or certain

antihyperglycemic therapies (insulin secretagogues)
• in people without DM, care must be taken to distinguish hypoglycemia that occurs in critically ill or

medicated patients from hypoglycemia that presents in individuals who are seemingly well
each invokes a separate DDx
the timing of hypoglycemia may also provide a clue to the diagnosis (e.g. individuals with
an insulinoma typically have fasting hypoglycemia whereas those with non -insulinoma
pancreatogenous hypoglycemia experience predominantly postprandial hypoglycemia )
must be distinguished from pseudohypoglycemia, defined as situations in which either BG >3.9
mmol/L with clinical signs of hypoglycemia (e.g. fatigue, headache, visual disturbances, or
lightheadedness) or BG <3.9 mmol/L but patient is asymptomatic.

Treatment of an Acute Hypoglycemic
Episode (Blood Glucose <4.0 mmol/L)
in the Awake Patient (e.g. able to
self-treat)

1) Eat15 g of rapid acting carbohydrates
(e.g.3 packets of sugar dissolved in

water;3/4 cup of juice)
«

2) Wait 15 min
«

3) Retest BG
«

4) Repeat steps1-3 until BG >5 mmol/L
«

Table 13. Causes of Hypoglycemia 5) Eat next scheduled meal. If next
meal is >1 h away, eat snack

including 15 g of carbohydrate and protein
Insulin-Dependent Causes
Exogenous Insulin
Sulfonylurea or meglilmide
Pentamidine (possibly due to p cell destruction resulting in insulin
release)
Autoimmune hypoglycemia (autoantibodies to insulin or insulin
receptor)
Insulinoma
Non- insulinoma pancreatogenous hypoglycemia
Post- gastric bypass hypoglycemia

Insulin-Independent Causes
Hepatic failure
Renal failure
Inanition
Hormone deficiency (cortisol, glucagon, and epinephrine in insulin-
deficient DM)
Non-islet cell tumours (typically the resultof mesenchymal tumour
overproduction ofIGF-2)
Inborn error of caibohydralc metabolism,glycogen storage disease.
gluconeogenic encymc
Alcohol
Drugs (e.g. quinine, indoinethacin.gatifloxacin,lithium, ACEI.
P-adrenergic receptor blockers)

©
Hypoglycemia Unawareness
(T1DM »> T2DM)
• Patient remains asymptomatic until

severe hypoglycemic levels are
reached

• Often occurs after repeated episodes
of hypoglycemia as the patient
develops blunted/minimal autonomic
response

• Causes:
• Decreased glucagon/epinephrine

response
• History of repeated hypoglycemia

or low A1c
• Autonomic neuropathy

• May not be safe for patient to d rive
• Suggest that patient obtain a

Medic-Alert" bracelet if at risk for
hypoglycemia, especially with
hypoglycemia unawareness and
consider use of advanced monitoring
systems (continuous glucose monitor,
flash glucose monitor)

Clinical Features
• Whipple’s triad - suggests a patient’s symptoms are from hypoglycemia

1. serum glucose <4.0 mmol/L
2. neuroglvcopenic symptoms ( below)
3. rapid relief provided by administration of glucose

• autonomic symptoms (typically occur first; caused by autonomic nervous system activity)
palpitations, sweating, anxiety, tremor, tachycardia, hunger

• neuroglycopenic symptoms (caused by brain glucose deprivation)
dizziness, headache, clouding of vision, mental dullness, fatigue, confusion, seizures, coma

Investigations
• depend on a thorough history, physical exam, and available biochemical investigations as these may

provide clues to the etiology of hypoglycemia
for example, if suspecting insulin and insulin secretagogues in patients with diabetes, assess for
cortisol deficiency. In a patient with weight loss, hyperpigmentation, and hyperkalemia, consider
the possibility of 1G1-2 mediated hypoglycemia. In an individual with a gastrointestinal stromal
tumour (GIST), think about renal/hepatic failure in the setting of critical illness

T
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•when the cause of hypoglycemia is not evident, screen for oral hypoglycemic agents (ideally all
available sulfonylureas and glinides) and measure plasma glucose, insulin, proinsulin, C-peptide,
b-hydroxybutyrate, and insulin Ab during a spontaneous hypoglycemic episode or a supervised fast
of up to 72 h. If hypoglycemia occurs only in the postprandial state, evaluate the patient first with a
mixed meal test

•correct hypoglycemia with injection of 1.0 mg glucagon IV with measurement of plasma glucose
response.This will distinguish endogenous and exogenous hyperinsulinism from other causes of
hypoglycemia

Treatment
•for tumoural hypoglycemia, definitive treatment requires resection of the tumour. If that is not

possible certain medications can be helpful such as diazoxide for patients with insulinoma
for non-insulinoma pancreatogenous hypoglycemia and post-bariatric bypass hypoglycemia,
dietary changes including reducing the amount of carbohydrate intake and small frequent meals
may be helpful. For patients who do not respond to nutritional modification or have severe
symptoms, acarbose can be utilized

•see Emergency Medicine, ER34
•treatment of hypoglycemic episode in the unconscious patient or patient NPO

D50W 50 mL (1 ampule) IV in 1-3 min or 1 mg glucagon SC or 1M (if no IV access is available)
may need ongoing glucose infusion once B(i >5 mmol/ L

Metabolic Syndrome
• postulated syndrome related to insulin resistance associated with hyperglycemia, hyperinsulinemia,

HT' N, central obesity, and dyslipidemia
• obesity aggravates extent of insulin resistance
• complications include DM, atherosclerosis, CAD, Ml, and stroke
• women with PCOS are at increased risk for developing insulin resistance, hyperlipidemia, and

metabolic syndrome
• not to be confused with syndrome X related to angina pectoris with normal coronary arteries

(Prinzmetal angina)

$
Obesity Features of Metabolic Syndrome

|-3 measures to make a Dx)

• see family Medicine.1-M9 Measure Men Women

Abdominal Obesity (derated Waist Circumference)

Canada. USA >102 cm >88 cm
(40 inches) (35 inches)

Europid.Middle >94 cm >80 cm
Eastern,Sub- (37 Indies) (31.5 inches)
Saharan Africa.
Mediterranean

Pituitary Gland

Pituitary Hormones
>90 cm >80 cm

Japanese. (35indies) <31.5 Inches)
South ( Central
America

TO level

Asian.
Somatostatin

Dopamine CRH GHRH GnRHI >1.7 mmol/L (150 mgfdL)
HDL-C level «1.0 mmol/L <1.3 mmol/l

(-40 mg/dl) (-50 mg/dl)

Blood Pressure ;130/8SmmHg
l IIf Prolactin ACTH GH FSH IH

It 1 I fasting Glucose >5.6 mmol/L (>100 mg/dl)
Level

H Dtug treatment for any elevatedmarker isan alternate
indicatorAdrenal

cortex
Liver Endocrine cells

of gonads

I I 1Male Female

Somatomedins Androgens
(IGF-1) |

Cortisol Estrogens.
progesterone Anterior Pituitary HormonesSI

j FLAT PIG
i FSHs i r iLHGonadal germ cells,

Multiple target organs
Breast Multiple target organs LJas S'— o

Figure 11. Hypothalamic-pituitary hormonal axes

ACTH
TSH

PPL
GH +
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Hypothalamic Control of Pituitary
• trophic and inhibitory factors control the release of pituitary hormones
• most hormones are primarily under trophic stimulation except FRL, which is primarily under

inhibitory control by dopamine. CiH and TSH are stimulated by GHRH and TRH respectively while
inhibition by somatostatin is less important for control

• transection of the pituitary stalk ( i.e. dissociation of hypothalamus and pituitary) leads to pituitary
hypersecretion of PRL and hyposecretion of all remaining hormones

Anterior Pituitary Hormones
• FSH, LH , ACTH, TSH, CiH, PRL
• these hormones are produced, stored, and released from the anterior pituitary but regulated by

hormones produced by the hypothalamus

Posterior Pituitary (Hypothalamic) Hormones
• ADH and oxytocin
• peptides synthesized in the supraoptic and paraventricular nuclei of the hypothalamus
• although ADH and oxytocin are produced in the hypothalamus, these hormones are stored in and

released from the posterior pituitary

Table 14. The Physiology and Action of Pituitary Hormones
Inhibitory StimulusHormone Function Physiology Secretory Stimulus

IH/FSH Stimulate gonads via cAMP
Ovary:

LH:production o( androgens (thecal cells)
which are converted to estrogens (granulosa
cells): induces luteinization in follicles
FSH: growth ol granulosa cells in ovarian
follicle:controls estrogen production

lestes:
LH: production ol testosterone (leydig cells)
FSH: production ol spermatocoa (Sertoli
cells)

Stimulates growth of adrenal cortex and
secretion of its hormones via cAMP

Polypeptide
Glycoproteins (same asubunit as TSH and hCG)
Secreted in pulsatile fashion

Estrogen
Progesterone
Testosterone
Inhibin
Continuous
(i.e.non -pulsatile)
GnRH infusion

Pulsatile GnRH (low frequency pulsation
•fSH release, high frequency pulsation -
LH release)

Dexamethasone. cortisol, and other Corticotropin-Releasing Hormone
Melyrapone
hypoglycemia
Vasopressin
fever, pain, stress

ACTH Polypeptide
Circadian rhythm (highest in the morning, lowest glucocorticoids
at midnight)

Stimulates growth ol thyroid and secretion ol Glycoprotein
14 andT3 viacAMP

thyroid hormones (14 and 13) and TRH
analogues, dopamine, somatostatin. AVP
cytokines, high dose glucocorticoids a adrenergicagonist
Dopamine (only pituitary hormone Sleep
under tonic inhibition of secretion) Stress, hypoglycemia

Pregnancy, breastfeeding
Mid-menstrual cycle
Sexual activity
TRH (primary hypothyroidism)
Drugs: anlipsycholics. tricyclic
antidepressants, metoclopramldc.
domperidone. verapamil, methyldopa,
opioids, high dose estrogen
GHRH
Insulin- induced hypoglycemia
Ghrelin
Exercise
REM sleep
Arginine, donidinc. propranolol. L-dopa
Sex hormones
Dopamine agonists in normal individuals
Hypovolemia or a effective circulatory

volume
t serum osmolality
Stress, pain, fever, system
CNS disorders

TSH
Note: hCG can activate the TSH receptor and
therefore have thyroid-stimulating activity

Promotes mi Ik productionand breast tissue
development
Inhibits gonadotropin secretion

Polypeptide
Episodicsecretion

PRL

GH Has direct effects on peripheral target cells
Needed (or linear growth and also has
metabolic effects to increase serum glucose
Stimulates secretion of IGF -1 by the livec.a
potent growth and differentiation factor

Polypeptide
Acts indirectly through IGF-1|somatomedin-C)
synthesized in the liver and has direct effects
Serum GH undetectable lor most of the day and
suppressed alter meals high in glucose
Sustained rise during sleep

Glucose challenge
Glucocorticoids
Somatostatin
Dopamine D2 receptor agonists in
some GH -secreting tumours
IGF -1 llong -loop)

Acts at renal collecting ducts on V2 receptors Octapeptide
to cause insertion of aquaporin channels
and increases water reabsorption thereby
concentrating urine

ADH a serum osmolality
Secreted by posterior pituitary
Osmoreceptors in hypothalamus detect serum
osmolality
Contracted plasma volume detected by
baroreceptors is a more potent stimulus than i
osmolality

Causes uterine contraction
Breast milk secretion

EtOH Suckling
Distention ol female genital tract during
labour via stretch receptors

Oxytocin Nonapeplide
Secreted by posterior pituitary

+
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Growth Hormone
GH Deficiency
• cause of short stature in children (see Paediatrics. P13)
• adults exhibit increased fat and decreased lean body mass, decreased bone mineral density, and

fatigue
• diagnosis made with low serum l(il;- l levels in individuals with deficiencies in three or more pituitary

axes, or by failure to increase GH with a provocative test (see above under GH secretory stimulus);
insulin tolerance test to induce hypoglycemia is the gold standard dynamic test

• Tx:GH replacement is not always indicated after max linear height and peak bone mass is reached;
consider in an adult patient with childhood onset irreversible GH deficiency (some children who are
diagnosed with idiopathic GH deficiency will have normal GH responses when tested as adults and
do not require GH treatment). GH replacement can also be provided to patients with adult onset GH
deficiency who do not have an active malignancy and prefer treatment after a discussion about its
potential benefits, adverse effects, and cost

GH Excess

Etiology
• GH secreting pituitary adenoma, neuroendocrine tumours secreting ectopic GH or GHRH (very rare)

Pathophysiology
• normally GH is a catabolic hormone that acts to increase blood glucose levels
• in GH excess states, secretion remains pulsatile but there is loss of hypoglycemic stimulation, glucose

suppression, and the nocturnal surge
• proliferation of bone, cartilage, soft tissues, organomegaly
• insulin resistance and 1GT

Risks Associated with GH Excess
• Cardiac disease (e.g.

cardiomyopathy, valvulopathy.
arrhythmias, CAD) in 1/3 ol patients.
Two-fold increase in mortality in
acromegaly due to acromegaly-
associated complicationssuch
as HTN, diabetes, CVD, and
cerebrovascular disease. HTN in1/3of patients

• Increased risk of cancer (particularly
colon cancer)

Clinical Features
• leads to gigantism in children (before epiphyseal fusion)
• leads to acromegaly in adults (after epiphyseal fusion)
• dermatologic (thickening of skin, increased sebum production, sweating, acne, sebaceous cysts),

musculoskeletal (enlargement of hands and feet, coarsening of facial features, thickening of
calvarium, prognathism, carpal tunnel syndrome, osteoarthritis), cardiometabolic (HTN, DM,
acanthosis nigricans, cardiomyopathy), sleep apnea, sexual (low libido)

Investigations
• first line test:serum 1GF-1 (expected to be elevated)
• glucose suppression test is the most specific test (75 g of glucose PO suppresses GH levels in healthy

individuals but not in patients with acromegaly)
• O', MKI.or skull x-rays may show cortical thickening, enlargement of the frontal sinuses, and

enlargement and erosion of the sella turcica
• MKI of the sella turcica is needed to look for a tumour

Treatment
• surgery is the recommended initial therapy for the majority of patients with acromegaly; second line

options include somatostatin analogue (octreotide), dopamine agonist (cabergoline), GH receptor
antagonist (pegvisomant), radiation

« radiation may be considered in patients whose disease is not controlled by surgery or medical
treatment

Prolactin
Hyperprolactinemia

Etiology
• prolactinoma:most common pituitary adenoma
• sellar masses,disease with pituitary stalk compression, or damage causing reduced dopamine

inhibition of PKL release
• primary hypothyroidism (increased TRH), PCOS, acromegaly
• decreased clearance due to CKD or severe liver disease ( PRL is metabolized by both the kidney and

liver)
• medications with anti-dopaminergic properties are a common cause of high PRL levels: antipsychotics

(common), antidepressants, antihypertensives (verapamil/methyldopa), bowel motility agents
(metoclopramide/domperidone), H2-blockers, opiates (morphine), estrogens (e.g.oral contraceptives)

• macroprolactinemia (high molecular weight PRL also known as big-big PRL) that has no action but
results in falsely elevated serum prolactin

• physiologic causes: pregnancy, stress, sleep, nipple stimulation, factors affecting the chest wall

Clinical Features
• galactorrhea (secretion of breast milk in women and, in rare cases, men), infertility, hypogonadism,

amenorrhea, oligomenorrhea, erectile dysfunction

&
Approach to Nipple Discharge

• Differentiate between galactorrhea
(fat droplets present) vs. breast
discharge (usually unilateral, may be
bloody or serous)

• If galactorrhea, determine if
physiologic (e.g. pregnancy,
lactation) vs. pathologic

• If abnormal breast discharge, must
rule out a breast malignancy

t. j
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Investigations
• serum PRL, l'SH, liver enzyme tests,creatinine, hCG in all women of reproductive age
• macroprolactin level in patients with hyperprolactinemia but no symptoms of PRL excess
• MRI of the sella turcica when a secondary cause is not identified or when PRL levels suggest that there

may be underlying tumoural hyperprolactinemia

Diagnosis and Treatment of
Hyperprolactinemia:An Endocrine
Society Clinical Practice Guideline
J Clin Endocr Mctab 2011:96:273 88

• Indications to treat:
• Symptomatic patients.

in particular those with
galactorrhea, hypogonadism-
amenorrhea.low libido, or
infertility

• Adenomas >1cm or any size
causing structural compression

• For patients with symptomatic
prolactinomas, dopamine agonist
therapy should be used to lower
prolactin levels, decrease tumour
size, and restore gonadal function

• Cabergoline should be preferentially
used due to higher efficacy in
normalizing PRL levels and shrinking
pituitary tumours. For symptomatic patients with
treatment-resistant prolactinomas,
increase the dose to maximal
tolerable dose before referring for
surgery

• Most women with prolactinomas
should discontinue dopamine agonist
therapy immediately if they become
pregnant (except for patients with
large invasive tumours)

Treatment
• first line: dopamine agonists (bromocriptine, cabergoline, quinagolide)
• surgery ± radiation (rare)
• PRL-secreting tumours are often slow-growing; treatment may not be necessary in the setting of small

tumours associated with hyperprolactinemia which does not result in hypogonadism or bothersome
galactorrhea

• if medication-induced, consider stopping medication if possible
• in certain cases if microprolactinoma and not planning on becoming pregnant, may consider OCP

Thyroid Stimulating Hormone
. see 'thyroid,£24

Adrenocorticotropic Hormone
• tee Adrenal Cortex, £33

Luteinizing Hormone and Follicle Stimulating Hormone
Hypergonadotropic Hypogonadism
• hypogonadism due to impaired release of PSH and LH

Etiology
• congenital: Kallmann syndrome, CHARGE syndrome, GnRH insensitivity
• secondary: CNS or pituitary tumours, pituitary apoplexy, hypothalamic-pituitary radiation,

drugs (GnRH agonists/antagonists, glucocorticoids, narcotics, chemotherapy, drugs causing
hyperprolactinemia, opioids), functional deficiency due to another cause (hyperprolactinemia,
chronic systemic illnesses, eating disorders, hypothyroidism, DM, Cushing’s disease), systemic
diseases involving the hypothalamus/pituitary (hemochromatosis, sarcoidosis, histiocytosis)

Clinical Features
• amenorrhea, low libido, decrease in energy, erectile dysfunction (see Urology. U33), loss of body hair,

thin skin, testicular atrophy, decrease in muscle mass, and failure of pubertal development

Treatment
• treat underlying cause if present
• combined l'SH/LH hormone therapy, hCG, recombinant l'SH, or pulsatile GnRH analogue if fertility

desired
• symptomatic treatment with estrogen/testosterone

hypergonadotropic Hypogonadism
• hypogonadism due to impaired response of the gonads to ESH and LH

Etiology
• congenital:

chromosomal abnormalities (Turner's syndrome, Klinefelter syndrome, XX gonadal dysgenesis)
enzyme defects ( I7a-hydroxylase deficiency, 17,20-lyase deficiency)
gonadotropin resistance (Leydig cell hypoplasia, ESH insensitivity, pseudohypoparathyroidism
type 1A)

• acquired:
gonadal toxins (chemotherapy, radiation)
drugs (antiandrogens, alcohol)

• infections (S'l'ls, mumps)
gonadal failure in adults (androgen decline and testicular failure in men, premature ovarian
insufficiency and menopause in women)

Clinical Features
• amenorrhea,erectile dysfunction (see Urology, U33), loss of body hair, fine skin, testicular atrophy,

failure of pubertal development, low libido, decrease in energy, and infertility

r n
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+
Treatment
• hormone replacement therapy consisting of androgen (for males) and estrogen and progesterone ( for

females) administration
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Antidiuretic Hormone
Diabetes Insipidus (see Nephrology. NP12)

Definition
• disorder of ineffective ADH (decreased production or peripheral resistance) resulting in passage of

large volumes of dilute urine

Etiology and Pathophysiology
• central Dl: insufficient ADH due to pituitary surgery, tumours, idiopathic/autoimmune, infiltration or

lesion of the stalk, hydrocephalus, Langerhans cell histiocytosis, trauma, familial central Dl
• nephrogenic Dl:collecting tubules in kidneys resistant to ADH due to drugs (e.g. lithium),

hypercalcemia, hypokalemia, CKD, hereditary nephrogenic Dl
• psychogenic polydipsia and osmotic diuresis must be ruled out

Clinical Features
• passage of large volumes of dilute urine, polydipsia, and dehydration; hypernatremia can develop with

inadequate water consumption or secondary to an impaired thirst mechanism
• central Dl: visual field defect, headache, other neurological features,or evidence of other pituitary

hormone deficiencies may be present

Diagnosing Subtypes of Diabetes
Insipidus with Desmopressin Response

Concentrated urine - Central
No effect * Nephrogenic

Diagnostic Criteria
• fluid deprivation will differentiate true Dl (high urine output persists, urine osmolality < plasma

osmolality) from psychogenic polydipsia
• response to exogenous ADH (DDAVP) will distinguish central Dl from nephrogenic Dl $

Syndrome of inappropriate ADH
secretion (SIADH) vs.Cerebral Salt
Wasting (CSW)
CSW can occur in cases of subarachnoid
hemorrhage. Na» is excreted by
malfunctioning renal tubules, mimicking
findings of SIADH: hallmark is
hypovolemia

Treatment
• central Dl:first line = desmopressin; second line = chlorpropamide, thiazides, NSAlDs,and

carbamazepine
• nephrogenic Dl:solute restriction, thiazide diuretics

Syndrome of Inappropriate ADH Secretion

Diagnostic Criteria
• 1) hyponatremia (serum Nat <135 mEq/ L ) with 2) plasma hypo-osmolality (<275 mOsm/kg), 3) urine

Na t concentration >40 mEq/ L, 4) urine osmolality >100 mOsm/kg), 5) euvolemia (no edema), and 6)
absence of adrenal, renal, or thyroid insufficiency

Etiology and Pathophysiology
• stress (post-surgical)
• malignancy (ectopic ADH production by tumours including small cell carcinoma of the lung,

extrapulmonary small cell carcinomas, squamous cell carcinoma of the head and neck)
• CNS disease (inflammatory, hemorrhage, tumour,Guillain-Barre syndrome)
• respiratory disease (tuberculosis, pneumonia, empyema)
• drugs (SSRls, vincristine, chlorpropamide, cyclophosphamide, carbamazepine, nicotine, morphine,

DDAVP, oxytocin)

Clinical Features
• symptoms of hyponatremia: headaches, nausea, vomiting, muscle cramps, tremors, cerebral edema if

severe (confusion, mood swings, hallucinations, seizures, coma)

Treatment
• goal is to increase serum sodium
• treat underlying cause, fluid restriction (800-1000 mL/d), vasopressin receptor antagonists (tolvaptan,

conivaptan), demeclocycline (antibiotic with anti-ADH properties; rarely used), and furosemide

Pituitary Pathology
Pituitary Adenoma (see Neurosurgery. NS17)

Clinical Features
• local mass effects
• visual held defects (bitemporal hemianopsia due to compression of the optic chiasm ), diplopia (due to

oculomotor nerve palsies; rare), headaches; increased ICR is rare
• hypofunction
• hypopituitarism
• hyperfunction
• PRL (galactorrhea, hypogonadism ), GH (acromegaly in adults, gigantism in children), ACT'H

(Cushing’s disease = Cushing’s syndrome caused by a pituitary tumour)
• tumours secreting TSH are rare

r

Important Deficiencies to Recognite
are:
• Adrenal Insufficiency
• Hypothyroidism
• Concurrent adrenal insufficiency and

hypothyroidism should be treated
with glucocorticoids first and then
with thyroid hormone to avoid
adrenal crisis
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Investigations
• radiological evaluation (MKI sella is imaging procedure of choice)
• formal visual field testing for tumours compressing the optic chiasm
• laboratory tests of hypothalamic-pituitary hormonal function

Hypopituitarism

(§)
The Pituitary Hormones
Compression of the pituitary by a mass
leads to loss of pituitary hormones in the
following usual order:
T5o Look For The Adenoma Please"
GH. LH. FSH, TSH, ACTH.PRL +

posterior pituitary hormones: ADH and
oxytocin

Etiology (The Eight I’s)
• Invasive

pituitary tumours, craniopharyngioma, cysts (Kathke's deft, arachnoid, or dermoid), metastascs
• Infarction/hemorrhage

Sheehan’s syndrome (pituitary infarction due to excessive postpartum blood loss and
hypovolemic shock)
pituitary apoplexy (acute hemorrhage/infarction of a pituitary tumour; presents with sudden
loss of pituitary hormones, severe headache, and altered LOC;can be fatal if not recognized and
treated early)

• Infiltrative/ inflammatory
sarcoidosis, hemochromatosis, histiocytosis

• Infectious
syphilis, tuberculosis, fungal (histoplasmosis), parasitic (toxoplasmosis)

• Injury
severe head trauma

• Immunologic
autoimmune destruction (hypophysitis)

• Iatrogenic
follow ing surgery or radiation

• Idiopathic
familial forms, congenital midline defects

Clinical Features
• symptoms depend on which hormone is deficient:

» ACTH:fatigue, weight loss, hypoglycemia,anemia, hyponatremia, failure to thrive, and delayed
puberty in children
CiH: short stature in children;adults exhibit increased fat and decreased lean body mass,
decreased BMD, fatigue
TSH: tiredness, cold intolerance, constipation, weight gain
LH and 1-SH: oligo- or amenorrhea, infertility, decreased facial/body hair and muscle mass in
men,erectile dysfunction, delayed puberty
Prolactin: usually asymptomatic, inability to breastfeed
ADH: symptoms of D1 (extreme thirst, polydipsia, hypernatremia)
Oxytocin: usually asymptomatic - only needed during labour and breastfeeding

Investigations
• 8 am cortisol, PRL, TSH, Free T4, LH, FSH, Estradiol or Testosterone, GH, IGF-I, Na +, Osmolality
• insulin tolerance test: insulin (usual dose 0.1 unit/kg of human regular insulin) -> hypoglycemia -»

increased GH and cortisol (normal response)
• initial test:cosyntropin stimulation test (if results equivocal, proceed to insulin tolerance test )
• triple bolus test (rarely done)

rt
L J

+

Activate Windows
Go to Settings to activate Windoi



E2‘l Endocrinology Toronto Notes 2023

Thyroid

Thyroid Hormones Extra -Thyroidal (actors Impacting Thyroid
Hormone Homeostasis:A Review
JRM 2015:4|l):40-49
• Most peripheral thyroid metabolism occurs in the

liver and kdnejs.thus severe twer disease and CKO
can ugnifrcantiy alter the 13:T4 ratio.

• Alcohol dependence results m hypothalamic'
pituitaryry tod axis dysiunction demonstrated hy
decreased TSH.14, and T3 levels.

• Smoking isassociated with lower TSH levels in
a dose-dependent manner, with heavy smokers
18-12 ciqarettes'd) beaig associated with more TSH
suppression than light smokers [«4 cigarettes/d).

• Heavy metal exposure including lead,mecenry.and
cadmmm has been shown to altar thyroid hormone
function and peripheral melabohsm.
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JUT-diodotyrosina; L = lysosome; MU- monoiodotyrosine;Tg - thyroglobulin; NIC ^ sodium iodide cotransporter.TP-thyroid paroxidase enzyme j

Figure12.Thyroid hormone synthesis

Synthetic Function of the Thyroid Gland
• the synthesis of thyroid hormones '14 and '13 by the thyroid gland involves trapping and oxidation of

iodide, iodination of thyroglobulin, proteolysis of thyroglobulin, and release of '14 and T3
more than 90% of thyroid hormone secreted by the thyroid is T4

• free T4 (0.02%) and free T'3 (0.3%) represent the hormonally active fraction of thyroid hormones
the remaining fraction is bound to TBG,albumin, and transthyretin, and is biologically inactive

• T3 is more biologically active (approximately 4x as potent as 14),but T3 is present in the blood in
smaller quantities and has a shorter half-life compared to T4

• 85% of '14 is converted to T'3 or reverse T'3 in the periphery by dciodinase enzymes
• reverse T'3 is metabolically inactive but produced in times of stress to decrease metabolic activity
• most of the plasma T'3 pool is derived from the peripheral conversion of T4
• calcitonin, a peptide hormone, is also produced in the thyroid by the parafollicular cells (C cells)

calcitonin functions by inhibiting osteoclast activity and increasing renal calcium excretion

Role of Thyroid Hormones
• thyroid hormones act primarily through modifying gene transcription hy binding to nuclear receptors
• diffuse actions, affecting nearly every organ system
• tissue-specific effects determined by the expression of the types of thyroid receptor isoform and the

local production of T3
• increase basal metabolic rate through increased Na +/ K+ ATPase activity, increased 02 consumption,

increased respiration, heat generation, and increased cardiovascular activity
• when present at higher than normal levels, potentiate the actions of GH, catecholamines (epinephrine,

norepinephrine), glucagon, and cortisol, resulting in increased gluconeogenesis, ketogenesis, and
proteolysis, mimicking what happens in starvation

• increase sensitivity to catecholamines by up-regulating their receptors, but do not alter their blood
concentrations

• required for normal growth in the fetus and child, including the CNS, via stimulation of GH release, in
synergism with cortisol

r T
\.LJJ

Regulation of Thyroid Function
• extrathyroid

stimulation of thyroid by 'TSH, epinephrine, prostaglandins (cAMP stimulators); T3 negatively
feeds back on anterior pituitary to inhibit TSH and on hypothalamus to inhibit T'RH

+

Activate Windows
Go to Settings to activate Windows.



E25 Endocrinology Toronto Notes 2023

• T3 intrathyroid (autoregulation)
synthesis (Wolff-Chaikoff effect,|od-Basedow effect )
varying thyroid sensitivity to TSH in response to iodide availability
increased ratio ofT3 to T4 in iodide deficiency
increased activity of peripheral 5’-deiodinase in hypothyroidism increases T3 production despite
low T4 levels

Tests of Thyroid Function and Structure eTSH
• third generation TSH is the best test for assessing thyroid function
• hyperthyroidism

primary': TSH is low because of negative feedback from increased levels of circulating T4 and 1'3
secondary: increased TSH results in increased 14 and T3

• hypothyroidism
» primary: increased T SH (most sensitive test) because of less negative feedback from T4 and T'3

secondary: T SH is low or inappropriately normal with variable response to TRH depending on the
site of the lesion (pituitary or hypothalamic)

Thyroid Assessment. TSH
• Serum free thyroid hormones (T», T3). Antibodies (TRAb. TgAb. and TPOAb)
• Thyroglobulin (to monitor thyroid

cancer)
• Thyroid U/S when there is a palpable

thyroid abnormality or suspected
thyroid mass

• Nuclear uptake and scan (for
hyperthyroidism)

• Biopsy (FNA) of thyroid nodules
warranting a cytological evaluation

Free T4 and Free T3
• standard assessment of thyroid function measures TSH and, if necessary, free T4. Tree T3should only

be measured in the small subset of patients with hyperthyroidism and suspected T3 toxicosis. In this
case, T SH would be suppressed, free 14 normal, and free 1 3 elevated

Thyroid Autoantibodies
• TgAb, TPOAb, and TRAb of the blocking variety are increased in Hashimoto’s disease; normal variant

in 10-20% of individuals
• TKAb of the stimulating variety are also referred to as TSI and can cause Graves' disease. TRAb

receptor blocking and stimulating antibodies are seen in patients with Graves' disease

Plasma Thyroglobulin
• used to monitor for residual thyroid tissue post-thyroidectomy,e.g. tumour marker for thyroid cancer

recurrence
• detectable or elevated levels may suggest persistent, recurrent, or metastatic disease
• assay can be impacted by presence of TgAb.Therefore, both must be tested to ensure accurate

thyroglobulin results

Serum Calcitonin
• not routinely done to investigate thyroid nodules
• ordered if suspicion of MTC (e.g. in patients with a thyroid nodule and suspected or confirmed MEN

2A or 2B syndromes or those who have a pathogenic mutation in RETgene)
• used to monitor for residual or recurrent MTC

Does this Patient have a Goitre?
from The Rational Clinical Examination
JAUA 2009:https://jamaevidence.mhmediial.com/
ccnte-t aspi?l)O0 «ld-8454secto-i d-6m?S08
Study:Systematic review of articles assessing the
accuracy and precision ot theclinical eum I n the
diagnosis of a goitre.
Results:Clinical diagnosis was based on degree
of lateral prominence,visibility,and palpability of
the thyroid gland. Nn evidence eiiststosupport the
superiority of any one method,
the combined results of 4staindetail the predictive

•hbty of assessing grades of thyroid gland weight:

Weight Reference US* 95% Cl
0-20g Normal
20-40 g 1-2x
>40g >2»

0.15 (0.10-0.21)
1.9 (11-3.0)
25.0 (2.6-175)

Mtemathrtly.defining a goitre asa mass larger than
the distal phalanrof the thumb has been shown to
have an LR* of 3.0 (95% Cl 25-3.5) and1R- of 0.30
(95%a:0.24-0.37) in children,and an LR-of 4.7
(95% 0 3.6-0) and LR- of 0.08(95% Cl 0.02-0.27)
for the presence of a govtre.
Conclusions: Use 0!we ightof thyroid tissue Isan
appropriate method of dagnosmga goitre, while
com paring thesix of the thyroid nasslo the distal
pbaia n of the thumb may be a useful alternative.

Thyroid Imaging/Scans
• normal gland size 15-20 g (estimated by palpation). thyroid U/S

to measure size of gland, characterize thyroid nodules, facilitate ENA biopsy (ENAB)
• U/S is the first line tool for identification of thyroid nodules that require ENAB; exception is

hyperthyroid patients with thyroid nodules where use of a radioisotope thyroid scan and RA1U
(see below) permits identification of hyperfunctioning nodules, which generally do not need to be
biopsied

• radioisotope thyroid scan (Technetium-99) only if 1) one or more thyroid nodule(s) and 2) patient
is hyperthyroid to determine whether nodules are hot (functioning -> excess thyroid hormone
production ) or cold (non-functioning)

• hot nodule > very low chance of malignancy; treat hyperthyroidism
• cold nodule -» further workup required ( U/S, then ENAB if concerning sonographic features). RA1U

test of function:order if patient is thyrotoxic
RAIU measures the turnover of iodine by thyroid gland in vivo
if t uptake (e.g. incorporated), gland is overproducing thyroid hormone (hyperthyroid )
if * uptake (e.g. not incorporated), gland is leaking thyroid hormone (e.g. thyroiditis), exogenous
thyroid hormone use, or excess iodine intake (e.g. amiodarone or contrast dye, which has high
iodine content)

• see figure 12 for further information regarding the utility of these scans

Thyroid Biopsy
• ENA for cytology

differentiates between benign and malignant disease
best done under U/S guidance

« accuracy decreased if nodule is greater than 50% cystic,or if nodule is located posteriorly in the
gland

r t
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Table 15. Summary of Diagnostic Testing in Hyperthyroidism and Hypothyroidism
Hyperthyroidism Hypothyroidism

Drugs Affecting Thyroid Function
Thyroid 2010:20(71:763-770
• Lithium playsin inhibitory role in thyroid hormone

release, resultingnchnical hypothyroidism end
goitre.. AimadaroceTndyred Hypothyroidism glH|:
Ant oderone.a classIII anbarrhythmic drug,
contains 2 atoms ol iodine per molecule and is
structurahy similar to thyroid hormones, and may
exert antagonist* effects on lift receptors. It a
also shorn to inhibit type I deiodnoses resulting
in high T4 acd lnwT3 levels.AIH occurs in 5-15%
nf patients on amiodarone.UHcan also occur in
people without pre-exisbng thyso d dysfunction.

• Arniodarone Induced ihyrotoxicovs|JU1):occurs In
2-12\ of patents on amiodarone. Iha may be due
to either art increased iodine load in patients with

TSH Decreased in1°hyperthyroidism
Increased in 2° hyperthyroidism

Increasedin1" hyperthyroidism
Increased in 2" hyperthyroidism
Graves':TRAb

Increased in1° hypothyroidism
Decreased in 2‘ hypothyroidism
Decreased in1‘hypothyroidism
Decreased in 2‘ hypothyroidism
Hashimoto's:TPOAb, TgAb
Decreaseduptake
Subacute thyroiditis
Recent iodine load
Exogenous thyroid hormone

Freeti

Antibodies
Increased uptake
Graves'
Toxic multinodular goitre
Toxic adenoma
Graves':homogenous diffuse uptake
Multinodular goitre:heterogeneous uptake
loxic adenoma: single intense area of uptake with suppression elsewhere

RAIU

Radioisotope
Thyroid Scan

Thyrotoxicosis a prer.ousty autonomous thyroid such as in Graves'
disease and toxic multinodular goitre(AIT type
l|or amiodarone-induceddestructive thyroid tis

Definition
• clinical, physiological, and biochemical findings in response to elevated thyroid hormone

Epidemiology
• 1% of general population have hyperthyroidism
• I:M=5: 1

1*11 type It)

Signs and Symptoms of
HYPERthyroidism

Etiology and Pathophysiology
THYROIDISM
Tremor
Heart rate up
Yawning(fatigue due to insomnia)
Restlessness
Oligomenorrhea/amenorrhea
Intolerance to heat
Diarrhea
Irritability
Sweating
Muscle wasting/weight loss

Table 16. Differential Diagnosis of Thyrotoxicosis
Disorder TSH Free T./Ti Thyroid

Antibodies
RAIU Other

HYPERTHYROIDISM
Graves' Disease Decreased Increased TRAb Increased Homogenous uptake

on scan
Heterogeneous
uptake on scan

Intense uptake in hot
nodule on scan with
suppressed uptake in
the rest of the gland

Toxic Nodular Goitre Decreased Increased None Increased

Toxic Nodule Decreased Increased IncreasedNone

THYROIDITIS
Subacute,Silent.
Postpartum

Up to 50% of cases
(TPOAb. TgAb)

Decreased Increased Decreased (increases In classical subacute
once entering
hypothyroid phase,
when TSH rises)

painful thyroiditis.
ESR increased Common Etiologies

Thyrotoxicosis Hypothyroidism
EXTRATHYROIDAL SOURCES OF THYROID HORMONE
Endogenous
(struma ovarii,
ovarian teratoma,
metastatic follicular
carcinoma)

Exogenous (drugs) Decreased

Graves' Disease Hashimoto's
Toxic Nodular Goitre Congenital

Iatrogenic
(thionamides.
radioactive iodine.o<
surgery)

Decreased Decreased Low thyroglobulin
since endogenous
thyroid hoimone
production
suppressed

Increased None

Toxic Nodule

Increased (Ti would None
be decreased if
taking Tj)

Decreased Hyperthyroid phase of Hypothyroid phase ol
thyroiditisthyroiditis

EXCESSIVE THYROID STIMULATION

Pituitary
Thyrotropinoma

Increased Increased Pituitary mass;
possible PRL or GH
excess
Abnormal THRB gene

analysis

Increased or
inappropriately
normal

Pituitary Thyroid Increased or normal Increased
Hormone Receptor
Resistance

Increased hCG (e.g. Decreased
pregnancy)

None

None Increased

Test is contraindicated
in pregnancy

Increased None p1
L J
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Clinical Features

Table 17. Clinical Features of Thyrotoxicosis
General Fatigue,heat intolerance, irritability, fine tremor

CVS Tachycardia.alrial fibrillation, palpitations
Elderly patients may have only cardiovascular symptoms,commonly new onset atrial fibrillation
Weight loss with increased appetite, thirst, increased frequency of bowel movements|hyperdefecalion)

Proximal muscle weakness, hypokalemic periodic paralysis (more common in Asian individuals)
Oligomenorrhea, amenorrhea, decreased feitilily
Fine hair,moist and warm skin, vitiligo, soli nails with onycholysis (Plummer’s nails), palmar erythema, pruritus
Graves' disease:clubbing (acropadiy),prelibial myxedema (rare)
Decreased bone mass, proximal muscle weakness
Graves' disease: leukopenia, lymphocytosis, splenomegaly,lymphadenopathy (occasionally)
Graves’ disease:lid lag. retraction, proptosis,diplopia, decreased acuity,puffiness, conjunctival injection
NOTE:Lid lag is a reflection of a hyperadrenergic state and can be present in any form of thyrotoxicosis

Gl

Neurology
GU
Dermatology

MSK

Hematology
Eye

Treatment
• p-blockers for control of adrenergic symptoms
• antithyroidals (thionamidcs): propylthiouracil ( R U ) or methimazole (MMl); MMI recommended

• to prepare patients with endogenous hyperthyroidism for surgery, for patients with Graves'
disease, and for patients with toxic nodules who do not wish to have definitive treatment with
radioactive iodine or surgery

• radioactive iodine thyroid ablation for Graves' disease and toxic nodules/adenoma
• surgery in the form of hemi, subtotal, or complete thyroidectomy for toxic nodules
• surgery in the form of total thyroidectomy for Graves’disease

Graves’ Disease
Definition
• an autoimmune disorder characterized by autoantibodies that stimulate the TSH receptor leading to

hyperthyroidism
Graves' Ophthalmopathy

NO SPECS (In the usual order of changes)
No signs
Only signs: lid lag, lid retraction
Soft tissue:periorbital puffiness,
conjuctival injection, diemosis
Proptosis/exophthalmos
Extraocular (diplopia)
Corneal abrasions (unable to close

Epidemiology
• most common cause of hyperthyroidism
• occurs at any age with peak in 3rd and 4th decade
• F:M=7:1, 1.5-2% of women in the United States
• familial predisposition: 15% of patients have a close family member with Graves’disease and 50%

have family members with positive circulating antibodies
• association with HLA-B8 and DR3
• may be associated with other autoimmune disorders (e.g. pernicious anemia, Hashimoto’s disease)

eyes)
Sight loss

Etiology and Pathophysiology
• autoimmune disorder due to breakdown in thyroid tolerance likely due to a combination of factors

including autoreactive B lymphocytes and an imbalance favouring a TH2 vs. TH 1 immune response
• B lymphocytes produce '1 SI that binds and stimulates the I SH receptor, and thus, the thyroid gland
• immune response can be triggered by postpartum state, iodine excess, viral or bacterial infections,

and glucocorticoid withdrawal
• ophthalmopathy (thyroid associated orbitopathy) is a result of increased connective and extraocular

muscle tissue volume due to inflammation and accumulation of glycosaminoglycans, stimulated by
TS1, that increase osmotic pressure within the orbit; this leads to fluid accumulation and forward
displacement of the eyeball

• dermopathy (pretibial or localized myxedema) may be related to cutaneous glvcosaminoglycan
deposition

Clinical Features
• signs and symptoms of thyrotoxicosis
• diffuse goitre ± thyroid bruit secondary to increased blood flow through the gland
• ophthalmopathy: proptosis, diplopia, conjunctival injection, corneal abrasions, periorbital puffiness,

lid lag, decreased visual acuity (plus signs of hyperthyroidism: lid retraction, characteristic stare)
• dermopathy (rare): pretibial myxedema (thickening of dermis that manifests as non-pitting edema)
• acropachy: clubbing and thickening of distal phalanges

Other Medications Used in the
Treatment of Graves'
G lucocorticoids have been useful
in the treatment of severe Graves’

hyperthyroidism and thyroid storm,by
inhibiting the conversion of peripheral
T« to T3

Lithium can also be used to treat
Graves' hyperthyroidism. It acts by
blocking thyroid hormone release,but its
toxicity has limited its use in practice

m
Caution with Thionamides
These drugs are highly effective
inhibitors of thyroid hormone synthesis,
inducing permanent remission in
20-30% of patients with Graves'
disease. They are most often employed
to achieve a euthyroid state before
definitive treatment. Adverse effects
include teratogenicity, agranulocytosis,
hepatotoxicity. and ANCApositive
vasculitis

r n
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Investigations
• low TSH
• increased free T4 (and /or increased T3)
• positive for TR Ab ( the currently available third -generation T'RAb tests have sensitivity and specificity

over 98%, allowing their use for determining the etiology of hyperthyroidism)
• increased RA1U
• homogeneous uptake on thyroid scan
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Treatment
• thionamides (antithyroid medications): PTU or methimazole MMI.In 2020, PTU became unavailable

in Canada and it is unclear whether it will be available in the future
PT U and MMI inhibit thyroid hormone synthesis by inhibiting peroxidase-catalyzed reactions,
thereby inhibiting organification of iodide, blocking the coupling of iodotyrosines
PTU also inhibits peripheral deiodination of T4 to T3
treat for approximately 12-18 mo aiming for a normal TSH and TKAb prior to consideration of
treatment discontinuation
small goitre, mild hyperthyroidism, and low TRAb titres are good predictors for long-term
remission with medical therapy
remission (normal thyroid indices one vr after discontinuation of PTU or MMI) rates range
between 20-30% following 12-18 mo of antithyroid medication
major side effects: hepatotoxicity (cholestasis, hepatitis), agranulocytosis, vasculitis
minor side effects:minor rash, pruritus
MMI is preferred to PTU due to longer duration of action (once daily dosing for most), more rapid
resolution of hyperthyroidism, and lower incidence of side effects
in pregnancy: use PTU during first 16 wk of pregnancy and MMI after. MMI is contraindicated in
the first trimester due to risk of aplasia cutis; MMI is preferred in the second and third trimester
due to the potential risk of hepatotoxicity with PTU in the second and third trimesters

• symptomatic treatment with p-blockers
• thyroid ablation with radioactive 1-131 if PT U or MMI trial does not produce disease remission or

patient prefers definitive treatment with RA1
high incidence of hypothyroidism after 1-131 requiring lifelong thyroid hormone replacement
contraindicated in pregnancy
may worsen ophthalmopathy; concurrent treatment with prednisone if high risk for or if
ophthalmopathy present

• total or near total thyroidectomy (indicated for large goitres, suspicious nodule for cancer, if
patient is intolerant to thionamides and dedines/is not a candidate for RAI ablation, women who
wish to conceive in the near future warranting rapid control of hyperthyroidism, uncontrolled
hyperthyroidism not responding to anti-thyroid drugs in pregnancy (surgery safest in second
trimester), patient preference)
• risks: permanent hypothyroidism, hypoparathyroidism,and vocal cord palsy due to potential

laryngeal nerve damage
• ophthalmopathy/orbitopathy

smoking cessation is important
prevent drying of eyes and ulceration of cornea by using artificial tears during the day and
lubricants at night
high dose prednisone or IV methylprednisolone in severe cases

• high dose glucocorticoids preferably IV as well as potential orbital decompression surgery for
sight threatening orbitopathy
orbital radiation, surgical decompression

Prognosis
• course involves remission and exacerbation unless gland is destroyed by radioactive iodine or surgery
• total and subtotal thyroidectomy are rapid cures with low-risk of recurrence (2% and 10%,

respectively)
• radioactive iodine is less invasive than surgery, but also results in permanent hypothyroidism and

requires precautions in contacts several days after treatment
• medical therapy with thionamides is not invasive, but has high recurrence rate at -50%
• lifetime follow-up needed

r i
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Subacute Thyroiditis (Thyrotoxic Phase)
• there are two main types: painful (de Quervain’s) and painless (silent)

Table 18. Painful vs. Painless Subacute Thyroiditis
Painful Thyroiditis (de Ouervain’s, granulomatous) Painless Thyroiditis (silent, autoimmune)

Pathophysiology Presumed lo be caused by viral infection or postviral inflammatory Considered variant ol Hashimoto's thyroiditis
Associated with HLA 0R 3process

Strongly associated with HLA- D35
Thyroid inflammation damages thyroid follicles, resulting in release Also caused by inflammatory damage leading lo

unregulated release ol Ii and 1i into circulation

Postpartum subtype occursfollowing pregnancy

ol large amounts ol T4 and 13 until stores are exhausted
Slate ol hypothyroidism often persists until thyroid can generate
suflicient thyroid hormones

Clinical Features Painful swelling of the thyroid (may radiate to jaw and ears).
transient vocal cord paresis, malaise, fatigue, myalgia, fever
Often preceded by IIRTI
Painful condition lasts for a week to lew months

Thyroid enlargement without discomlorl
in association with the typical thyroid function
test abnormalities consisting of hyperthyroidism,
hypothyroidism, and recovery

Signs of hyperthyroidism during hyperthyroid phase (palpitations. Signs of hyperthyroidism during hyperthyroid phase
tachycardia, stare) (palpitations, tachycardia, stare)

Allects women more than men
Initial elevated Tiandh
Near absentRAIU
(SR and CRP often elevated

Laboratory
Investigations

Initial elevated Ti and I:
Near absent RAIU

P-adrenergic blockage is usually eflective in reversing
fl -adrenergic blockage is usually effective in reversing most of the most ol the hypermetabolic and cardiac symptoms
hypcrmctabollc and cardiac symptoms
If symptomatically hypothyroid, may treat short- term with thyroxine with thyroxine
Complete spontaneous recovery to normal thyroid lunction in 90% 10% ol patients may become permanently hypothyroid
ol patients
10% of patients may become hypothyroid and require permanent
replacement

NSAID/prednisone for paintreatment

II symptomatically llypolhyroid, may treat short - term

Prognosis
Al risk ol recunen!episodes of thyroiditis

Toxic Adenoma/Toxic Multinodular Goitre
Etiology and Pathophysiology
• autonomous thyroid hormone production from a functioning adenoma that is hypcrsecreting T4 and

T3
• may be singular (toxic adenoma) or multiple (toxic multinodular goitre (Plummer’s disease))
• more common in elderly people as opposed to Graves' disease which is more common in younger

individuals

Clinical Features
• multinodular goitre
• tachycardia, heart failure, arrhythmia, weight loss, nervousness, weakness, tremor, and sweats
• local neck compression symptoms such as dysphagia, dysphonia, or dyspnea may be present with

large goitres

Investigations
• low TSH, high free T4 and free T3
• thyroid scan with increased RAIU in nodule(s) and suppression of the remainder of the gland

Treatment
• use high dose radioactive iodine (1-131) to ablate hyperfunctioning nodules
• p-blockers often necessary for symptomatic treatment prior to definitive therapy
• surgical excision may also he used as first-line treatment
• initiate therapy with PTU or MM1 to attain euthyroid state in individuals who do not wish to have

definitive treatment of their disease, in preparation for thyroidectomy, or prior to RA1 in patients at
risk for complications due to exacerbation of hyperthyroidism following RA 1 such as the elderly with
cardiovascular disease

Thyrotoxic Crisis/Thyroid Storm
Definition
• medical emergency - acute exacerbation of all of the symptoms of thyrotoxicosis presenting in a life-

threatening state secondary to uncontrolled hyperthyroidism
• rare, but serious with mortality rate between 10-30%

Etiology and Pathophysiology
• often precipitated by infection, trauma, or surgery in a hvperthyroid patient

+
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Differential Diagnosis
• sepsis, pheochromocytoma, malignant hyperthermia, drug overdose, neuroleptic malignant

syndrome

Clinical Features
• hyperthyroidism
• extreme hyperthermia (S40°C), tachycardia, vomiting, diarrhea, hepatic failure with jaundice, atrial

fibrillation, CHE
• CNS manifestations including agitation , delirium, psychosis, lethargy, seizures, coma

Laboratory Investigations
• increased free T4 and T3, undetectable TSH
• ± anemia, leukocytosis, hyperglycemia, hypercalcemia, elevated LET*
General Measures
• fluids, electrolytes, and vasopressor agents should be used as indicated
• a cooling blanket and acetaminophen can be used to treat the pyrexia
• propranolol or other (1-blockers can additionally be used, but should be used with caution in patients

with decompensated heart failure as they may worsen condition
propranolol is frequently used because it decreases peripheral conversion of T4 to T3

Specific Measures
• PTU is the anti-thyroid drug of choice and is used in high doses (200 mg q4 h)
• give iodide, which acutely inhibits the release of thyroid hormone, 1 h after the first dose of PTU is

given
sodium iodide I g IV drip over 12 h q 12 h
OR
Lugol’s solution 10 drops q8 h
OR
potassium iodide (SSKI) 5 drops q6 h

• hydrocortisone 100 mg IV q8 h or clexamethasone 2-4 mg IV q6 h for the first 24-48 h; inhibits
peripheral conversion of T4 to T3

Hypothyroidism
Definition
• clinical syndrome caused by insufficient thyroid hormone production

Epidemiology
• 2-3% of general population. F:M=10:1
• 10-20% of women >50 have subclinical hypothyroidism (normal '14, TSH mildly elevated)
• iodine deficiency is the most common cause worldwide, but not in North America

f adore Affecting Gastrointestinal Absorption of
levothyrorine:A Review
Cl*Titer 201);39|2):3« 403
• (I disorders such as cebac disease,atrophic

gastritis, lactose intolerance.H. pylori infection
nay impede levotbyroiine absorption.. tv : c.:i - q ;::- t i t , - .net -fr - ; ‘:.v
to significantly reduce exogenous Ibyroid hormone
absorption from the Gi tract These wictude proton-
pump inhibitors. H2 receptor antagonists,calcium
carbonate, sucralfate,and aluminum bydronde.. I c r a t e s s' o o - :: - t e- i t i n a l :: :i

oflerothyrorine.
• food, especially soybeans andcoffee. hare been

shown to leduce absorption of levoUiyroxine
significantly.. Roughly 80% of lerotfiyroiine is absorbed within 3
h after administration of the drug. Thus, patients
Should be educated to take levothyroniae on empty
stomach at least 1 b prior to eating breakfast.

Etiology and Pathophysiology
• primary hypothyroidism (90%)

• inadequate thyroid hormone production due to an intrinsic thyroid defect
u iatrogenic: post-ablative (1-131 or surgical thyroidectomy)

autoimmune: Hashimoto's thyroiditis
hypothyroid phase of subacute thyroiditis
drugs: goitrogens (iodine), PTU, MM I, lithium

• infiltrative disease (progressive systemic sclerosis, amyloid)
• iodine deficiency
» congenital (1/4000 births)

neoplasia
• secondary hypothyroidism: pituitary hypothyroidism
• insufficiency of pituitary TSH
• tertiary hypothyroidism:hypothalamic hypothyroidism
• decreased TRH from hypothalamus (rare)
• peripheral tissue resistance to thyroid hormone (Refetoif syndrome)

Table 19. Interpretation of Serum TSH and Free T« in Hypothyroidism rn
LJSerum TSH FreeTi

Overt Primary Hypothyroidism
SubclinicalPrimary Hypothyroidism
Secondary Hypothyroidism

Increased
Increased
Decreased or not appropriately elevated

Decreased
Normal
Decreased +
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Clinical Features

Table 20. Clinical Features of Hypothyroidism Subclinical Hypothyroidism: A Review
JAMA 2019;322:153-160
Ebckground Up aMS ot the adultpop- ialion
tiptnencn jubtlinital hypethyro dism,defined
a elevated ISH (»4.4 mUfl|with notmalleeeIs ol
fiee 14. The deqiee of abnormality that warrants
management is controversial.
Observations:Sjbtlinical hypotfiyrodism is most
often caused byautoimmune thyroiditis, ttmay
be associated w th increased nskof OIF and CAD
events.Further.* substantial portion of patients
with subclinical hypothyroidism progress to overt
hypothyroidism,hrdence from large RCIs to support
levotbyroiine therapy in these patients is lacking.
The rationale for treatment is thereforebased on
levathyronme'spotential to prevent cardiovascular
events and progress-on to overt hypothyroidism.
Recommendations : Most individuals with subclinical
hypothyioidismcan beobsetvedvi thou!treatment.
Candidates for levotbyroiine therapy include
those with serumISH levels >10 mU/Land young
and middle -agedpatients with symptor.sof mild
hypothyroidism.

General Fatigue,cold intolerance, slowing of mental and physical performance, hoarseness, macroglossia
Pericardial effusion, bradycardia, hypotension.worsening CHF * angina.hypercholesterolemia, hypcihomocystcincmia,
myxedema heart

Respiratory Decreased exercise capacity,hypoventilation secondary to weak muscles, decreasedpulmonary responses lohypoxia, sleep
apnea due to macroglossia
Weightgain despite poor appetite.constipation

Neurology Paresthesia, slow speech, muscle Clamps, delayed deep tendon reflex relaxation|“hung reflexes"), carpal tunnel syndrome,

asymptomatic elevated CK. scuures
Menorrhagia, amenorrhea, impotence, pre-menopausal abnormal vaginal bleeding

CVS

Gl

GU
Dermatology Facial pulfmess. periorbital edema, cool and pale, dry and rough skin, dry and coarse hair, eyebrows thinned (lateral 1/3),

discolouration (carotenemia)

Hematology Anemia:1D\ pernicious due to piesencc ol anti parietal cell antibodies with Hashimoto'sthyioidilis

Treatment
• L-thyroxine (dose range: 0.05-0.2 mg PO once daily, up to 1.6 pg/kg/d)
• elderly patients and those with CAD: start at 0.025 mg daily and increase gradually every 6 wk (start

loss’, go slow)
• after initiating L-thyroxine, TSH needs to be evaluated in 6 wk; adjust dose until TSH returns to

normal reference range
• once maintenance dose achieved, follow up TSH with patient annually
• secondary/tertiary hypothyroidism: monitor via measurement of free T4 (TSH is unreliable in this

setting) Signs and Symptoms of
HYPOthyroidism

CONGENITAL HYPOTHYROIDISM
• see Paediatrics, P34 HIS FIRM CAP

Hypoventilation
Intolerance to cold
Slow HR
Fatigue
Impotence
Renal Impairment
Menorrhagia/amenorrhea
Constipation
Anemia
Paresthesia

Hashimoto’s Thyroiditis
Definition
• most common form of primary hypothyroidism in North America
• chronic autoimmune thyroiditis characterized by both cellular and humoral factors in the destruction

of thyroid tissue
• two major forms: goitrous and atrophic; both forms share same pathophysiology but differ in the

extent of lymphocytic infiltration, fibrosis, and thyroid follicular cell hyperplasia
• goitrous variant usually presents with a small, rubbery goitre and euthyroidism, then hypothyroidism

becomes evident
• associated with fibrosis

• atrophic variant patients arc hypothyroid from onset
• risk factor for rare primary thyroid lymphoma

Etiology and Pathophysiology
• defect in a T-suppressor clone leads to cell-mediated destruction of thyroid follicles
• B lymphocytes produce antibodies against thyroid components including thyroglobulin, thyroid

peroxidase, TSH receptor, Nat / I- symporter

Risk Factors
• F:M=7:1
• genetic susceptibility: increased frequency in patients with Down's syndrome, Turner's syndrome,

certain HLA alleles, cytotoxic T-lymphocyte-associatcd protein -1 (CTLA-4)
• family Hx or personal Hx of other autoimmune diseases
• cigarette smoking
• high iodine intake

Investigations
• high TSH, low T4 (not necessary to measure T3as it will be low as well)
• presence of TPOAb and TgAb in serum

Treatment
• if hypothyroid, replace with L-thyroxine (analog of '1'4)

r »
L J

Myxedema Coma
Definition
• medical emergency - severe hypothyroidism complicated by trauma, sepsis, cold exposure.Ml,

inadvertent administration of hypnotics or narcotics, and other stressful events
• rare; high level of mortality (up to 40%, despite therapy)
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Clinical Features
• decreased mental status and hypothermia are hallmark symptoms
• hyponatremia, hypotension, hypoglycemia, bradycardia, hypoventilation, and generalized non-pitting

edema often present

Investigations
• decreased T4, increased TSH, decreased glucose
• check ACTH and cortisol for evidence of adrenal insufficiency

Treatment
• aggressive and immediate treatment required
• ABCs:1CU admission
• corticosteroids (for risk of concomitant adrenal insufficiency): hydrocortisone 100 mg q8 h
• L-thyroxine 0.2-0.5 mg IV loading dose, then 0.1 mg IV once daily until oral therapy tolerated: also

consider T3 therapy
• supportive measures: mechanical ventilation, vasopressors, passive rewarming, IV' dextrose, fluids if

necessary (risk of overload)
• monitor for arrhythmia

Non-Thyroidal Illness (Sick Euthyroid Syndrome)
Definition
• changes in the regulation of the hypothalamic-pituitarv-thyroid axis, and thyroid hormone

metabolism and transport among patients with severe illness, trauma, surgery, or starvation
• not due to intrinsic thyroid, pituitary, or hypothalamic disease
• initially low free T3 may be followed by low TSH and, if severe illness, low free T4
• with recovery of illness, TSH may become transiently high

Pathophysiology
• abnormalities include alterations in:

peripheral transport and metabolism of thyroid hormone
regulation of TSH secretion

• may be protective during illness by reducing tissue catabolism

Labs
• initially decreased free T3 followed by decreased TSH and Anally decreased free T4
• with recovery of illness, TSH may become elevated

Treatment
• treat the underlying disease; thyroid hormone replacement has not shown to be benefleial
• thyroid function tests normalize once patient is well (initially with a transient increase in TSH)

Non-Toxic Goitre
Definition
• generalized enlargement of the thyroid gland in a euthyroid individual that does not result from

inflammatory or neoplastic processes

Pathophysiology
• the appearance of a goitre is more likely to present during adolescence, pregnancy, and lactation due

to increased thyroid hormone requirements
• early stages:goitre is usually diffuse
• later stages: multinodular non-toxic goitre with nodule,cyst formation, and areas of ischemia,

hemorrhage, and ftbrosis

Etiology
• iodine deftciency or excess
• goitrogens: brassica vegetables (e.g. turnip, cassava)
• drugs: iodine, lithium, para-aminosalicylic acid
• any disorder of hormone synthesis with compensatory growth
• peripheral resistance to thyroid hormone

Treatment
• remove goitrogens
• radioiodine therapy (very high doses required given low iodine uptake, used as last resort in very

highly selected cases where the goiter is causing symptoms and surgery is not feasible)
• suppression with L-thyroxine ( rarely done)
• surgery may be necessary’if severe compressive symptoms develop (rare);patients are often asymptomatic

n
L J

+
Complications
• compression of neck structures causing stridor, dysphagia, pain, and hoarseness of voice
• multinodular goitre may become autonomous leading to toxic multinodular goitre and hy'perthyroidism
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Thyroid Nodules
Definition
• discrete lesion that can be distinguished sonographically from the rest of the thyroid parenchyma
• 19-67% prevalence based on incidentally found nodules on U/S

Etiology
• benign tumours (e.g. follicular adenoma)
• thyroid malignancy
• hyperplastic area in a multinodular goitre
• cyst: true thyroid cyst, area of cystic degeneration in a multinodular goitre

Investigations
• approach to thyroid biopsy depending on U/S characteristics of the nodule
• benign or very small nodules suspicious for thyroid cancer do not require ongoing surveillance
• small nodules suspicious for thyroid cancer require up to five years of surveillance
• larger nodules suspicious for thyroid cancer require biopsy

Thyroid nodule on U/S

Third generation TSH

LowTSH Normal/elevated TSH

U/S-guided biopsy if
indicated based on U/S

characteristics

Thyroid scan

Cold noduleHot nodule
1

U/S-guided biopsy it
indicated based on U/S

characteristics
No biopsy

Treat hyperthyroidism
Treat hyperthyroidism

Figure 13. Approach to the evaluation of a thyroid nodule
Adapted from Of.J Goguen.University of Toronto.MMMD 2013

Thyroid Malignancies
• see Otolaryngology. OT37

Adrenal Cortex
Adrenocorticotropic Hormone
• a polypeptide (cleaved from prohormone POMC), secreted in a pulsatile fashion from the anterior

pituitary with diurnal variability (peak: 0200-0400 h; trough: 1800-2400 h)
• secretion regulated by CRH and AV'P
• stimulates growth of adrenal cortex and release of glucocorticoids, adrenal androgens and, to a very

limited extent, mineralocorticoids
• ACTH can directly bind to MSH receptors on melanocytes, enhancing melanogenesis

Tblood glucose, trauma,infection,
emotion, circadian rhythm

i
CNS -4iAdrenocortical Hormones Hypothalamus -a -

Q
o ® !©Aldosterone

• a mineralocorticoid which regulates ECPV through Na '(and C1-) retention and R ' (and H ’ ) excretion
(stimulates distal tubule Na 1/K+ATPase)

• regulated by the RA AS and hyperkalemia
• negative feedback to juxtaglomerular apparatus (|GA) by long loop (aldosterone volume expansion)

and short loop (angiotensin 111 peripheral vasoconstriction)

CRH A\ P

Pituitary -4 - -
i GACTH Cult SLi ri—Adrenal gland

Figure 14.Regulation of CRH-ACTH-

adrenal gland axis
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Cholesterol © 17-hydroxylase

© 3-Pdehydrogenase
@ 21-hydroxylase
(T) 11-hydroxylase

(f) 17-pdehydrogenase
(ff) Aromatase
(£) 5-areductase
(jP) 18-hydroxylase
(018-oxidase

’Most common enzyme defect

*© Layers of the Adrenal CortexPregnenolone

I© OUTSIDE© 17-OH-pregnenolone Zona Glomerulosa produces
mineralocor tlcoids (aldosterone)

>DHEASProgesterone

I® I© 1®
Zona Fasciculate produces
glucocorticoids (cortisol)11-deoxycorticosterone 17-OH-progesterone Androstenedione

I® I©I© @ Zona Reticularis produces
androgens IDHEA,
androstenedione)

Corticosterone Testosterone11-deoxycortisol

|© |©
INSIDE18-hydroxycorticosterone Cortisol Estradiol Dihydrotestosterone

I©
Aldosterone

Mineralocorlicoids
(zona glomerulosa)

Glucocorticoids
(zona fasciculata)

Figure 15. Pathways of major steroid synthesis in the adrenal gland and their enzymes

Sex Steroids
(zona reticularis)

iuolume
iarterial pressure
iNa delivery to macula densa
Prostaglandins
Sympathetic stimulation

tvolume
Tarterial pressure
Dopamine
Renal Na ' retention

lI
Stimulation of JGA Inhibition of JGA

i
Renin (kidney) ACE (lung and kidney)

Angiotensinogen Angiotensin I Angiotensin II
(with negative feedback to inhibit JGA)

1
* Renal Na retention,K excretionAldosterone release

Arteriolar vasoconstriction
Promotion ol ADH release

ACE - angiotensin converting enzyme
JGA - juxtaglomerulai apparatus

Figure 16. Renin-angiotensin-aldosterone axis (see Nephrology, NP4)

Cortisol
• a glucocorticoid regulated by the HPA axis
• involved in metabolism regulation
• supports blood pressure and vasomotor tone
• also involved in behavioural regulation and immunosuppression

Table 21. Physiological Effects of Glucocorticoids
Stimulatory Effects Inhibitory Effects

Stimulate hepatic glucose production (gluconcogencsis)
Increase insulin resistance in peripheral tissues
Increase proteincatabolism

Stimulate leukocytosis and lymphopenia
Increase cardiac output,vascular tone.Na ’retention

Increase PIN release,mine calcium excretion

Inhibit bone formation;stimulate bone resorption
Inhibit fibroblasts,causing collagen andconnechve tissue loss
Suppress Inflammation;impair cell-mediated immunity
Inhibit growth hormone axis*
Inhibit reproductive axis’
Inhibit vitamin (Hand inhibit calcium uplakc

'Typically only occurs with cortisol excess

Androgens
• sex steroids regulated by ACT H; primarily responsible for adrenarche (growth of axillary and pubic

hair)
• principal adrenal androgens are: DHEA, androstenedione, and l l -hydroxyandroslenedione
• proportion of total androgens (adrenal to gonadal) increases with age

ri
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Adrenocortical Functional Workup
STIMULATION TEST
• purpose: diagnose hormone deficiencies
• method: measure target hormone after stimulation with tropic (pituitary) hormone

Tests of Glucocorticoid Reserve
• Cosyntropin (ACTH analogue) Stimulation Test

administer 250 pg cosyntropin 1V/1M, and measure plasma cortisol levels before and 30 and 60
min after administration
physiologic response:stimulated plasma cortisol of >500 nmol/L (>18 pg/dL) at 30 or 60 min

physiologic response rate threshold may be lower with newer assays and should be confirmed
with local lab

« inappropriate response: inability to stimulate increased plasma cortisol; peak cortisol levels below
500 nmol/L (18 pg/dL) at 30 or 60 min

SUPPRESSION TESTS
• purpose: diagnose of hormone hypersecretion
• method: measure target hormone after suppression of its tropic (pituitary) hormone

1. Tests of Pituitary-Adrenal Suppressibility
• DXM suppression test
• principle: DXM suppresses pituitary ACTH,plasma cortisol should be lowered if HPA axis is normal
• screening test: low-dose overnight DXM suppression test

oral administration of 1 mg DXM between 11 pm and midnight, then measure plasma
cortisol levels the following day between 8 am and 9 am
physiologic response: plasma cortisol <50 nmol (<1.8 pg/dL)
inappropriate response:failure to suppress plasma cortisol
false positive results due to obesity, depression, alcoholism, medications inducing the
metabolism of DXM

• testing of excess cortisol production
elevated 2-1 h urine free cortisol (shows overproduction of cortisol)
midnight salivary cortisol (if available) shows lack of diurnal variation

- inappropriately remains high, >145 ng/dL (4 nmol/L) (normally will be low at midnight)

2. Tests of Mineralocorticoid Suppressibility
• multi

and t
• positive screen for PA is elevated aldosterone:renin ratio in the presence of high aldosterone

• there is variability in the interpretation of aldosteronc:renin ratio depending on the assays used
• confirmation of PA requires lack of aldosterone suppression:with expansion of ECE'V, plasma

aldosterone should be lowered
• ECE'V Expansion with NS

IV infusion of 500 mL/h of NS for 4 h, then measure plasma aldosterone levels
plasma aldosterone >277 pmol/L is consistent with PA, <140 pmol/L is normal

• inappropriate response: failure to suppress plasma aldosterone

pie medications can interfere with the interpretation of screening and confirmatory tests for PA
nese may need to be held prior to testing

Mineralocorticoid Excess Syndromes
Definition
• PA:excess aldosterone production (intra-adrenal cause) (previously called hyperaldosteronism)
• SA:aldosterone production in response to excess RAAS (extra-adrenal cause)

Etiology
• aldosterone-producing adrenal adenoma (Conn’s syndrome)
• bilateral or idiopathic adrenal hyperplasia
• glucocorticoid-remediable aldosteronism
• aldosterone-producing adrenocortical carcinoma
• unilateral adrenal hyperplasia
• ectopic aldosterone-producing tumours
• familial hyperaldosteronism (I'H) types l-IV

L J
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Hypertension end Hypokalemia

i r

Plasma renin activity (PRAI
Plasma aldosterone concentration IPAC)

tPRA t PRA iPRA
iPACt PAG t PAC

PAC:PRA ratio>20 ng/dLng/mUh
and

PAC >15 ng/dlI>416 pmol/U

Investigate for
causes ol secondary
hyperaldosteronism

Investigate for
Primary aldosteronism

Investigate for:
Congenital adrenal hyperplasia

Exogenous mineralcortrcoid
DOC-producing tumour

Cushing's syndrome
11- f)HSD deficiency

Altered aldosterone metabolism
Liddle's syndrome

Glucocorticoid resistance

Renovascular HTN
Diuretic use

Renin-secreting tumour
Malignant HTN

Coarctation of the aorta

Figure 17. Approach to mineralocorticoid excess syndromes

Clinical Features
• HTN
• hypokalemia (± mild hypernatremia), metabolic alkalosis
• normal K ’ hyponatremia in secondary hyperaldosteronism (low effective circulating volume leads to

ADH release)
• increased cardiovascular risk: LV hypertrophy, atrial fibrillation, stroke, and Ml
• elevated risk of metabolic syndrome and T2DM
• fatigue, weakness, paresthesia, headache; severe cases present with tetany, intermittent paralysis (only

if KK <2.5 mEq/L)

Diagnosis
• investigate plasma aldosterone:renin ratio in patients with HTN and hypokalemia, drug resistant

HT N, HTN and a first degree relative with PA, HT N and a family history of stoke in a first degree
relative 240 yr, HT N and adrenal incidentaloma

• confirmatory testing for PA: aldosterone suppression test (demonstrate inappropriate aldosterone
secretion with ECF volume expansion ), adrenal vein sampling maybe required to determine whether
there is lateralization of aldosterone excess

• imaging: O' adrenal glands

Table 22. Diagnostic Tests in Hyperaldosteronism
Primary Hyperaldosteronism Secondary HyperaldosteronismTest

Plasma Aldosterone to Renin Ratio (PAC/PRA) Elevated |t aldosterone. » renin)
Salt Loading Test (confirmatory test)

A) Oral Salt Test
B) II/ Saline lest

Normal ( t aldosterone, * renin)

t 24 hour urine aldosterone
Plasma aldosterone concentration >111 pmol/L
(140-277 indeterminant range)

Not performed
Not performed

Treatment
• inhibit action of aldosterone: spironolactone, eplerenone, triamterene, amiloride (act on sodium

channels)
• surgical excision of adrenal adenoma
• secondary hyperaldosteronism: treat underlying cause

L J
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Cushing’s Syndrome
Definition
• metabolic disorder caused by chronic glucocorticoid excess

Etiology
• ACTH-dependent (85%) - bilateral adrenal hyperplasia and cortisol hypersecretion due to:

• ACTH-secreting pituitary' adenoma (Cushing’s disease;80% of ACTH-dependent)
• ectopic ACTH-secreting tumour (e.g. small cell lung carcinoma, bronchial, pancreatic islet cell,

pheochromocytoma, or medullary thyroid tumour)
• ACTH-independent (15%)

• primary adrenocortical tumours:adenoma and carcinoma (uncommon)
bilateral adrenal nodular hyperplasia

• iatrogenic Cushing’s syndrome is likely more common than endogenous cortisol excess but is
infrequently reported; it is ACTH-independent

Clinical Features
• symptoms: weakness, insomnia, mood disorders, impaired cognition, easy bruising, oligo-/

amenorrhea, hirsutism, and acne (ACTH dependent)
• signs:central obesity, round face (“moon face”), supraclavicular and dorsal fat pads, facial plethora,

proximal muscle wasting, purple abdominal striae,skin atrophy, acanthosis nigricans, HTN,
hyperglycemia, osteoporosis, pathologic fractures, hyperpigmentation, hyperandrogenism (if ACTH - Figure 18. Clinical features of

Cushing’s syndrome
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Diagnosis
• rule out excessive glucocorticoid exposure leading to iatrogenic Cushing's syndrome by conducting a

thorough drug history before conducting biochemical testing
• perform one of:1) 24 h urine free cortisol (>2 tests),2) low dose DXM suppression test, or 3) late night

salivary cortisol (S2 tests)
• consider reasons for a false positive (e.g. pregnancy, depression, alcoholism, morbid obesity, poorly

controlled DM,glucocorticoid resistance, physical stress, malnutrition, anorexia nervosa, intense
chronic exercise, hy'pothalamic amenorrhea)

• confirm with one of the remaining tests

Treatment
• adrenal

• adenoma: unilateral adrenalectomy (curative) with glucocorticoid supplementation
postoperatively, tapering slowly until HPA axis has recovered
carcinoma:adrenalectomy in patients with disease localized to the adrenal, adjunctive mitotane
for individuals with high-risk for current disease Mitotane ± chemotherapy for patients with
metastatic disease
medical treatment: ketoconazole to reduce cortisol, mitotane can be used - typically reserved for
patients with malignant disease

• pituitary'
• transsphenoidal resection, with glucocorticoid supplementation postoperatively
• if surgery delayed, contraindicated, or unsuccessful, consider medical management e.g.

ketoconazole, mitotane, pasireotide,or cabergoline
• ectopic ACTH tumour (paraneoplastic syndrome): usually bronchogenic cancer (poor prognosis) -

surgical resection, if possible; chemotherapy/radiation for primary tumour
• medical treatment with mitotane or ketoconazole to reduce cortisol synthesis. Often required

when surgery is delayed, contraindicated, or unsuccessful
• treat comorbidities associated with hypercortisolism

Congenital Adrenal Hyperplasia
• see Paediatrics. P35
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Hyperandrogenism
Definition
• state of having excessive secretion of androgens (DHEA, DHEA-sulfate, testosterone)

Etiology and Pathophysiology

Table 23. Etiology of Hyperandrogenism
Medications Androgen-Mediated
Ovarian

Anabolic steroids.ACIH. androgens, progestational agents
PCOS
Ovarian hyperthecosis
theca cell tumours
Pregnancy:placental sullatase/aromalase deficiency
Congenital adrenal hyperplasia (CAH, late-onsel CAN)
tumours ladenoma.carcinoma)

Cushing'sdisease- high AC1H
Hyperprolactinemia

Adrenal

Pituitary

Clinical Features

Females
• hirsutism

male pattern growth of androgen-dependent terminal body hair in women: back, chest, upper
abdomen, face, linea alba
Eerriman-Gallwey scoring system is used to quantify severity of hirsutism (score of >8 is
abnormal for white/black women, >9 abnormal for Mediterranean/Hispanic/Middle-Eastern
women,i2 for Asian women)

scores should be interpreted in the context of the specific patient and acknowledge limitations
such as the use of cosmetic hair removal

scores between 8-15 are mild, 16-25 moderate, and >25 severe hirsutism
• virilization

frontal balding, ditoromegaly, increased muscle mass, deepening of the voice
• amenorrhea, breast size, infertility, anabolic appearance, acne

Conditions that do Not Represent True
Hirsutism
• Androgen-independent hair (e.g.

lanugo hair)
• Drug-induced hypertrichosis (e.g.

phenytoin, diazoxide, cyclosporine,
minoxidil)

• Topical steroid use

Males
• minimal effects on hair, muscle mass, etc.
• inhibition of gonadotropin secretion may cause reduction in testicular size, testicular testosterone

production, and spermatogenesis

Investigations
• testosterone, DHEA-S as a measure of adrenal androgen production
• LH/I'SH (commonly in PCOS >2.5)
• 17-OH progesterone, elevated in CAH due to 21-OH deficiency; check on day 3 of menstrual cycle with

a progesterone level
• for virilization: CT/MRI of adrenals and ovaries (identify tumours)
• if PCOS, check blood glucose and lipids

Treatment
• discontinue causative medications (e.g.oral DHEA, valproate, danazol)
• antiandrogens,e.g. spironolactone
• oral contraceptives (increase sex hormone binding globulin, which binds androgens>estrogens;

reduces ovarian production of androgens)
• surgical resection of tumour
• glucocorticoid ± mineralocorticoid ifCAH confirmed
• treat specific causative disorders, e.g. tumours, Cushing's, etc.
• cosmetic therapy (laser, electrolysis)

r -i
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Adrenocortical Insufficiency
Definition
• state of inadequate cortisol and/or aldosterone production by the adrenal glands

Etiology

PRIMARY ADRENOCORTICAL INSUFFICIENCY

Table 24. Etiology of Primary Adrenocortical Insufficiency
Autoimmune (70-90%) Isolated adrenal insulliciency (Addison's Disease)

Polyqlandular autoimmune syndromes types I and II
Antibodies often directed against adienal cniymcs and 3 cortical cones
tuberculosis (7 20% ) (most common in developing world )
fungal: histoplasmosis, paracoccidioidomycosis
HIV. CMV
Syphilis
Alncan trypanosomiasis
Metastatic cancer|lung>slomach >csophagus>coion >brcast): lymphoma
Sarcoidosis, amyloidosis, hemochromatosis
Dilateral adienal hemorrhage (risk increased by heparin and warfarin)

Sepsis (meningococcal.Pseudomonas)
Coagulopathy in adults or Walethouse f riderichsen syndrome in children
Ihiombosis.embolism, adrenal infarction
Inhibit cortisol:kcloconarole. etomidatc. megestrol acetate
Increase cortisol metabolism: rifampin, phenylpin. barbiturates
Adrenoteukodystrophy and adrenomyeloneuiopathy
Congenital adrenal hypoplasia (impaired steroidogenesis)
familial glucocorticoid deficiency oi resistance
Defective cholesterol metabolism

Inlections

Infiltrative

Vascular

Drugs

Others

SECONDARY ADRENOCORTICAL INSUFFICIENCY
• inadequate pituitary ACTH secretion
• multiple etiologies (see Hypopituitarism,t23 ),including withdrawal of exogenous steroids

Clinical Features

Table 25. Clinical Features of Primary and Secondary Adrenal Insufficiency (Al)
Primary Al (Addison's or Acute Al) Secondary Al

Skin and Mucosa
Potassium

Dark ( palmar crease,extensor surface) Pale
High Normal

Normal or Low
Absent

Central hypogonadism or hypothyroidism, growth
hormone deficiency, Dl

Weakness, fatigue, weight loss, hypotension, postural
dizziness, myalgia, arthralgia, headaches, visual
abnormalities
Insulin tolerance test
Cosyntropin Stimulation Test
low or inappropriately normal morning plasma ACTH

Sodium
Metabolic Acidosis

Normal or low
Present
Primary hypothyroidism.T1DM.vitiligoAssociated Diseases

Associated Symptoms Weakness, fatigue, weight loss, hypotension,salt
craving, postural dizziness, myalgia, arthralgia
Gl: N/V.abdominal pain, diarrhea
Cosyntropin Stimulation Test
Nigh morning plasma ACTH
High renin

Diagnostic Test

Adapted from:Salvatori R. JAMA 2005494:2481-2488

Treatment
• acute adrenal crisis - can be life-threatening

IV NS 1 L within the first hour followed by continuous IV NS guided by patient requirements; add
D5W if hypoglycemic

• hydrocortisone 100 mg IV stat followed by 50 mg IV q6 h
• identify and correct precipitating factors

• maintenance
• hydrocortisone 15-25 mg PO or cortisone acetate 20-35 mg PI) total daily dose in 2-3 divided

doses, highest dose in the morning
• prednisolone 3-5 mg once daily or 3-5 mg BID can be used as an alternative to hydrocortisone,

especially in patients with reduced compliance
• Plorinef * (fludrocortisone, synthetic mineralocorticoid) 0.05-0.2 mg PO once daily if

mincralocorticoid deficient
• stress dosing

increase dose of steroids 2-3 fold for a few days during moderate-severe illness (e.g. with
vomiting, fever)

• major stress (e.g. surgery, trauma ) requires 150-300 mg hydrocortisone IV daily divided into
3 doses

• medical alert bracelet and instructions for emergency hydrocortisone/dexamethasone IM/SC
injection
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Adrenal Medulla

Catecholamine Metabolism
ABC of Adrenaline

• catecholamines are synthesized from tyrosine in postganglionic sympathetic nerves (norepinephrine)
and chromaffin cells of adrenal medulla (epinephrine)

• broken down into metanephrines and other metabolites (VMA, HVA) and excreted in urine
Adrenaline activates
g-receptors. increasing
Cyclic AMP

Pheochromocytoma/Paraganglioma
Definition
• paragangliomas are rare neuroendocrine tumours that arise from the extra-adrenal autonomic

paraganglia (small organs comprised of neuroendocrine cells that secrete catecholamines)
• pheochromocytomas are catecholamine-secreting tumours derived from chromaffin cells of the

adrenal gland

Epidemiology. most commonly a single tumour of adrenal medulla
• rare cause of HTN (<0.2% of all hypertensives)

Etiology and Pathophysiology
• pheochromocytomas and paragangliomas have the greatest genetic inheritance among

neuroendocrine tumours
• 30-40% cases are linked to germline mutations, including mutations in the RET, YHL, SDHx, NET,

and SDHAF2 genes
• pheochromocytomas and paragangliomas are divided into clusters:cluster 1 - Pseudohypoxia subtype

(FH, VHL/EPASl-related), cluster 2 - Kinase signaling group (HRAS), cluster 3- WNT signaling group
(CSDE1, UBTF-MAML3 fusion)

• most cases are sporadic;40% of affected patients have an associated familial disorder. In these
patients, the tumours are more likely bilateral adrenal pheochromocytomas/paraganglioma

• hereditary forms present earlier than sporadic cases
• several familial disorders are associated with adrenal pheochromocytoma, all have autosomal

dominant inheritance,e.g.multiple endocrine neoplasia type 2 (MEN2) - 50% frequency, von Hippel-
Lindau (VHL) syndrome - 10-20% frequency, and less commonly, neurofibromatosis type 1 (NF1)
- 0.1-5.7% frequency

• some tumours, via an unknown mechanism, are able to synthesize and release excessive
catecholamines

Clinical Features
• 50% suffer from paroxysmal HTN; others have sustained HTN
• classic triad ( not found in most patients): episodic “pounding" headache, palpitations/tachycardia,

diaphoresis
• other symptoms: tremor, anxiety, chest or abdominal pain, N/V, visual blurring, weight loss, polyuria,

polydipsia
• other signs:orthostatic hypotension, papilledema, hyperglycemia, dilated cardiomyopathy
• symptoms may be triggered by stress, exertion, anesthesia, abdominal pressure, certain foods

(especially tyramine containing foods- such as aged/strong cheese and cured meats)

Investigations
• urine metanephrines

increased catecholamine metabolites (metanephrines) and catecholamines
plasma metanephrines, if available (most sensitive)
• cut-off values will depend on assay used

• CT abdomen
if negative, whole body CT and meta-iodo-benzoguanidine (M1BG) scintigraphy,Octreoscan, or
MRI

Treatment
• surgical excision of tumour (curative) with careful pre- and postoperative ICC monitoring
• adequate preoperative preparation

a-blockade for BP control:doxazosin or phenoxybenzamine (these are the most frequently used cJalpha blockers) (10-21 d preoperative), IV phentolamine (perioperative if required)
• (5-blockade if needed for H R control once a blocked for a few days
• metyrosine (catecholamine synthesis inhibitor) + alpha blocker

volume restoration with vigorous salt-loading and fluids
• rescreen urine 1-3 mo postoperatively
• all patients are currently offered genetic testing - probability of germline disease increases with young

age, multifocal disease, in the setting of paraganglioma
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Disorders of Multiple Endocrine Glands

Multiple Endocrine Neoplasia
• neoplastic syndromes involving multiple endocrine glands
• tumours of neuroectodermal origin
• autosomal dominant inheritance with variable penetrance

MEN1Affects the 3 Ps
Pituitary
Parathyroid
Pancreas

Table 26. MEN Classification
Tissues Involved Clinical ManifestationsType

MEN1(chromosome11)
Pituitary (30-40%)
Anterior pituitary adenoma

Headache,visualfield defects,most
commonly secrete PRL(prolactinomas are
the most common pituitary functional tumour
in MEN1leading to galactorrhea,erectile
dysfunction, decreased libido.amenorrhea).
GH (acromegaly).GH-PRL.ACIH (Cushing's),
non functional less common

3 Ps (Pituitary,parathyroid and pancreas)

Parathyroid (>95%)
Primary hyperparathyroidism from hyperplasia
or adenomas Nephrolithiasis, bone abnormal t es.MSK

complaints, symptoms of hypercalcemia
Entero-pancrealic endocrine (30-80%)
Pancreatic islet cell tumours
Gastrinoma
Insulinomas
Vasoactive intestinalpeptide
(VlP)-omas
Glucagonoma
Carcinoid syndrome
Non-functional pancreatic neuroendocrine
tumours

Epigastric pain (peptic ulcers and esophagitis)
Hypoglycemia
Secretory diarrhea

Rash (necrotytic migratory erythema),
anorexia,anemia,diarrhea,glossitis
Flushing,diarrhea,bronchospasm

Adrenal tumours (~40%)

MEN 2 (chromosome10)
1.MEN 2A (Sipple's Syndrome) Thyroid (>90%)

Medullary thyroid cancer (MIC)
Physical signs arevariable and often subtle

Adrenal medulla (40-50%)
Pheochromocytoma (40-50%)

Neck mass or thyroid nodule:non-tender.
anterior lymphnodes
HIN,palpitations,headache,sweating

Parathyroid (20-30%)
1‘parathyroid hyperplasia Symptomsof hypercalcemia

Skin
Cutaneous lichen amyloidosis

Thyroid
MIC (100%)

Thyroid
MIC (»90%)

Scaly skin rash

MIC without other clinical manifestations of
MEN 2Aor MEN 2B

MfC:most common component,more
aggressive and earlier onset than MEN 2A

2.Familial MIC
(a variant of MEN 2A)

3.MEN 2B (also known as M EN3)

HTN. palpitations,headache,sweatingAdrenal medulla
Pheochromocytoma (»50%)

Neurons
Mucosal neuroma,intestinal
ganglioneuromas (100%)

Chronic constipation:megacolon

MSK Marfanoid habitus (no aortic abnormalities)
Marfanoid

Investigations. MEN 1
laboratory

offer genetic testing to all patients with a clinical diagnosis of MEN 1 and their first-degree
relatives

gastrinoma: significantly elevated serum gastrin level with a low gastric pH:when gastrin is
<10.x ULN a secretin stimulation test may be required

insulinoma:hypoglycemia with insulin and C-peptide levels that are inappropriately high for
the level of glucose

glucagonoma:elevated glucagon levels
pituitary tumours:assess GH, IGF-1, 24 h urine cortisol, and PRL levels (for over-
production), TSH, free T4,8 am cortisol, LH, ESH, bioavailable testosterone or estradiol (for
underproduction due to mass effect of tumour)
hyperparathyroidism:serum Ca -'and albumin, PTH levels; bone density scan ( DEXA)

• imaging
MR1 for pituitary tumours, CT or MR1 for gastrinoma, CT, MRi, or endoscopic ultrasound for
insulinoma, parathyroid scan for parathyroid adenomas
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•MEN 2
laboratory

genetic screening for RET mutations on chromosome 10 is the clinical standard of care in
all individuals with a family history of MEN2 and has long-term benefits (early cure and
prevention of MTC)
calcitonin levels (MIC);24 h urine and serum metanephrines (pheochromocytoma);serum
Ca-'and PTH levels (hyperparathyroidism )
pentagastrin ± calcium stimulation test if calcitonin level is within reference range
FNA for thyroid nodules cytology

• imaging
neck U/S or CT to identify thyroid nodules and lymphadenopathy
CT or MRI of adrenal glands to localize pheochromocytoma
metastatic disease generally picked up with cross-sectional imaging

Primary Hyperparathyroidism
Increased PIH secretion commonly due
to parathyroid adenoma, lithium therapy;
less often due to parathyroid carcinoma
or parathyroid hyperplasia

Secondary Hyperparathyroidism
Partial resistance to PTH action leads
to parathyroid gland hyperplasia
and increased PTH secretion, often
in patients with renal failure and
osteomalacia (due to low or low-normal
serum calcium levels)

Treatment
•MEN 1

• medical
proton pump inhibitor (PP1) for acid hypersecretion in gastrinoma
cabergoline or other dopamine agonists to suppress PRL secretion and shrink prolactinomas
somatostatin analogue for control of symptoms of some of the G1 neuroendocrine tumours
such as glucagonoma

• surgery for hyperparathyroidism when surgical indications met, functional pancreatic tumours
(e.g. insulinoma, glucagonoma, gastrinoma), functioning pituitary tumours (except for
prolactinomas where dopamine agonists are used), and nonfunctioning pituitary tumours if
associated with mass effect

trans-sphenoidal approach is generally preferred for pituitary tumours, pituitary irradiation
if surgery is not possible or has failed

Tertiary Hyperparathyroidism
Irreversible monoclonal outgrowth of
parathyroid glands, usually in long-
standing inadequately treated chronic
renal failure on dialysis

•MEN 2
prophylactic thyroidectomy recommended in individuals with documented pathogenic RET
mutation and an increased risk of aggressive MTC; if incident case, thyroidectomy after diagnosis
of MTC

rule out presence of pheochromocytoma and hyperparathyroidism prior to thyroidectomy
thyroid hormone supplementation following total thyroidectomy

prostaglandin inhibitors to alleviate diarrhea associated with thyroid cancer
pheochromocytoma managed with resection

a-blocker for at least 10-21 d for pheochromocytoma preoperatively
• hyperparathyroidism managed with resection of parathyroid adenoma

hydration, IV bisphosphonates, or denosumab for severe hypercalcemia

PH is the most common cause of
hypercalcemia In healthy outpatients.
PH is most commonly related to a
solitary adenoma or. less commonly,
multiple gland hyperplasia.Surgical
eidsion is the definitive treatment and
is recommended for patients who have
symptomatic hypercalcemia, loss in bone
density, kidney stones, or renal failure.
For asymptomatic disease, medical
surveillance may be appropriate with
annual serum calcium, creatinine, and
bone mineral density (8MD)

For asymptomatic patients, surgery is
recommended for those who meet >1of
the following criteria:
• Serum [Ca 2-j >0.25 mmolf L (1.0 mg'dl)

above the upper limit of normal
• Creatinine clearance <60 mL/min
• BMD T-scote <-2.5 at hip.spine, or

distal radius, and’or previous fragility
frachre

• Clinical development of a kidney stone
or by imaging (x-ray, ultrasound, or CT)

• Age <S0 yr

Calcium Homeostasis
• normal total serum C a 2 . 2-2 . 6 mmol/L
• ionic/free Ca -+levels: 1.15-1.31 mmol/L
• serum Ca 2+is 40% protein bound (mostly albumin), 45% ionized, and 15% complexed with PO-t 3-and

citrate
• regulated mainly by: PTH and vitamin D, whose actions are on three main organs:GI tract, bone, and

kidney

Table 27. Major Regulators in Calcium Homeostasis
Major Regulators Source Regulation Net Effect

Parathyroid glands Stimulated by low serum Ca 2-and high serum POi 3-
Inhibited byhigh serum Cat-,highcalcitriol,FGF23,and
chronic low serum Mg2-

Oietary mtakeof cholecalciferol (03) orergocalciferol Stimulated by:
low serum POi3'
High PTH

t Cat-
t C::: :
* - -

PTH

Calcitriol (1,25-(0H) 2DI) » Ca2*
» P0.J(02)

OR
Synthesued from cholesterol: UV light on skm makes
cholecalciferol|03|. liver then converts if to calcidiol
|2S-|0H)D3|and kidneys convert it to calcitriol

Inhibited by:
High serum P0<J"

low PTH
Calcitriol (negative feedback)
FGF23
Stimulated by:
Pentagastrin (GI hormone) and high serum Ca2-;inhibited by * P0«3-
lowsemm Cat-
SeeJle^hrology.HP16
See Nephrology. NP15

rCalcitonin Thyroid C cells a Ca 2-(in pharmacologic doses)

HgCat- Cofactor for PTH secretion
Cat-

Major intracellular divalent cation
Intracellular amon found In all lissuesPOJ +
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UV light Diet J ECF Mg’lacute) lECFCa1'

II

* Total Ca2- does not reflect ionized Ca 2-in
the following circumstances:

• Abnormal albumin levels
• Critical illness
• Chronic hepatic failure/renal failure
When albumin is low,ionized calcium
assessment should be performed

PARATHYROID GLAND -4 QCholecalcilerol

i
LIVER tPTH

I f
25 (OH) vitamin D > KIDNEY If ionized calcium is not available,total

calcium can be corrected for albumin using
this approximation:
Corrected Ca2*(mmol/l) - measured Ca 2*
+ 0.02 (40 - albumin)
• for every decrease in albumin by10.

increase in Ca2'by 0.2

1-a-hydroxylase

1
T 24.25 (OH)

vitamin D (inert)
11,25 (OH):

calcitriol
iP02 reabsorption

resulting in
r POa excretion in the urine

tCa!,and Mg!-
reabsorption

1f
Gl KIDNEY Treatment of Hypercalcemia in Clinical

Practice
In clinical practice, treatment is required
if the patient has a) symptomatic
hypercalcemia or b) extremely high
levels of corrected CaJ>.laboratory
cutoffs may not always be used

BONE

1 I1 I*r Ca’-t P0 /
absorption

l Ca’ excretion Reabsorption 4 T Osteoclast 4
activity

2t Ca- + P0 i
release

=J NET EFFECT
V tECFCa2-

i TECF Calcitriol
IECFP02

i The symptoms and signs of
hypercalcemia include:
“Bones, stones,groans,and
psychiatric overtones”

n

©

Figure 19. Parathyroid hormone (PTH) regulation

Hypercalcemia
Definition
• total corrected serum (.'a i *>2.6 nimol/L OR ionized (.'a 2*> l.35 nimol/ L

High Ca1-
*Initial investigations: PTH

; r
i PTH Normal or t PTH

1 14 1 i
i Ported to T PTHrP) Normal or T ROx*- Drugs: Familial Hypocalcluric Primary Hyperparathyroidism: Tertiary Hyperparathyroidism:

Lithium Hypercalcemia (FHH):
CaJ‘receptor gene defectII Solitary adenoma (81%)

Hyperplasia (15%)
Carcinoma (4%)
MEN 1 and 2a

Increased PTH after
prolonged secondary
hyperparathyroidism
due to renal failure

Vitamin D relatedHumoral mediation:
Lung cancer.RCC.

pheochromocytoma

I1 i
r Calcidiol

(25-OH vitamin D)
t Calcitriol

l1,25-(0H)ivitamin D)
Low vitamin D metabolites

1l i
Granulomatous disease:

eg. tuberculosis, sarcoid,
lymphoma

(esp.Hodgkin) which causes
extra-renal production of

calcitriol by macrophages in
the lung and lymph nodes

Excessive calcitriol intake

Immobilization
Malignancy

High bone turnover:
e.g.hypervitaminosis A,

thyrotoxicosis. Paget’s disease
Milk alkali syndrome:

(hypercalcemia,metabolic alkalosis,
and renal insufficiency)

Drugs: theophylline, thiazide
diuretics, estrogen/tamoxifen

Hypervitaminosis D:
Excessive intake ol

vitamin D or its
metabolites

r -i
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Figure 20.Differential diagnosis of hypercalcemia
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Approach to Hypercalcemia
1. is the patient hypercalcemic?
2. is the PTH high/normal or low?
3. if PTH is low, is phosphate high /normal or low?
4. if phosphate is high/normal, is the level of vitamin D metabolites high or low?

The most common cause of
hypercalcemia in hospital is
malignancy-associated hypercalcemia
• Usually occurs In the later stages of

disease
• Most commonly seen in lung, renal,

breast, ovarian,and squamous
tumours, as well as lymphoma and
multiple myeloma

Mechanisms:
• Secretion of PTHrP which mimics PTH

action by preventing renal calcium
excretion and activating osteoclast-
induced bone resorption

• Cytokines in multiple myeloma
• Calcitriol production by lymphoma
• Osteolytic bone metastases direct

effect
• Excess PTH in parathyroid cancer

Clinical Features
• symptoms depend on the absolute Ca -Value and the rate of its rise ( may be asymptomatic)

Table 28. Symptoms of Hypercalcemia
Cardiovascular Gl Rheumatological MSK Psychiatric NeurologicRenal

Constipation
Anorexia
Nausea

>3 mmol / L (12 mgfdL) Hypotonia
Increased alertness Hyporeflexia
Anxiety
Depression
Cognitive
dysfunction
Organic brain
syndromes

>4 mmol/L|16 mg/dl)
Psychosis (moans)

KIN Polyuria
(Nephrogenic Dl) Pseudogoul
Polydipsia
Nephrolithiasis
(stones)
Renal failure
(irreversible)
Dehydration

Goul Weakness
Bone pain

Chondrocalcinosis (bones)
Arrhythmia
Short 01
Deposition ol Vomiting
Ca ton valves. (groans)
coronary arteries. PUD
myocardial
fibres

Myopathy
Paresis

Pancreatitis

*' Hypercalcemic crisis (usually >4 mmol/L or 16mg/dl): primary symptoms include oliguria/anuria and mental status changes including
somnolenceand eventually coma* this is a medical emergency and should be treated immediately! Before prescribing calcitonin, remember

to ask about fish allergiesTreatment
• <3.0 mmol/ L: mild, often asymptomatic and does not usually require urgent correction
• 3.0-3.5 mmol/L: may he well tolerated chronically and may not require immediate treatment but may

be symptomatic and prompt treatment is usually indicated
• >3.5 mmol /L: severe hypercalcemia requiring urgent correction due to risk of dysrhythmia and coma
• aggressive treatment of acute symptomatic hypercalcemia
• next treat the underlying cause
• mild asymptomatic hypercalcemia: monitor and avoid thiazide, volume depletion, high Ca - 'diet,

lithium, and bed rest

Differential Diagnosis of Hypercalcemia
• Primary hyperparathyroidism
• Malignancy: hematologic, humoral,

skeletal metastases (>90% from 1
or 2)

• Renal disease: tertiary
hyperparathyroidism

• Drugs: calcium carbonate, milk
alkali syndrome, thiazide, lithium,
theophylline, vitamin A/D intoxication

• Familial hypocakiutic hypcrcakemia
• Granulomatous disease: sarcoidosis,

tuberculosis,Hodgkin's lymphoma
• Thyroid disease: thyrotoxicosis
• Adrenal disease: adrenal

insufficiency, phcochtomocyloma
• Immobilization

Table 29. Treatment of Acute Hypercalcemia/Hypercalcemic Crisis
Increase Urinary Ca *1ictetion FLUIDS. FLUIDS. FLUIDS!

Isotonic saline (4 -6 L) over 24hr loop diuretic (e.g. furosernide) but only ilhypervolemic (urine output
>200ml/h)
Calcitonin:

4 lU/kg IM.' SC q12 h
8 lU/kg IM/SC q6 h
Only works lor 48 h.can develop tachyphylaxis
Rapid onset within 4 - 6 h
Before prescribing calcitonin, reinember loask about lish allergies

Blsphosphonates (healincnl olchoice)
Suggest zolcdionic acid 4 mg IV ovci 15 min or pairudronatc 60 90 nig IV over 2 h
Inhibits osteoclastic bone resorption, pieventing calcium release horn bone
Effects on calcium levels aie typically seen at 24 - 48 li alter administration
Calcitonin often given inconjunction with bisphosphonale. given rapid onset of effect
Indicated in malignancy -related hypercalcemia |IV pamldronatc or aoledronlc acid used)
II bisphosphonales are contraindicated (i.e. severe renal impairment), donosumab canbe administered
concurrently with calcitonin

Coilicostcioids can be used in hypercalcemia mediated by 1,25 vitamin D.Corticosteroids are polenl
inhibitors ol la hydroxylase and therefore, decrease calcitriol production by activated mononuclear cells
(e.g. in lymphoma,granuloma)
Effects will be seen in 2-5 d

Treatment of last resort
Indication: severe malignancy -associated hypercalcemia and renal insufficiency or heart failure

Diminish Bone Resorption

Acute Management of Hypercalcemia/
Hypercalcemic Crisis. Volume expansion (e.g. NS IV 300-

500 cc/h): initial therapy
• Calcitonin (SC): transient, partial

response
• Bisphosphonale (IV): treatment of

choice, adjust dose if CrCi <30 ml/
Oecrease Gl Ca ^'Absorption

min
• Corticosteroid:most useful in vitamin

D toxicity, granulomatous disease,
some malignancies

• Saline diuresis " loop diuretic
(for volume overload): temporary
measure

Dialysis

Hypocalcemia
Definition
• total corrected serum Ca:,<2.2 mmol/ L
• mild, asymptomatic: serum Ca -+<1.9 mmol/L , ionized C a >0 . 8 mmol/ L
• severe: serum Ca -'<1.9 mmol/L and /or symptomatic
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Table 30. Clinical Features of Hypocalcemia
Signs and Symptoms ol Acute
Hypocalcemia
• Paresthesias:perioral, hands, and feet
• Chvostek’s sign:percussion ot the

facial nerve just anterior to the
external auditory meatus elicits
ipsilateral spasm of the orbicularis
oculi or orbicularis oris muscles

• Trousseau's sign:inflation of a blood
pressure cuff above systolic pressure
for 3 min elicits carpal spasm and
paresthesia

Acute Hypocalcemia Chronic Hypocalcemia
CNS: lethargy, seizures, psychosis,basal ganglia calcification.
Parkinson’s,dystonia,hcmiballismus.papilledema, pseudotumour
cerebri
CVS:prolonged 01interval » Torsades de pointes (ventricular
tachycardia)
Gl:steatorrhea
ENDO:impaired insulin release
SKIH:dry,scaling,alopecia,brittle and transversely fissured nails,
candidiasis,abnormal dentition
OCULAR:cataracts
MSK:generalized muscle weakness and wasting

Paresthesia
laryngospasm jwilh stridor)
Hyperreflexia
letany
Chvostek's sign (tap CN VII)
Trousseau's sign (carpal spasm)
ECG changes
Oelirium
Psychiatric Sx:emotional instability,anxiety,and depression
Seizure

Note: tetany is a hallmark of hypocalcemia -can be mild or severe

Mild:perioral numbness,paresthesia of hands and feet,muscle spasm
Severe:carpopaedal spasm, laryngospasm, focal/generalized seizures

Hypomagnesemia can impair PTH
secretion and action

Approach to Hypocalcemia
1 . is the patient hypocalcemic?
2. is the PTH high or low?
3. if PTH is high, is phosphate low or normal?
4. is the Mg-* level low?

Watch Out for:
t Volume depletion via diuresis
# Arrhythmias

Approach to Treatment
1. rapidity of treatment depends on severity of symptoms and serum calcium level

a) mild, asymptomatic
calcium supplementation (i.e. elemental calcium 1 g then 500 mg PO '1 ID)
b)severe and/or symptomatic

severe hypocalcemia is a medical emergency
IV calcium gluconate 1-2 g over 10-20 min followed by slow infusion
if positive Chvostek’s and Trousseau or seizures, first give IV calcium bolus, i.e. 1 amp IV push,
then run Ca2+ IV drip at 1-2 mg/kg/h

2. vitamin D replacement
• needed for Cil absorption of calcium; must use 1,25 vitamin D if PTH level low (hypoparathyroidism )
3. must treat concurrent hypomagnesemia or calcium will not normalize
4. if underlying cause is hypoparathyroidism, the goal is to raise Ca2' to low normal range (2.0-2.1

mmol/ L ) to prevent symptoms but allow maximum stimulation of PTH secretion

Differential Diagnosis of Tetany
• Hypocalcemia
• Metabolic alkalosis (with

hyperventilation)
• Hypokalemia
• Hypomagnesemia

Transient hypoparathyroidism (resulting
in hypocalcemia) is common after total
thyroidectomy (permanent in<3% of
surgeries)

Low Ca'1

Initial investigations: PTH (PO*1 ,Cr,Mg;)

1I i
t PTH Normal or 1 PTH
1 |

I i i i
Parathyroid Gland

Destruction
Normal P0P iPQ 3 Low Mg!‘ Liver

Dysfunction4 I 1
1I 1Vitamin D relatedPseudohypoparathyroidism:

PTH resistance secondary to
G-protein deficiency

Acute Pancreatitis:Release of
pancreatic caldecrin decreases

bone resorption
Drugs: Calcitonin, loop diuretics

I T
Drugs: Alcoholism

Antineoplastic
agents

Iatrogenic
Hypoparathyroidism: Hypoparathyroidism:
Post-thyroidectomy Idiopathic/autoimmune

hypoparathyroidism
Post-surgical Infiltrative disease ol

correction of primary parathyroid gland
hyperparathyroidism

Hemuchromatosis Primary

"'I ablation

HIV
i

t Calcidiol
(25-OH vitamin D)

ICalcitriol
(1,25-(OH).vitamin 0)

1 Calcitriol
<1.25-(0H)yitamin D)

II I
: Intake and/or Malabsorption: Chronic Renal Failure

e g. celiac disease, IBD,
gastric bypass. CF

Nephrotic Syndrome:
Lose vitamin D binding protein

Drugs:Phenobarbital, phenytoin,
carbamazepine.rifampin, isoniazid

Figure 21. Etiology and clinical approach to hypocalcemia

Hereditary Vitamin D
Resistant Rickets Type II:

Receptor defect
Secondary

Hyperparathyroidism:
Appropriate PT gland response

to low serum Car -

Vitamin D Dependent
Rickets Type I:

Renal 1-a-hydroxyfase
deficiency
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Metabolic Bone Disease
Corticosteroid Theropy is a Common
Cause of Secondary Osteoporosis
Individuals receiving >7.5 mg of
prednisone daily for over 3 mo should be
assessed for bone-sparing therapy
Mechanism: increased resorption
decreased formation + increased urinary
calcium loss + decreased intestinal
calcium absorption +decreased sex
steroid production

• see 2022 Clinical Practice Guidelines for the Diagnosis and Management of Osteoporosis for details

Osteoporosis
Definition
• a condition characterized by decreased bone mass and microarchitectural deterioration with a

consequent increase in bone fragility and susceptibility' to fracture
• BMD is measured at hip and lumbar spine, BMD 'l'-score <-2.5 is indicative of osteoporosis
• osteopenia (low bone mass): BMD with l'-score between -1.0 and -2.5

ETIOLOGY AND PATHOPHYSIOLOGY Calcium plus Vitamin D Supplementation and Sisk
of Fractures
0 steoporosis lot 2015:27:367 -376
Purpose: fo review trials of vitan n D and iikum
therapy lor reduung fracture risk in osteoporosis.
Study Systematic review searching Mil 2015.
mlutine, identified 8 ICIs totaling 30970
participants. SCIs reviewed included healthy
adults and ambulatory older adults with medical
conditions (excluding cancer).Vitem in D and cakun
combination therapy was compared to placebo.
Results: Analysis of SCI data revealed that
calcium plus vitamin 0 supplementation produced
a statistically significant reduction in risk of total
fractures(0.85; Cl:0.73-0.98|and in hipfractures
(0.70; CL0.56-0.87).Subgroup analysis was
significant for community dwellingoriisfitutioiialized
patients.
Conclusions:Systematic analysis suggests that
vitamin D and calcium therapy significantly decreases
fracture nsk.This study did not specifically look
at individuals with osteoporosis, however,d sidl
supports that vitamin 0 and calcium should continue
to be used as prevenbve treatment for indmduaSat
increased riskof fractures.

Table 31. Secondary Osteoporosis
Gastrointestinal diseases

Gastrectomy
Malabsorption (c.G. Celiac disease, ibd.bariatric surgery)
Chronic liver disease
fating disorder
Poor nutrition

Bone marrow disorders
Multiple myeloma
lymphoma
leukemia

Endocrinopathies
Cushing's syndrome
Hyperparathyroidism
Hyperthyroidism
Premature menopause

Pheumatologic disorders
Rheumatoid arthritis
Sit
Ankylosing spondylitis

Drugs and chemotherapy
Corticosteroid therapy
Anti-epileptic drugs
Chronic heparin therapy
Androgen deprivation therapy
Aromatase inhibitors

Renal disease
Immobilization
C0PD (due to disease, tobacco,and glucocorticoid use)

Dm
Hypogonadism

Malignancy
Secondary to chemotherapy
Myelomaseverc:carpopaedal spasm, laiyngospasm. focal/
generalized seizures

Clinical Features
• commonly asymptomatic
• height loss due to col lapsed vertebrae
• fractures: most commonly in hip, vertebrae, humerus, and wrist (see Figure 22, E48)

fragility fractures: fracture with fall from standing height or less (does not include fractures of
lingers and toes)

• Dowager’s hump: collapse fracture of vertebral bodies in mid-dorsal region
• x-ray: vertebral compression fractures (described as wedge fractures, require a minimum of 20%

height loss), “codfishing” sign (weakening of subchondral plates and expansion of intervertebral
discs)

• pain, especially backache, associated with fractures

Vitamin D and Calcium for tbc Prtvtntioa »1
Fracture: ASystcmatic Reviewand Meta-analysis
J AM It Netw Open 2019:2x1917789
Purpose: To investigate if fracture r s < sassociated
with supplementation with vitamin D alone or vitamin
Din combination with calcium.
Study Selection:Observational studies with >200
fracture cases and RCTs with >500 participants that
reported >10 incident fractures.
Results: Vitamin D suppleraentaton alone wasnot
associated with a reduced risk of any fracture«
hip fracture ( RR,1.14:95% Cl.0.98-1.32).Howerer.
combined supplementation with vitamin 0 (400-800
IU daily) and calcium (1000 -1200 mg daily) was
associated with a G% reduction in fracture risk ( RR.
0.94; 95% Cl.0.89-0.991and a IS% reduction of hip
fratlure nsk|RR.0.84; 95% Cl, 0.72-0.971.
Conclusion VitannDalonewasnotassociatedwdh
reduced fracture risk but dally supplementation with
a tom bma bon of vitamin 0 and cakium was.

Approach to Osteoporosis
1. assess risk factors for osteoporosis on Hx and physical
2. decide if patient requires BMD testing with dual-energy x-ray absorptiometry (DEXA ): men and

women 265 yr (or younger if presence of risk factors, seeTabic 33, E47 )
3. initial investigations

• all patients with osteoporosis: calcium corrected for albumin, CBC, creatinine, ALP, TSH
• also consider serum and urine protein electrophoresis if vertebral fractures, celiac workup, and

24 h urinary Ca•'excretion to rule out additional secondary causes
• 25-OH -vitamin D level should only be measured after 3-4 mo of adequate supplementation and

should not be repeated if an optimal level 275 nmol/L is achieved
lateral thoracic and lumbar x- ray if clinical evidence of vertebral fracture (or in individuals at
moderate risk of fracture to help decide if they require medical therapy)

4. assess 10 yr fracture risk by combining BMD result and risk factors
1) WHO Fracture Risk Assessment Tool (ERAX)
2) Canadian Association of Radiologists and Osteoporosis Canada Risk Assessment Tool

(CAROC)
approach to management guided by 10 yr risk stratification into low, medium,and high-risk

5. for all patients being assessed for osteoporosis, encourage appropriate lifestyle changes (see Table 34,
E47)

Clinical Signs of Fractures or
Osteoporosis
• Height loss >3 cm (Sn 92%). Weight <51kg (Sp 97%). Kyphosis (Sp 92%)
• Tooth count <20 (Sp 92%)
• Grip strength
• Armspan-height difference >5 cm

(Sp 76%)
• Wall-occiput distance >4 cm (Sp 92%). Rib-pelvis distance <2 finger breadth

(Sn 88%)
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1Table 32. Indications for BMD Testing
Older Adults (age >50 yr) Younger Adults (age <50 yr)

Online Clinical Tools
FRAX
www.shef.ac.uk/FRAX/tool.aspx
CAROC
www.osteoporosis.ca/multimedia/pdf/
CAROC.pdf

All women and men age >65 yr
Menopausal women,and men 50- 64 yr with clinical risk factors for fracture:

Fragility fracture after age40
Prolonged glucocorticoid use
Other high-risk medicationuse (aromatase inhibitors, androgen deprivation therapy)
Parental hip fracture
Vertebral fracture or osteopenia identified on x-ray
Current smoking
High alcohol intake
Low body weight ( - 60 kg) or major weight loss (>10% ol weight at age 2Syr)
Rheumatoid arthritis
Other disorders strongly associated with osteoporosis:primary hyperparathyroidism,I10M.
osteogenesis imperfecta,uncontrolledhyperthyroidism,hypogonadism or premature
menopause MS yr). Cushing's disease, chronic malnutrition or malabsovplion.chronic liver
disease.COPD.and chronic inflammatory conditions (c.g.inflammatory bowel disease)

Fragility fracture:
Prolonged use of glucocorticoids
Use of other high-risk medications (aromatase
inhibitors,androgen deprivation therapy,
anticonvulsants)
Hypogonadism or premature menopause
Malabsorption syndrome
Primary hyperparathyroidism
Other disorders strongly associated with rapid
bone loss and/or fracture

Prevention - Hip
Alendronate
Risedronate
Oenosuntab
Teriparatde
Romosozumatr 0.44 RR (0.24-0.79)
Prevention - Honvertebral
Alendronate
Risedronate
Oenosumab
Teriparatde
Romosozunrab 0.67 RR (0.53-0.86)
Prevention - Vertebral
Alendronate
Risedronate
Oenosumab
ferlparatde
Romosozumah 0.33 RR (0.22 0.49)

0.61RR (0.42- 0.901
0.73 RR (0.58 0.92)
0.56RRI0.35-0.90)
0.64 RR (0.25-1.681

Table 33. Osteoporosis Risk Stratification 0.84 RR (0.74- 0.941
0.78 RR (0.68-0.89)
0.80 RR (0.67-0.96)
0.62 RR (0.47-0.80)

Unlikely to benefit from pharmacotherapy:encourage lifestyle changes
Reassess risk in 5 yr

Discuss patient preference for management and consider additional risk factors
Factors that warrant consideration for pharmacotherapy:

Additional vertebral fraclure(s) identifred on vertebral fracture assessment (VFA) or lateral spine
x-ray
Previous wrist fracture in individuals»65 yr or with1-score <-2.5
lumbar spine T-score much lower than femoralneckI- score
Rapid bone loss
Men receiving androgen-deprivation therapy lot prostate cancer
Women receiving aromalase -inhibitor therapy for breast cancer
Long term or repeated systemic glucocorticoid use (oral or parenteral) that docs not meet the
conventional criteria for recent prolonged systemic glucocorticoid use
Recurrent falls (defined as falling 2 or more times in the past 12 mo)
Other disorders strongly associated with osteoporosis

Low-Risk
10 yr fracture risk <10%
Medium-Risk
10 yr fracture risk10-20%

0.57 RR 10.45-0.71)
0.61RR (0.48- 0.78 )
0.32RR (0.22- 0.45)
0.27 RR 10.19- 0.381

Repeat BMD and reassess risk every1-3 yr initially
Start pharmacotherapy (need to consider patient preference) Factors Necessary for Mineralization

• Quantitatively and qualitatively
normal osteoid formation

• Normal concentration of calcium and
phosphate in EOF

• Adequate bioactivity of ALP
• Normal pH at site of calcification
• Absence of inhibitors of calcification

High-Risk
10 yr fracture risk >20%;OR
Prior fragility fracture of hip or spine;OR
More than one fragility fracture

Treatment of Osteoporosis

Table 34. Treatment of Osteoporosis in Women and Men
Treatment for Both Men and Women

Diel: elemental calcium 1000 -1200 mgfd:vitamin D1000 lU/d
Exercise: 3 x 30 rain weight bearing exercises,balance exercise,and aerobic exercise/wk
Cessation ol smoking,reduce caffeine intake
Stop/avoid osteoporosis-inducing medications

lifestyle

Effect of High-Dose Vitamin 0 Supplementation
on Volumetric BoneDensity and Bone Strength:A
IfandomizedClinical Trial
JAMA 2019:322:736-45
Purpose:To investigate the effects of vitamin D
supplementation on volumetric BMD and strength.
Methods:311healthy adults (ages 55-701without
osteoporosis,with baseline concentrations of
25-hydroxyvitamr Dof 30-125 nmol/L, were
randomized to receive daily doses ol 400 II).
4000 IU.or 10004IUvitamin 03 for 3 years.For
parbupantswilh cak '-un dietary intake * 1200 mg'd,
supplementation was provided. Primary Outcome:
Total volumetric BUD at radius andMia.
Results:Compared wdh the 400 IUgroup, radial
volumetric 8M0 was significantly lower lor the 4000
IUgroup (-3.9 mg HAfcni3:95% confidence interval
(Cl),-6.5 to -1.3) and10040 IUgroup (-7.5 mg HA/
cm3;95% Cl.-10.1to -5.0) with mean “« change of
-1.2% (400 IU).-2.4% (4000 IU).and -3.5% (10000
IU|.Compared witbtlie400 IU group,tibia! volumetric
8M 0 differences were -18 ngHA/cm3 (95% Cl,-3.2
In 0.1) (4000 IU)and 4.1mg HA /cm3 (95% Cl.4.0 to
-2.2) (10000 IU).with mean % change values of -0.4%
(400 IU).-1.0% (4000If),and -1.7% (10000 IU).
Conclusion. Inhear y adults,supplementation win
daily 4000 IU or 10000 Mvitamin 0 lor 3 years was
associated with lower rad a BMD compared with 400
III.10000 IU was assocrated with lower libial BMD.
There were no apparent benefits olh- gh-dose vitamin
0 supplementation for bone health.

Drug Therapy
Bisphosphonate:Inhibitors of
osteoclasts

1st line in prevention of hip,nonvertebral,and vertebral fractures (Grade A):alendronate (PO). risedronate
(PO).zoledronic acid (IV)
Dennsumab:1st line in prevention of hip.nonvertebral.vertebral fractures (Grade A)
'Denosumab should not be abruptly stopped/administration delayed. Increasedrisk of multiple vertebra!
fractures due to increased bone turnover on discontinuation.Used as an alternative initial treatment in
postmenopausal women with osteoporosis who ate at high risk lor osteoporilic fractures.

Parathyroid Hormone Analogue lerrparatide:18- 24 mo duration,followed by long-term arilr - iesorplivc therapy with bisphosphonate or
RANKl inhibitor

RANKL Inhibitors

Sclcrostin Inhibitors Romosozumab: 12 moduration
Treatment Specific to Post-Menopausal Women
SERM (selective estrogen-receptor Ratoxilene:1st line in prevention of vertebral fractures (Grade A)
modulator):agonistic effect on
bone but antagonistic effect on
uterus andbreast
HRT:combined estrogen
progesterone
(sed>ynaecology,GY37)

Advantages: prevents osteoporotic fractures (Grade A to B evidence),improves lipid profile,decreased
breast cancer risk
Disadvantages: increased risk ol OVT/PE.strokemortality,hot flashes, leg cramps

Indicated for vasomotor symptoms of menopause
For most women, risks >benefits

Combined estrogen/progestin prevents hip.vertebral, total fractures
Increased risks of breast cancer,cardiovascular events,and DVT/PE r *i
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Wall-Occiput Test for Thoracic Fracturo Rib-Polvis Distanco Tost for Lumbar Fracture

S'*
t

rWall-Occiput
Distance >0 cm 'Rib-Pelvis

Distance <2
Fingerbreadths

Positive TestNegative Test Positive Test Negative Test

Figure 22. Physical examination test for vertebral fractures

Osteomalacia and Rickets
Definition
• osteopenia with disordered calcification leading to a higher proportion of osteoid (unmineralized)

tissue prior to epiphyseal closure: rickets (in childhood), osteomalacia (in adulthood)

Etiology and Pathophysiology

Vitamin D Deficiency
• deficient uptake or absorption

nutritional deficiency
malabsorption: post-gastrectomy, small bowel disease (e.g. celiac sprue), pancreatic insufficiency

• defective 25-hydroxylation
liver disease
anticonvulsant therapy (phenytoin, carbamazepine, phenobarbital)

• loss of vitamin D binding protein
• nephrotic syndrome

• decreased l -a-25 hydroxylation
hypoparathyroidism

• renal failure

Mineralization Defect
• abnormal matrix

• osteogenesis imperfecta
• enzyme deficiency

hypophosphatasia (inadequate ALP bioactivity')
• presence of calcification inhibitors

• aluminum, high dose fluoride, anticonvulsants

Calcium Deficiency
• deficient uptake or absorption

• nutritional deficiency
• malabsorption

• hypercalciuria (in combination with renal phosphate wasting)

Hypophosphatemia
• gastrointestinal: poor nutritional intake, chronic diarrhea, excessive phosphate binders
• renal phosphate wasting

tumour-induced osteomalacia
• Eanconi syndrome

X-linked/autosomal dominant/recessive hypophosphatemic rickets
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Matrix Abnormalities
• type IV osteogenesis imperfecta
• fibrogenesis imperfecta ossium
• axial osteomalacia

Table 35. Clinical Features of Rickets and Osteomalacia
Rickets Osteomalacia
Skeletal pain and deformities, bow-legged
Fracture susceptibility
Weakness and hypotonia
Disturbed growth
Ricketic rosary (prominent costochondral junctions)
Harrison's groove (indentation of lower ribs)
Hypocalcemia

Not as severe
Diiluse skeletal pain
Bone tenderness
Fractures
Gait disturbances (waddling)
Proximal muscle weakness
Hypotonia

Investigations

Table 36. Laboratory Findings in Osteomalacia and Rickets KOIGO 2017 Clinical Practice Guideline lor the
{valuation and Management olChronic Kidney
Disease

• Kidney Inter Suppl 2017:7(1):1-6O
• Recommendations far Metabobc Bone Disease

(USD) in Chronic Kdney Oisease (CKO)
Screening
• h CKO patients with evidence ol (KD- MBD and'or risk (actorsfor osteoporosis, perforin 6M0

testing to assessfracture risk if resultswi impact
treatment decisions

• In patientswitn CKO-BMD.rt is reasoneple to
perform a bone biopsy if knowledge of the type
of renal osteodystrophy will impact treatment
decisions

Management
• Treatment of CKD MBO should be based on serial

assessments of PO ^ Ci\ and PIH levels,
ccrsdered together

• Suggest owerirg elevated P043- tei-els towards
the normal range

• Hvoidbyperglycemiainidnltpatienlsandmanlaiii
serum Cahn age appropr ate normal range in
cMdien

Disorder Serum Phosphate Serum Calcium Serum ALP Other Features
Vitamin D Deficiency
Hypophosphatemia

Proximal Renal Tubular Decreased
Acidosis
Conditions Associated with Normal
Abnormal Matrix Formation

Decreased to normal
Normal

Decreased
Decreased

Increased
Increased

Decreased ealertriol

Normal Normal Associated with hyperchloremic
metabolic acidosis

Normal Normal

• radiologic findings
• pseudofractures (AKA Looser zones), fissures, narrow radiolucent lines - thought to be healed

stress fractures or the result of erosion by arterial pulsation
loss of distinctness of vertebral body trabeculae;concavity of the vertebral bodies
changes due to secondary hyperparathyroidism: subperiosteal resorption of the phalanges, bone
cysts, resorption of the distal ends of long bones
others:bowing of tibia, coxa profundus hip deformity

• bone biopsy: usually not necessary but considered the gold standard for diagnosis

Treatment
• definitive treatment depends on the underlying cause
• vitamin D supplementation
• PO-i 3-supplements if low serum POt 3~, Ca —supplements for isolated calcium deficiency
• bicarbonate if chronic metabolic acidosis

Renal Osteodystrophy
Definition
• changes to mineral metabolism and bone structure secondary to CKD
• represents a mixture of four types of bone disease:

• osteomalacia: low bone turnover combined with increased unmineralized bone (osteoid )
adynamic bone disease: low bone turnover due to excessive suppression of parathyroid gland
osteitis fibrosa cystica: increased bone turnover due to secondary hyperparathyroidism

• mixed uremic osteodystrophy: both high and low bone turnover, characterized by marrow
fibrosis and increased osteoids

• metastatic calcification secondary to hyperphosphatemia may occur

Pathophysiology
• metabolic bone disease secondary to chronic renal failure
• combination of hyperphosphatemia (inhibits l,25(OH)2 vitamin D synthesis) and loss of renal mass

(reduced 1-a-hydroxylase)

Clinical Features
• soft tissue calcifications, necrotic skin lesions if vessels involved
• osteodystrophy, generalized bone pain, and fractures
• pruritus
• neuromuscular irritability and tetany may occur (with low serum calcium )
• radiologic features of osteitis fibrosa cystica, osteomalacia, osteosclerosis, osteoporosis

r i
u J

Investigations
• serum (.'a - ' corrected for albumin, POt >-, P I H, AI.P, ± imaging (x-ray, BMD), ± bone biopsy (gold

standard; only done if results inform treatment) +
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Treatment
• prevention
• maintenance of normal serum Ca -’and P04 -*-by restricting P04 Hntake to 1 g once daily
• Ca Supplements; PO4 -' binding agents (calcium carbonate, aluminum hydroxide)
• activated vitamin D (calcitriol) with close monitoring to avoid hypercalcemia and metastatic

calcification
• bisphosphonates and denosumab are not often used for treatment (can worsen the adynamic

components of renal osteodystrophy); bone biopsy may indicate if there are signs of increased bone
turnover amenable to bisphosphonates

Paget’s Disease of Bone
Definition
• a metabolic disease characterized by excessive bone destruction and repair

Epidemiology
• 3% of the population, 10% of population >80 y/0
• consider Paget's disease of bone in older adults with elevated ALP but normal GGT

Etiology and Pathophysiology
• postulated to be related to a slowly progressing viral infection of osteoclasts, possibly paramyxovirus
• strong familial incidence
• initiated by increased osteoclastic activity leading to increased bone resorption;osteoblastic activity

increases in response to produce new bone that is structurally abnormal and fragile

Differential Diagnosis
• osteogenic sarcoma
• multiple myeloma
• fibrous dysplasia
• osteitis fibrosa cystica
• metastases

Clinical Features
• usually asymptomatic (routine x-ray finding or elevated serum ALP with normal LPTs)
• 3characteristic findings:osteolytic lesions, cortical thickening, pseudofractures (small fissures which

develop in the convex surface of long bone)
• most commonly affects: skull, thoracolumbar spine, pelvis, and long bones of lower extremities
• severe bone pain (e.g. pelvis, femur, tibia)
• skeletal deformities:bowed tibias, kyphosis, frequent fractures
• increased risk of osteosarcoma and giant cell tumours

Investigations
• laboratory

high serum ALP, normal or high Ca -+, normal PO43"
normal tests LFTs (prothrombin time/international normalized ratio (PT/1NR), activated partial
thromboplastin time (aPTT), albumin, bilirubin)
elevated procollagen type 1 N-terminal propeptide (PINP) (bone formation marker)

• imaging
plain x-ray of skull and facial bones, abdomen, and tibiae are recommended as initial screening in
patients suspected to have Paget's
confirmation on x-ray required for diagnosis

denser bone with cortical thickening
characteristic findings: osteolytic lesions, cortical thickening, and pseudofractures
burned-out Paget’s disease: when the disease has been present for a long time

• bone scan to evaluate the extent of disease and identify asymptomatic sites
radionuclide bone scintigraphy, in addition to targeted x-ray, are recommended as a means of
fully and accurately defining the extent of metabolically active Paget’s disease

• MKI or CT are not recommended for diagnosis, but can be used to assess disease complications,
particularly if malignancy is suspected
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Table 37. Paget's Disease-Related Signs
Signs Descriptions

Appearance ol advanced Paget's disease of the skull -overall enlargement of cranium, skull
falling overthe facial bones

Lucent leading edge in a long bone seen in lytic phase of Paget's
Radiolucent regions of the skull

Jigsaw pattern bone or mosaic pattern bone Thickened, disorganized trabeculae lead to areas of sclerosis
Cories of vertebral body Is thickened
Results from thickened, disorganized trabeculae that lead toareas of sclerosis
Horizontal pathological fracture seen in bones deformed by Paget's
Wide, transverse lucencies traversing through a bone

Diffuse and homogenous increase in opacity ol a vertebral body

Tamo'Shanter

Blade of grass
Osteoporosis circumscripta

Picture frame vertebra
Colton wool appearance of bone
Banana fracture
Looser zones
Ivory vertebra

Complications
• local

fractures;osteoarthritis
cranial nerve compression and palsies (e.g.deafness), spinal cord compression
osteosarcoma/sarcomatous change in 1-3%

* indicated by marked bone pain, new lytic lesions, and suddenly increased ALP
• systemic

hypercalcemia and nephrolithiasis
high output CHE due to increased vascularity

Treatment
• goals; decrease pain, decrease rate of remodelling
• weight-bearing exercise
• adequate calcium and vitamin D intake to prevent development of secondary hyperparathyroidism
• treat medically if symptomatic or asymptomatic with ALP >3x normal or planned surgery

bisphosphonates, e.g.zoledronic acid 5 mg IV per yr (preferred) OR alendronate 40 mg PO once
daily x 6 mo OR risedronate 30 mg PO once daily x 3 mo
calcitonin 50-100 U/d SC if unable to tolerate bisphosphonates

• surgery for fractures, deformity, degenerative changes
• joint replacement surgery and osteotomy are recommended for the treatment of osteoarthritis

resistant to medical therapy in patients with Paget's

Male Reproductive Endocrinology

Androgen Regulation
• testosterone (from Leydig cells) primarily involved in negative feedback on LH and GnRH, whereas

inhibin (from Sertoli cells) suppresses ESH secretion
GnRH -4 ® - -

|Pulses ;

,®^FSH LH * - ® - !
Inhibin

Hypothalamus

Tests of Testicular Function
Anterior

Pituitary
• testicular size (lower limit = 4 cm x 2.5 cm in adult). Can use orchidometer to measure testicular

volume (12-25 mL = adult size)
• LH, ESH, total, bioavailable, and/or free testosterone
• semen analysis

semen volume, sperm concentration, morphology, and motility are the most commonly used
parameters

• testicular biopsy'
indicated with normal ESH and azoospermia/oligospermia

t ®
vI Sertoli LeydigTestes Cell Cel l

t i
1—Testosterone

Figure 23.Hypothalamo-pituitary-
gonadal axisHypogonadism and Infertility

• see Uroloev, U37
• deficiency in gametogenesis or testosterone production

Etiology
• causes include primary (testicular failure), secondary (hypothalamic-pituitary failure), and idiopathic

ri
Two Distinct Features of Primary
Hypogonadism

• The decrease in sperm count is
affected to a greater extent than the
decrease in serum testosterone level. Likely to be associated with
gynecomastia

LJ

Diagnosis of Testosterone Deficiency Syndrome (i.e. adult onset primary hypogonadism)
• requires clinical manifestations of testosterone deficiency (see sidebar) AN D documented testosterone

levels below the laboratory reference range (confirmed on 2 separate analyses, test needs to be done at
8-9 am when testosterone is usually at its peak)

• rule out secondary causes
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History and Physical Examination
Ascertain symptoms and signs ol testosterone (T) deficiency

Evaluate for systemic illness, drugs,nutritional deficiency that could lower T
Approach to Male Infertility
Infertility: failure of a couple to
conceive after 12 mo of regular
intercourse without use of contraception
in women <35 yr of age:after 6 mo
of regular intercourse without use of
contraception in women s35 yr
History
• Partner status regarding infertility
• Length of time for attempt to

conceive. Prior successes with other partners
• Ejaculation problems
• Frequency of intercourse
• Previous Surg,Med Hx.STI Hx
• Hx occhitis? Cryptorchidism?. Hx toxic exposure?
• Medications
• Alcohol and illicit drug use
• Heat exposure:bath, sauna,

whirlpool
• Smoking. Other:validated questionnaires (e.g.

ADAM questionnaire)
Physical Examination
• General(height,weight,

gynecomastia,masculine)
• Testicular size and consistency
• Varicocele?
• Pituitary disease?
• Thyroid disease?
Investigations. Semen analysis x 2 (sperm count,

morphology,motility)
• Scrotal/testicular U/S (look for

varicocele)
• Blood work:LH,FSH, testosterone.

PRL thyroid function tests.DNA
fragmentation of sperm,karyotype. Y
chromosome deletion

• Test female partner (see
Gynaecology.GY23)

Treatment
• No specific therapy for majority of

cases. Treat specific causes
• Consider intrauterine insemination,

in vitro fertilization (IVF). therapeutic
donor insemination,testicular
aspiration of sperm,adoption

Measure morning lasting total T
(and free T if altered SHBG or borderline total T)

Semen analysis il fertility issue

Low total T or
Normal or low total T

and lowIreeT
' r

Confirm by repeating morning lasting
total T (and Iree T)

Normal total T or
Normal or low total T

and normal Iree T
Low total T or

Normal or low total T
and low Iree T

t r

Consider other causes ol
symptoms and signs

Oiagnosis ol hypogonadism is
confirmed

\ 1

Measure LH and FSH

LHand FSH low or
inappropriately normal

(secondary hypogonadism)

LH and FSH
high

(primary hypogonadism)

I' r

• Consider potentially
reversible functional causes

• Measure prolactin,iron
saturation

• Evaluate other pituitary
hormones (if clinically
indicated)

• Pituitary MRI (if indicated)

* Obtain ka
diagnose
syndrome (if clinical
indication)

ryotype to
Klinefelter

Figure 24. Diagnostic approach to testosterone deficiency

Table 38. Classification and Features of Hypogonadism
Hypergonadotropic Hypogonadism (Primary
Hypogonadism)

Hypogonadotropic Hypogonadism (Secondary
Hypogonadism)

Definition Primary testicular failure
t LH and FSH
a testosterone and sperm count

Congenital
Chromosomal delects (Klinefelter.Noonan)
Cryptorchidism
Disorders of sexual development (DSD)
Bilateral anorchia (vanishing testicle syndrome)
Myotonic dystrophy
Mutation of FSH or LH receptor gene
Disorders of androgen synthesis

Germ cell defects
Sertoli cell only syndrome
leydigcellaplasia/failurc

Infection,'Inflammation
Orchitis - tuberculosis,lymphoma,mumps,leprosy
Genilal tract inlection

Physical laclors
Trauma,heat,irradiation, testicular torsion,vancocelc

Drugs
Cannabis,alcohol,chemotherapy,ketoconazole.
glucocorticoid,spironolactone

Hypothalamic-pituitary axis failure
a LH and FSH (LH sometimes inappropriately normal)
a testosterone and sperm count

Congenital
Kallman’s syndrome
Prader -Willi syndrome
Abnormal subunit of LH or FSH

Infection
Tuberculosis,meningitis

Endocrine
Adrenal androgen excess
Cushing's syndrome
Hypo or hyperthyroidism
Hypothalamic-pituitary disease Itumour.hyperprolactinemia,
hypopituitarism)

Drugs
Alcohol,cannabis,spironolactone,ketoconazole.GnftH agonists,
androgen/estrogen/progestin use. chronic narcotic use

Chronic Illness
Cirrhosis, chronic renal failure, AIDS
Sarcoidosis.Langcrhan's cell histiocytosis,hemochromatosis

Critical Illness
Surgery.Ml.head trauma

Obesity
Idiopathic

Testicular size and consistency (soll/lirm)
Sperm count
LH.FSH. total, and/or bioavatlable testosterone
Prolactin levels (and pituilary panel - T4 /8 AM cortisol)
Fe. transferrin
Mill of hypothalamic-pituitary region

Etiology

r ->
L J

Diagnosis Testicular size and consistency (soll/lirm)
Sperm count
LH.FSH, total,and/or bioavailable testosterone
hCG stimulation (mainly used in paediatrics)
Karyotype
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Treatment
• goal: testosterone replacement (improve libido, muscle mass, strength, body hair growth, bone mass)

• 1M injection, transdermal testosterone patch/gel, oral
side effects: acne, fluid retention, erythrocytosis, sleep apnea, benign prostatic hypertrophy,
uncertain effects on cardiac events/mortality in older men
contraindicated in men with prostate or breast cancer, a palpable prostate nodule, prostate-
specific antigen (PSA) >4 ng/mL, elevated hematocrit, untreated severe obstructive sleep apnea
(OSA),severe lower urinary tract symptoms (LUTS), uncontrolled CHE,Ml,or stroke in last 6 mo,
or thrombophilia
not suggested in men >65 yr, in men with T2DM with low testosterone concentrations, or in men
planning fertility in the near term
testosterone therapy only to treat symptoms of hypogonadism, often results in decreased
spermatogenesis (and reduced sperm counts) by further suppression of hypothalamic-pituitary-
gonadal axis and suppression of endogenous testosterone production

• goal: fertility
treat underlying cause
GnRH agonist if hypothalamic dysfunction with intact pituitary, administered SC in pulsatile
fashion using an external pump
hCG ± recombinant follicle stimulating hormone (rl:SH) in cases of either hypothalamic or
pituitary lesions
dopamine agonist (e.g.bromocriptine, cabergoline) if prolactinoma
testicular sperm extraction (TESE) or microscopic sperm extraction (MICROTESE)-only if
testicular tissues are not functioning

Other Causes of Male Infertility
• hereditary disorders: kartagener syndrome ( primary ciliary dyskinesia), cystic fibrosis (absence of the

vas deferens)
• anatomy: hypospadias, retrograde ejaculation
• obstruction: vasal occlusion, vasal aplasia, vasectomy, seminal vesicle disease
• sexual dysfunction: erectile dysfunction, premature ejaculation, infrequent coitus
• surgery: transurethral resection of the prostate (TURF), radical prostatectomy, orchiectomy

DEFECTS IN ANDROGEN ACTION

Etiology
• complete androgen insensitivity (CAIS)
• partial androgen insensitivity (FA1S)
• 5-a-reductase deficiency
• mixed gonadal dysgenesis
• defects in testosterone synthesis
• infertile male syndrome
• undervirilized fertile male syndrome

Clinical Features
• depends on age of onset

Table 39. Effects of Testosterone Deficiency
First Trimester inutero Incomplete virilization of external genitalia (ambiguous genitalia)

Incomplete development of Wolffian ducts to form male internal genitalia (male pseudohermaphrodism)

Micropenis
Cryptorchidism (failure of normal testicular descent)
Incomplete pubertal maturation (high pilch voice, sparse pubic axillary hair,absence of facial hair)
Eunuchoidal body habilus (greater growth of extremity long bones relative toaxial bones)
Poor muscle development, reduced peak bone mass
Oecrease in energy, mood, and libido
fine wrinkles in corners of moulh and eyes
Decrease in pubic/axillary hair, hematocrit , muscle mass, strength, and BMD

Third Trimester /n utero

Prepuberty

Postpuborty

Adapted from: UpToDote. 2010:Cecil’s Essentials ol Medicine

Treatment
• hormone replacement or supplementation
• psychological support
• gonadectomy for cryptorchidism (due to increased risk for testicular cancer)

r i
L J
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Erectile Dysfunction
• see U rolottv. U33

Gynecomastia
Definition
• true gynecomastia refers to benign proliferation of the glandular component of the male breast,

resulting in the formation of a concentric, rubbery, firm mass extending from the nipple(s)
• pseudogynecomastia or lipomastia refers to enlargement of soft adipose tissue, especially seen in

obese individuals

Pubertal Gynecomastia. This benign condition peaks between
ages13-14 and spontaneously
regresses in 90% of cases within 2 yr

• Waiting is often the best approach

Etiology
<§)

Physiologic
• neonatal (maternal hormone)
• puberty
• elderly

Causes of Gynecomastia

DOC TECH
Drugs (especially antiandrogens, i.c.
spironolactone)
Other
Congenital (Klinefelter syndrome)
Tumour (especially germ cell tumours)
Endocrine (hyperthyroidism)
CHronic disease (cirrhosis, CKD)

Pathologic
• physiologic gynecomastia - trimodal distribution in neonatal, pubertal, and older males
• drugs - spironolactone, cimetidine, ketoconazole, recombinant human GH, hCG, estrogens,

antiandrogens, GnRH agonists, 5-a-reductase inhibitors, androgen deprivation therapy (ADT)
• surgical ADT (orchiectomy) for prostate cancer
• starvation and refeeding
• male hypogonadism
• cirrhosis
• treatment of HIV infection - due to fat tissue as part of lipodystrophy
• herbal products - plant-derived oils such as lavender and tea tree oil
• idiopathic
• testicular neoplasms. CKD
• other rare causes: feminizing adrenal tumours, disorders of sex development, ectopic hCG, familial

prepubertal gy
• hyperthyroidism

<§)
Drugs Causing Gynecomastia

DISCKO
Digpxin
Isoniarid
Spironolactone
Cimetidine
Ketoconazole
Oestrogen/anti-testosteronenecomastia

Pathophysiology
• hormonal imbalance due to:

increased estrogen activity
increased production, or increased availability of estrogen precursors for peripheral
conversion to estrogen

• decreased androgen activity
decreased androgen production, binding of androgen to sex hormone binding globulin
(SHBG), or androgen receptor blockage

History
• recent change in breast characteristics
• pain
• trauma to testicles
• mumps
• alcohol and/or drug use
• FHx
• sexual dysfunction

Occurrence of Gynecomastia
3 Peaks ".Affected

6090Infancy
Puberty
Ages SOSO

4-69
24-65

Physical Exam
• signs of feminization
• breast

rule out red flags suggesting breast cancer: unilateral, eccentric, hard or fixed mass, skin
dimpling or retraction, and nipple discharge (especially bloody) or crusting
gynecomastia occurs concentrically around nipple, is not fixed to underlying tissue

• genitourinary exam
• stigmata of liver or thyroid disease

Investigations
• laboratory: serum TSH, PKL, LH, FSH, testosterone, estradiol, Ll:Ts, creatinine, hCG (if hCG is

elevated, need to locate the primary tumour); however not all investigations are required for every
case of gynecomastia

• CXR and CT of chest/abdomen/pelvis (to locate neoplasm)
• testicular U/S (if primary hypogonadism suspected or mass on physical examination)
• MRI of hypothalamic-pituitary region if secondary hypogonadism or pituitary' adenoma suspected

r •»
LJ
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Measure serum hCG, luteinizing hormone, testosterone, and estradiol

T

Increased hGC Increased luteinizing
hormone, increased

testosterone

Normal or decreased
luteinizing hormone,
increased estradiol

NormalIncreased luteinizing
hormone, decreased

testosterone

Normal or decreased
luteinizing hormone,

decreased
testosterone

T 1 r

Testicular U/S Testicular U/SMeasure scrum
prolactin

Measure thyroxine. Idiopathic
gynecomastia

Primary
hypogonadism TSH

I I 7 I

ElevatedMass Normal Normal Increased
thyroxine,

decreased

Normal Mass Normal

I
1

TSH
Adrenal CT

or MR IhCG- secreting
nontrophoblastic

neoplasm

Extragonadal
germ-cell

tumour
1Testicular

germ-cell
tumour

Secondary
hypo-

gonadism

Androgen
resistance

Leydig- or
Sertolli-cell

tumour

Probable
prolactin-
secreting
pituitary
tumour

Hyper-
thyroidism

Mass Normal

I A
Adrenal

neoplasm
Increased

extraglandular
aromatase

activity

Chest x-ray
Abdominal CT

Figure 25. Approach to investigating gynecomastia

Treatment
• initial observation for most men with gynecomastia (after stopping offending medications and

treating underlying cause)
• medical

correct the underlying disorder, discontinue responsible drug
androgens for hypogonadism
anti-estrogens: tamoxifen has most evidence tor benefit

• surgical
longstanding (>12 mo, fibrotic), discomfort, or causing psychological distress

Female Reproductive Endocrinology
• see Gynaecology, GY23

r n
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Paraneoplastic Syndrome
• clinical syndromes involving non-metastatic systemic effects that accompany malignant disease
• triggered by antibodies against neoplasm cross-reacting with normal tissue or by production of a

physiologically active substance by the neoplasm
• commonly present with cancers of lung, breast, ovaries, or lymphatic system

Table 40. Clinical Features
Syndrome Class Symptoms/Syndrome Associated Malignancies Mechanism
Endocrine Cushing's syndrome Small-cell lung cancer

Pancreatic carcinoma
Neural tumours
Thymoma
Small -cell lung cancer
CHS malignancies
lung cancer
Breast carcinoma
Renal cell carcinoma
Multiple myeloma
Ovarian carcinoma
Hepatocellular carcinoma
Fibrosarcoma insulinoma
Gastrointestinal neuroendocrine
tumours

lambert- Eaton myasthenic syndrome Smalt-cell lung cancer
HEMS)

Muscle weakness in limbs
Myasthenia gravis

Fluctuating muscle weakness and
fatigability

Paraneoplastic limbic encephalitis Small-cell lung cancer
Depression, seizures,short-term
memory loss

Hypokalemic nephropathy

Ectopic ACTH and ACIH mimicking
substance secretion

Syndrome of inappropriate ADH
secretion (SIADH)

Hypercalcemia

Anlidiurelic hormone secretion

PTH related protein. transforming
growth factor alpha (IGF -a ), tumour
necrosis factor (IMF) secretion

Insulin or insulin like substance
secretion
Serotonin, bradykinin secretion

Hypoglycemia

Carcinoid

Ab interferes with acetylcholine (ACh)
release

Neurologic

Thymoma Ab interferes with ACh release

Unknown

Small-cell lung cancer Ectopic ACTH and ACTH-like substance
secretion

Immunocomplex sedimentation in
nephrons
Calcitonin, prostaglandin secretion
VIP secretion
Erythropoietin|EPO) production

Renal

Hephrotic syndrome Lymphoma
Melanomas
MTCG! Watery diarrhea
VIPoma

Hematologic Erythrocytosis Renal cell carcinoma
Hepatocellular carcinoma
Lymphomas
Lung cancer
Breast carcinoma
Gonadal carcinoma

Rheumatologic SLE Anti-nuclear Ab production

Scleroderma Breast carcinoma
Lung cancer
Uterine cancer

Anti-nuclear Ab production

Investigations
• CBC, electrolytes, creatinine, LI Is, ALP, erythrocyte sedimentation rate ( HSR),CRP,serum /urine

electrophoresis
• serum autoantibodies, lumbar puncture
• imaging: skeletal survey, CT, MR1, positron emission tomography ( PHT) scan
• ± endoscopy

Treatment
• treat underlying tumour: surgery, radiation, chemotherapy
• treat immune-mediated disorder: intravenous immunoglobulin (1VIG), steroids, immunosuppressive

drugs, plasmapheresis ( reserved for patients with identifiable antibodies in serum)

r n
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Common Medications
Diabetes Medications

Drug Class Mechanism of
Action

Generic Canada
Drug Name Name

US Dosing Indications Contraindications Side Effects Comments
Name (if
different)

Sensitizes
peripheral tissues
to insulin -•
increases glucose
uptake
Decreases hepatic
glucose production
by simulation
of hepatic AMP
activated protein
kinase (AMPK)

metforminBiguanide Glucophage:
Glumetza '

500 mg once
daily titrated

T2DM
Improves both
fasting and
postprandial
hyperglycemia
Also•1C

ABSOLUTE:
Moderate to severe
liver dysfunction
Moderate renal
dysfunction GFR <30
ml/min
Cardiac dysfunction

Gl upset (abdominal * Ale1.0-1.5%
discomfort. Weight neutral
bloating,diarrhea) Negligible risk of

hypoglycemia as
monotherapy

to
2000 mg/d
maximum
(split BID
unless
extended
release)

Vitamin Bu
deficiency

Stimulates insulin
release from fl
cells by causing K*
channel closure-* depolarization

* Ca 2tnediated
insulin release
Use innonobese
12DM

sulfonylureas:
glyburide

ABSOLUTE:
Moderate to severe
liver dysfunction

RELATIVE (glyburide
and gtimepiride):
Adjust dose inmild
to moderate kidney
dysfunction and avoid
in severe kidney
dysfunction
Avoid glyburide in the
elderly

INTERACTIONS:
Do not combine with
a non-sulfonylurea
insulin secretogogue
or pteprandial insulin

» Ale 0.8%Insulin
Secrelagogue

Hypoglycemia
Weight gainOiabela >

Euglucon '

Micronase '
Glynase
Prelab ®

2.5-5.0 mg/d T2DM,taken with
titrated to >5 meals
mg BIO
Max:20 mgfd

Gliclazide lowest
incidence of
hypoglycemia

gliclazide Oiamicron 3

Diamicron' MR 40-160 mg BID
30-120 mg
once dailyAmaryl 3glimepiride

1-8 mg once
daily

Meglitinides Stimulates insulin non-
release from p sulfonylureas:
cells by causing K* repaglinide GlucoNorm
channel closure-> depolarization nateglinide Slarlixs
-» Ca ^mediated
insulin release

ABSOLUTE:
Severe liver
dysfunction

INTERACTIONS:
Do not combine with
a sulfonylurea or
preprandial insulin

Hypoglycemia (less * Ate 0.7% for
Ilian sulfonylurea) repaglinide
Weigh!gain0.5-4 mg TID Short 11/2 of1

h causes brief
60-120 mg TID but rapid t in

insulin, therefore
effective for
postprandial
control

and 0.5 1.0% forPrandin -

nateglinide
Costly
Must be dosed
with meals

Insulin Sensitizers Sensitizes
(thiazolidinedione) peripheral tissues

to insulin »
increases glucose pioglitazone
uptake
DecreasesfFA
release from
adipose
Binds to nuclear
receptor
peroxisome
proliterator-
activated receptor
gamma
IPPAR -y)

rosiglitazone Avandia 3 2-8 mg once
daily

T2DM -notas
initial therapy

ABSOLUTE:
New fork Heart
Association
(NYHA) > class IICHE.
bladder cancer

INTERACTIONS:
Do not combine with
insulin

Peripheral edema a Ale 0.8%
Delayed maximum
efficacy (6-12 wk)

CHF
Anemia
fluid retention
andCHF
Increased riskol
cardiac events
with rosiglitazone
(requires written
informed consent
when prescribing)
Increased risk of

Ados 15 -45 mg once
NOTE: This class of
medication is
rarely used
anymore due
loside
effectsand
concernsabout
potential

bladder cancerwith increased
cardiovascular
(CV) mortality

daily

pioglitazone
Fractures
Mild increase in LDL

n-Glucosidase
Inhibitor

Glucobay 3 Precose 3 25 mg once * postprandial
daily titrated hyperglycemia
to 100 mg TID

ABSOLUTE:
Inflammatory bowel
disease
Severe liver
dysfunction

Flatulence
Abdominal cramps Not recommended
Diarrhea

* Ale 0.6%« carbohydrate acarbose
Gl absorption
by inhibiting
brush border
n-glucosidase

as initial therapy
in patients with
HbA1c »8.5%

Dipeptidyl
Peptidase IV (DPP degradation of
IV) Inhibitor

ABSOLUTE (sitagliplin): Nasopharyngitis a Ale 0.7%
Upper respiratory Weight neutral
tract infection (URII) Expensive

Negligible riskol
hypoglycemia as
monotherapy

Inhibits sitagliplin Januvia * 100 mg once
daily I1DM

DKAendogenous
anlihypcrglycemic saxagliplin
incretin hormones
Incretinhormones
stimulate insulin linagliplin
secretion,inhibit
glucagon release,
and delay gastric
emptying

Onglyza' 2.5-5 mg once Headache
daily RELATIVE (sitagliplin

and saxagliplin):
Use with dose
reduction in kidney
dysfunction

Pancreatitis
Stevens Johnson
syndrome
Bullous pemphigoid

j )

Irajenta * 5 mg once
daily
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Diabetes Medications
Mechanism of
Action

Generic Canada
Drug Name Name

Dosing Indications Contraindications Side EffectsDrug Class US Comments
Name (if
different)

Glucagon-like
Peptide (GLP) 1
Analogue

Binds to GLP-1
receptor to
promote insulin
release
Insulinolropic
effect suppressed
as plasma glucose
*4 mmol'!
Slows gastric
emptying,
suppresses
inappropriately
elevated glucagon
levels
Causes p -cell
regeneration and
differentiation
in vilio

510 pgSC
BID1h before
meals

Aicm
Weight loss
Negligible risk of
hypoglycemia as
monotherapy

exenatide Byella ' ABSOLUTE: N/V,diarrhea
Dirtiness,headache
Muscle weakness
Anli-exenatide
antibodies
Pancreatitis

11DM
OKA
Acute pancreatitis Hx
Multiple endocrine
neoplasia syndrome
type 2

liraglutide 0.6-1.8 mg
once daily SC

Victoza '

Added CV mortality
and CV outcomes
benefit in patients
with known CVO

semaglutide Rybelusus P0/
Ozempic SC
Trulicity -

3-14 mg once
daily P0,
0.25 -1mg once
weekly SC
0.75-1.5 ingf

MIC
RELA1IVE:

Gaslroparesis
End stage renal
disease (ESRD)
Personal or lamily
history of MIC

dulaglutide

wkSC

Sodium-glucose Enhances
linked transporter urinary glucose
2 (SGLT2) Inhibitor excretion by

inhibiting glucose
reabsorplion in
the proximal renal
tubule

canagliflozin Invokana* 100 - 300 mg
once daily
before first
meal of the

ABSOLUTE:
Severe renal
impairment
ESRD
Patients on dialysis

UT!genital
infections
Hypotension caution Negligible risk of
with concomitant hypoglycemia as
loop diuretic use monotherapy
Caution with renal
dysfunction Cause weightloss
Hyperlipidemia
(raises LOL andHDl) Added CV

* Ale 0.7-1.0!,

day

dapagliflorin Forxiga - 5 - 10 mg once
daily in the
morning with
or without Dapagliflorin not to mortality,CV

be used in patients outcomes benefit
with active or

food
in patients with

history olbladder known prior CVD
cancer
Rare DKA (may Renal protection
occur withno
hyperglycemia)

cmpagliflorin Jardiance 10 - 25 mg
once daily in
the morning
with or without
food

Dyslipidemia Medications
Drug Class Mechanism of

Action
Generic Canada
Drug Name Name

US Dosing Indications Contraindications Side Effects
Name (if
different)

HMG-CoA Inhibits cholesterol atorvastatin
Reductase Inhibitor biosynthesis, * LOL fluvastatin

lovastatin

Lipilor -
LescoP
Mevacor:
Pravachol:
Crestor *

Zocor -

10-80 mg/d
20-80 mg/d
20 -80 mg/d
10-40 mg/d
5- 40 mg/d
10-80 mg/d

1st line monotherapy Active liver disease
Used for t LDL. tIG

t liver enzymes
Myositis ( t risk if combined
with fibrates)
Rhabdomyolysis

(statins) synthesis, LDL
clearance,modest t pravastatin
HDL. limited a VLDL rosuvastalin

simvastatin
Fibrates Beaalip D

tipidil -
lopid-

Used for t IG.
hyperchylomicronemia Renal disease

Activate PPAR
a.upregulate
lipoprotein lipase *
dpoAI. * VLDL. *IG.modest a LOL.
modes! t HOL

bezafibrale
fenofibrale
gemfibrozil

400 mg/d
48-200 mg/d
600-1200

Gl upset
Skin rashes

•risk of gallstone formation
t risk of rhabdomyolysis when
combined with statins

Hepatic disease

mg/d

Niacin Hiaspan* Nracor 1

generic niacin
0.5 - 2 g/d Used lor severe

hypertriglyceridemia Hepatic dysfunction
not controlled by Active peptic ulcci

disease (PUD)
Hyperuricemia
Severe hypotension

Hypersensitivity Generalized flushing
Abnormal liver enzymes
Pruritus

Inhibits secretion nicotinic acid
olhepatic VLDL via
lipopiotcin lipase
(LPL) pathway -•
decreased VLDL
and LDL:decreased
clearance of HDL

fibratc IGI
Watch glucose control with
overt DM

Resins that bind bile cholestyramine Questran:
acids in intestinal
lumen and prevent
absorption thereby colestipol Colestid -

LDL

2-24 g /d Complete biliary
obstruction
IG =-3.5 mmol/L

Constipation,nausea
Flatulence
8loating
Rise inIG
Binds other medications

Bile Acid
Seguestrants

Used for t LDL
Use as adjunct with
statins or fibrates

5-30 g/d r n
L J

Cholesterol
Absorption
Inhibitors

Ezetrol ' 10 mg/d Used fort LDLInhibits cholesterol ezetimibe
absorption at the
small intestine brush
bordei

Zelia * Hypersensitivity
Hepatic dysfunction
|when used withstatin) Sinusitis
Do not combine with
fibrates or bile add
resins

Fatigue
Pharyngitis

Abdominal pain
Diarrhea
Arthralgia
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Dyslipidemia Medications
Drug Class Mechanism of

Action
Generic Canada
Drug Name Name

US Dosing Indications Contraindications Side Effects
Name (if
different)

Rcpatha 140 nig q2 svfc Add on lo maximally Hypersensitivity
or 420 mg tolerated statin therapy No studies regarding
once monthly in helerotygous familial use in severe hepatic or Sinusitis

8ad< pain
Myalgia
Arthralgia
Nausea

Anti-PCSKO Inhibits degradation evolocumab
of the LDL receptor
by PCSK9 enzyme
LDL clearance

Nasopharyngitis,UHII.
influenta

Praluenl ' 75 mgq2 wkor hypercholesterolemia renal impairment
300 mg once (FH) (evolocumab,
monthly alirocumab) and

homozygous FH
(evolocumab)
Consider inpatients
with atherosclerotic
CVD and L0L-C not

alirocumab

at target despite
maximally tolerated
statin tezetimibe

Thyroid Medications
Drug Class Mechanism of

Action
Generic Drug Canada Name US Name (if Dosing
Name

Indications Contraindications Side Effects
different)

Antithyroid Agent
(thionamides)

Decreases
thyroid hormone (P1U)
production by
inhibiting iodine
and peroxidase
from interacting
withthyroglobulin
to formI< andIr
PTU also interferes
with conversion of
lx toI3

propylthiouracil Propyl- thyracil' Start 100 mg
P0 IID,
then adjust
accordingly
Thyroid storm:
start
150 300 P00ID,

Hyperthyroidism, Hypersensitivity
thyroid storm PTU recommended in1st Rash

trimester.MMI during 2nd Drug-induced hepatitis
Agranulocytosis

Lactation:safe with PTU Hepatitis with PTU
*300 mg/d and MMI *20- Cholestasis with MMI

Vasculitis

H/V

and 3rd trimester

30 mg/d
then
adiust accordingly

methimazole Tapazole3

(MMI)
Start 5-20 mg P0
once daily,then
ad|ust accordingly
Up to 60mg once
daily may be
required

Thyroid Hormone Synthetic form of
thyroxine (T<)

Synlhroid -
Eltroxin5

0.05-2.0 mg/d,
usually
1.6x weight thyroidectomy
(kg) is dose in
micrograms
In elderly patients
startal 0.025

Hypothyroidism Recent Ml.thyrotoxicosis If wrong dosing:
symptoms of
hypothyroidism or
hyperthyroidism
Skin rash from dye inpill

levothyroxine
l-thyroxine

Levoxyl:
F:st

mg/d

Antithyroid Agent Radioactive isotope sodium iodide lodotopc '
Radiopharmaceutical of iodine that is 1-131

incorporated into
the thyroidgland
irradiating the area
and destroying
local glandular
tissue

Dose corrected for Hyperthyroidism Hypersensitivity
24 h radioactive Thyroid
iodine uptake malignancy
Hyperthyroidism
4-12 millkuries
(mCi)
Thyroid Ca 50-150

H/V
Concurrent antithyroid
medication

Bone marrow
suppression
Sialadenitis
Thyroiditis

Pregnancy,lactation
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Metabolic Bone Disease Medications
ContraindicationsDrug Class Mechanism of

Action
Generic Drug
Name

Canada
Name

US Name (if Dosing
different)

Indications Side Effects

Bisphosphonatcs Inhibits osteoclast- alendronate
mediated bone
resorption

Fosamax ' Osteoporosis:
5 -10 mg once daily
70 mg once weekly
Paget's:
40 mg once daily for
6 mo

Prevention ol
postmenopausal
osteoporosis

Esophageal stricture or
achalasia (oral)
Unable to stand or sit

Treatment of osteoporosis upright for >30 min (oral)
Glucocorticoid-induced
osteoporosis
Paget's disease

Gl
Musculoskeletal
(MSK) pain
Headache
Osteonecrosis of
the jaw
Atypical femur
fractures

Hypersensitivity
Hypocalcemia
Renal insufficiency (CrCI
<35 ml/min)
History or atypical
femoral fracture or
osteonecrosis of the jaw

ActoneP Osteoporosis:
5 mg once daily
35 rng once weekly
150 mgonce monthly
Paget's:
30 mg once daily for
2 mo

Treatment and prevention Renal insufficiency (CrCI
ol postmenopausal <30 ml/min)
osteoporosis
Treatmentand prevention
of glucocorticoid-induced
osteoporosis
Paget's disease

risedronate

Aredia ’ Hypercalcemia of
malignancy

60-90 mg IV over 2-24 h Paget's disease
Wait at least 7 d
before considering
relreatment

Hypercalcemia of
malignancy:

Renal insufficiency (CrCI
<30 ml/min)

pamidronate

Osteolytic bone
metastases of breast
cancer
Osteolytic lesions of
multiple myeloma
Treatment of osteoporosis Renal insufficiency (CrCI
Hypercalcemia of <35 mL/min)
malignancy
Treatmentand prevention
ol skeletal complications
related to cancer

Zomela '

Adasta;
Reclast ' 5 mg IV once yearly

5 mg IV
coledronate

Selective
Estrogen
Receptor
Modulators

raloxifene Evista ' 60 mg once daily Treatment and prevention lactation
of postmenopausal Pregnancy
osteoporosis (2nd line) Active or past history of

DVT, PE,or retinal vein
thrombosis

Hot flashes
Leg cramps
Increased
risk of fatal
stroke,venous
thromboembolism

Oecreases
resorption of bone
through binding ID
estrogen receptors

Anti-RANKl
Monoclonal Ab

Inhibits RANKl denosumab
(osteoclast
differentiating
factor) inhibits
osteoclast formation
and decreases bone
resorption

Prolia" Xgeva' 60 mgSCq6mo Trcatmentfor Hypocalcemia
postmenopausal women Vitamin D insufficiency Gl
at high-risk of fracture
Prevent skeletal-related
events inpatients with
bone metastasis from
solid tumours
Also approved lor
glucocorticoid-induced
osteoporosis, and for men

Fatigue/headache/

injection site
reaction
Hypocalcemia
Atypical femur
fractures
Osteonecrosis of
the jaw

20 pg SC once daily * Treatment for
18- 24 mo

Stimulates new leriparatide
bone formation
by preferential
stimulation of
osteoblastic activity
over osteoclastic
activity

Forteo " Paget's disease
postmenopausal women Prior external beam
with osteoporosis who or implant radiation
are at high-risk for therapy involving the
fracture skeleton
Treatmentfor men with Bone metastases
primary or Metabolicbone diseases
hypogonadal other than osteoporosis
osteoporosis who are at
high-risk lor fracture
Also approved lor
glucocorticoid-induced
osteoporosis

Orthostatic
hypotension
Hypercalcemia
Dizziness
Leg cramps

PTH analog

Calcium Inhibits PIH
secretion

1200 mg/d (including Osteopenia
Osteoporosis

Divided in 3 doses Prevention ol metabolic
bone disease

Caution with renal
stones

Vomiting
Constipation
Dry mouth

diet)

Anti-sderostin
Monoclonal Ab

Binds to and
inhibits sclerostin
(inhibitor ofWnt
P'Catcnin pathway)
* increased bone
lormalion and
reduced bone
resorption

Romosozumab Everity > 210 mg SC qMonthr Treatment of osteoporosis Hypocalcemia
in postmenopausal Hypersensitivity
womenat high risk for
fracture (defined as
history of osteoporotic
fracture or multiple risk
factors for fracture)

Headache, joint
pain,pain at
injection site
May increase risk
ofMI'stroke/CV
death
Osteonecrosis
of jaw
Atypical femur
fractures

12 mo
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Metabolic Bone Disease Medications
Drug Class Mechanism of

Action
Generic Drug
Name

Canada
Name

US Name (if Dosing
different)

Indications Contraindications Side Effects

Vitamin D Regulation of
calcium and
phosphate
homeostasis

cholecalciferol
(vitamin Or)

800 2000 IU d
(higher doses required
in Insufficiency ot
deficiency)

Osteopenia
Osteoporosis
Prevention of metabolic
bone disease

Caution in patients
on digoxin (risk of
hypercalcemia which
may precipitate
arrhythmia)
Hypercalcemia
Malabsorption syndrome
Decreased renal
function
Hypercalcemia
Vitamin 0 toxicity

Hypercalcemia
Headache
HIV
Constipation

ergocalciferol
(vitamin Or)

Drisdol!
Erdol 5

50000 IU/wk Osteoporosis inpatients
with liver dysfunction,
refractory rickets,
hypoparathyroidism
Hypocalcemia and
osteodystrophy in
patients with chronic
renal failure on dialysis
Hypoparathyroidism

catcitriol
(1.25|0H); D|

Rocaltrol ' Start 0.25 pgfd
Titrate up by 0.25 yrg/d
at 4-8 vrk intervals to
0.5-1pgfd

Start 0.25pg/d
Titrate up by 0.25 pg/d
at 2-4 wk intervals to
0.5 -2 pgfd

Calcijex -

Adrenal Medications
Drug Class Mineralocorticoid Generic Drug

Nome
Potency Equivalent
Relative to Dose (mg)
Cortisol

Duration of
Action (1112

Dosing Comments
Activity

in h)
Hydrocortisone Yes cortef

solu-Cortef
1.0 20 8 Adrenal Crisis:50-100 mg IV In high doses,mineralocorticoid

bolus,then 50-100 mg q8 h side effects may emerge (salt
(continuousinfusion x 24- 48 h) water retention, ECF volume
P0 once stable (50 mg q8 h x expansion.HIH.low K - metabolic
48 h. then taper over 14 d) alkalosis)
Chronic Al:15- 20 mg PO 8I0-
110 (2/3 AM.1/3 PM)

Cortisone Acetate cortisone acetate 0.8 25 oral - 8
IM-18*

Adrenal Crisis:75-300 mg/d
PO/IM divided q12-24 h
Chronic Al:25 mg/d divided
8I0-TID

Pro-drug which is converted to
active form ashydrocortisone
High doses can result in
mineralocorticoid side effects
(see above)

Yes

Mineralocorticoid
Chronic: 0.1mg dailyFludrocortisone 100% Replaces aldosterone inprimary

adrenal insufficiency
Prednisone prednisone 4 5 16 36 Adrenal Crisis:15-60 mg/d P0 Pro- drug which is converted to

once daily or divided BID.0ID active form as prednisolone
Chrome Al: 5 mg daily

Yes

No dexamethasone 30 0.75 36-54 Adrenal Crisis: 4 mg IV:repeat
q2-6hilnecessary

Dexamethasone

r1
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Landmark Endocrinology Trials
Trial Name Reference Clinical Trial Details
DIABETES
GLP-1Agonists

LEADER NEJM 2016:375:311- 22 Title:Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes
Purpose: To investigate the cardiovascular effects ol liraglutrde|GIP1analogue) when added to standard care in palienls with T 20M.
Methods:9340 patients with T2DM athigh cardiovascular risk were randomly assigned to receiveliraglutide or placebo.
Results:The primary outcome (first occurrence of death from cardiovascular causes,nonfatal Ml.or nonlatal stroke) wasobserved in
significantly less palienls on liraglutide (13.0%) than placebo (14.9%) (hazard ratio,0.87:95% confidence interval.0.78-0.97;P<0.001for
noninferiority;P~0.01 for superiority).
Conclusion:In patients withI2DM.liraglutide reduced the rale of first occurrence of death from cardiovascular causes,nonfatal Ml.or
nonlatal stroke.

lancet 2019:394:121-30 Tide:Dulaglulide and Cardiovascular Outcomes in T2DM (REWIND): A Double-Blind,Randomized Placebo Controlled (rial
Purpose: fo assess Ihe effects of adding the CLP-1receptor agonist dulaglulide to existing antihyperglycemic regimens on major
cardiovascular events inpatients with12DM.
Methods:9901palienls with 12DM >50 years old with previous CVD or cardiovascular risk factors were randomly assigned to receive
dulaglulide (1.5 mg weekly) or placebo.Primary composite outcome was first occurrence of nonfatal Ml, nonfatal stroke,or death from
cardiovascular causes.
Results:During median follow-up of 5.4 years, the primary composite outcome occurred in12.0%olpatients on dulaglulide vs.13.4% of
patients on placebo (hazard ratio (HR),0.88:95% Cl 0.79-0.99:P'0.026).There was no significant difference in all-cause mortality between
groups (10.8% in the dulaglulide group vs.12% in the placebo group:HR,0.90;95% Cl,0.80-1.01:P-0.067).
Conclusion:In middle-aged and older adults withI2DM with previous CVD or cardiovascular risk factors,dulaglulide could be considered for
managing glycemic control.

REWIND

S6LT 2 Inhibitors
EMI'AHEG OUTCOME NEJM 2015:373:2117 -28 Title:Empagliflozin.Cardiovascular Outcomes, and Mortality in Type 2 Diabetes

Puiposc:Io Investigate Ihe effects of empagliflozin on cardiovascular morbidity and mortality inpatients with 12DM at high cardiovascular
risk.
Methods:7020patients were randomly assigned to receive empagliflozin (10 mg or 25 mg) or placebo daily.
Results:Risk of hospitalization from heart failure,death from any cause,or cardiovascular causes was significantly lower in the pooled
empagliflozin group as compared to placebo.There were no significant differences in the rates of Ml or stroke.There were increased rates of
genital infection with empagliflozin.
Conclusion:Empagliflozin reduced rates of death from any cause and death from CVD in patients with T2DM at high risk for cardiovascular
events.
Title:Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes
Purpose: to assess Ihe effects of canagliflozin on cardiovascular, renal, and safety outcomes inpatients with T2DM,

Methods:10142 patients with 12DM al high cardiovascular risk were randomly assigned to receivecanagliflozin or placebo.Primary outcome
was a composite of death from cardiovascular causes,nonfatal Ml.or nonfatal stroke.
Results:Canagliflozin was associated with significantly lower rates of the primary outcome as compared to placebo (26.9 vs. 31.5 participants
per 1000 patient-years;hazard ratio (HR).0.86; 95% Cl.0.75-0.97:P'0.001 for noninferiority:P-0.02 for superiority). However,canagliflozin
was associated with a greater risk of amputation (6.3 vs.3.4 participants per 1000 patient-years:HR.1.97:95% Cl,1.41-2.75).
Conclusion:Canagliflozin lowered the risk of cardiovascular events but increased the risk of amputation inpatients with T2DM at high
cardiovascular risk.
Title: Dapagliflozin and Cardiovascular Outcomes in Type 2Diabetes
Purpose: To assess the safety and efficacy of the SGLT2Idapagliflozin in patients with T2DM who had or were at risk for atherosclerotic CVD.
Methods:17160 patients were randomly assigned to receive 10 mg dapagliflozin daily or placebo.Primary composite safely outcome was
MACE (major adverse cardiovascular events), definedby cardiovascular death.Ml, or ischemic stroke. Ihe primary efficacy outcomes were
MACE and a composite of cardiovascular death or hospitalization for heart failure.
Results:For the primary safety outcome, dapagliflozin was noninferior to placebo (P<0.001 for noninfcriorily). In Ihe efficacy analyses,
dapagliflozin was associated with a lower rale of cardiovascular death or hospitalization for heart failure (4.9% vs.5.8%;hazard ratio.0.83:
95% Cl.0.73-0.95; P'0.005),but it did not significantly lower rates of MACE (8.8% vs.9.4%;hazard ratio.0.93:95% Cl,0.84-1.03:P'0.17).
Conclusion:Dapagliflozin was noninferior to placebo with respect to MACE but was associated with lower rates of cardiovascular death or
hospitalization for heart failure in patients with T 2DM who had or were at risk for atherosclerotic CVD.

CANVAS NEJM 2017:377:644 57

NEJM 2019;380:347-57DECLARE TIMI 58

SGLT2 Inhibitors - Renal

CREDENCE NEJM 2019:380:2295- Title:Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy
Purpose: To investigate if an SGLT 2I improves renal outcomes in patients with T 2DM.
Methods:4401patients withI2DM and chronic kidney disease (CKO) were randomly assigned lo receive cither 100 mg canagliflozin (oral
&GLT 2i) daily or placebo.
Results: Trial was stopped early atlcr median follow -up of 2.6 yr.Canagliflozin significantly lowered the relative risk of Ihe primary composite
outcome (end-stage kidney disease,doubling of serum creatinine,or death from renal or cardiovascular causes) by 30% (hazard ratio.0.70;
95% confidence interval,0.59-0.82:P'0.00001).
Conclusion:Canagliflozin therapy resulted in a lower risk of kidney failure and cardiovascular events in patients with T 2DM and CKO.

NEJM 2020;383:1436-46 Title:Dapagliflozin in Patients with Chronic Kidney Disease
Purpose:To assess the effects of SGLT 2is in patients with CKD with or without T2DM.
Methods:4304patients with estimated GFR (eGFR)'25 lo 75 mUmin/1.73m!and urinary ACR - 200 to 5000 were randomly assigned to
receive dapagliflozin (10 mg/d) or placebo.
Results:Over a median of 2.4 yr. dapagliflozin was associated with significantly lower rales of the primary composite outcome(sustained
decline in eGFR >50%,end- stage kidney disease, or death from renal or cardiovascular outcomes) as compared lo placebo (9.2% vs.14.5%:
hazard ratio.0.61;95% Cl,0.51- 0.72:P*0.001). Effects were similar in palienls with and withoutI2DM.
Conclusion:Oapaglillozm therapy resulted in a lower risk of kidney failure and cardiovascular events m patients with CDK.with or without
I2DM.
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Trial Name Clinical Trial DetailsReference
SG112 Inhibitors - Cardiac
DAPA- HF NtJM 2019:381:1995- Title:Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction

Purpose:To assess the effects of SGLT 2is in patients with heart failure and reducedejection fraction,with or without12DM.
Methods:4744 patients with New York Heart Association class II, III.or IY heart failure and ejection fraction <40% were randomly assigned to
receive dapagliflorin|10 mg'd) or placebo, in addition to recommended therapy.
Results:Over a median of 18.2 months, dapagliflonn was associated with significantly lower rates of the primary composite outcome
(worseninghurl failure or cardiovascular death) as compared to placebo (16.3% vs.21.2%:hazard ratio, 0.74; 95% Cl.0.65 0.85:P'0.0011.
Effects were similar in patients with and withoutI20M.
Conclusion:Oapagliflozin therapy resulted in a lower risk ol worsening heart failure or cardiovascular death inpatients with heart failure and
reduced ejection fraction,with or without T2DM.

NEJM 2020:383:1413- 24 Title:Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure
Purpose: to assess the effects of SGll2is in patients with heail failure, including those with a markedly reduced ejection liaction.
Methods: 3730 palienls with New Yoik Heart Association class II,III.or IV heart lailuic andejectionIradlon'40% were landomly assigned lo
receive empagliflozin [10 mg>d|or placebo, in addition to iccommended therapy.
Results:Over a median of 16 months,empagliflozin was associated v/ith significantly lower rales of the primary compositeoutcome
(hospitalization for worsening heart failure or cardiovascular death) as compared to placebo (19.4% vs.24.7%:hazard ratio.0.75;95% Cl,
0.65 0.86:P'0.001). Effects were similar in patients with and vrithoutI20M.Empagliflozin was also associated with a slower annual rate of
decline in estimated GFR ( O.SSvs. -2.28 ml/rriim1.73rnJ/yr;P'0.001).
Conclusion:Empagliflozin therapy resulted in a lowei risk olhospitalization lor worsening heart lailuic or cardiovascular death in palienls
receiving recommended therapy loiheart failure,with oi without T 2DM.

2008

EMPEROR-Reduced

A1c Targets

ADVANCE NEJM 2008:358:2560-72 Title:Intensive Blood Glucose Control and Vascular Outcomes in Patients with Type 2 Diabetes
Purpose:To investigate the effects of intensive glucose control on vascular outcomes in palienls with T2DM.
Methods:11140 patients with 12DM received intensive glucose control withmodified release glidazide [and other drugs necessary to reach
target HbA1c - 6,5%|or standard glucose control (taigel HbA1c defined by local guidelines).
Results:Intensive glucose control icduccd the incidence olnephropathy (4.1% vs. 5.2%;hazardratio.0.79; 95% confidence interval (Cl|.0.66
0.93:P-0.006), but did not significantly reduce major macrovascular events oi death from any cause.Severe hypoglycemia was more common
in the intensive control group|2.7%.vs.1.5%:1.86 Cl[1.42 to 2.40]:P‘0.001).
Conclusion:Intensive glucose control targeting HbA1c <6.5% significantly reduces the incidence of nephropathy butnot major macrovascular
events or death.

NEJM 2008;358:2545-59 Title:Effects of Intensive Glucose loweiing in Type 2 Diabetes
Purpose: lo investigate if Intensive glucose control targeting normal HbAlc levels reduces cuidiovasculai events in patients withI20M with
established CV0 or CVD risk laclors.
Methods:10251patients (mean age 62.2) were randomly assigned to receive intensive therapy targeting a HbAlc level of <6.0% or standard
therapy targeting7.0-7.9%.
Results:The intensive therapy arm wasslopped early due to evidence of increased mortality.There was no difference in cardiovascular events
or death from cardiovascular events.There were increased rates of hypoglycemia, fluid retention,and weight gain >10 kg in the intensive
therapy group.
Conclusion:Intensive glucose lowering therapy inI20M does not improve clinical outcomes and increases mortality with more adverse
events.
Title:Glucose Control And Vascular Complications In Veterans With Type 2 Diabetes
Purpose:Toinvestigate effects of intensive glucose control on cardiovascular events in patients with long-standing T2DI4.
Methods:1791military veterans who had suboptimal responses to therapy for f 2DM were randomly assigned to intensive control (absolute
reduction in HbAlc by1.5%relative to slandardl or standard glucose control.
Results:Median HbAlc was 6.9% in Ihc Intensive therapy gioup and 8.4% in the standard-therapy.Risk olmajor cardiovascular events,
microvascular complications,or death Itom any cause were not significantly different between groups. Adverse events,predominantly
hypoglycemia,were more common in the intensivecontrol group.
Conclusion:Rates of major cardiovascular events,death,or microvascular complications were notreduced by intensive glucose control in
patients with poorly controlled T2DM.

ACCORD

VADT NEJM 2009:129-39

Treating Diabetes
41 Trial NEJM 2009:361:1736 Title: Three Year Ellicacy of Complex Insulin Regimens in12DM: 41 Trial Study:Randomized unblmded trial with 3 yr ol lollow up.

Population:708 patients withI2DM.not on insulin or Ihiazolidincdione therapy on maximal mctlormln and sulfonylurea therapy.
Intervention: Ihrice-daily prandial insulin aspart.vs.twice- daily biphasic insulin aspart.vs.once daily basal insulin detemir. Sulfonylurea
therapy was replaced with a secondary insulin regime specific to each arm if there was persistent hyperglycemia.
PrimaryOutcome: Three yr HbAlc.
Results:Significant difference in rates of patient withdrawal Irom the study:5.1% biphasic,11.7%prandial, 8.5% basal regimens|P~0.04).
There were no significant dilfcrcnces in median HbAlc levels between all three arms from yr 1-3. A smaller proportion olpatients reached
HbAlc <6.5% or '7.0% in the biphasic arm. The basal arm had the least werght gam and the least weight citeurnfercncc increase, but Ihc
highestrale ol secondary insulin requirement.The basal arm had fewest severe hypoglycemic events per patient year, while the biphasic had
the most serious adverse effects.
Conclusion:Basal insulin regimen provides the best glycemic control over a 3 yr study,with belter HbAlc control, fewer hypoglycemic events,
and less weight gain.
Title:Effects of Intensive Blood Pressure Control in 120M: The ACCORD Trial
Study: RCI. unblmded with 4.7 yr of mean follow- up.
Population:4733 patients with 12DM, risk laclors lor cardiovascular |CV) disease,syslolic blood pressure (sBP) between 130-180 mmHg.
Intervention: sBP control <120 mmHg (intensive) or 140 mmHg [standard).
Primary Outcomes:Major CV event [compositenonlatal Ml,nonfatal stroke,or CV-related death).
Results:Mean number of medications at1yr for intensive therapy was 3.4 (95% Cl 3.4-3.5) vs.2.1(95% Cl 2.1-2.2) for standard therapy.There
was a significant increase in all serious adverse events in the intensive treatment arm|3.3% vs.1.27%.P<0.001);especially bradycardia or
arrhythmia (0.5% vs.0.13%.P'0.02) and hyperkalemia (0.4% vs. 0.04%, P'0.01). There was no significant difference inprimary oulcomesin
the two study arms,or all cause mortality. There was a signilicant reduction in any stroke (0.32Vyr vs, 0.53%/yt.P'0.01) and nonfatal stroke
Incidences (0.30%/yr vs. 0.47%/yr.P-0.03) In the intensive therapy arm.
Conclusion:Intensive 8P lowering to <120 mmHg vs.140mmHg in patients with T 2DM and CV risk factors does not reduce major CV event risk
except for stroke events.
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Trial Name Clinical Trial DetailsReference
The ACCORD Trial -
Combination Lipid
Therapy

NEJM 2010:362:1563 Title:Effects of Combination Lipid Therapy in T 2DM: The ACCORD Trial
Study: RCT.double - blinded trial with 4.7 yr olmean follow-up.
Population:S518 patients with 12DM.
Intervention: Statin with or without fibrate therapy.
Primary Outcome:Major CV event (composite nonlalalMl.nonfalalstroke, or CV-related death).
Results: No significant differences in primary outcome between the two arms.No difference inalt Ml.all stroke,or all-cause mortality
between studyarms.
Conclusions:The addition of fibrate therapy to statin therapy in patients with T2DM does not reduce major CV event risk.

NEJM1993;329:977-986 Title:The Effect of Intensive Treatment of Diabetes on the Development and Progression of long term Complications in Insulin-dependent
Diabetes Mellitus
Purpose: To investigate whether intensive treatment to maintainnormal blood glucose reduces the frequency and seventy of microvascular
complications in T1DM.
Methods:1441 patients withI10M received Intensive therapy (>3 daily Insulin Injections or insulin pump.8G monitoring OID with strict targets)
or conventional therapy (1-2 insulin injections dally.BG monitoring daily).
Results: Intensive treatment of 11DM significantly reduced the risk for the developmentand progression of retinopathy in primary- and
secondary-intervention cohorts,respectively.Intensive therapy also reduced the occurrence of microalbuminuria,albuminuria,and clinical
neuropathy.Intensive therapy was associated with an increase in the occurrence of severe hypoglycemia.
Conclusion:Intensive treatment significantly reduces the development and progression of microvascular complications in T1DM.

NEJM 2005:353:2644 53 Title:Intensive Diabetes Treatment and Cardiovascular Disease in Patients with Type 1Diabetes
Purpose: To investigate whether intensive vs.conventional therapy during the DCCT trial influenced the long-term incidence olCVD.
Methods: The DCCT trial randomly assigned 1441patients withI1DM to intensive or conventional therapy lor a mean ol 6.5 years from 1983
1993.93% were followeduntil 2005 (EOIC) for cardiovascular events.
Results:During the mean 17-year follow-up, intensive treatment reduced the risk of any cardiovascular event by 42% (95% confidence interval
(Cl).9-63%: P'0.02) and of nonlatal Ml,stroke,or death from CVD by 57% (Cl,12- 79%:P“0.02).
Conclusion: Long-term risk of CYD in patients with T10M is reduced by intensive therapy.

lancet 1998:352:837-53 Title:Intensive Blood-Glucose Control With Sulphonylureas or InsulinCompared With Conventional Treatment and Risk of Complications In
Patients With Type 2 Diabetes (UKPDS 33)
Purpose: To investigate the effects of intensive blood- glucose control with sulphonylurca or insulin vs.conventional treatment on the risk of
complications in T2DM.
Methods: 3867patients with newly diagnosed T 20M were received Intensive treatment with a sulfonylurea or insulin (target EPG <6 inmol/l)
vs.conventional treatment withdiet alone (target EPG <15 mmotfl withouthyperglycemic symptoms).
Results:Patients allocated to intensive treatment had lower median HbAlc levels (P<0.0001),and their risk was reduced by 12% for any
diabetes- related endpoint (95% confidence interval (Cl),1-21.P-0.029),by 10% for any diabetes-related death (Cl,-11-27.P-0.34),and by 6%
for all-cause mortality (Cl.-10-20.P'0.44).Intensive therapy induced more hypoglycemic episodes and weight gain.
Conclusion:In T 2DM, sulphonylurea or insulin-mediated intensive glucose control reduced microvascular butnot macrovascular
complications.

lancet 1998:352:854 65 Title:Effect of Intensive Blood-Glucose Contiol With Metformin On Complications In Overweight Patients With Type 2 Diabetes (UKPDS 34)
Purpose: To Investigate the effects of intensive glucose control with metformin on rales of microvascular and macrovascular complications in
overweight patients withI2DM.
Methods: 753 patients were randomised to receive conventional management with diet alone or intensive blood-glucose control regimen with
metformin targeting FPG<6 mmol/L.
Results:Patients allocated metformin had reduced HbAlc (7.4% vs.8.0%).and risk reductions ol32% for any diabetes-related endpoint
(P -0.002), 42% for diabetes-relateddeath|P-0.017),and 36% for all-cause mortality (P-0.011).Among various intensiveblood-glucose
control regimens,metformin was superior tosulphonylureas or insulin for any diabetes-related endpoint (p-0.0034).all-cause mortality
(P-0.021),and stroke (P-0.032).
Discussion:Metformin decreases risk of diabetes-related endpoints in overweight patients with less weight gain and hypoglycemia than
insulin and sulphonylureas.Consider for first line therapy.

NEJM 2008:359:1577-89 Title:10-Year follow Up of Intensive Glucose Control in Type 2 Diabetes
Purpose:Post - trial monitoring of UKPDS to determine whether improved glucose control persisted and it there were long- term effects on
macrovascular outcomes.
Methods:3277 patients were assessed through annual UKPDS clinics or annual questionnaires for up to 10 yr.
Results:Alter1 yr,between- group differences in HbAlc were lost.Relative risk reductions in the sulfonylurea-insulin group persisted for any
diabetes- related end point (9%.P'0.04) and microvascular disease (24%,P'0.001).in addition to the emergence of risk reductions for Ml
(15%.P'0.01) and death from any cause (13%. P'0.007).Risk reductions persisted in the metformin group for any diabetes-related end point
(21%.P'0.01),Ml (33%.P'0.005). and death from any cause (27%, P'0.002).
Conclusion: Glycemic differences were lost early,but sustained inductions in mlcrovasculai risk and emeigenl risk reductions lor Ml and death
were evident during10 years of post-trial follow -up.
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NEJM 2002:346:393-403 Title:Reduction in the Incidence of Type 2 Diabetes with Lifestyle Intervention or Metformin
Purpose: To investigate whether lifestyle interventions or metformin could prevent or delay thedevelopmentofT2DM.
Methods:3234 nondiabetic persons with elevated fasting and post- load plasma glucose were randomly assigned to placebo,metformin (850
mg 810).or a lifestyle -modification program (min 7% weight loss and150 min of physical adivity/wk).
Results: lifestyle interventions and metforminreduced the incidence of 12DM by 58% (95% confidence interval [Cl|.48 66%) and 31% (Cl,
17- 43%),respectively,as compared with placebo, lifestyle interventions were significantly moie effective than metformin.
Conclusion:Metformin and lifestyle modifications reduced the incidence of diabetes inhigh-risk individuals but lifestyle modifications were
more effective.

NEJM 2013;369:145-54 Title:Cardiovascular Effects of Intensive Lifestyle Intervention in Type 2 Diabetes
Purpose:To investigate if an intensive lifestyle intervention for weight toss would decrease cardiovascular morbidity and mortality among
overweight or obese patientswith T2DM.
Methods: 5145 patients were randomly assigned to receive weight loss lifestyle interventions (decreased caloric intakeand increased physical
activity) oi diabetes support and education (control).
Results: Trial was stopped early on the basis ol futility. As compared to control,lifestyle interventions reduced weight.HbAlc and
cardiovascular risk factors,but the incidence of the primary composite outcome (death from cardiovascular causes, nonlalal myocardial
infarction,nonlalal stroke,or hospitalicalion lor angina) was not significantly different between the groups.
Conclusion:Rate of cardiovascular events in overweight or obese adults with T2DM werenot reduced by an intensive lifestyle intervention
focusing on weight loss.
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Clinical Trial DetailsTrial Name Reference
Mullifactorial Diabetes Treatment

Steno - 2 NS JM 2008:358:580 91 Tide:Effect ol a Mullifactorial Intervention on Mortality in Type 2 Diabetes
Purpose: to investigate if intensified mullifactorial interventions would influence rales of death in patients withI2DM and inicroalbuminuna.
Methods:160 patients received either conventional muttifactorial treatment or intensified, target- driven therapy involving a combination of
medications and focused behaviour modification.
Results:A lower risk of death from any cause,death from cardiovascular causes,cardiovascular events,and progression lo end-stage renal
disease was seen in intensive therapy,and fewer patients in this group required retinal photocoagulation.
Conclusion:Vascular complications and death rales weresignificantly improved by mullifactorial interventions in at-risk patients with T2DM.

LIPIDS
NT JM 2015:372:2387 9/ Title:Ezetimibe Added to Slalin therapy after Acute Coronary Syndromes

Purpose: to assess whether the addition of ecetimibe lo statin therapy can further reduce the rate of cardiovascular events.
Methods:18144 patients who had been hospitalized within the previous10 days for acute coronary syndrome|ACS) with LDL cholesterol 7
1.3 to 2.6 mmol/l(if on lipid lowering therapy) or 1.3 to 3.2 mmol/L (if not on lipid lowering therapy) were randomly assigned to receive a
combination of either simvastatin|40 mg) and ezetimibe (10 mg) (simvastatin-ezetimibe) or simvastatin (40 mg) and placebo (monotherapy).
Results:Median time-weighted average LDL cholesterol was significantly lower in the simvastatin-ezetimibe group as compared to
monotherapy (1.4 vs.1.8 mmol/l:P- 0.001). At 7 yr. the simvastatin-ezetimibe group was associated with significantly lower Kaplan-Meier
event rales of the primary composite outcome (cardiovascular death,nonfatalMl.unstable angina, coronary revascularization,or nonfalat
stroke) (32.7% vs. 34.7%:hazard ratio,0.936:95% Cl.0.89 0.99; P-0.016).
Conclusion:Ezetimibe.when added to statin therapy, resulted in lower LDL cholesterol and improved cardiovascular outcomes. Additional
benefit was conferred by lowering LDL cholesterol below previous targets.

NEJM 2017;376:1713-22 Title:Evolocumab and Clinical Outcomes in Patients with Cardiovascular Disease
Purpose:to assess if the PCSK9 inhibitor evolocumab prevents cardiovascular events.
Methods:27564 patients with atherosclerotic CVD and LDL cholesterol >1.8 mmol/lwho were on statin therapy were randomly assigned to
receive evolocumab (140 mg every 2 weeks oi 420 mg monthly) or matching placebo.
Results: At 48 weeks, evolocumab was associated with a least-squares mean percentage reduction in LOL cholesterol of 59% relative to
placebo, from a median baseline of 2.4 mmol/lto 0.78 mmol/l(P'0.001).Patients in theevolocurnab group enpenenccd significantly lower
rates of the primary composite outcome (cardiovascular death.Ml, stroke,hospitalization for unstable angina,or coronary revascularization)
as compared to placebo (9.8% vs.11.3%,respectively:hazard ratio.0.85:95% Cl.0.79-0.92;P'0.001).
Conclusion:Evolocumab lowers LDL cholesterol and reduces the risk of cardiovascular events in patients with atherosclerotic CVD.

NEJM 2018;379:2097-107 Title:Alirocumab and Cardiovascular Outcomes after Acute Coronary Syndrome
Purpose:To determine if the PCSK9 inhibitor alirocumab improves cardiovascular outcomes following acute coronary syndromes (ACS) in
patients on high-intensity statin therapy.
Methods:18924 patients onhigh-intensity statin therapy who enperlenced ACS1-12months prior with LDL cholesterol > 1.8 mmol/L and non-
H0L -Ci2.6 mmol/ L or ApoB i 80 mg/dl were randomly assigned to receive SC alirocumab (75 mg) or matching placebo every two weeks.
Results: At median follow up ol 2.8 months, the composite primary outcome (death Irom coronary heart disease, non fatal Ml. ischemic
stroke,or hospitalization lor unstable angina) occurred in 9.5% and 11.1% of patients on alirocumab and placebo, respectively (hazard ratio.
0.85;95% Cl 0.78 -0.93:P'0.001).Alirocumab was associated with greater absolute benefit with respect lo the primary outcome in patients
with higher baseline LDL cholesterol.
Conclusion:Alirocumab reduces the risk of recurrent ischemic cardiovascular events inpatients who had a previous ACS on high-intensity
statin therapy.
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REDUCE If NEJM 2019:380:11- 22 Title:Cardiovascular Risk Reduction with Icosapent Ethyl for Hypertriglyceridemia
Purpose: lo assess the effects of icosapent ethyl on the rale ol ischemic events.
Methods: 8179 patients withestablished CVD or diabetes and other risk factors,who weie on statin therapy with fasting TG 1.52-5.63 mmol/l
and LDL cholesterol1.06-2.59 mmol/L were randomly assigned to receiveIcosapent ethyl (2 g BID) or placebo.
Results:At median follow-up of 4.9 yr.the primary composite end point (cardiovascular death,nonfatal Ml.nonfatal stroke, coronary
revascularization, or unstable angina) occurred in significantly less palrents in the icosapent ethyl groupas compared to placebo (17.2%
vs.22.0%, respectively:hazard ratio.0.75;95% Cl.0.68-0.83:P'0.001).Icosapent ethyl was associated with significantly higher rates of
hospitalization for atrial fibrillation or flutter as compared to placebo (3.1% vs.2.1%:P-0.004).
Conclusion: Icosapent ethyl therapy was associated with a significantly lower risk of ischemic events in patients with elevated TGs despite the
use olstatins.

lancet 1994:344:1383- Title:Randomised Trial ol Cholesterol lowering In 4444 Patients Vfilti Coronary Heart Disease: flic Scandinavian Simvastatin Survival Study4S
1336 •SI

Purpose:lo investigate if cholesterol lowering with simvastatin alters mortality and morbidity in patients with coionary heart disease (CHD).
Methods:4444 patients with CHD and serum cholesterol S.S-8.0 mmol/Lon a lipid-lowering diet received simvastatin or placebo.
Results:In the simvastabn group,mean changes in total cholesterol, LDL.and HDL of -25%,-35%,and"8%.respectively,were observed
with few adverse effects.The relative risk of coronary events in the simvastatin group was 0.66 (95% confidence interval|CI), 0.59-0.75.
P'0.00001) and relative risk of death was 0.70 (Cl.0.58-0.85.P“0.0003).
Conclusion: InCHD patients, long-term treatment with simvastatin safety improves survival.

lancet 2002:360:7- 22 Title:MRC /BHF Heart Protection Study 0ICholesterol lowering With Simvastatin In 20536 High -Risk Individuals: A Randomised Placebo
Controlled Trial
Purpose:lo investigate the elfects of reducing LOL cholesterol on the development of vascular disease.
Methods:20536 adults with coronary disease,other occlusive arterial disease,or diabetes received 40 mg simvastatin daily or placebo.
Results:As compared to placebo,simvastatin significantly reduced all-cause mortality (12.9% vs.14.7%;P~0.0003).mainly due to an18%
reduction in the coronary death rate (5.7%vs.6.9%;P'0.0005).There were significant reductions in the first event rate for non fatal Ml
or coronary death (8.7% vs.11.8%;P'0.0001),for non fatal or fatal stroke (4.3% vs.5.7%;P'0.0001),and for coronary or non-coronary
revascularisation (9.1% vs.11.7%;P'0.0001).
Conclusion: Adding simvastatin treatment safely protects against vascular disease in a variety of high-risk patients,

lancet 2005:366:1849 61 Title:Effects of Long - Term Fenofibrate therapy on Cardiovascular Events In 9795 People With Type 2 Oiabctes Mellitus ( the FIELD Study):
Randomised Controlled Irial
Purpose:lo assess the effect ol fenofibrate on cardiovascular events in patients with 12DM at high risk for CVD.
Methods:9795 patients withI2DM not takingstatin therapy were randomly assigned to micronized fenofibrate 200 mg daily or placebo.
Results:Fenofibrate significantly reduced the relative risk of non-fatal Ml (hazard ratio [HR], 0.76,95% confidence interval [Cl],0.62-0.94;
P'0.010) and total cardiovascular events (HR. 0.89:Cl.0.80-0.99; P'0.035),but there was no significant difference in the risk of coronary
events or CHD mortality between groups.
Conclusion:Fenofibrate did not significantly reduce the risk of coronary events,but rates of total cardiovascular events (mainly non fatal Mis
and rcvascularlzalions) were reduced.
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Clinical Trial DetailsTrial Name Reference

NEJM 2005:352:1425 35 Title:Intensive lipid toweling With Aloivaslalin In Patients With Stable Coronary Disease
Purpose: To assess the eflicacy and safety o( reducing LDL to <2.6 mmol/lin patients with stablecoronary heart disease|CHD).
Methods:10001patients with CHD and LDL<3.4 mmol/L were randomly assigned to receive either 10 mg or 80 mg of atorvastatin daily.
Results:Mean 101was 2.0 mmol/land 2.6 mmol/lduring treatment with 80 mg and 10 mg of atorvastatin,respectively.Major cardiovascular
events occurred in 8.7% receiving 80 mg vs,10.8% receiving 10 mg. indicating a 22% relative risk reduction (haiaid ratio.0.78:95%
confidence interval,0.69 0.89; P<0.001).
Conclusion:In patients withstable CHD,intensive lipid-lowering treatment with 80 mg atorvastatin daily has greater clinical efficacy than10
mg of atorvastatin daily.

NEJM 2008:359:2195 Title:Rosuvastnlin to Pievent Vascular Events in Men and V/ornen with Elevated C Reactive Protein
Purpose: To investigate if statins reduce cardiovascular events inpatients with elevated CRP but without hyperlipidemia.
Methods:17802 healthy men and women with LDL<130 mgi'dl and CRP»2 0 mg/L were randomly assigned to receive rosuvastalin 20 mg daily
or placebo.
Results:Rosuvastalin reduced 101and CRP levels by 50% and 37%.respectively. In the rosuvastatm and placebo groups, the rates of the
primary outcomes (Ml. stroke, arterial rcvascularicalion.liospitalication for unstable angina,or death from CVD) were 0.77 and 1.36 per 100
person-years of follow-up, respectively (P<0.00001).
Conclusion:Statins reduce the incidence of major cardiovascular events in healthy people without hyperlipidemia but with an elevated CRP.
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Periodic Health Examination
Purpose of the Periodic Health Examination
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Health Promotion and Counselling
Motivational Strategies for Behavioural Change
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Obesity
Dyslipidemia
Exercise
Smoking Cessation
Alcohol Use
Corrmon Presenting Problems
Allergic Rhinitis
Amenorrhea
Anxiety
Asthma/COPD
Benign Prostatic Hyperplasia
Bronchitis (Acute)
Chest Pain
Common Cold (Acute Rhinitis)
Concussion/Mild Traumatic Brain Injury
Contraception
Cough
Dementia (Major Neurocognitive Disorder)
Depression
Diabetes Mellitus
Dizziness
Domestic Violence/Elder Abuse
Dyspepsia
Dyspnea
Dysuria
Epistaxis
Erectile Dysfunction
Fatigue
Fever
Headache
Hearing Impairment
Hypertension
Joint Pain
Low Back Pain
Menopause/Hormone Therapy
Osteoarthritis
Osteoporosis
Rash
Sexually Transmitted Infections
Sinusitis
Sleep Disorders
Sore Throat (Pharyngitis)
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Symptom Management
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Acronyms
ABC arterial blood gas
ACR albumlnxreatinme ratio
ACEI angiotensin converting enzyme ER

inhibitors F/U
anal intraepithelial neoplasia FAP
acute kidney injury

AMC another medical condition
absolute reduction
angiotensin receptor blockers FOBT
benign prostatic hyperplasia

BPPV benign paroxysmal positional
vertigo

BRBPR bright red blood per rectum
cancer

CABG coronary artery bypass graft
CAM complementary and alternative

medicine
CANRISK Canadian Diabetes Risk

Questionnaire
cognitive behavioural therapy

CC8 calcium channelblockers
CCS Canadian Cancer Society

cystic fibrosis
CHEP Canadian Hypertension

Education Program
creatine kinase

CNS central nervous system
CPAP continuous positive airway

pressure
colorectal cancer
creatinine clearance

CRP Creactive protein
CSEP Canadian Society for Exercise

Physiology
cardiovascular

CVA costovertebral angle
CVD cardiovascular disease
DASH Dietary Approaches to Stop

Hypertension
DHP dihydropyridine
DKA diabetic ketoacidosis
DMPA depot medroxyprogesterone
DRE digital rectal exam

OS IDl-C low density lipoprotein
cholesterol
low molecular weight heparin
low-grade squamous
intraepithelial lesion
left ventricle
left ventricle hypertrophy
mean corpuscular volume
metered-dose inhaler
mini mental status examination
Montreal cognitive assessment
multiple sclerosis
men who have sex with men
monounsaturated fatty acids
norepinephrine
natural health product
number needed to treat
number needed to harm
nursepractitioner
human insulin isophane
nicotine replacement therapy
neural tubedefects
nitroglycerin
New York Health Assocation
ova and parasites
osteoarthritis

obsessive compulsive disorder
oral contraceptive pill
obsessive compulsive
personality disorder
omne in die (i.e.once daily)
oral glucose tolerance lest
obstructive sleep apnea
polycystic ovarian syndrome
proprotein convertase subtilisin
kexin 9
pulmonary function test
periodic health examination
pelvic inflammatory disease
premenstrual syndrome
paroxysmal nocturnal dyspnea
purified protein derivative

prostate specific antigen

PTSDdouble strength
emergency contraception
extended release
follow-up
familial adenomatous polyposis
fasting blood glucose
family health team
fecal immunochemical testing MCV
fecal occult blood test

post-traumatic stress disorder
peptic ulcer disease
polyunsaturated fatty acids
peripheral vascular disease
post-void residual
quaque hora somni (I.e. every
night at bedtime)
routine and microscopic
rheumatoidarthritis

EC PUD
PUFALMWH

LSIL PVD
AIN PVR

FBG OHSAKI IV
FHT LVH

R&MAR FIT
ARB MDI RA

FP family physician
FRS Framingham Risk Score
GAD generalized anxiety disorder MS
GERD gastroesophageal reflux disease MSM

MUFA

MMSE
MOCA

RN registered nurse
range of motion
relative risk
respiratory syncytial virus
subarachnoid hemorrhage
serotonin dopamine reuptake
inhibitor
sudden infant death syndrome

serotonin norepinephrine
reuptake inhibitor
shortness of breath
sustained release
selective serotonin reuplake
inhibitor
sexually transmitted infection
total cholesterol
tricyclic antidepressant
total daily energy expenditure
triglyceride
transient ischemic attack
tympanic membrane
temporomandibular joint
transurethral incision of the
prostate
transurethral resection of the
prostate
ulcerative colitis
upper respiratory tract infection
vaginal intraepithelial neoplasia
vulvar intraepithelial neoplasia
vertebrobasilar insufficiency
waist circumference
Workplace Safety and Insurance
Board

BPH
ROM
RR
RSV

L A gFOBT guaiac fecal occult blood test
GP general practitioner
HAART highly active anti retroviral

therapy
HDL high density lipoprotein
HDL-C high density lipoprotein

cholesterol

SAH
SDRINE

NHP
SIDSNNf
SNRINNH

NP
CBT NPH SOB

SRHEENT head, ears,eyes, nose,and
throat

HF heart failure
HNPCC hereditary non polyposis colon NYHA

cancer
hs-CRP high sensitivity C-reactive

protein
HSIL high-grade squamous

intraepithelial lesion
HPV human papillomavirus
HRT hormone replacement therapy OD
IBD inflammatory bowel disease OGTT
IBS irritable bowel syndrome
ICS inhaled corticosteroids

impaired fasting glucose
IGT impaired glucose tolerance

ischemic heart disease
INH isonlazld
IPT interpersonal therapy

intravenous pyelogram
KUB kidneys,ureter,bladder x-ray
IDCT low dosecomputed tomography PPD
LDL low density lipoprotein

NRT
NfD SSRI

CF NTG
STI

C:; L TC
CK OA TCA

OCD TDEE
OCP TG
OCPD TIA

CMC TM
CrCI TMJ

TUIP
OSA
PCOS TURP

CV IFG PCSK9
UC

PFf URTIIHD
PHE VAIN
PID VIN

IVP PMS VBI
PND WC

WSIB
PSA

Four Principles of Family Medicine
College of Family Physicians of Canada
1 . the family physician is a skilled clinician

works with patients to understand their illness experience and collaborate on shared
management plans

• uses expert generalist knowledge to develop a comprehensive approach to management of
undifferentiated disease, multimorbidity, and chronic disease

2. family medicine is a community-based discipline
• responds/adapts to changing needs and circumstances of the community, with emphasis on

injury/disease prevention and health promotion
• sees patients across their lifespan, with a variety of diseases, in a variety of clinical contexts,

collaboratively with a network of multidisciplinary community healthcare providers
3. the family physician is a resource to a defined practice population

engages in self-directed, lifelong learning to ensure relevance of practice in maintaining patient
health
advocates for public policy to promote health, resource stewardship, and continuity and
coordination of care

4. the patient-physician relationship is central to the role of the family physician
• commits to the whole person, not just the disease, in the context of the patient’s family and wider

social environment
• promotes continuity of patient care, respecting patient privacy and the physician-patient

relationship

Experts in Generalism
General ism is a professional philosophy of care, distinguished by a commitment to holistic, integrated,
person-centred care, the broadest scope of practice, and collaboration with the larger health care team
in order to respond to patient and community health needs. Family physicians are the quintessential
experts in generalism with an emphasis on patient- and family-centred care, community adaptiveness,
undifferentiated problems, management of uncertainty, prevention and health promotion,
multimorbidity/chronic disease, and longitudinal aspects of health and illness
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Periodic Health Examination
• Canadian Task Force on Preventive Health Care was established in 1976 to develop and disseminate

clinical practice guidelines for primary and preventive care, and provides:
• recommendations based on systematic analysis of scientific evidence
• periodic preventive health visits are recommended instead of annual physical examinations

(sometimes called “yearly physicals")

Adult Periodic Health Exam
Male and female evidence-based
preventive care checklist forms are
available online at http://www.cfpc.
ca, most recently updated in 2018, re-

endorsed in 2019.Purpose of the Periodic Health Examination
• primary prevention: identify risk factors for common diseases; counsel patients on health-promoting

practices (e.g. vaccinations)
• secondary prevention: early detection of disease to allow prompt treatment and to prevent disease

progression (e.g. screening programs)

Choosing Wisely Canada
http://www.choosingwiselycanada.org/
A campaign to help clinicians and
patients engage in conversations about
unnecessary tests and treatments and
make smart and effective choices to
ensure high quality care

Classification of Recommendations (GRADE)
Strength of Recommendation
• strong: confidence that desirable effects outweigh undesirable effects (strong recommendation for

an intervention ) or that the undesirable effects outweigh desirable effects (strong recommendation
against an intervention )

implies that most individuals will be best served by the recommended course of action
• conditional: desirable effects probably outweigh the undesirable effects (conditional recommendation

for an intervention) or undesirable effects probably outweigh the desirable effects (conditional
recommendation against an intervention )
• implies that most people would want the recommended course of action but that many would not
• different choices will be appropriate for different individuals, patients require support in reaching

a management decision consistent with his/her values and preferences

Quality of Evidence
• high: high level of confidence that true effect lies close to the estimate of the effect
• moderate: true effect likely to be close to the estimate of the effect, hut there is a possibility that it is

substantially different
• low or very low: true effect may be substantially different from the estimate of the effect

Folic Acid Supplementation in
Pregnancy (Joint SOGC-Motherisk
Clinical Guideline May 2015)

• To prevent neural tube defects in
all women capable of becoming
pregnant

• Low-risk women (no personal health
risks, planned pregnancy): diet of
folate-rich foods and a daily oral
multivitamin supplement containing
0.4-1.0 mg folic acid for at least 2-3
mo before conception, throughout
pregnancy, and 4-6 wk postpartum or
as long as breast- feeding continues

• High-risk women (health risks
including epilepsy, insulin-dependent
diabetes. BMI >35. family history
of NTD.high-risk ethnic group):
diet of folate-rich foods and daily
supplementation with multivitamins
with 5 mg folic acid at least 3 mo
prior to conception until 12 wk post-
conception

• From wk 12 post-conception until
postpartum period (4-6 wk or as long
as breastfeeding continues): 0.4-1.0
mg of folic acid supplementation is
sufficient

• Women with additional lifestyle
issues (poor compliance with
medications, no consistent birth
control, taking possible teratogenic
substances): higher folic add dose
of 5 mg and counselling about
prevention of birth defects

Table 1. Periodic Health Exam
General Population Special Population

Discussion Dental hygiene (community fluoridation, brushing, flossing) (A) Paediatrics:home visits for high-risk families (A), injury
prevention (poison control, smoke detectors,non- flammable
sleepwear, hot water thermostat sellings)|6), inquiry into
development! milestones (B)

Norse control and hearing prolcction (A)
Screen lor poverty
Counsel on smoking cessation and provide nicotine
replacement therapy (A),referral tosmoking cessation
program (B)
Dietary advice on leafy green vegetables and fruits (B )
Scat belt use (B)
Moderate physical activity (B)
Avoid sun exposure and wear protective clothing|B)
Problem drinking screening and counselling (B)
Counselling lo protect against Slls (6)
Nutritional counselling, dietary advice on lal,and
cholesterol (B)
Dietary advice on calcium andvitamin D requirements (8)

Adolescents: counsel on sexual activity and contraceptive
methods (B). counsel lo prevent smoking initiation and substance
use |8|

Perimenopausal Women (>50): assess for risk factors for:
osteoporosis and fracture ( A ), counsel on osteoporosis, counsel
on risks/benclits of hormone replacemcnl therapy IB)

Adults >65: follow up on caregiver concern of cognitive
impairment (A), multidisciplinary post- fall assessment (A)

Paediatrics: repeated examinations of hips. eyes, and heating
(especially in first year of life) (A), serialheight, weight, and head
circumference|B), visual acuity testing after age 2(B)

Physical BP measurement, using techniques described in CHEP
guidelines (A)
Measure height, weight, and calculate BMI for adults >18 (8)

Adults >65: hearing Impairment (inquiry, whispered voice test ,
audioscope) (B)

First-Degree Relative with Melanoma:full body skin exam|B)
Classification of recommendation inbrackets:A- high quality of evidence:B - moderate quality of evidence For up-to-date guidelines,
see:www.canadiantasklorce.ca.
Reltiences:
Guidelines [Internet].Ottawa (ON):The Canadian Task Force on Preventive Health Care:c2019 [cited 2021[.Available Irom:https://
canadiantaskforce.ca/guidelines/
Zaltxman A. Dubey V.Iglar K.Update to the Preventive Care Checklist Form:.CFP.2020 Apr1:66(4) 270-2.
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Table 1. Periodic Health Exam
General Population Special Population
See recommendations below for age and gender specific Paediatrics: routine hemoglobin for high-risk infants (B). blood
screening lor diabetes, dyslipidemia. KIN , and cancer lead screening ol high- risk infants|B)
screening (colon, prostale, cervical, lung,and breast)
One-time screening ultrasound lor abdominal aortic aneurysm IB High - Risk Groups: Manlouxskin testing (A)
in men aged 65-80 yr (8)

Tests

STI High -Risk Groups:voluntary HIV antibody screening (A),
gonorrhea screening (A), chlamydia screening in women ( B).
syphilis screening (A)

Syphilis High -Risk Groups: VORl lest (A)

folic acid supplementation for women ol child - bearing age (A ) Paediatrics:routine immunizations (A)
Pharmacologic treatment of HTN (refer to CHEP Guidelines) (A)
Varicella vaccine for children ages1-12 and susceptible
adolesccnts/adults (A)
Rubella vaccine for all non - pregnant women of child - bearing
age unless there is proof of immunity via immunization records HPV High-Risk Groups:vaccination for males and females from
or serology (B)
tetanus vaccine: routine booster q10 yr if had 1" scries (A)
Pertussis vaccine: adults <65should receive one booslei given IB High - Risk Groups: INH prophylaxis for household contacts or

skin test converters (B). INH prophylaxis for high-risk sub-groups

Therapy

Influenza High-Risk Groups:outreach strategies for vaccination
(A), annual immunization (B). now recommended for all

age 9 with no upper age limit, if ongoing risk

as Idap- Adacel: or Boostrix8 (A)
Herpes zoster vaccine for adults »50 |B>

Immunocompromiscd /Ages »65/C0PD/Asthma/CHFfAsplcnia/
Liver Disease/Renal Failure,' DM: pneumococcal vaccine
(Pneumovax 123) for all >65 or high - risk, add Prevnarr13 if >65
and high -risk (A)

Classification ol recommendation in brackets: A - high quality ot evidence: B - moderate quality ot evidence. For up-to-date guidelines,
see:wvAV.cenadiantasktorce.ca.
References:
Guidelines [Internet).Ottawa (ON): The Canadian Task Force on Preventive Health Care: c2019 [cited 2021 [.Available from: https://
Canadiantaskloice.ca/guldollnei/
Zaltxman A, Oubey V, Iglar K.Update to the Preventive Care Checklist Form: . CFP.2020 Apr 166(4) 270-2.

Breast Cancer Screening Guidelines
2018 Canadian Task Force on Preventive Care Recommendations
• for women ages 50-74, recommend screening with mammography every 2-3 yr; the decision to

undergo screening is conditional on the relative value that a woman places on possible benefits and
harms from screening (conditional recommendation; very low certainty evidence)

• for women ages 40- 49, recommend not screening with mammography; the decision to undergo
screening is conditional on the relative value a woman places on possible benefits and harms from
screening (conditional recommendation; low certainty evidence)

• recommend not performing clinical breast examinations to screen for breast cancer (conditional
recommendation; no evidence)

• recommend not advising women to practice breast self-examination to screen for breast cancer
(conditional recommendation; low certainty evidence)

• recommend not using MKl, tomosynthesis, or U/S to screen for breast cancer in women not at
increased risk (strong recommendation; no evidence)

• for more information on benign breast lesions and breast cancer, see General Surgery and Thoracic
Surgery, GS65

Lung Cancer Screening Guidelines
2016 Canadian Task Force on Preventive Health Care Recommendations
• for adults ages 55-74 with >30 pack-yr smoking history who currently smoke or quit <15 yr ago,

recommend annual screening with LDCT up to three consecutive times; screening should ONLY
be carried out in health care settings with expertise in early diagnosis and treatment of lung cancer
(weak recommendation; low quality evidence)

• for all other adults, regardless of age, smoking history, or other risk factors, recommend not screening
for lung cancer with LDCT (strong recommendation; very low quality evidence)

• recommend that chest x-ray not be used to screen for lung cancer, with or without sputum cytology
(strong recommendation; low quality evidence)
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Colorectal Cancer Screening Guidelines
2016 Canadian Task Force on Preventive Health Care Recommendations

• recommend screening adults ages 60-74 for CRC with FOBT (either gl 'OBT or ITT) q2 yr OR flexible
sigmoidoscopy q I0 yr (strong recommendation; moderate quality evidence)

• recommend screening adults ages 50-59 for CRC with FOB f (either gl-OB T or ITT ) q2 yr OR llexible
sigmoidoscopy q10 yr (weak recommendation; moderate quality evidence)

• recommend not screening adults ages >75 for CRC (weak recommendation; low quality evidence)
• recommend not using colonoscopy as a screening test for CRC (weak recommendation; low quality

evidence)

SymptomaticMen and Women > Diagnostic Workup

I
Asymptomatic regardless of age

but positive family history

i I T 1
HNPCC or FAP One first-degree

relative with cancer
or adenomatous

polyp at ages <60

One first-degree
relative with cancer or

adenomatous polyp
affected at ages >60

One second-degree
relative or third-degree

relative affected

Polyps found at
colonoscopy

IGenetic counselling
and special screening Tor 01 I-2 tubular adenomas

<1 cm: colonoscopy
in 5 yr

Two or more
first-degree

relatives with polyp
or colon cancer

at any age

Two or more
second-degree

relatives with polyps
or colon cancer

Average risk
screeningI

HNPCC
Colonoscopy every

1-2 yr
8egin at age 20
or 10 yr younger

than the earliest case
in the family, whichever

comes first

>2 adenomas:
colonoscopy in 3 yr

Begin at age 50

JI Average risk
screening

Incomplete
examination, numerous

polyps, advanced
adenoma, malignant or
large sessile adenoma:
colonoscopy after a

short interval based on
clinical judgment

Colonoscopy
every 5 yr

Begin at age 40
Begin at age 40 or
10 yryounger than
the earliest case

ol polyp or cancer in
the family, whichever

comes first

FAP
Sigmoidoscopy annually

Begin at ages 10-12

AAPC
Colonoscopy annually
Begin at ages 16- 18

Figure 1. Approach to higher risk screening
AAPC = attenuated adenomatous polyposis; FAP = familial adenomatous polyposis; HNPCC = hereditary
nonpolyposis colorectal cancer;1st degree relatives:parents, siblings, children; 2nd degree relatives:
grandparents, aunts, uncles; 3rd degree relatives:great grandparents or cousins. Figure printed with permission
from Can J Gastroenterol 2004;18:93-99. Also see: 8C Guidelines [Internet]. Victoria (BC): Guidelines and
Protocols Advisory Committee. Colorectal Screening tor Cancer Prevention in Asymptomatic Patients; 2013 Mar 1
[revised 2016 Jun 22;cited 2021May 27], Available from: https://www2.gov.bc.ca/gov/content/health/practitioner-
professional-resources/bc-guidelines/colorectal-cancer-screening

Cervical Cancer Screening Guidelines
2013 Canadian Task Force for Preventive Care Guidelines Recommendations

• for women ages 30-69, recommend Papanicolaou (Pap) smear or liquid-based cytology for cervical
cancer q3 yr (strong recommendation; high quality evidence)

• for women ages 25-29, recommend Pap smear or liquid based cytology for cervical cancer q3 yr ( weak
recommendation; moderate quality evidence)

• for women ages >70 who have not been adequately screened, recommend continued screening until 3
negative test results have been obtained (weak recommendation; low quality evidence)

• for women ages S70 who have been adequately screened (i.e.3 successive negative Pap tests in the last
10 yr), recommend that routine screening may cease

• for more information on cervical cancer (see Gynaecology. GY48)
• note: provincial/territorial guidelines vary, e.g. Ontario guidelines:

women ages >21 (recommended ages > 25) who are or have ever been sexually active, recommend
screening q3 yr (if cytology normal); women who are not sexually active by this age should delay
cervical cancer screening until sexually active

• a woman may discontinue screening at age 70 if she has an adequate and negative cytology
screening history in the previous 10 yr ( i.e. three or more negative cytology tests)
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ASCUS ASC-H AGUS/
atypical

cndoccrvical
colls/atypical
endometrial

cells

LSIL HSIL Squamous
carcinoma!

other
malignant
changes

Normal Inadequate Adequate
sample sample - no TZ ll I |

* i1 II I
Routine Repeat

screening cytology
in3yr in 3 mo

Routine Women <30 or
screoning HPV testing

in 3 yr not available

Women >30 Colposcopy Colposcopy OR Repeat cytology Colposcopy
in6 moi IIl 1I

Colposcopy
± endometrial

sampling

iASCUS ColposcopyRepeat cytology
in 6 mo

HPV-DNA
testing

Negative

i i
I 1

2ASCUS Repeat cytology Colposcopy
in 6 mo

Negative Positive

I 1 I* I
Repeat cytology Colposcopy

in 6 mo
Repeat Colposcopy
cytology
in 12 mo

»SCUSNegative
1

* II
Routine

screening
Colposcopy>ASCUSNegative

i 4
ColposcopyRoutine

screening

Figure 2.Decision-making chart for cervical cancer screening (not applicable to adolescents)
AGUS «= atypical glandular cells of unknovyn significance;ASCUS = abnormal squamous cells of unknown significance; ASC-H = abnormal squamous cells
cannot rule out HSIL; HSIL - high grade squamous intraepithelial lesion; LSIL = low grade squamous intraepithelial lesion; TZ = transitional zone
Adopted from:Ontario Cervical Screening Cytology Guidelines.May 2012

Prostate Cancer Screening Guidelines
2014 Canadian Task Force for Preventive Care Guidelines Recommendations
• for men ages 55-69, recommend not screening for prostate cancer with the PSA test (weak

recommendation; moderate quality evidence); clinicians should discuss the risks and benefits of
screening and its potential consequences with each man in the context of his preferences

• for men ages £55, recommend not screening for prostate cancer with the PSA test (strong
recommendation; low quality evidence)

• for men ages S70, recommend not screening for prostate cancer with the PSA test (strong
recommendation; low quality evidence)

Basis of Recommendation
• the potential small benefit from PSA screening is outweighed by the potential significant harms of the

screening and associated follow-up treatment
for men ages <55 or >70, there is no evidence that screening with the PSA test reduces mortality,
whereas there is evidence of harms
for men ages 55-69, there is inconsistent evidence of a small potential benefit of screening and
evidence of harms
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Health Promotion and Counselling
• health promotion is the most effective preventive strategy
• initial steps should include to respectfully explore the values and purposes of the patient's habits or

behaviours
• it is helpful to be guided by a patient's present stage of change when having discussions around

healthy behaviours
• for more information, see www.motivationalinterviewing.org

Motivational Strategies for Behavioural Change

Table 2. Motivational Strategies for Behavioural Change Canadian Cancer Society
Recommendations for Vitamin D Use
• Based on CCS research on Vitamin D

and the prevention of colorectal and
breast cancers

• In consultation with their healthcare
provider, the Society recommends
that
• Adults living in Canada should

consider taking Vitamin D
supplementation of 1000 IU/d
during the fall and winter

• Adults at higher risk of having
lower Vitamin 0 levels should
consider taking Vitamin D
supplementation of 1000 IU/d all
year round. This includes people:
who are older,with dark skin,
who do not go outside often,and
who wear clothing that covers
most of their skin

• Babies who are exclusively
breast-fed:400 IU/d

Patient's Stageof Change Physician's Aim Physician’s Plan

Pre-Contemplation Encourage patient to consider the possibility of change Raise issue ina sensitive manner
Assess readiness for change
Increase patient's awareness of the problem and its
risks

Understand patient's ambivalence and encourage
change
guild confidence and gain commitment to change
Explore options and choose course most appropriate
for thepatient
Identify high-risk situations and develop strategies to
prevent relapse
Continue to strengthen confidence and commitment

Help patients designrewards for success
Develop strategies to prevent relapse
Support and reinforce convictions towards long-term
change
Help patient maintain motivation
Review identifiedhigh-risk situations and strategies
for preventing relapse
Increase self-belief in ongoing change
Help patient view relapse as a learning experience
Proride support appropriate to re-entry into the
change cycle at the patient's present level of
readiness,post-relapse

Offer (not impose) a neutral eichange of
information to avoid resistance

Contemplation Offer opportunity to discuss pros and cons of
change using reflective listening

Offer realistic options for change and opportunity
to discuss inevitabledifficulhes

Preparation

Offer positive reinforcement and explore ways of
coping with obstacles
Encourage self -rewards to positively teinforce
change
Discuss progress and signs of impending relapse

Action

Maintenance

Offer a non-judgmental discussion about
circumstances surrounding relapseand how to
avoid relapse in the future
Reassess patient's readiness to change

Relapse

Adapted from:Hunt P.MotivatingChange.Nurs Stand 2001:16:45-52,54-55

Nutrition
Energy Content of Food
• Carbohydrates:4 kcat/g
• Protein:4 kcal/g
• Fat:9 kcal/g
• Ethanol: 7 kcat/g

General Population
• Canada's Food Guide is appropriate for individuals ages >2 yr
• counsel on variety, portion size, and plate layout
• guideline I : nutritious foods are the foundation for healthy eating. Vegetables, fruits, whole grains,

and proteins should be consumed regularly. Among protein foods, consume plant-based more often
(e.g. legumes, nuts, seeds, tofu, fortified soy beverage). Foods with mostly unsaturated fat should
replace those that contain mostly saturated fat. Water should be beverage of choice
• nutritious foods to consume regularly can be fresh, frozen, canned, or dried
• consider cultural preferences and food traditions.Traditional food improves diet quality among

Indigenous peoples
• guideline 2: processed or prepared foods and beverages that contribute to excess sodium, free sugars,

or saturated fat undermine healthy eating, and should not be consumed regularly
• guideline 3:food skills are needed to navigate the complex food environment and support healthy

eating.Cooking and food preparation using nutritious foods should be promoted. Food labels should
be promoted as a tool to help make informed choices

Calculating Total Daily Energy
Expenditure
• Roughly 35 kcal/kg/d
• Varies by age.weight height sex.

and activity level
• Average 2000-2100 kcal/d for

women.2700-2900 kcal/d for men

Handy Serving Size Comparisons
• 85 g meat fish,poultry *palm of

hand
• 250 ml dairy (milk/yogurt) -» size

of fist
• 1serving of bread/grains *one slice,

palm of hand
• 125 g rice/pasta » one hand cupped
• 250 g of fruitvegetables •» two

cupped hands
• 28 g cheese- full length of thumb
• 5 g oit/butter•tip of thumb
• 28-57 g nuts/chips/snacks-» palm

coveted
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Eat plenty of fruits
of ail colours

Eat healthy protein (e.g. fish,
poultry, beans,nuts), limit
red meat,processed meats. Osteoporosis Canada

Recommendations for Calcium and
Vitamin D Daily R equipments. Vitamin D:400-1000 IU for

individuals 19-50 yr.800-2000 IU for
individuals >50 yr or younger adults
at high-risk (osteoporosis,multiple
fractures, inadequate vitamin D
absorption)

• Calcium:1000 mg daily from all
sources for individuals 19-50 yr
and pregnant/lactating women:
1200 mg daily for individuals >50
yr (recommended to obtain caldum
from diet whenever possible vs.
supplementation)

and cheese

Drink water, tea
or coffee, limit milk
and juice (i.e. 1-2
servmgs/day),
avoid sugary drinks

Use healthy oils
(e.g. olive, canola),

limit butter,
avoid trans fat

g
INI

v
~Z-Eat plenty and a variety

of vegetables
Eat a variety of whole grains,
limit refined grains 8

Figure 3. Canada's Food Guide 2019 - plate layout
Source: All Rights Reserved. Carvada's FoodGuide Health Canada.2019.Adapted andreproduced with permission from the Minister of Health.
2019.

Cardiovascular Disease Prevention

Table 3. Dietary Guidelines for Reducing Risk of Cardiovascular Disease
Recommendations

Carbohydrates Complei catbs (legumes,whole grams)should be favoured over smrplecarbs (white flour/rite,table sugar)
Eliminate sugar-sweetened beverages infavour of water

Fruits and Vegetables Consume a higher proportion of who'e.fresh fruits and vegetables
Consume leafy green vegetables and berries at least 3 times/wk
Consume starchy vegetables (whitepotatoes,corn,green peas)in moderation
Consume mono- and polyunsaturated fats in moderation (ion- topical vegetable fats,liquid fats)
Minimize tans fatintake (processed'snack foods)
Umit saturated fats (processed foods,redmeat,cheese,whole milk,butter)
Olive and canola oil are recommendedover butterhnargarine/coconut oil
Skim or1%milk is recommended over wholemilk

Consume fish with higher levels of omega-3 fatty adds (salmon,tuna,mackerel)
Moderate consumption of leanpoultry,seafood,andmils
Untiedmeat
Minimize consumption of processed meats (det coid cuts,sausage,bacon)

s20D0 mg:d
s3 drinks/don most days for men.matIS.'wk
<2 dnnks 'd on most days foe women,mai10 wk

Dietary Approaches Mediterranean diet:
High intakeof leafy green vegetables,fruits,whole grams,nuts,legumes, extra virgin olive oil
Moderate intake of fish,leanmeats,low fat dairy,poultry
low intake of redmeals and sweets
If choosing to consumeakohol.low-nsk drinkingguidelines suggest limiting to 3 drinks/d|men) and 2 drinks/d
(women)

Fats

Protein

Salt

Alcohol

DASH diet:
High invegetablesIrsits.no or low fat dairy,whole grains,poultry,fish,beans,seeds,and nuts
low insodium,sweets,added sugars,sugar-sweetened beverages,fats,and redmeats
lower insaturated fal trans fat.andcholesterol
High inpotassium,magnesium,calcium,protein,and fibre

Vegetariandiet:
Substitute mealseafood'ppullry with soy products,legumes,nuts, and whole grains

Dietary approaches to stop hypertension(DASH),available home http:, www.nhrbr.nih.govi'heaith,lpubliC'hearl.'hbprdashVdash_brie(.pdl
Arnett DK.et al.2019 ACC AHA Guideline on the Primary Prevention of Cardiovascular Disease:AReport ot the American College ot Cardiology/
American Heart Association TaskForce onClinical Practice Guidelines.JAn Col) Cardiol 2019:74:e177-232.
Pallazola VA.et at.A Clinician's GLide to Hea thy Eat rotor Card -avascular Disease Prevention.Mayo Clin Proc InnovOual Outcomes 2019:3:251-
267.
Anderson TJ.etal.2016 Canadian Cardiovascular Society Guidelines tor the Management of Dyslipidemia tor the Prevention ot Cardiovascular
Disease in the Adult.Can J Cardiol2016:321263-1282
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Obesity
IrtMatat (or Oncmrigkt and Obesity in Adult
Populations:A Systematic Review and Meta-
analysis
CHJU Open 2014;2:E30 -317
Purpose:to evaluate tbe effectiveness of
bebanooral aad pharmacological treatments lor
overweight and obese adults.
Methods Review ofRCIsof prim ary care -
relevant behavioural (diet , exercise, liiestyle) and
pbaiaucological loriutut. metformin) treatments
with 01 without behavioural interventions In
overweight or obese adults wdh 12 mo folow- up horn
haseine lor weight outcomes or harms.Secondary
health ootcomesIK. lOL.fBC, incidenceol 12DM.
s8P and dSP) were also studied.
Results:SSRCIs were indudedandshowed that
intervention participants had gieater weight loss
1-3.02 hg.95%(I 3 52 to -2.52). waist circumference
reduction|27S cm.55% Cl -3.34 to -2.22) and IMI
reduction 11.11 bgM.55% Cl -1.39 to -0.84). Relative
nsk lor weight loss DI >5% body weight was1,77
(55% Cl 1.58 to1.55:NN1S.55% CI 4-7). Relative risk
lor lots of >10% body weight was1.51155% Cl 1.65
to 2.16: NM15.55%0 7-12). Incidence ol I20M was
lower among pre-diabetic intervention participants
|RR 0.62.55% Cl 0.50 to 0.77:MMT 17.55% Cl1325).
Condition:Behavioural and pharmacological
treatments for overweight and obese adults may
lead to ciimkaOy important reductions in weight and
mcidemceOII2DU in pre-diabetic populations.

Definition
• prevalent, complex, progressive, and relapsing chronic disease that is characterized by abnormal/

excessive body fat (adiposity)
• impairs health, increases risk of long-term medical complications, and reduces lifespan

Epidemiology
• in Canada, the prevalence of obesity has tripled and severe obesity has more than quadrupled since

1985
• obesity remains higher in populations which face multiple socioeconomic barriers such as geographic

isolation, poverty, and lack of access to nutritious (and more expensive) food
• for example, First Nations living on reserve had higher rates of obesity (30-51%) than non- lndigenous

populations (12-31%)
• close to 1/3 of Canadians ages 5-17 yr were identified as having a BM 1 classified as overweight or obese
• screen time £2 h/d (total screen lime, television time, and computer time) Is likely associated with an

increased risk of children having a BMI classified as overweight or obese

2015 Canadian Task Force on Preventive Health Care Recommendations
• for apparently healthy adults I8 yr, it is recommended to measure height, weight, and calculate BMI

at appropriate primary care visits
• BMI = weight (kg)Zheight - (m •) = weight (lbs)/height:(inJ) x 703
• note: this recommendation does not apply to people with eating disorders or who are pregnant

• for those with increased BMI (25.0-34.9 kg/m 2), WC should be measured regularly to identify patients
with increased visceral adiposity and related health risks

• for apparently healthy children and youth ages 0-17 yr, it is recommended to monitor growth
at all appropriate primary care visits using the 2014 WHO Growth Charts for Canada (strong
recommendation; very low quality evidence). This recommendation does not apply to children and
youth with eating disorders, or who are underweight, overweight, or obese m

Table 4. Classification of Weight by Body Mass Index and Associated Disease Risks in Adults Adverse Medical Consequences of
Obesity. T2DM

• Dyslipvdemia. CAD
• Osteoarthritis
• Stroke. OSA. HTN
• Certain cancers
• Gallbladder disease. CHF
• Low back pain. Non-alcoholic statohepatitis
• Increased total mortality
• Pregnancy complications

BMI (kg/rvv ) Risk of Developing Health Problems
Underweight
Normal
Overweight
Obesity ClassI
Obesity Class II
Obesity Class III (Extreme Obesity)

<18.5 Increased
Least18.5-24.9

25.0-29.9
30.0-34.9
35.0-39.9

Increased
Nigh
Very high
Extremely high>40.0

Body Muss Index (BMI) Nomogram.Government ol Canada:Health Canada, available from:https://www.canada.ca/en/health-canada/services/
tood-nutrition/healthy-eating/healthy-weights/canadian-guidelines-body-weight-classitication-adults/body-mass-index-nomogram.html

Management
Canadian Adult Obesity Clinical Practice Guidelines (Obesity Canada, 2020)
• recognize that people with obesity experience weight bias and stigma, which contributes to increased

complications and mortality independent of weight or BMI
• Step 1 - Ask: recognize obesity as a chronic disease and obtain patient permission to discuss and help

treat this disease in an unbiased manner
• Step 2 - Assess: assess the patient using appropriate measures (i.e. height, weight, WC,and

BMI calculation) and identifying root causes (e.g. biological factors, individual life experiences,
psychological factors), complications, and barriers to treatment

• Step 3 - Advise: discuss treatment options and work with the patient to create individualized care
plans that address root causes of obesity and supports behaviour change

nutrition:
all individuals can benefit from adopting a healthy, well-balanced diet
weight loss requires long-term reduction in caloric intake, encouraged by a personalized
eating pattern that meets the patient's values, preferences, and nutritional needs
medical nutrition therapy should not be used in isolation (may promote compensatory
mechanisms that promote positive caloric intake by increasing hunger), but instead should be
used in combination with other interventions (e.g. psychological, pharmacological, surgical)

physical activity:
» consider aerobic physical activity (30-60 min of moderate to vigorous intensity most d /wk)

for adults who wish to achieve small amounts of body weight and fat loss, reduce abdominal
visceral fat, maintain weight loss, and/or increase cardiorespiratory fitness
resistance training may promote weight maintenance, increased muscle mass, fat-free mass,
and mobility in adults with overweight/obesity
regular physical activity can improve cardiomctabolic risk factors and Improve health- related
quality of life

psychological and behavioural interventions:
multicomponent psychological intervention (behaviour modification, cognitive therapy, and
values-based strategies to alter diet/activity) should be incorporated into care plans for weight
loss

Associations with Low BMI
• Osteoporosis
• Eating disorders. Under-nutrition
• Pregnancy complications

Pharmacotherapy for Obesity
• There are currently 3 prescription

medications available in Canada that
are approved for use in adult patients
with BMI 230 kg 'm/oi BMI 227 kg/m 7
and 21weight-related condition (e.g.
HTN. T2DM. dyslipldemia)

• Note: these medications should be
used alongside a reduced-calorie
diet and increased physical activity

• Contrave ' (naltrexone and
bupropion): controls hunger and
cravings

• Saxenda’ (liraglutlde): decreases
appetite and. therefore, food intake

• Xenical ' (orllstat): reduces dietary fal
absorption by 30% through inhibition
of pancreatic and gastric lipases +
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• pharmacotherapy:
liraglutide, naltrexone-bupropion combination, or orlistat (see sidebar Pharmacotherapy for
Obesity,FM9)

can be used for patients with BMI >30 kg/m -or >27 kg/m -with adiposity-related
complications, in combination with medical nutrition therapy, physical activity, and
psychological interventions

can be used to maintain weight loss achieved by behaviour changes and to prevent weight
regain

bariatric surgery:
consider for patients with BM1 >40 kg /m 'or BMI >35 kg/m -with >1 adiposity-related
disease (e.g.T2DM)
consider for weight loss and /or to control adiposity-related diseases where optimal medical
and behavioural management has been insufficient to produce significant weight loss
choice of bariatric procedure should be decided according to the patient’s needs, in
collaboration with an experienced interprofessional team (suggest against adjustable gastric
banding and single anastomosis gastric bypass,due to unacceptable complications and long-
term failure)

• Step 4 - Agree:agree on goals of therapy with the patient, focusing on the patient’s values to ensure
realistic expectations and sustainable behaviour change and health outcomes

• Step 5 - Assist: follow up and reassess the patient regularly to assist with drivers/barriers and advocate
for improved obesity care

Effects of Popular Diets without Specific Calorie
Targets on Weight toss Outcomes:Systematic
R eview ofFindings from ClinicalTrials
Nutrients 2017:9:£822
Purpose: Toassess the short-term(<6 mo) and
org-term|>6 mo|weight loss outcooes for corrent

popular diets in overweight and ooese adu.ts.
Methods: A systematic rev:ew wasconducted.All
diets in the 2016I).5.News t Wort d ReportParkings
for “Best Weight-Loss Diets’were eiammed.From
the potential 38 diets, el.giole studies breaded trials
with a sample s;K >15 per group,internentional
clinical trials,intervention periods >12 wk,BMI
>25 mg,'m2,parteipants ages >18 grand oniecthre
measuresof pre- and post-intervention.
Results: Sixteen articles were includedin the review.
Diets included the Atkins.OASH.Glyceric-Indei.
Mediterranean. Ornish,Paleolithic,and lone rLets.
The Atkins diet showedthe most clinically signiheant
reduction in we.ght loss in both the short- term end
long-term.
Conclusion : Other diets had limited evidence
supporting their effectiveness in producingdin.-cally
sigmheant short-term and long-term weight loss.
Future studies are needed to compare ar.d evaluate
the efficacy of these other diets.Overweight or obese adult

Measure BMI
Measure waist circumference rf

BMI is >25 and <35kg/nr

IMPORTANT MESSAGE
A modest weight loss of 5-10% of body weight is beneficial

Weight maintenance and prevention of weight regain should
be considered as long-term goals

I Effect of Intermittent Energy and Carbohydrate
Restriction vs.Daily Energy Restriction on Weight
L oss and Metabolic Disease Risk Mathers in
Overweight Women
BrJNutr 2013:110:1534-1547
Purpose: To determine if intermittent energy and
carbohydrate restricton (IECR) mayresult in greater
improvements in insulin sensitivity end weght control
than daily energy restriction (0ER|.
Methods:Two IECR regimens were tested,induing
one which a:owed ad libitum prosin andfat (ECI-
PF).Overweight women|it-TI5) ages 20-69 with a
family history pf breast cancer were random tsed to
an overall 25% energy restrictor,,or a 25% DER.or
an IECR Pf for a 3 mo weight-lossprodand1mo uf
weight maintenance (IECR a:IECR -Pf for1d,'wk|.
Results: Insulin resistance redjeed with the IECR
diets and the IECR - PF diet.Reduchons with the IECR
diets were significantly greater compared with the
OER diet Both IECR groups had greeter reductions
a body let compared with the OER group.Owing
the weight maintenance phase.1day of IECR or IECR- Pf per week maintained the reductions in insula
resistance and weight.
Conclusion In the short term.IECR issuperia io OER
with respect lo improved insulin sensitivity and body
iat reduction.

If BMI>25 kg/m!or waist
circumference is above cut off point

Devise goals and lifestyle modification program
for weight loss and reduction of risk factors

Weight loss goal: 5-10% of body weight
or 0.5-1 kg (1-2 lb) per wk for 6 moI

Conduct clinical and laboratory
investigations to assess comorbidities:

Blood pressure,heart rate, fasting glucose,
lipidprofile (total cholesterol,triglycerides.
LDL and HDL cholesterol,and ratio of total

cholesterol to HDL cholesterol)

Health team to advise
lifestyle modification program

l
Lifestyle modification program

Nutrition:Reduce energy intake by
500-1000 keal/d

Physical activity:initially 30 min of moderate
intensity 3-5 times/wk;eventually >60 min

on most days.Add endurance exercise training.
(Medical evaluation is advised before starting

activity program)
Cognitive behavioural therapy

Assess and screen for depression,
eating and mood disorders

*Treat comorbidities and other
health risks,if present

*Assess readiness to change behaviours
and barriers to weight loss

Satisfactory progress or goal achieved?

NoYes No
V'

Regular monitoring
Assist with weight maintenance

Reinforce healthy eating and
physical activity advice

; v r
Weight maintenance and

prevention of weight regain
Nutrition therapy
Physical activity

Cognitive behavioural therapy

Address other risk factors: periodic
monitoring of weight BMI. and

waist circumference at appropriate
primary care visits

Pharmacotherapy
BMI >27 kryrrrand risk factors

Bariatric surgery
BMI >35 kg/nrand risk factors

or
BMI>40 kg/m2

Consider if other weight loss
attempts have failed.Requires

lifelong medical monitoring

or
BMI >30kg'm2

Adjunct to lifestyle modifications:
consider if patient has not lost

0.5-1kg(1-2lb) per wk by
3-6mo after Bfestyfe changes r ->

L J

l
Figure 4.2006 Canadian clinical practice guidelines on the management and preventionof obesity in adults
and children
Adapted from:Lau DCW.et al.2006 Canadian clinical practice guidelinesor the management and prevention of obesity in adults and children
[summary;.CMAJ 2007:17651-513

+
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Dyslipidemia
Signs of Hyperlipidemia

• Atheromata:plaques in the intimal
layer of arterial walls

• Xanthelasmata:a sharply
demarcated yellowish deposit of
cholesterol underneath the skin,
usually on or around the eyelid

• Tendinous xanthoma:lipid deposit in
tendon (especially Achilles)

• Eruptive xanthoma:
hypcitriglyceridemiainduccd reddish
yellow,pruritic,and painful papular
or nodular rash

< Lipemia retinalis: characterized by
creamy, white-coloured retinal blood
vessels, occurs only with extreme
hypertriglyceridemia

• Corneal arcus (arcus senilis):lipid
deposit in cornea

RISK ASSESSMENT. STRATIFICATION AND TREATMENT CONSIDERATION
Calculate risk (unless statin-indicated condition) using the

ghant Risk Score (FRS) or Cardiovascular Life Expectancy Model (CLEM)
Repeat screening every 5 years for FRS <5% or every year (or FRS > 5%

Framin

1' r
Primary Prevention Conditions Statin-Indicated ConditionsNo Pharmacology

r r
LDL-C>5 irimol/L

genetic
dyslipidemia

Clinical atherosclerosis
Abdominal aortic aneurysm

Most diabetes including:
Age >40 yr

Age >30 yr and 25 yr duration
(type 1 DM)

Microvascular disease
Chronic kidney disease

Low Risk
FRS <10%

Intermediate Risk
FRS 10-19% and

L0L-C 3.5 mmol/L or
Non-HDL >43 mmo(/L or alternative method

ApoB >).2 g/Lor
Men >50 and women >60 with

1 additional risk factor:
low H0L-C, impaired lasting

glucose,high waist circumference,
smoker, hypertension,or with

presence of other risk modifiers:
high-sensitivity CRP £2.0 mmol/L,
coronary artery calcium >0 All,
family history ol premature CA0,
high lipoprotein(a) >50 mg/dL

(ilOOnmol/LI

High Risk
FRS>20%

or

To calculate FRS go to https://www.
framinghamheartstudy.org/fhs-risk'
functions/cardiovasculnr disease-10
year -risk/

Discuss Behavioural Modifications
1.Smoking cessation 2.Diet adopt a health dietary pattern 3. Exercise: for adults 150 mirVwk of moderate-vigorous aerobics Risk Factors for Screening for

Dyslipidemia
• Men and women ages >40 (or

postmenopausal)
• Increased incidence in Indigenous

individuals or individuals of South
Asian ancestry

• Current cigarette smoking. T2DM. Arterial HTN
• Family history of premature CVD

(men<55 yr.women <65 yr in1st-
degree relative)

• Family history of dyslipidemia
• Erectile dysfunction
• Chronic kidney disease (CKD). Inflammatory disease (lupus.RA.

psoriatic arthritis, IBD)
• HIV infection. COPD
• Clinical evidence of atherosclerosis

or abdominal aortic aneurysms
• Stigmata of dyslipidemia (arcus

cornea,xanthelasma,or xanthoma)
• Obesity (BMI >30kg/m 3
• Hypertensive diseases of pregnancy

Initiate Statin Treatment: Treat to Target Approach (confirm adherence and barriers to use)

LDL-C <20 mmol/L or >50% reduction or
apoB <0.8 g/L or non-HDL-C <2/6 mmol/L

LDL-C >50%
reduction

YES
Target achieved on maximally tolerated dose?

NO

|Discuss add-on therapy with patient (evaluate reduction in CVD risk vs. additional cost & side effects) j
ADD-ON

t ’Monitor
Response to statin Rx

Health behaviour
1st line: ezetimibe (BAS as alternative)

2nd line: PCSK9 inhibitors
ladd-on to other drugs)

1st line ezelimibe or BAS
or PCSK9 inhibitors

1st line: ezetimibe
IBAS as alternative)

t I
ApoB = apolipoprotein B;AU = agatston units; BAS = bile acid sequestrants;PCSK9 = proprotcin convertase subtilisin/kexm type 9

Figure 5. Approach to primary prevention of CVD (2021Canadian Cardiovascular Society Guidelines)
Pearson GJ.ThanassoulisG. Anderson T.et al.2021Canadian Cardiovascular Society Guidelines for tile Management of Dyslipidemia for the
Prevention of Cardiovascular Oisease in the Adult.Can JCardiol.2021Aug:37(8}:112S-1150. Non-Fasting Lipids vs.Fasting Lipids

• Non-fasting (TC and non-HDL
cholesterol) can be used for
Framingham Risk Assessment and
hold same prognostic value as
fasting lipids

• In fasted vs. non-fasted samples.
HDL-C and TC vary by <2%,LDL-C
varies by <10% and TG varies by
<20%

• Recently,non-fasting LOL-C has the
same prognostic value as fasting
LDL-C

Ontario Association of Medical Laboratories
Guidelines for Lipid Testing in Adults
2013.Accessed from:https://oaml.
(onVwp-content/uploads/2016/05/
0AMLGukSclirscforAdultLipidTestingFinal2013.pdf

• see Endocrinology. E3

Definition
•abnormal elevation of plasma cholesterol or TCI levels

Assessment
•screen with full lipid profile every 1-3 yr in males and females >40 yr or who are menopausal, or at any

age for adults with additional dyslipidemia risk factors (see Clinical Pearl), and in the late postpartum
period for women who have had a pregnancy-related complication (e.g. hypertensive disorders of
pregnancy, gestational diabetes, preterm birth, stillbirth, low birthweight infant, placental abruption )

•history and physical examination
• measure standard lipid panel (T C, LDL-C, HDL-C, TG, calculated HDL-C), glucose, and eGF'R

(optional: apolipoprotein B (ApoB), urine ACR)
•screen for secondary causes: hypothyroidism, CKD, DM, nephrotic syndrome, liver disease

p "t
L J

+
LDL cannot be calculated when
TG >4.5 mmol/L
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•risk category
estimate using the FRS for assessing 10 yr risk of developing CAD

FRS is calculated based on gender, age, HDL-C,TC, sBP, smoking, DM
family history of premature CVD (<55 in 1st degree male relative or <65 in 1st degree female
relative) doubles l'RS
to be completed for men and women ages 40-75 every 3-5 yr
CV age is calculated as patient's age minus the difference between his or her estimated
remaining life expectancy (adjusted for coronary and stroke risk ) and the average remaining
life expectancy of Canadians of the same age and sex

•used to increase adherence to therapy and reaffirm positive effect of following therapy
treatment decisions focus on LDL-C level and /or FRS risk; the alternate primary targets are
apolipoprotein B and non-FIDL-C
if moderate risk and LDL-C <3.5, treatment decision thresholds shifted to apolipoprotein B >1.2
g/L or non-HDL-C >4.3 mmol /L

• other targets include: TC:HDL-C ratio, apolipoprotein Brapolipoprotein AI ratio, high-sensitivity
CRP ( used more for risk stratification of CAD), non- HDL-C, and serum TG levels

Safety of Statins: An Update
Itieiapeutic Advances in Drug Safety 2012:3:133-344
liiaIs have shown that statin therapy slightly
increases the incidence oi I2DM and hernonhagic
stroke: however, the absolute risk a snail. Belative
to the reductinn m coronary events, their (laical
significance Is not great enough to recommend
against statin use.

Use with caution when prescribing
combined statin and fibrate therapy
as there has been concern regarding
the safety of certain combinations
(potential increased risk of myalgias.
CK elevations, myopathy and/or
rhabdomyolysis)

Management
• intensity and type of treatment is guided by “ risk category"assigned (see I igit re 5, TM 11 )
•use decision-making aids such as http://chd.bestsciencemedicine.com/calc2.html
1. Health behaviour interventions (can decrease LDL-C by up to 10%)

smoking cessation: likely the most important for preventing CAD
• dietary modification: reduce saturated fat, red meat, refined sugar, alcohol; consume nuts, fruits/

vegetables, poultry, fish
physical activity: at least 150 min of moderate to vigorous intensity aerobic exercise per wk, in
bouts of £10 min to reduce CVD risk (see Table 5, IM 13 )

• employ consistent lifestyle modifications for at least 3 mo before considering drug therapy; high-
risk patients should start treatment immediately with concurrent health behaviour interventions

2. Pharmacologic therapy (can decrease LDL-C by up to 40%)
for a comparison of dyslipidemia medications, see Fndocrinologv. F6
1st line monotherapy:statins (HMG-CoA reductase inhibitors)

risks: myopathy (myalgia, rhabdomyolysis)
if severe side effects: ezetimibe (cholesterol absorption inhibitor) can be used for 19%
reduction in LDL-C
post-acute coronary syndrome: cholesterol absorption inhibitors (e.g. ezetimibe) in addition
to simvastatin reduced mortality, attained lipid targets <1.8, and improved outcomes in high-
risk individuals

•lower evidence for other agents: bile acid sequestrants, niacin, fibrates, PCSK9 inhibitors
•monitoring

ALT,CK, Cr at baseline then 6 wk later for signs of transaminitis or myositis; tolerate rise in CK
up to 10 times upper limit of normal vs. 2-3 times if symptomatic, or serum Cr rise of <25%
no routine repeated measures of ALT and CK necessary in asymptomatic patients using statin
therapy
if adequate response is achieved, evaluate fasting lipids every 6-12 mo

G
Clinical Definition of Metabolic
Syndrome
Central obesity
Men- WC £94 cm
Women- WC £80 cm

Plus any TWO of the following four
factors:

Risk Factor Defining Level
IG level
HDL-C level:

>1.7 mmot1(150 mg/dL)

<1.0 mmolr'L (40 mgklt]
Women -1.3 mmoul (VO nrgdl )

13M5 mmHgor taking BP
medications

fasting glucose »5.6 mmol.'l (100 rrg .'dt)

Men

level

©
Statin -Related Adverse Events: AMeta -Anatysis
Clm Diet 2006:28:26 35
ftrpose lo syntlies ire adverse event data wdh
stalin use based on RCTdata.
Methods Meta analysis ol ItCts focused on adverse
effects of statins. Eligible patients were those
taking statin monotherapy for primary or secondary
prevention of CUD.compared to placebo.Adverse
events including elevated liver enrymes or myopathy
(myalgias, elevated CK, rhabdocryolyssfwere the
main outcomes.
Results: Statin therapy increased thenskof any
adverse event by 39M (OB 1.4;95'» Cl 1.09-1.80:
P-0.008) compared vnth placebo, treating 1000
patients with a slatm would cause 5adverse events.
Serious events (CK >10 times the upper limit ot nor mal
or rhabdomyolysis) are infrequent (HUH 3400) and
tfabdomyolysis, although serious, is rare (HNH 7428 ).
Conclusion:Statin therapy was associated with
greater oddsof adverse eventscom pa red with
placebo but with substantial clinical benefit Similar

Isolated Flypertriglyceridemia
•does not increase cardiovascular risk
•normal HDL-C and TC, elevated TG
•mild >2.2 mmol/L (>200 mg/dL); marked >5.6 mmol/L (>500 mg/dL)
•principal therapy is lifestyle modification

weight loss, exercise, avoidance of smoking and alcohol, effective blood glucose control in those
with DM, increased omega-3 fatty acid intake

• severe hypertriglyceridemia ( typically >10 mmol/ L) is associated with an increased risk of acute
pancreatitis

•drug therapy (lowers risk for pancreatitis, not CAD)
• nicotinic acid
• fibrates

rules of serious adverse events were observed
between statin and placebo.

+
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Exercise

Table 5. Canadian 24 Hour Movement Guidelines (2020 CSEP Guidelines)
Example Activities Sleep/Sit GuidelinesAge Category Physical Activity Guidelines
Interactive floor- based play Sleep: 14 -17 h/d (0 3 mo).1216 h.'d (4
including lummy time, reaching lor 11 mo) ol good quality sleep including

naps, with consistent bed and wake
uptimes
Sit: not restrained (i.c. in a
stroller) lor >1 h.screen lime nol
recommended, engage in reading/
storytelling while sedentary
Sleep:11-14 h/d of good quality sleep
including naps, with consistent bed
and wake up times
Sit: not restrained (i.e. in a stroller )
lor >1 h.sedentary screen time not
recommended if <2 yr|*1 h screen
time for those ages 2 yr ).engage in
reading/storytelling while sedentary

Sleep:10-13 h/d of good quality sleep
which may include a nap
Sit: not restrained (i.e. in a stroller)
for >1 h,sedentary screen time <1h
(less is better), engage in reading/
storytelling while sedentary
Sleep: 9-11 h/d (5-13 yr),3-10 h /d (14-
17 yr) uninterrupted, with consistent
bed and wake up times
Sit: no more than 2 h/d of recreational
screen time, limit silting for extended
periods

Sleep: 7-9 h/d of good quality sleep,
with consistent bed and wake up
times
Sit: limit sedentary time to8 h or less,
no more than 3 h /d of recreational
screen time, break up long periods ol
silting as often as possible
Same as Adults above

Infant (<1) Active several times daily in a variety
of ways
Accumulate >30 min /d ol tummy time toys, crawling
while awake

Toddler (1-2) Accumulate >180 min of physical
activity at any intensity spread
throughout the dayindudmg energetic Exploring environment

Brisk walking, running, dancing

Moving around the home
Climbing stairs

play

Preschool (2-4) Accumulate >180 min in a variety of
activities at any intensity,including
>60 min of energetic play throughout
the day

Moving around the home
Climbing stairs
Exploring environment
Brisk walking, running,dancing

Children (5-11) and
Youth (12-17)

Accumulate >60 min/d of moderate to
vigorous aerobic physical activity
Muscle/bone strengthening exercises
3 d/wk
A variety of structured/unstructured
light physical activities for several h /d

Accumulate 150 min /wk of moderate
to vigorous inlensily aerobic physical
activity, in bouts ol >10 mm
Musdc/ bonc strengthening activities
using major muscle groups.;2d/wk

Moderate: bike riding, playground
playing
Vigorous: running, swimming

Adults (18-64) Moderate: brisk walking, bike
riding
Vigorous: jogging, cross country
skiing

Same as Adults above
Those with poor mobility should
perform physical activities to
enhance balance and prevent falls

Older Adults (>65| Same as Adults above
Physical activities that challenge
balance

Epidemiology
• 25% of the population exercises regularly, 50% occasionally, 25% is sedentary

Management
• assess current level of fitness, motivation, and access to exercise
• encourage warm up and cool down periods to allow transition between rest and activity and to avoid

injuries
• exercise with caution for patients with CAD, DM (risk of hypoglycemia), exercise-induced asthma
• patients with known CAD should have cardiac assessment prior to commencing exercise
• benefits of exercise

reduces risk of premature death, heart disease, stroke, HTN,certain types of cancer, T2DM,
osteoporosis, and overweight/obesitv

• leads to improved fitness, strength, mobility, functional independence, and mental health (morale
and self-esteem)

Doses.Duralions, and Modes of Delivery of
Nicotine Replacement Therapy for Smoking
Cessation
Cochrane DBSyst Rev 2019:4:00013308
Purpose: NRI helps With smoking cessation but
it is unclear what NRI routines and dosages are
most helpful.Theaim wasto establish efficacy of
differentfoims.deliveries, dosages, and duration
of treatment.
Methods: Meta -analysis including RCIs of people
motivated to quit smoking , comparing one type of
NRI vs.another.
Results: H gh-certainty evidence that combination
NRI [last -acting form •patch) results In higher long-
term quit rates than bugle form . Moderate certa Hy
evdence dosages >21/22 mg are equally effective,
five studies comparing 4 mg gum to 2 mg gum found
a benefit ol the higher dose. Nine studies tested the
effect of using NRI prior 1o quit day ( pre-loading) In
comparison to usmg it horn quit day onward: there
was moderate-certainty evidence of a favourable
effect ol preloading on abstinence.
Conclusions: There vs high -certainty evidence
that using combination NRI vs.single-form NRI
can increase the chances ol successfully stopping
smoking. Higher dosed patchesand gum seemed to
result in higher tong term quit rates with moderate
quality evidence.

Smoking Cessation
Epidemiology
• smoking is the single most preventable cause of premature illness and death
• 70% of smokers see a physician each year
• 2012 Canadian Tobacco Use Monitoring Survey on population ages 15

16% are current smokers (lowest since 1985)
• highest prevalence in those ages 20-24 (20%)

11% of youth ages 15-19 smoke (decreased from 25% in 2000): more males (18%) smoke than
females (14%); number of cigarettes consumed per day is also decreasing (15.0 per day in 2012 vs.
16.2 per day in 2001)

L J
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Management
• general approach

identify tobacco users; elicit smoking habits, previous quit attempts, and results
• he curious about how the patient relates to smoking. Ask: what purpose does smoking serve in

their life at the moment?
2012 Canadian Action Network for the Advancement, Dissemination and Adoption of Practice-
informed Tobacco Treatment (CAN-ADAPTT) Guidelines

tobacco use status should be updated for all patients regularly
health care providers should clearly advise patients to quit
health care providers should assess patient willingness to quit and offer assistance to those
who express interest

health care providers should conduct regular follow-up to assess response and monitor the
patient’s mental health status/other addictions while quitting smoking

• medication dosage should be monitored and adjusted as necessary
every smoker should be offered treatment

• educate patient to watch for withdrawal symptoms: low mood, insomnia, irritability, anxiety,
difficulty concentrating, restlessness, decreased heart rate, increased appetite

• combining counselling/behavioural therapies and smoking cessation medication is more effective
than either alone

>4 counselling sessions, >10 min each, with 6-12 mo follow-up yields better results
14% abstinent with counselling vs. 10% without counselling
approach depends on patient’s stage of change (see Motivational Strategies for Behavioural
Change, l'M7 )

• willing to quit
• provision of social support, community resources (self-help, group, helpline, web-based

strategies)
pregnant patients: counselling is recommended as first line treatment

NRT should be made available to pregnant women who are unable to quit using non-
pharmacologic methods

intermittent NRT use (lozenges, gum) is preferred over continuous dosing of the patch
no strong evidence that either major positive or negative outcomes were associated with
gestational use of bupropion or varenicline; consider using only if benefits outweigh risks

• pharmacologic therapy
I. NRT

Antidepressants lor Smoking Cessation
Coctsrane OB Syst Rev 2020:4X0000031
P urpose lo attest endente lorthe efficacy, safety,

and tolerability of medications with antidepressant
properties in assisting long-term tobacco smoking
cessation.
Methods: Meta-ana!ysis of RCTs comparing
antidepressant mediations to placebo or alternative
pharmacotherapy, or the tame medication used '» a
dillerent way lor smoking cessation. Safety analytes
with any for tow-op length was also conducted
Results: Compared to placebo, bupropion was
associated with increased long-term smoking
cessation rates ( HR 1.64, 95% Cl 1.52 to1.77).higher
risk of reported psychiatric adverse events ( RR 125.
95% Cl 1.15 to1.37), and higher dropout rate due to
adverse events of the drug|RR 1.37, 95% Cl 1.21 to
1.561. Bupropion resulted n inferior cessation rates
tovarenielmelRR 0.71.95% Cl 0.64 to 0.79). howevei
no dilferencein efficacy between bupropion and RSI
was found.Add t onally.nortriptyline aided sme- k -g
cessation when compared with placebo ( RR 2.03.
95% Ct 1.48 to 2.78).There was insufficient evidence
to establish whether combination bupropion and
NRT resulted in superior quit rates to NRT alone, or
whether combination bupropion and varenicline
revolted m superior quit rates to varenicline alone.
Conclusion fvdence suggests that bupropion nay
be helpful and as successful as NRT and nortnptyl me
m helping people to quit smoking, but that it is less
effective than varenicline.

The 5 A's for Patients Willing to Ouit
As k If the patient currently smokes and
is willing to discuss cessation
Advise the patient to quit
Assess willingness to quit
Assist in quit attempt(s)
Arrange follow-up

19.7% abstinent at 12 mo with NRT vs. 11.5% for placebo
no difference in achieving abstinence for different forms of NRT'

reduces cravings and withdrawal symptoms without other harmful substances contained in
cigarettes
cost of NRT' is comparable, and often lower than cigarettes
use with caution: immediately post-Ml, worsening angina, arrhythmia
advise no smoking while using NRT
public reimbursement for smoking cessation treatment varies across Canada - see https://
www.helpthemquit.ca/treatment/costs-coverage tor more details

2.Antidepressants (mechanism of action appears to be independent of antidepressant effect)
bupropion SR (ZybaiT)
21% abstinent at 12 mo vs. 8% for placebo
bupropion has similar effectiveness to NRT

3. Varenicline (Champix*)
partial nicotinic receptor agonist (to reduce cravings) and partial competitive nicotinic
receptor antagonist (to reduce response to smoked nicotine)

more effective than bupropion (23% abstinent from 9-52 wk with varenicline vs. 16% with
bupropion vs. 9% with placebo)

significant side effects (including nausea, headache, drowsiness, unusual dreams,
neuropsychiatric symptoms) may lower patient compliance

The 2-3 Pattern of Smoking Cessation
• Onset of withdrawal is 2-3 h after last

cigarette
• Peak withdrawal is at 2-3 d
• Expect improvement of withdrawal

symptoms at 2-3 wk
• Resolution of withdrawal at 2-3 mo
• Highest relapse rate within 2-3 mo

Assist Patient in Developing Ouit Plan

STAR
Set quit date
Tell family and friends (for support)
Anticipate challenges (e.g. withdrawal)
Remove tobacco-related products (e.g.
ashtrays/lighters)

Table 6. Types of Nicotine Replacement Therapy
Comment Side EffectsType Dosage

2 mg i( »25 cig/d
4 mg if »25 cig/d
1 piece ql- 2 h for 1-3 mo
(max 24 pieces/d )

Chew until “peppery" taste then “park" between
gum and cheek to facilitate absorption
Continue to chew /paikinteimittently
lor 30 min

Nicotine Gum (OTC) Mouth soreness
Hiccups
Dyspepsia
Jaw ache (Most are
transient)

Skin irritation
Insomnia
Palpitations
Anxiety
Local irritation
Cough
local irritation
Cough

Nicotine Patch (OTC) Use lor 8 wk
21 mg/d x 6 wk
14 mgfd x 2 wk
7 mg/dx 2 wk

6 16 cartridges/d up lo 12 wk

Starl with lower dose il »10 cig/d
Change patch q24 h and alternate sides r T

L J

Nicotine Inhaler (OTC) Nicotine inhaled through mouth , absorbed in mouth
and throat (not in lungs)

Newer form of NRT +Nicotine Nasal Spray (Rx)

Activate Windows
settings to acti ate Windows.Go
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Table 7. Pharmacologic Treatments for Smoking Cessation
Drug Mechanism Dosage Prescribing" Contraindications

Physician Advice for Smoking Cessation
Cochrane DB Syst Rev 2013:5:CD000t55
fbrpose: lo assess the effectiveness of pirysician
advice in promoting smokrrg cessation, compare
minimal physician interventions with more intensive
interventions, assess the effectiveness of var.oos ads
in smoking cessation, and detentne the effect of
anti-smoking advice on mortality.
Methods:Systematic review of RCTs of smoking
cessation advice from a medical practitooer.
Alsstir.er.ee was assessed >6 mo after adr ce was
first provided.
Results: 42 trials with enter 31.000 smokers were
identified.Most common settng for advice del very
was primary care. A significant increase in qjittirg
rates wascotedwith advice vs. no educe|RR US.
95% Cl 1.42-1.941. which was farther increased where
the intervention was considered more intensive (RR
1.84.95% Cl 1.60-2.13:o.s.). Intensive advice showed
a small, non-significant advantage vs. minmal advice
when directly compared|RR 1.37. 95% Cl 1.20-1.56|.A
small benefit with folow-op visits was also noted, ho
statistically signiheant difference in mortality a:20 yr
follow-op was found.
Conclusion : Smipleadv ce can increase saoi ng
cessation rates by 1-3% on hip of the unassisted quit
rate. More intensive advxeand providing folow-op
support may further increase qurt rates.

Inhibits re-uptake of dopamine
andi'or NE
Side effects:insomnia,dry mouth

1.150mg qAM«3 d
2.Then150 rag BID *7-12 wk
3.For maintenance

Seicure disorder
Eating disorder
MAOI use in the past 14 d
Simultaneous use of
bupropion (Wellbutrin - )

(therapeutic levels reached for depression
inInk)

1Decide on a quit date Caution with pre-existing
2.Continue to smoke for psychiatric condition
first wk of treatment and
then completely stop

Bupropion 1.Decide on a quit date
2.Continue to smoke

for first
1-2wk of treatment and

consider 150 mg BID for then completely stop
up to 6mo

Varenidine Partial nicotinic receptor
agonist,and partial competitive
antagonist of nicotinic receptor
Side effects:nausea,vomiting,
constipation,headache,dream
disorder,insomnia,increased risk
of psychosis,depression,suicidal
ideation

10.5mgqAI4i3 d
2.Then 0.5mg BIDi4 d
3.Continue1mg BID112

wkiadditional12 wk as
maintenance

'Bupropion and varenidine may be used in cor-bvnation with KRT

• unwilling to quit
• motivational intervention (5 Rs)

1. Relevance to patient- relevance to patient's disease status or risk, family or social situation (e.g. having
children in the home), health concerns, age.gender

2. Risks of smoking- short-term: SOB, asthma exacerbation, impotence, infertility, pregnancy complications,
heartburn, URT1
- long-term:MI, stroke, COPD, lung cancer, other cancers
- environmental: higher risk in spouse/children for lung cancer, SIDS, asthma, respiratory
infections

3. Rewards: (benefits)
- improved health, save money, food tastes better, good example for children

4. Roadblocks: (obstacles)
- fear of withdrawal, weight gain, failure, lack of support

5. Repetition
- reassure unsuccessful patients that most people try many times before successfully
quitting (average number of attempts before success is 7)

• recent quitter
highest relapse rate within 3 mo of quitting

minimal practice:congratulate success, encourage ongoing abstinence, review benefits and
risks
prescriptive interventions:address problem(s) of weight gain, negative mood, withdrawal,
lack of support

Alcohol Use
• see Psychiatry, PS.S

Standard Drink Equivalents
• One standard drink -13.64 g of pure

alcoholDefinition
• alcohol use disorder diagnostic categories occur along a continuum

Epidemiology
• 10-15% of patients in family practice misuse alcohol
• 20-50% of hospital admissions, 10% of premature deaths, 30% of suicides, and 50% of fatal traffic

accidents in Canada are alcohol-related
• more likely to miss diagnosis in women, elderly, and patients with high socioeconomic status

• BeerfCider/Cooler (5% alcohol) -
12 oz

• Malt liquor (7% alcohol) - 8-9 oz. Wine (12-17% alcohol) - 5 oz
• Fortified wine = 3 oz
• Hard liquor (40%) -1.5 oz

Assessment
• screen for alcohol dependence with CAGE questionnaire

if CAGE is positive, further explore for the possibility of alcohol misuse or dependence
• assess drinking profile

setting, time, place,occasion, with whom
impact on family, work, social life
quantity-frequency history

how many drinks per day?
how many days per week?
maximum number of drinks on any one day in the past month?

• if identified positive for alcohol use disorder:
screen for other drug use
identify any medical/psvchiatric complications (e.g.delirium tremens or withdrawal seizures)
ask about drinking and driving
ask about past recovery attempts and assess current readiness to change

CAGE Questionnaire
Have you ever felt you needed to Cut
down on your drinking?
Have people Annoyed you by criticizing
your drinking?
Have you ever felt Guilty about drinking?
Have you ever felt you needed a drink
first thing in the morning (Eye-opener)
to steady your nerves or to get rid of a
hangover?
Two "yes" responses is considered
positive

r i
L J

+
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Investigations
• GGT and MCV for baseline and follow-up monitoring
• AST, ALT (usually AST:ALT approaches 2:1 in persons with alcohol use disorder)
• CBC (anemia, thrombocytopenia), INR (decreased clotting factor production by the liver)

Management
• intervention should be consistent with patient’s motivation for change
• individualized counselling and regular follow-up is crucial
• 10% of patients in alcohol withdrawal will have seizures or delirium tremens
• Alcoholics Anonymous/12-step program

outpatient/day programs for those with chronic, resistant alcohol use disorder
• family treatment (Al-Anon, Alateen, screen for spousal/child abuse)

• refer to specialist or inpatient program if:
dangerous or highly unstable home environment
severe medical/psychiatric concern
addiction to drug that may require in-patient detoxification
refractory to other treatment programs

• pharmacologic
diazepam for withdrawal

• disulnram (Antabuse*): impairs metabolism of alcohol by blocking conversion of acetaldehyde
to acetic acid, leading to Hushing, headache, N/V, hypotension if alcohol is ingested (available in
U.S., but no longer available in Canada)
naltrexone: competitive opioid antagonist that reduces cravings and pleasurable effects of
drinking
• may trigger withdrawal in opioid-dependent patients

• acamprosate:glutamate receptor modulator that also reduces craving
• see Psychiatry. PS29

Abstinence;
Low Risk Drinking

<2 drinks/d
<10 drinks/wk for women

<15 drinks/wkformen

i
At Risk Drinking

Consumption above low-risk level
but no alcohol-related physical

or social problems

I
Alcohol Use Disorder

Physical or social problems
Continued use despite consequences

Inability to fulfill life roles
Legal problems

No evidence of dependence

Figure 6.Continuum of alcohol use
Bull P.Gkksrmm L.Boirness D.etal.Alcohol and
health in Canada: A summary of evidence olid
guidelines for low-risk drinking. Ottawa.ON:
Canadian Centre onSutrstance Abuse.2011.

Some Adverse Medical Consequences
of Problem Drinking
• Gl: gastritis, dyspepsia, pancreatitis,

liver disease, bleeds, diarrhea, oral/
esophageal cancer. Cardiac: HTN.alcoholic
cardiomyopathy

• Neurologic:Wernicke-Korsakoff
syndrome, peripheral neuropathy

• Hematologic:anemia,
coagulopathies

• Other:trauma, insomnia, family
violence, anxiety/depression,

social/family dysfunction, sexual
dysfunction, fetal damage

Prognosis
• relapse is common and should not be viewed as failure
• monitor regularly for signs of relapse
• 25-30% of persons with alcohol use disorder exhibit spontaneous improvement over 1 yr
• 60-70% of individuals with jobs and families have improved quality of life I yr post-treatment

Common Presenting Problems
Abdominal Pain
• see Gastroenterology, G4, General Surgery and Thoracic Surgery, GS4,and Emergency Medicine. ER18

Epidemiology
• 20% of individuals have experienced abdominal pain within the last 6-12 mo
• 90% resolve in 2-3 wk
• only 10% are referred to specialists, of those <10% admitted to hospital

Etiology
• most common diagnosis in family medicine at 28% is “nonspecific abdominal pain,” which has no

identifiable cause and is usually self-limited
• Gl disorders (e.g. PUD, pancreatitis, IBD, appendicitis, gastroenteritis, IBS, diverticular disease,

biliary tract disease)
• urinary tract disorders (e.g. UT1, renal calculi)
• gynecological disorders (e.g. PID, ectopic pregnancy, endometriosis)
• cardiovascular disorders (e.g. CAD, AAA, ischemic bowel)
• other: DKA, porphyria, hypercalcemia, medications (e.g. NSAlDs), alcohol, toxic ingestion, foreign

body, psychogenic

If pain precedes nausea/vomiting, cause
of abdominal pain is more likely to
require surgery

<s>
Abdominal Pain Red Flags
• Severe pain
• Signs of shock
• Peritoneal signs
• Abdominal distention
• Pain out of proportion to clinical

findings
• New onset pain, change in pain,or

altered bowel habits in elderly. Weight loss
• Blood per rectum/melena
• Anemia
• Supraclavicular nodes
• Family history of serious bowel

disease

Pathophysiology
• type of pain

somatic pain:sharp, localized pain
visceral pain:dull, generalized pain

• location of pain
epigastric (foregut): distal esophagus, stomach, proximal duodenum, biliary tree, pancreas, liver

right upper quadrant (RUQ):biliary, hepatic, colonic, pulmonary, renal
left upper quadrant (LUQ): cardiac, gastric, pancreatic, renal, vascular

periumbilical (midgut): distal duodenum to proximal 2/3 of transverse colon
hypogastric (hindgut): distal 1/3 of transverse colon to rectosigmoid region

right lower quadrant ( RLQ): colonic, appendix, gynecological, renal
left lower quadrant (LLQ):colonic, gynecological, renal

any location: aneurysm, dissection, ischemia, varicella zoster virus, muscle strain, hernia, bowel
obstruction, peritonitis, porphyria, DKA

r i
L J

In patients >50, keep a high index of
suspicion for AAA - its presentation may
mimic renal colic or diverticulitis +
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Investigations
• guided by findings on history and physical
• possible blood work: CBC, electrolytes, BUN, Cr, amylase, lipase, AST, ALT, ALP, bilirubin, glucose,

INR/PTT, toxicology screen, 0-hCG. imaging
CXR (for free air under the diaphragm) in setting of perforation in surgical abdomen
abdominal x-ray, KUB (consider: gas pattern, free air, kidney stones, constipation)
U/S (renal stones, gallbladder disease, gynaecological problems, liver disease, pancreatitis,
diverticular disease, appendicitis)
CT-scan (AAA, appendicitis), non-contrast helical Cl -scan (first choice for renal stones)

• other tests
urinalysis
endoscopy (for peptic ulcers, gastritis, tumours, etc.)
H. pylori testing (urea breath test, serology, biopsy)

Allergic Rhinitis
•see Otolaryngology, 0124

Differential Diagnosis
• Acute viral infection. Vasomotor rhinitis. Deviated septum
• Nasal polyps
• Acute'cluomc sinusitis
• Drug-induced rhinitis

Definition
•inflammation of the nasal mucosa that is triggered by an allergic reaction
•classification

seasonal
symptoms during a specific time of the year
common allergens: trees, grass, and weed pollens, airborne moulds

perennial
symptoms throughout the year with variation in severity-
common allergens: dust mites, animal dander, moulds

•persistent allergic rhinitis may lead to chronic rhinosinusitis

Epidemiology
•affects approximately 40% of children and 20-30% of adults
•prevalence has increased in developed countries, particularly in the past two decades
•associated with asthma, eczema, sinusitis, and otitis media

Rhinitis Medicamentosa
Rebound nasal congestion.Occurs
with prolonged use f>5-7 d) of
vasoconstrictive intranasal medications.
Patient may become dependent,
requiring more frequent dosing to
achieve the same decongestant effect

Etiology
•increased lgE levels to certain allergens -> excessive degranulation of mast cells -> release of

inflammatory mediators (e.g. histamine) and cytokines > local inflammatory reaction

Assessment
•identify- allergens
•take an environmental/occupational history
•ask about related conditions (e.g. atopic dermatitis, asthma, sinusitis, and family history)

Management
•conservative

minimize exposure to allergens
most important aspect of management, often sufficient (may take months)

• maintain hygiene, saline nasal rinses
•pharmacologic agents

• oral second-generation antihistamines - first-line therapy for mild sy-mptoms
e.g. cetirizine (Readme'), fexofenadine (Allegra'), loratadine (Claritin*)

intranasal corticosteroids for moderate/severe or persistent symptoms (expect > 1 mo of consistent
use to see results)
intranasal decongestants (use must be limited to <5 d to avoid rhinitis medicamentosa)

•allergy skin testing
for patients with chronic rhinitis whose symptoms are not controlled by conservative and
pharmacological therapy
may identify allergens to include in immunotherapy- treatment

•immunotherapy (allergy shots)
reserved for severe cases unresponsive to pharmacologic agents
consists of periodic (usually weekly) subcutaneous injections of custom prepared solutions of one
or more antigens to which the patient is allergic j

+
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Amenorrhea
• see Gynaecology. GY7
• absence of menses clue to dysfunction of the hypothalamus, pituitary, ovaries, uterus, and/or vagina.

Classified as either primary (absence of menarche by age 15 or thereafter) or secondary (absence of
menses >3 mo in women who previously had regular menstrual cycles)

Anxiety Differentia! Diagnosis of Anxiety
Disorders
• Panic disorder. GAD
• Social anxiety disorder (previously

social phobia)
• Agoraphobia
• Specific phobia
t Selective mutism
• Separation anxiety disorder
• Other:general medical condition.

AMC.mood disorder,psychotic
disorder.OCD.PTSD

• see Psychiatry, PS15

Epidemiology
• 25-30% of patients in primary care settings have psychiatric disorders
• many are undiagnosed or untreated; hence the need for good screening
• high rate of coexistence of anxiety disorders and depression

Screening
• screening tools such as the Generalized Anxiety Disorder 7-item (GAD-7) tool
• screening questions

• do you tend to be an anxious or nervous person?
have you felt unusually worried about things recently?
has this worrying affected your life? How?

Assessment
• identify associated symptoms on history and physical to rule out organic medical causes (e.g.

hyperthyroidism, cardiopulmonary disorder, traumatic brain injury)
• risk factors: past history of anxiety, stressful life event, trauma, social isolation, female , LGBTQ2S+,

comorbid psychiatric diagnosis (e.g.depression), family history of anxiety or depression
• assess substance misuse, suicidal ideation /self-harm
• to differentiate anxiety disorders, consider symptoms and their duration
• use the GAD-7 tool to assess and monitor levels of anxiety
• ask patients about experiences that may impact current situation and intersectionality

Symptoms of GAD

AND IC REST
An xious.nervous, or worried
No control over the worry
Duration >6 mo
Irritability
Concentration impairment
Restlessness
Energy decreased
Sleep impairment
Tension in muscles
Con lorn Phyudan 2M5.511M0-O

Symptoms of Anxiety
Are the symptoms predominantly._

Rule Out
• Cardiac (post Ml,arrhythmias)
• Endocrine (hyperthyroidism,

diabetes,pheochromocytoma)
• Respiratory (asthma,COPD)
• Somatoform disorders
• Psychotic disorders
• Mood disorders (depression,bipolar)
• Personality disorder (OCPD)
• Drugs (amphetamines, thyroid

preparations,caffeine.OTC for
colds/decongestants,alcohol/
benzodiazepine withdrawal)

i1 v
Secondary to a specific

experienced trauma?
In the form of panic with

physical (autonomic) symptoms?
Recurrent anxious

thoughts?

xr
[
iT( Do the panic attacks come... J Excessive worry and

apprehension about
common concerns

NoJ [ >1mo? |<1mo?

*t I
[ "Out ol the blue' ) ACUTE PTSD yes

STRESS
REACTION

With a
specific situation No

T t' r

Are the thoughts
J ntrusive, inappropriate

and distressing?

Is patient INo
avoiding situation?

Patient alraid of
another attack and

its implications

<6mo
tstressor

>6 mo

Ii Differentia! Diagnosis of Wheezing
• Allergies, anaphylaxis
• Asthma, reactive airway disease. GERD
• Infections (bronchitis,pneumonia)
• Obstructive sleep apnea. COPD
• L ess common:congestive heart

disease, foreign body, malignancy,
cystic fibrosis, vocal cord dysfunction

' 'Yes
ADJUSTMENT GAD

DISORDER
PANIC DISORDER Are they accompanied

by a repetitive
behaviour meant to

neutralize the anxiety?£ T T
Specific trigger Public setting where

(e.g. Hying, spiders, there migiit be
blood) etc.) negative evaluation

Setting where
it may be

difficult to escape
Yes

OCDI
Excessive worry and
apprehension about
social situations?

SPECIFIC
PHOBIA

SOCIAL
PHOBIA

PANIC DISORDER
WITH AGORAPHOBIA

Self-Management Asthma and COPD
Education and Written Action Plan
• Education is a key component in

management of asthma and COPD
• Guided self -management combining

education, regular medical review,
self-assessment,and written action
plans have been shown to reduce
hospitalizations,ED visits, and
missed days at work or school

Sample action plans availableonline:https://
cts-sct.ca/

r T
LJFigure 7. Differentiating anxiety disorders using the DSM-V diagnostic criteria

Adapted from: Evans M. Bradwejn J.Dunn L.Anxiety Review Panel.Guidelines for the treatment o( anxiety disorders in primary care. Toronto:Queen's
Printer of Ontario, 2000.41

+
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Management
• patient education: emphasize prevalence, good recovery rate of anxiety conditions
• with consent, explore lifestyle hahits: exercise, caffeine, alcohol intake, etc. and collaboratively develop

a person-centered plan (e.g. reduce caffeine at a particular pace)
• psychological: psychotherapy including CBT,exposure therapy, relaxation techniques, and

mindfulness strategies
• pharmacotherapy: see Psychiatry, PS59
• offer self-help materials, connect with community resources (e.g. support groups), and provide

support to family and caregivers

Signs of Poorly Controlled Asthma
• p2 agonist use >4x/wk
• Asthma-related absence from world

school
• Exercise induced asthma
• Night-time symptoms >1x/wk

What Colour Is Your Inhaler?

Body/CapColourNameAsthma/COPD p2-Agonists
salbutamol - Ver.tolin*
salmeterot -Serevent ?

KibeUlOf -BriCiayf*

Light blue'navy
lealhight teal
Bluehartiile

• see Respirologv. R7
Definition
• asthma

chronic, reversible airway inflammation characterized by periodic attacks of wheezing, dyspnea,
chest tightness, and coughing
airways are hyper-responsive to triggers/antigens leading to acute obstructive symptoms
including bronchoconstriction, mucous plugs, and increased inflammation
cannot be diagnosed at first presentation

• PFTs can be done starting at age 6 or when child is able to follow testing instructions
• peak flow meters are useful in the office and at home for monitoring. COPD

group of chronic, progressive, non-reversible lung diseases characterized by limited airflow with
variable degrees of air sac enlargement and lung tissue destruction

• emphysema and chronic bronchitis are the most common forms

ICS
IkibtasoM-Brwent'
badesamde-Pnlmicort*

Orange/peath
White.'brown

Combined Long-Acting (2-Agonist- ICS
Ihtiasofle/salmeteiol - Adi&r' Purple discus
Dsdesonde' loimoleiol-
Symb cpTt,
Iktiusooe/ vilanterol- Breo' CreyWut
Anticholinergics
umettxlirjum - Incruse -

ipratropnim- Atror/ent 5

tiotiopr.ffl - Spina'

Bedi'i/nte

•tiite/green
Oeet'green
thitefti'quoise

Table 8. Differentiating COPD from Asthma
COPD Asthma

I"uj

SHarrs

\ Restrictive
Age of Onset Any age (but 50c- of cases are diagnosed in

children ages <10)
Not causal,known trigger

Reversibility of Airflow Obstruction Airflow obstruction is chronic and persistent Airflow obstruction is episodic and usually
reversible with therapy

Slow, progressive worsening ( with peciodic Stable, episodic.‘50% will outgrow
exacerbations)

Infrequent
Environmental irritants (air pollution), cigarette Environmental irrilants (dust, pollen), animal fur.
smoking,n-1 antitrypsin deficiency, viral infection, cold air. exercise. URTIs, cigarette smoke,use ol
occupalionai exposure (firefighters, dusty jobs) ( blockers,' ASA
Chronic cough, sputum, and/or dyspnea

Usually in 6th decade
I 'Dbfll jc -ivei *-

I 2- nRole of Smoking >10 packyr
=: .1 second

tmi«mattertv -bl*-?-*r
tUNti VOLUME illEvolution

Figure 8. Expiratory flow volume
curves (obstructive, normal, and
restrictive disease) See Respirologv.R4
Adapted from: Weinberger SE. Principles of
pulmonary medicine. 5th ed. With permission from
Elsevier. 2008

>50% patientsHistory of Allergy
Precipitators

Symptoms/Signs Wheere (hallmark symptom), dyspnea, chest
tightness, prolonged expiration, cough which is
worse in the cold,at night,and in the early AM
Normal (for pure asthma)

Not usually present
Episodic with severe attacks

More About Inhalers. Aerosols (puffers- MDI. MDI +
spacer) MDIs should be used with
spacers to:. Reduce side effects

• Improve amount inhaled
• Increase efficiency of use
• DPI (discuss, turbuhaler. and

diskhaler) require deep and fast
breathing (may not be ideal for
children). Nebulizers can be used to convert
liquid medications into a fine
mist: recommended for use if
contraindications to MDIs. Currently there is large push in
dinica! practice to transition away
from the use of MDI inhalers and to
move towards using DPI inhalers
to reduce the impact of aerosol
treatments on the environment •

Evohaler MDIs had 20-30 times
larger carbon footprints than the
Accuhaler and Elipta DPIs (Thorax
2020 Jan;75(1):82-84.)

Diffusion Capacity

Hypoxemia
Decreased (more so in pure emphysema)

Chronic in advanced slages

Spirometry May have improvement with bronchodilators bul Marked improvement with bronclrodilalors or
steroidsnot universally seen

Chest X-Ray Often normal
Increased bronchial markings (chronic bronchitis) Hyperinflation during asthma attack
and chronic hyperinflation (emphysema) often
coexist, bullae

Often normal or episodic hyperinflation

Ongoing patient education, and environmental
control
SABA taken pm as rescue medication •
maintenance meds
Mainlenancemedications

All: Smoking CessalionManagement
Mild
Step 1: SA8A as needed (salbulamol)
Step 2:SABA as needed » LAAC (i.e. tiolropium)
or - LABA (e.g.salmeterol)
Moderate
Step 3: SABA/SAMA- LABA or SABA - LA8A or LAAC: Step t:low -dose ICS
consider inhaled vs. oral steroids
Severe
Step 4:
Pneumococcal vaccination,annual influenza
immunization

Mild

Step 2:Medium/high dose ICS or low - dose ICS plus
cither LABA. URA modifier
Moderate
Step 3:Medium,' high- dose ICS * either LABA. IT
modifier
Severe
Step 4:As above- immunotherapyioral
glucocorticosteroids- pneumococcal vaccination,
annual influenia immunization

ri
iJ

+ICS * inhaled corticosteroids;LAAC * long-ac ling anticholinergic:LABA * long.iictlng P-agonlst; LT modifier •leukotrlene modifier; SABA » short,
acting p-agonlst. SAMA - short acting muscaiinic antagonist When prescribing salbutamol. watch

out for signs ofhypokalemia: lethargy,
irritability, paresthesias, myalgias,
weakness, palpitations. NN. polyuria
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Benign Prostatic Hyperplasia
• see U roloav. U7

Definition
• hyperplasia of the stroma and epithelium in the periurethral transition zone

History and Physical
• include current/past health, surgeries, trauma,current medications including OTC
• specific urinary symptoms
• physical exam must include DRE for size, symmetry, nodularity, and texture of prostate (prostate is

symmetrically enlarged, smooth, and rubbery in BPH)

Investigations
• urinalysis to exclude UT1and for microscopic hematuria (common sign)
• serum PSA:protein produced by prostatic tissue

PSA to screen/test for BPH is no longer used due to the high false positive rate, and is instead used
as a marker to guide treatment once diagnosis has been made
PSA testing is inappropriate in men with a life expectancy less than 10 yr or patients with
prostatitis, UTI

• increased PSA in a younger man is more often due to cancer than other causes
abnormal DRE or PSA should trigger further assessment
discuss test with men at increased risk of prostate cancer (FHx,Black men) or who are concerned
about development of prostate cancer
decision to test PSA in an asymptomatic man (see Prostate Cancer Screening , PM6 )

• other tests
Cr, BUN, PVR volume by U/S, urodynamic studies, renal U/S, patient voiding diary

• tests NOT recommended as part of routine initial evaluation include:
cystoscopy, cytology, prostate U/Sor biopsy, 1VP, urodynamic studies

Table 9. Symptoms and Complications of BPH
Obstructive Symptoms Irritative Symptoms Late Complications

Hesitancy (difficulty starting urine flow)
Diminution in sire and force of urinary stream
Stream interruption (double voiding)
Urinary retention (bladder docs not feel completely empty)
Post- void dribbling
Overflow incontinence
Nocturia

Urgency
Frequency
Nocturia
Urge incontinence
Dysuiia

Hydronephrosis
Loss of renal concentrating ability
Systemic acidosis
Renal lailure

Management
• referral to urologist if moderate/severe symptoms
• conservative: for patients with mild symptoms or moderate/severe symptoms considered by the

patient to be non-bothersome
fluid restriction (avoid alcohol and caffeine)
avoidance/monitoring of certain medications (e.g.antihistamines, diuretics, antidepressants,
decongestants)
pelvic floor/Kegel exercises; consider referral to pelvic physiotherapist
bladder retraining (scheduled voiding)

• pharmacological: for moderate/severe symptoms
a-receptor antagonists (e.g. terazosin (Hytrin*), doxazosin (Cardura*), tamsulosin (ITomax*),
alfuzosin (Xatral*))

relax smooth muscle around the prostate and bladder neck
5-a reductase inhibitors (e.g. finasteride (Proscar*))

« only for patients with demonstrated prostatic enlargement due to BPH
inhibit the enzyme responsible for conversion of testosterone to dihydrotestosterone ( DHT)
thus reducing growth of prostate

antimuscarinic and P-3 agonists
recommended for storage symptoms, but avoid in patients with bladder outlet obstruction
and/or elevated PVR

• long-acting phosphodiesterase inhibitor
recommended in patients with erectile dysfunction

desmopressin
recommended for nocturia as a result of nocturnal polyuria (watch for hyponatremia in older
adults)

r •»u

• surgical- TURP.TU1P (for prostate <30 g)
• absolute indications: failed medical therapy, intractable urinary retention, benign prostatic

obstruction leading to renal insufficiency
complications: impotence, incontinence,ejaculatory difficulties (retrograde ejaculation),
decreased libido

+
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Bronchitis (Acute)
Definition
• acute infection of the tracheobronchial tree causing inflammation leading to bronchial edema and

mucus formation Differential Diagnosis of Bronchitis. URTI
• Asthma
• Acute exacerbation of chronic

bronchitis
• Sinusitis. Pneumonia
• Bronchiolitis
• Pertussis
• Environmental/occupational

exposures
• Post-nasal drip. Others:GERD.CHF.cancer,aspiration

syndromes,CF.foreign body

Epidemiology
• 5th most common diagnosis in family medicine, and most common is URTI

Etiology
• 80% viral: rhinovirus, coronavirus, adenovirus, influenza, parainfluenza, and RSV
• 20% bacterial: M. pneumoniae, pneumoniae, ami S. pneumoniae

Investigations
• acute bronchitis is typically a clinical diagnosis
• sputum culture/Gram stain is not useful
• CXR if suspecting pneumonia (cough >3 wk, abnormal vital signs, localized chest findings) or HE
• PIT with methacholine challenge if suspecting asthma

How to Tell if Viral or Bacterial?
Bacterial infections tend to give a
higher fever, excessive amounts of
purulent sputum production,and may be
associated with concomitant COPD

Management
• primary prevention: frequent hand washing, smoking cessation, avoid irritant exposure
• symptomatic relief: rest, fluids (3-4 L/d when febrile), humidity, analgesics, and antitussives as

required
• bronchodilators may offer improvement of symptoms (e.g. salbutamol)
• current literature does not support routine antibiotic treatment for the management of acute

bronchitis because it is most likely to be caused by a viral infection
antibiotics may be useful if elderly, comorbidities, suspected pneumonia, or if the patient is toxic
(see Antimicrobial Quick Reference, FM54 )
antibiotics in children show no benefit

Chest Pain
• see Cardiology and Cardiac Surgery, C5 and Emergency Medicine, ER21

Risk Factors for CAD
Major
• Smoking
• Diabetes
• HTN
• Hyperlipidemia
• Family history of early CAD in first

degree relative (males <55 yr.
females <65 yr)

• Untreated obstructive sleep apnea. CKD
Minor
• Obesity
• Sedentary lifestyle
• Age

Differential Diagnosis

Table 10. Differential Diagnosis of Chest Pain
Diagnosis Clinical Findings LR+ LR-

Chcst pain radiates to both arms
Third heart sound on auscultation
Hypotension
>2 of: localized muscle tension,slinging pain,pain reproducible by palpation, absence of 3.0
cough
Burning retrosternal pain,acid regurgitation,sour or bitter taste in the mouth:1wk trial of 3.1
high-dose proton pump inhibitor relieves symptoms

Panic Disordor/Anxioty State Single question:In the past 4 wk.have you had an anxiety attack (suddenly feeling fear or 4.2
panic)?
Clinical tnad of pleuritic chest pain (increases with inspiration or when reclining,and is N/A
lessened by leaning forward),pericardial friction rub,and electrocardiographic changes
(diffuses? segmentelevation andPR interval depression without ? wave inversion)

Egophony
Dullness lo percussion

Fever
Clinical impression
Pulmonary edema on chesl radiography

Clinical impression/judgment
History of heart failure
History of acute myocardial infarction
High prctesl probability based on Wells criteria
Moderate pretest probability based on Wells criteria
Low pretest probability based on Wells criteria

Acute Thoracic Aortic Dissection Acute chest or back pain and a pulse differential in the upper extremities

7.1 0.67Acute Ml

3.2 0.88
3.1 0.96

0.47Chesl Wall Pain

0.30GERD

0.09

Pericarditis N 'A
Red Flags

Severe pain
Pain for >20 min
New onset pain at rest
Severe SOB
Loss of consciousness
Hypotension
Tachycardia
Bradycardia
Cyanosis

Pneumonia 8.6 0.96
4.3 0.79
2.1 0.71
2.0 0.24
11.0 0.48Heart Failure

9.9 0.66
5.8 0.45
3.1 0.69

Pulmonary Embolism 6.8 1.8 Ml in Elderly Women
Elderly women can often present with
dizziness,back pain,lightheadedness,or
weakness in the absence of chest pain

1
L J1.3 0.7

0.1 7.6

5.3 NIA
Adapted from:McConaghy J.Rupol S.Outpatient diagnosis of acute dies!pain In adults.Am Fam Physician 2013 Feb1:87(3): 177.182 +

Ml in Diabetics
May present with dyspnea, syncope,and
fatigue in the absence of chest pain
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Investigations
• ECG, CXK. aiul others if indicated (cardiac enzymes, d-dimers, LET'S, etc.)
• refer to EL) if suspecting serious etiology (e.g. aortic dissection, Ml)

Management of Common Causes of Chest Pain
• angina/ischemic heart disease

• NT (I: wait 5 min between sprays and if no effect after 3 sprays, send to El)
;:i

• ASA (160-325 mg, chewed stat ), dopidogrel ( Plavix*) or ticagrelor ( Brilinta*), LMWH
(enoxaparin), morphine, oxygen, NT G

• ± reperfusion therapy with fibrinolytics (e.g. tissue plasminogen activator (tPA), reteplase ( rPA ),
tenecteplase (TNK ), or streptokinase (SK )) if within 12 h ( ideally <30 min ) or time from first
medical contact to percutaneous intervention (catheter lab) if <30 min

• start P-blocker (e.g. metoprolol starting dose 25 mg PO q6h or BID, titrating to HR goal of 55-60
bpm)

endocarditis: antibiotic choice is based on whether patient has a native or prosthetic heart valve as
well as culture and sensitivity results

• GERD:antacids, H2-blockers, PPls, patient education
• costochondritis: NSAlDs

Ruling OutCoionary Artery Disease in Primary
Care
C MAJ 2010:182|12):129S 1300
Components ol the prediction rule used to determine
the presence or absence pi CAN patients with chest
pain it primary care:
• Aje/sen llemale‘65, male >05|: t pi
•Known clinical vascular disease (coronary

artery disease, occlusive vascular disease, or
cerebrovascular disease):1 pt

• Pain worse during exercise:1 pt
• Pain not reproducible by palpation: t pt
• Patient assumes pain is ol cardiac origin:1 pt
Positive result: 3-5 pis:negative result: <2 pts
(sensitivity:87.1%.specificity:80%)

• Ml

Common Cold (Acute Rhinitis)
Q•see Infectious Diseases, Pneumonia, ID7 and Influenza, ID9

Influenza vs. Colds: A Guide to
SymptomsDefinition

•viral URT'I with inflammation Features Flu Cold
Onset ol illness Sudden SlowEpidemiology

•most common diagnosis in family medicine, peaks in winter months
•incidence: adults = 2-4/yr, children = 6-10/yr
•organisms

• mainly rhinoviruses (30-35% of all colds)
• others: coronavirus, adenovirus, RSV, influenza, parainfluenza, coxsackie virus

•incubation: 1 -5 d
•transmission: person-person contact via secretions on skin /objects and by aerosol droplets

Risk Factors
•psychological stress, excessive fatigue, allergic nasopharyngeal disorders, smoking, sick contacts

fever High lever Hone
lihjuition level Seveie Med
Cough Dryseveveot •

hacking

throat Fine Sore
Dry ard clear tunnyHove
Achy Headache-freeHead

Appetite
Muscles

Decreased Hormal
FineAchy

Chills Yes Ho
Clinical Features
•symptoms

local: nasal congestion, clear to mucopurulent secretions, sneezing, sore throat, conjunctivitis,
cough
general: malaise, headache, myalgias, mild fever

O
Echinacea for Preventing and Treating the
Common Cold
Cochrane OBSyst Rev 2014:2;CD000530
Purpose: lo assess whether echinacea preparations
are eHectrve and safe lor the prevention and
treatment olthecommon cold.
Methods: Meta -analysis of RCIscomparing mono -
preparations ol echinacea with placebo. Primary
efficacy outcome was number of individuals with
at least one cold in prevention trials and duration
of colds in treatment trials. Primary safety and
acceptability outcome was number of participants
dropping out due to adverse events.
Results: 2d double- blind Inals w th 4631 participants
were included. No pieventlon study companions
companng echinacea and placebo found a statistically
significant difference In Icimsof number of patents
with at least one cold epsode. though a relative risk
reduction ol 10% to 20% was identified. 01 treatment
trials lepoding on duration of colds, only 1study ol
2 showed a significant effect favouring echinacea
over placebo. Ho significant differences were found
between echinacea and placebu groups in number of
dropouts due toadverse events, though prevention
trials showed a trend towards higher dropout
numbers due to adverse events m treatment groups.
Conclusions: Echinacea products have not been
shown to provide benefits lor treating colds, although
it is possible there is a weak benefit from some
echinacea products. Individual prophylaxis trials
consistently show positive|if non significant) trends,
although potential effects are of questionable clinical
relevance.

•signs
erythematous nasal/oropharvngeal mucosa, enlarged lymph nodes
normal chest exam

•complications
secondary bacterial infection:otitis media, sinusitis, bronchitis, pneumonia

• asthma/COPD exacerbation

Differential Diagnosis
•allergic rhinitis, pharyngitis, influenza, laryngitis, croup, sinusitis, bacterial infections

Management
•patient education

• symptoms peak at 1 -3 d and usually subside within 1 wk
• cough may persist for days to weeks after other symptoms disappear
• no antibiotics indicated because of viral etiology
• secondary bacterial infection can present within 3-10 d after onset of cold symptoms

•prevention
• frequent hand washing, avoidance of hand to mucous membrane contact, use of surface

disinfectant
• yearly influenza vaccination

•symptomatic relief
• rest, hydration, gargling warm salt water, steam, nasal irrigation (spray/pot)

analgesics and antipyretics: acetaminophen, ibuprofen
• cough suppression: dextromethorphan or codeine if necessary (children <6 yr of age should not

use any cough/cold medications)
decongestants, antihistamines

•patients with asthma will require increased use of bronchodilators and inhaled steroids

+
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Concussion/Mild Traumatic Brain Injury
• see Neurosurgery, NS37 and Emergency Medicine. EK9
• a useful tool for the assessment of individuals and athletes with concussion is the Sport Concussion

Assessment Tool, 5th edition (SCAT5), Br ) Sports Med 2017;0:1-8
• Parachute Canada concussion guidelines including return to play/return to sports: https://parachute.

ca/en/injury-topic/concuislon/

Contraception
• see Gynaecology. GY15

Emergency Contraception
• hormonal emergency contraception (EC) (Yuzpe* nr Plan B‘, usually 2 doses taken 12 h apart) or post-

coital copper 1UD (intrauterine device) insertion
• hormonal EC is effective if taken within 72 h of unprotected intercourse ( reduces chance of pregnancy

by 75-85%), most effective if taken within 24 h, does not affect an established pregnancy
• copper lUDs inserted within 5 d of unprotected intercourse are significantly more effective than

hormonal EC (reduces chance of pregnancy by-99%)
• pregnancy test should be performed if no menstrual bleeding within 21 d of either treatment
• advance provision of hormonal EC increases the use of EC without decreasing the use of regular

contraception
• pharmacists across Canada can dispense Plan B* OT'C

Cough
Differential Diagnosis
Common Causes

• Upper airway cough syndrome (post-
nasal drip). Asthma/COPD. GERD

• Non-asthmatic eosinophilic bronchitis
• Other Causes. ACEI

• Aspiration
• Bronchiectasis
• Cystic fibrosis
• Chronic interstitial lung disease. CHF
• Lung/laryngeal cancer
• Pertussis
• Psychogenic
• Restrictive lung disease
• IB, atypical mycobacterium, and

other chronic lung infections

History and Physical
• duration (chronic >8 wk),onset, frequency, quality (dry vs.productive), sputum characteristics,

provoking/relieving factors, recent changes
• associated symptoms: fever, dyspnea, hemoptysis, wheezing, chest pain, orthopnea, PND, rhinitis,

reflux, post-nasal drip
• constitutional symptoms: fever, chills, fatigue, night sweats
• risk factors: smoking, environmental allergies, occupation, exposure, family history of lung CA or

other CA,TB status, recent travel
• medications (e.g. ACEI, P-blockers), allergies
• PMHx: lung (asthma, COPD, CF), heart (HF, Ml, arrhythmias), chronic illness, G1 (reflux)
• vitals including 02 saturation, respiratory exam, HEENT,and precordial exam

Investigations
• guided by findings on history and physical

CXR. PI I s. upper Gl series, sputum culture test for acid-fast bacilli (if TB is suspected)

Dementia (Major Neurocognitive Disorder)
• see Psychiatry. PS24

Dementia Quick Screen = Mini Cog +
Animal Naming

• 3simple tests, takes about 2 min
• Use when suspecting mild cognitive

impairment or when patient is at
high-risk. Mini Cog - 3words recalled clock
drawing
• Clock Drawing - including

numbers and hands so time
shows10 min past11 (normal =
correct number/hand placing or
only minor spacing problems). 0 word reca II - i mpairment

• 1-2 words and clock drawing
abnormal'impairment

• 3 words recalled * normal
• Naming animals in 1min (normal -

>15 in one min)
• Interpretation: If all 3 results within

normal range, cognitive impairment
unlikely

• Return for further evaluation if:
• <15 animals named
• 0-1words recalled
• Clock d rawing abnormal

Epidemiology. 15% of Canadians 265 yr are living with dementia; risk for dementia doubles every 5 yr after age 65
• prevalence of depression in dementia is 20-60%; major depression decreases as dementia severity

increases; vascular and mixed dementias have a higher prevalence of depression
• leading types of dementia: Alzheimer's (40-50%), mixed (20-25%), Lewy- Body (5-15%), vascular (5-

10%), frontotemporal (5-10%)

Investigations
• history, physical exam, MMSE, MOCA (best screening test), Dementia Quick Screen (see sidebar)
• investigations are completed to exclude reversible causes of dementia and should be selected based on

the clinical circumstances
• CBC, liver enzymes, TSH, renal function tests, serum electrolytes, serum calcium, serum glucose,

vitamin B 12. folate, VDRL, HIV, head CT

Management
• treat and prevent reversible causes
• provide orientation cues (e.g.calendars, clocks) and optimize vision and hearing
• family education, counselling, and supports (alternative levels of care)
• pharmacologic therapy: N-methvl-d-aspartate receptor antagonists and cholinesterase inhibitors slow

rate of cognitive decline; low-dose antipsychotics and antidepressants can be used to treat behavioural
and emotional symptoms

• 20% of patients develop clinical depression, most commonly seen in vascular dementia

j

+
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Depression
» see Psychiatry, PSI 2 oEtiology
•often presents as non-specific complaints (e.g. sleep disturbance, chronic fatigue, pain); can be

associated with triggers (e.g. major life events)
•depression is a clinical diagnosis and tests are done in order to rule out other causes of symptoms
•2/3 of patients may not receive appropriate treatment for their depression
•early diagnosis and treatment improve outcomes

Must Ask About/Rule Out
• Suicidal/homicidal ideation
• Psychosis
• Substance use/misuse/withdrawal
• Anxiety
• Bipolar/manic/hypomanic episodes
• Bereavement
• Intimate partner violence
• Post partum depression. Organic cause

Screening Questions
•Canadian Task Force on Preventive Health Care (2013) recommends not routinely screening for

depression
•if screening indicated, use the Patient Health Questionnaire-2 ( PHQ-2)

“Over the past 2 wk, how often have you been bothered by any of the following problems":
little interest or pleasure in doing things?
feeling down, depressed, or hopeless

•the PHQ-2 is scored out of 6, with a score of 3or more considered positive
• those who screen positive should be evaluated with the PHQ-9 to determine whether they meet

criteria for depression
•PHQ-9 tool is useful to diagnose and monitor depression; use Geriatric Depression Scale (GDS) for the

geriatric population
•screen all patients presenting with depression for suicidal ideation and behaviour, a positive screen

should prompt additional questioning

Differential Diagnosis. Other psychiatric disorders (e.g.
anxiety, personality, bipolar,
adjustment disorder, schizoaffective,
seasonal affective disorder,
substance misuse/withdrawal). Cancer (50% of patients with
tumours, especially of brain, lung,
and pancreas, develop symptoms of
depression before the diagnosis of
cancer is made). Chronic fatigue syndrome

• Early dementia
• Endocrine (e.g. hyper/

hypothyroidism, DM, adrenal
disorders)

• Infections (mononucleosis)
• Liver failure, renal failure
• Medication skle effects (P-biockers,

benzodiazepines, glucocorticoids,
interferon)

• Menopause
• Neurological (Parkinson's disease.

Assessment
•risk factors: see Psychiatry, PSI 2
•personal or family history of depression
•medications and potential substance misuse concerns
•high-risk for suicide/homicide

fill out Form 1 (in Ontario): application by physician to hospitalize a patient against his/her will
for psychiatric assessment (up to 72 h)

•functional impairment (e.g.work, relationships)
•at least 5 out of 9 criteria including at least one of anhedonia or depressed mood 2 wk for actual

diagnosis to be met (see Memory Aid)
•validated depression rating scales: Beck’s Depression Inventory, Zung’s self-rating depression

scale, Children’s Depression Inventory, Geriatric Depression Scale, Personal Health Questionnaire
Depression Scale (PHQ-9)

•routine medical workup (physical exam, CBC, TSH. ferritin, folate, Bi:, electrolytes, urinalysis,
glucose, etc.)

MS). Vitamin deficiency (pernicious
anemia, pellagra)

Treatment
•goal: full remission of symptoms and return to baseline psychosocial function
•phases of treatment

acute phase (8-12 wk): relieve symptoms and improve quality of life, counsel patients on risks (e.g.
sexual side effects, discontinuation syndrome)
maintenance phase (6-12 mo after symptom resolution ): prevent relapse/recurrence, must stress
importance of continuing medication treatment for full duration to patients

•treatment options are pharmacotherapy, psychotherapy,or a combination of both
combination therapy is synergistic and most effective (see EBM in sidebar)

•treatment of youth (ages 10-21)
» for mild depression, a period of active support and monitoring before initiating treatment is

recommended
fluoxetine is first line among SSRIs (most evidence)

» monitor closely for adverse effects such as suicidal ideation and behaviour
• psychotherapy

CBT or1PT alone can be used for mild depression
psychotherapy plus medication is recommended for moderate to severe depression

treatment should continue for at least 6 mo
ongoing management should include assessment in key domains (school, home, social
setting)
reassessment and referral is recommended if there is no improvement after 6-8 wk of
treatment
consider referral for adolescents with moderatc/severe depression and coexisting psychosis
and/or substance misuse

Combin'd Pharmacotherapy and Psychological
treatment lor Oepresiion: A Systematic (evlew
Arch Gen Psychiatry 2004:61:714-719
Purpose: ID examine the relationship between
adherence and efficacy of antidepressant medications
pin psychological treatment vs. ned cations alone In
the management ol depressive disorders.
Methods:Systematic review ol RCIs comparing
antidepressant medicationsalone vs.combination
therapy with psychological intervention included.
Efficacy and adherence to theropy were (he main
outcomes.
Results:16 trials with 1842 patients were included.
Patients receiving combination therapyshowed
significantly greater improvements than those
receiving meditations alone(OR 1.86.06% Cl
1.882.62); dropout and non-responder proportions
did not differ in distribution between the two groups
(OS 0.86,0.60-1.24).A significant advantage with
combination therapy was noted in studies with
followup longer than 12 wk (OR 2.21.122-4.03),
accompanied bysigniltanl reduction in dropout and
non-responder proportions.
Conclusion:Combination therapy with psychological
treatment and medication isassociated with greater
improvement rates (ban medication atone, and may
decrease dropout raleswith longer theiapies.

r i
L J
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Table 11. Common Medications
Class Examples Action Side Effects Notes

Criteria for Depression
(>5/9 with at least one of anhedonia or
depressed mood for >2 wk)

Sexual dysfunction (impotence,
decreased libido,delayed
ejaculation,anorgasmia),
headache, Gl upset , weight loss,
tremors, insomnia, fatigue,
increase Of interval (baseline ECG
is suggested)
Insomnia, tremors, tachycardia,
sweating

first line therapy for youth
is fluoxetine:paroxetine is
not recommended for youth
(controversial)

SSRI paroxetine (Paxil ' )
fluoxetine (Prozac )
sertraline (Zoloft 3)
citalopram (Celexa ' )
lluvoxamine ( Luvox ' )
cscitalopram (Cipialcx ' )
vortioxelme (Trintellix : )
venlafaxine (Effexor - )
duloxetine (Cymbalta - )
desvcnlafaxine (Pristiq ' )

bupropion (Wellbutrin )

Block serotonin tcuplake

MSIGECAPS
M Depressed Mood

Increascdfdccreased Sleep
Decreased Interest
Guilt
Decreased Energy
Decreased Concentration
Increased/decreased

S
I
GSNRI Block serotonin and

norepinephrine reuplake E
C
A

Often chosen for lack of sexual
side effects, can be used for
augmentation of anti -depressant
effects with other classes of
medication

Sexual dysfunction, weight gain. Nairow therapeutic window,

tremors, tachycardia, sweating lethal in overdose

SDRI Block dopamine and NE
reuptake

Headache, insomnia, nightmares,

seizures, less sexual dysfunction
than SSRIs

Appetite and weight
P Psychomotor agitation/
retardation
S Suicidal ideation

amitriptyline (Elavil - )TCA Block serotonin and NE
reuptake

Prognosis
• up to 40% resolve spontaneously within 6-12 mo
• risks of recurrence:50% after 1 episode, 70% after 2 episodes, 90% after 3 episodes

Diabetes Mellitus
•see Endocrinology. E7
•see 2018 Clinical Practice Guidelines from Diabetes Canada, available from: http://guidelines.diabetes,

ca/cpg
•see Diabetes Mellitus Patient Care How Sheet from Canadian Diabetes Association, available from:

https://guidelines.diabetes.ca/docs/cpg/Appendi.x-3.pdf

Definition
• metabolic disorder characterized by the presence of hyperglycemia due to defective insulin secretion,

defective insulin action, or both

DM Related Symptoms
• Hyperglycemia: polyphagia,

polydipsia,polyuria, weight change,
blurry vision,yeast infections

• Diabetic Ketoacidosis (DKA):
fruity breath,anorexia.N/V. fatigue,
abdominal pain.Kussmaul breathing,
dehydration

• Hypoglycemia:hunger,anxiety,
tremors,palpitations,sweating,
headache, fatigue,confusion,
seizures, coma

Classification and Diagnosis
•see Endocrinology. E7

Epidemiology
•major health concern, affecting up to 10% of Canadians
• incidence of T2DM is rising due to increasing obesity, sedentary lifestyle, and age of the population
•leading cause of new-onset blindness and renal dysfunction
•Canadian adults with DM are twice as likely to die prematurely compared to persons without DM
•1 in 5 Indigenous people in Canada has diabetes

Long-Term Complications of DM
• Microvascular: nephropathy,

retinopathy,neuropathy
• Macrovasculan CAD,CVD,PVD

Risk Factors.11DM
personal or family history of autoimmune disease

•T2DM
first degree relative with DM

• ages >40 yr
obesity (especially abdominal ), HTN, hyperlipidemia, CAD, vascular disease
prior gestational diabetes mellitus, macrosomic baby ( >4 kg)

• PCOS
history of IG F or 1FG
presence of complications associated with DM

• presence of associated diseases: FCOS, acanthosis nigricans, psychiatric disorders, HIV
medications: glucocorticoids, atypical antipsychotics, HAAKT

•both
member of a high-risk population (e.g. Indigenous peoples, Hispanic, Asian, or African descent)

Screening
•T2DM

EBG or HbAlc in everyone >40 q3 yr, or at high-risk using the CANR1SK calculator
more frequent and/or earlier testing if presence of I risk factor (see above)

•gestational diabetes mellitus (sec Obstetrics. OB29)
• all pregnant women between 24-28 wk gestation +

A1C Interpretation
•advantages:

convenient (measure any time of day)
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single sample
• predicts niicrovascular complications
• better predictor of CVD than fasting plasma glucose (FPG) or two hour plasma glucose in a 75g

GCiT'F
• slow day-to-day variability
• reflects long-term glucose concentration

•disadvantages:
cost
misleading in various medical conditions (e.g. hemoglobinopathies, iron deficiency, hemolytic
anemia, severe hepatic or renal disease)
altered by ethnicity and aging

• standardized, validated assay required
• not for diagnostic use in children and adolescents (as the sole diagnostic test ), pregnant women as

part of routine screening for gestational diabetes, those with CF, or those with suspected T1DM

SMART
Diabetes Quick Reference Guide

A1C:Optimal GlycemicA
Control (Usually <7%)
B BP:Optimal Blood
Pressure Control (<130/80)

Cholesterol: LDL-C<2 ifC
treatingGoals of Therapy

•see Endocrinology, F9 and Clinical Pearl (SMART Goals)
Drugs:Consider ACEI/ARB.

Statin, and ASA
E Exeicise/Eatlng

Smoking CessationAssessment and Monitoring S

Table 12. Assessment and Monitoring
Initial Assessment q2-4mo Annually

History Symptoms of hyperglycemia,
ketoacidosis,hypoglycemia
Past medical history
Functional inquiry
Family history
Risk factors
Medications
Sexual function
lifestyle

Physical Exam General:height, weight. 8MI.BP, WC
Head and neck:lundoscopy. thyroid exam
Cardiovascular exam:signs of PVD,pulses,bruits
Abdominal exam (e.g. for organomegaly)
Hand/foot/skin exam
Neurological exam

Investigations FBG, HbA1c. fasting lipids.Cr.urine
albumimcrealinine ratio
Baseline FCG:repeat testing q2 yr for those at
high-risk

Management Nutritional and physical education
Consider referral to DM education programil
available
Monitoring blood glucose:explain methods and
frequency
Medication counselling:oral hypoglycemic agents
and/or Insulin,method of administration,dosage
adjustments
Pneumococcalvaccination
Ophthalmology consult|T1DM within 5 yr
T2DM at diagnosis)

DM directed history
DM directed history
Screen for awareness and
frequency of hypoglycemia
and DKA
Glucose monitoring
Use of insulin and oral agents
Smoking cessation

DM-directed history
Screen for awareness and
frequency olhypoglycemia
and OKA
Glucose monitoring
Use of insulin and oral agents
Sexual function
Lifestyle counselling
Screen for depression
Foot exam for sensation (using
a 10 g monofilament), ulcers or
infection
Remainder of exam as per PHE

Calculate Total Insulin Required
T1DM: 0.5 0.7 units/kg/d
T2DM:0.3 units/kg/d
More information on insulin prescription,
available at
1) https://guidelines.diabetes.ca/

CDACPG/media/documents/hcp-
resourceslnsulin Prescription
Finable EN 02_21.pdf

2) https://guidclines.diabetes.ca/docs/
resources/inhospitalmanagement-
clinical-order -setfillablc.pdf

Wt. 6P. 6MI. WC

HbA1cq3 mo
FBG as needed

Fasting lipid profile
Annualrandom urine ACR and Cr

Dietary Advice for Treatment of T20M in Adults
COSR 2007:3^0004097
P urpose lo assess the eNects of type and frequency
of different detary adrite strategies for adults
with T 20M.

Methods:Systematic levew of RCTs with follcmr-up
of 6 mo or longer,where dietary advice was the main
intervention.
Results: 36 RCTs with 3467 participants were
uicluded.al measuring weight and glycem c control
measures,and somereporting mortality, blood
pressure, serum cholesterol and triglycerides,and
maxmidl exercise capacity and compliance. Hodata
was available for efficacy ol dietary advice n terms
oldietary changes.Adoption of regular eieruse was
found to promoteHbAlc glycemic control in type 2
diahetic patients
Conclusion: No high- gjality data is available for
the efficacy of dietary lieatmentofI2DM. though
exercise has been shown lo improve HbAtC al 6 end 12
mo follow upinpatients

Assess progress towards long-
term complications

Calibrate home glucose monitor
Arrange annual retinopathy

Adjust treatment plan if necessary screening
Influenza vaccination annually

Nonpharmacologic Management
• diet

• can reduce HbAlc by 1-2%
moderate weight loss (5%) improves glycemic control and CVD risk factors

• all diabetics should see a registered dietician for nutrition counselling
decrease combined saturated fats and trans fatty acids to <10% of calories
avoid simple sugars, choose low glycemic index foods, ensure regularity in timing and spacing of
meals

• physical activity and exercise
• at least 150 min of aerobic exercise plus 2 sessions of resistance training per wk is recommended
• encourage 30-45 min of moderate exercise 4-7 d/wk
• promote cardiovascular fitness: increases insulin sensitivity, lowers BP, and improves lipid profile
• if using insulin, may require alterations of diet, insulin regimen, injection sites, and self-

monitoring
r T
iJ

Self-Monitoring of Blood Glucose
• 11DM: 3 or more self-tests/d is associated with a 1% reduction in HbAlc
• 12DM: recommendations vary based on treatment regimen (e.g. insulin dependent requires more

frequent monitoring - refer to 2020 Diabetes Canada Clinical Practice Guidelines)
• if FBG >14 mmol/L, perform ketone testing to rule out DKA
• if bedtime level is <7 mmol/L, have bedtime snack to reduce risk of nocturnal hypoglycemia

+
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glulisinc, aspart, lispro
ss

regular

3= NPH
glarginc, delcmtr r

R

t
_

J

*0 12 18 24B B

Hours After Injection ©

Figure 9. Types of insulin preparation

At diagnosis o( T2DM
Start lifestyle intervention (nutrition therapy and physical activity) ±metformin

Symptomatic hyperglycemia with
metabolic decompensation y

AtC >8.5%AIC <8.5%

J
(it not at glycemic target 12-3 rnoi) ( Initiate insulin tmetfonnin jStart metformin immediately

Consider initial combination with
another antihyperglycemic agent

J ( If not at glycemic targets ^4( T rStart or increase metformin

±r Add another agent best suited to the individual by prioritizing patient characteristics:
PATENT CHARACTERISTIC CHOICE OF AGENT

Priority:Clinical cardiovascular disease
• Degree of hyperglycemia
• Risk of hypoglycemia
• Overweight or obesity
• Cardiovascular disease
• Comorbidities (renal. CHF. hepatic)
• Preferences and access to treatment

SGLT2inhibitor with demostrated CV outcome benefit
• Consider relative AIC lowering
• Rare hypoglycemia
• Weight loss or weight neutral
• Elfect on cardiovascular outcome
• See therapeutic considerations, consider eGFR
• See cost column, consider access

Add another class ol agent best suited to the individual Idasses listed in alphabetical order):
Relative Hypo- Weight
A1C glycernia
Lowering

Class EHeel in
Cardiovacular
Outcome Trial

Other Therapeutic Considerations Cost

jlucosidase inhibitor 4
facarbose)
Incretinagents
DPP-4 inhibitors
GLP-1R agonists 44(o 444 Raie

Improvedpostprandial control,Gl side-effects SSRare Neutral to s

Neutral (alo.saxa. sita)
Neutral (lixii
Neutral (glar)

Cautionwith saxagliptin inhearlfailure
Gl side-effects

No dose ceiling, flexible regiments
less hypoglycemia in context olmissedmeals. SS
butusually requires TID to CUD dosing
Giclazideand glimepiride associated with less S
hypoglycemia than glyburide

Genital infections.UTI.hypotension, SSS
dose-relatedchanges inLOL-C,caution with
renal dysfunction and loopduretics,
dapagliflozin nottobe usedif bladder cancer,rare
diabetic ketoacidosislmay occur with no
hyperglycemia)
CHF,edema, fractures,rare bladder cancer SS
fploglitazone),cardiovascular controversy
(ros>glitazone).6-12 wkrequiiedfoiiiiaxeffect
Gl side-effects

Neutral to * SSS44
SSSS44

444 tt S SSSSInsulin
Insulin secretagogue; 44
Meglitinide
Sulfonylurea

Yes
tYes

44 tYes

44SGLI2 inhibitors Superior (empa in
I20Mpatients
withclinical CVO)

44to 444 Rate

Ihiazolidinediones 44 ttRare Neutral

4 4Weight loss agent
(orlistat)

None SSS

*AlC ^ glycated hemoglobin
a:o - aloghpLA

empa - etrpagh'lozm
Gl =gastro-rtestinal

CHF- congestive heart failure glar = glargne

fcju - ixsenatide
saxa - saxagliptin
sita = sitagliptin

DPP- 4 - dipeptdyi peptidase 4 GLP-1 - g'ucagon-like peptde 1 T2D -r azolidnedione

r -)

If not at glycemic targets t
_
J

[Add another agent from a different class;add or inlensily insulinregimen j
Note:Physicians should rotor to tha most recant adman ol the
Compendium ol Pharmaceuticals and Specialties (Canadian
Pharmacists Association,Ottawa,Ontario.Canada) for product
monographs and for detailed prescribing information

+
Make timely adjustments to attain target AIC within 3-6 mo —

Figure 10. Management of hyperglycemia in T2DM
With permission of:Diabetes Canada Clinical Practice GuidelinesExpert Committee.Diabetes Canada 2018 Clinical Practice Guidelines lor the
Prevention andManagement of Diabetosin Canada. Can J Diabetes 2018;42(Suppl1):S1-S325.
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Pharmacologic Agents (T2DM)
• oral

biguanidc: metformin (Glucophage*)
thiazolidinedione: troglitazone ( Kezulin*), rosiglitazone (Avandia*)
a-glucosidase inhibitor:acarbose (Precose*)
non-sulfonylurea insulin secretagogues: nateglinide (Starlix*), repaglinide (Gluconorm*)

• sulfonylureas:glyburidc (Dia Beta*), glimepiride ( Amaryl*), glidazide (Diamicron*)
DPP-4 inhibitor: sitagliptin (Januvia*), linagliptin (Tra)enta')

• SGL'1'2 inhibitors: canaglillozin (Invokana* ), dapagliflozin (Parxiga*), empagliilozin ( Jardiance*)
• injectable

• GLP-1 analogue: liraglutide (Victoza*), semaglutide (Ozempic*)

Rosiglrtaionv Revisited: in Updated VeitiMeta-
Analysis of Risk lor Myocardial Infarction and
Cardiovascular Mortality
Arcti Intern Med 2010:170:1191-1201
Purpose lo e-raluate Die effectiveness of
rosrglrtaioneonmyocardal nfaictrons (Mls) and
mortality.
Methods. Systematic rev enol RCts ol res g staione.
lastng at least 24 wk in duration, and reporting
card avascular|CV|adverse events. Mam outcomes
were Mis. (V- rclaled mortality, and all -cause
mortality.
Results: Ros glitaione sig - hcantly incieased Ml
risk (OR1.28.95% Cl1.021.63.P-0.041 but not CY
mortality (OR1.03.0.78-1.36.P-0.86).
Conclusion: Rusiglitaiune continues to demonstrate
Increased nskol Mis. though it isnulassociatednith
increased lisk of CV oralkai.se mortality.

Other Medications Used in DM
• ACEI or ARB in those with any of:

• clinical macrovasculardisea.se
• ages £55

ages <55 and microvascular complications
• statin in those with any of:

clinical macrovasculardisea.se
• ages £40
• ages <40 and any of the following:

diabetes duration >15 yr and ages >30 yr
microvascular complications
other cardiovascular risk factors

• low dose ASA (81-325 mg)
• for secondary prevention in people with established CVD ( NOT to be used routinely for primary

prevention)

Differential Diagnosis of Vertigo
tm litynrScu Nenerii tau*

ItHMI
Onset Sidlti Sutler
DiratSoc Sec:ids tip

Gridiil irsdj

Mii-ti Ctrcrc
HOT;

lc-siDizziness Tinhtus
Neui Si

• see Otolaryngology.OT6

Epidemiology
• 70% of affected patients see general practitioners initially, 4% are referred to specialists
• frequency is proportional to age; commonest concern of ambulatory patients ages >75

Differential Diagnosis

( Dizziness ]

4 4
Nonvertiginous (nonvestibular)

Feeling "light-headed," "giddy," "dazed,"
"mentally contused," or "disoriented"

Vertigo (vestibular)
Objective (external world seems to revolve around

individual) or subjective (individual revolves in spacel
II

4I4 4
Peripheral (85%)

Inner ear
Vestibular nerve

Central (15%)
Brainstem
Cerebellar

OcularPsychogenic
Diagnosis ol exclusion

Vascular

Etiology Etiology
Etiology Etiology

' V

Tumour
Stroke
Drugs

Multiple sclerosis

Idiopathic
Meniere's

BPPV
Acoustic neuroma

Trauma
Drugs

Labyrinthitis

VBI Decreased visual
acuityBasilar migraine

TIA
Orthostatic hypotension
Slokes-Adams syndrome

Arrhythmia
CHF

Aortic stenosis
Vasovagal episodes
Metabolic causesBPPV - benignparoxsyma!positional veitigo

TIA-transientischemic attack
VBI-vertebral basilar insufficiency

Figure 11. Differential diagnosis of dizziness
i J

History
•clarify type of dizziness: vertigo, pre-syncope, disequilibrium, light-headedness
•duration
•exacerbations

worse with head movement or eye closure (vestibular)
• no change with head movement and eye closure (non-vestibular)
• worse with exercise (cardiac/pulmonary causes)

+
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•associated symptoms
neurologic (central)

» transient diplopia, dysphagia, dysarthria, ataxia (T1A, VBI, migraine)
» persistent headache, alterations in level of consciousness, sensory and/or motor deficits (CNS)

audiologic (peripheral)
hearing loss, tinnitus,otalgia, aural fullness

others
N/V (peripheral vestibular disorders)
breathlessness, palpitations (hyperventilation, cardiac problem)

•general medical history
HTN, DM, heart disease, fainting spells, seizures, cerebrovascular disease, migraines

• ototoxic drugs:aminoglycosides (gentamicin, streptomycin, tobramycin), erythromycin, ASA,
antimalarials
hypotension (secondary to diuresis): furosemide, caffeine, alcohol
depression/anxiety: can present with light-headedness

Physical Exam/Investigations
•syncopal

cardiac (orthostatic changes in vitals), peripheral vascular, and neurologic exams
• blood work, ECG, 24 h Holter, treadmill stress test, loop ECG, tilt table testing, carotid, vertebral

doppler, and EEG
•vertiginous

• ENT and neurologic exams (head impulse, nystagmus, test of skew, HINTS exam)
• Dix - Hallpike, consider audiometry, and MKI if indicated

•non-syncopal, non-vertiginous
assess gait, vision, and test for neuropathy
cardiac and neurologic exams (cerebellar and cranial nerve function)
3 min hyperventilation trial ( patient is coached to hyperventilate until patient becomes dizzy to
identify if symptoms are reproducible and confirm that hyperventilation is the etiology of the
symptoms), ECG, EEG
Romberg test: test for disequilibrium (patient sways towards the side of vestibular dysfunction)

Dix-Hallpike Test
• Have the patient seated with legs

extended and head at 45" rotation
• Rapidly shift patient to supine

position with head fully supported in
slight extension (for 45s)

• Observe for rotatory nystagmus and
ask about sensation of vertigo

Screening Instruments for Domestic
Violence
Note: ft is important to be mindful that
the clinical relevance of thefollowing
screening tools may vary. Additionally,
should they be relevant, one must take
care to reduce distress and maintain
patients' bust during these difficult
conversations.Helpful strategies include
interviewing the patient alone in a safe
environment. Consider starting the
discussion with "ft is important to ask
about people's close relationships",
or “Do you feel safe in your current
relationships? While domestic violence
may seem likely, the patient may not
report it during the first encounter.
Remember to screen for comorbid
depression, anxiety, and substance
misuse in suspected victims of domestic
violence.
A) Woman Abuse Screening Tool
(WAST) SHORT
1. In general how would you describe

your relationship?
a. A lot of tension
b.Some tension
c.No tension

2.Do you and your partner work out
arguments with . . .?
a. Great difficulty
b.Some difficulty
c.No difficulty

Endorsing either question1(“a lot
of tension") or question 2 (“great
difficulty") makes intimate partner
violence exposure likely
B) HITS
How often does your partner
1. Physically hurt you?
2. Insult you?
3.Threaten you with harm?
4.Scream or curseat you?

Treatment
•guided by history, physical exam, and investigations
•include education, lifestyle modification, physical maneuvers (e.g. Epley or Dr. Carol Foster’s

technique for BPPV ), symptomatic management (e.g.antiemetics), pharmacotherapy, and surgery
•refer when significant central disease is suspected, when vertigo of peripheral origin is persistent

(lasting >2-4 wk),or if atypical presentation

Domestic Violence/Elder Abuse
INTIMATE PARTNER VIOLENCE

Definition
• includes physical, sexual, emotional, psychological, and financial abuse

Epidemiology
• lifetime prevalence of intimate partner violence against women is between 25-30%
• similar prevalence of intimate partner violence against men, who may be less likely to report due to

social stigma
• women who experience abuse have increased rates of injury, death, and health consequences including

50-70% increase in gynecological, central nervous system, and stress-related problems
• remember that men can also be victims of abuse
• occurs in all socioeconomic, educational, and cultural groups with increased incidence in pregnancy,

disabled women, transgender and non-binary individuals, bisexuality, and 18-24 age group
• 25-50% chance of child abuse or neglect in families where partner abuse occurs; children exposed

to violence in the home are more likely to experience or perpetrate violence later in life (Cycle of
Violence)

• physician recognition rates as low as 5%

Presentation
• multiple visits with vague, ill-defined complaints such as: headaches, gastrointestinal symptoms,

insomnia, chronic pain, hyperventilation
• may also present with injuries inconsistent with history

n
LJ

Management
• maintain a high index of suspicion

asking about abuse is the strongest predictor of disclosure
consider asking if patient feels safe at home or in their relationships; several screening tools (see
sidebar) exist to identify victims of partner violence

+Each question on HITS to be answered
on a 5 point scale ranging from t
(- never) to 5(-frequently)
A total score of10 or greater is
significant
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• make sure to determine the victim’s level of immediate and long-term danger and ask if there are
weapons in the house

• ensure patient safety
• victim most at risk for homicide when attempting to leave home or following separation
• safety planning includes ensuring that there is access to an exit in the home, establishing a

safe place to go, and having emergency items prepared should the patient need to leave quickly
(including money, clothes, keys, medications, and important documents)

• provide community resources
shelter or helpline number with legal advocacy and counselling services

• involve social workers or domestic violence advocates with the patient's consent
• appointment for follow-up to assess whether condition is better or worse
• reassure patient is not to blame and that the assault is a crime
• goal is to convey support

reporting suspected or known child abuse is mandatory
• spousal abuse is a criminal act, but not reportable without the person's permission

• DOCUMENT all evidence of abuse-related visits for medico-legal purposes; aim to provide verbatim
quotations, when possible

ELDER ABUSE
• see (ieriatric Medicine, GM6

Dyspepsia
• see Ciastroenterologv.CIO

Definition and Clinical Features
• defined as epigastric pain or discomfort
• can be associated with fullness, belching, bloating, heartburn, food intolerance, N/V

Epidemiology
• annual incidence 1-2%, prevalence 20-40%

Etiology
• common: functional, PUD, GEKD,gastritis
• others: cholelithiasis, irritable bowel syndrome, esophageal or gastric cancer, pancreatitis, pancreatic

cancer, Zollinger-Ellison syndrome,and abdominal angina

Dyspepsia Red Flags. Weight loss
• Dysphagia
• Persistent vomiting
• Gl bleeding (hematemesis.

hcmalochczia. melena)
• Onset ages >50

H.pylori Eradication
Bismuth Ouadruple Therapy (PBMT) or
Concomitant NonBismuth Ouadruple
Therapy (PAMC) for 14 days

PBMT:
1|PPI standard dose BID
2) Bismuth subsalicylate 524 mg OID
3) Metronidazole 500 mg OID
4) Tetracycline 500 mg OID

History
• symptoms may not be useful in finding cause
• associated with eating, anorexia, N/V, alcohol, NSAID use
• red flags: vomiting, bleeding/anemia, abdominal mass, dysphagia (VBAD)

Investigations
• for new onset dyspepsia:

<60 yr without high-risk features, test for H. pylori using the urea breath test or serology
>60 yr should undergo upper endoscopy to rule out organic pathology

Management
• lifestyle modifications: decrease caffeine and alcohol intake, avoid citrus food, smaller and more

frequent meals, avoid supine position right after meals, smoking cessation
• pharmacologic treatment

gastric acid suppression: H2 blockers, PPls; both are effective for PUD and GERD
• TCAs or prokinetics: e.g. metoclopramide; effective for functional dyspepsia

• H.pylori eradication
do not keep patients on PPI without at least 1 trial off the medication per year
(https://choosingwiselycanada.org/perspective/ppi-toolkit/)

• for non-responders, upper endoscopy should be considered. If endoscopy is negative, defined as
functional dyspepsia

PAMC:
1) PPI standard dose BIO
2) Clarithromycin 500 mg BID
3) AmoxidBin 1000 mg BID
4) Metronidazole 500 mg BID

r n
L J
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Dyspnea
•see Respirologv, R3 and Emergency Medicine. ER26

Differential Diagnosis of Dyspnea
Pulmonary. COPD

• Asthma
• Restrictive lung disease
• Pneumothorax
• Congenital lung disease
• PE
• Malignancy
Cardiac. HF

• CAD
• Ml (recent or past) cardiomyopathy
• Valvular dysfunction
• Pericarditis
• Arrhythmia
• Hypertrophy
Mixed/Other

• Deconditioning
• Psychological and/or physical trauma
• Pain
• Neuromuscular
• Metabolic condition
• Anemia
• Functional:anxiety, panic attack,

hyperventilation

Definition
•uncomfortable, abnormal awareness ofbreathing, a subjective sensation of shortness of breath, or

difficulty breathing
•when discussing dyspnea with patients, consider using language that is easy for patients to understand

such as speaking about “feeling breathless” or “having trouble catching your breath ”

History and Physical Exam
•history

associated symptoms (cough, sputum, hemoptysis, wheezing, chest pain, palpitations, dizziness,
edema)

* constitutional symptoms (night sweats, fever, weight loss)
history of asthma, allergies, eczema, ASA/ NSAID sensitivity, nasal polyps
smoking, recreational drugs, medications
occupational exposure, environmental exposure (e.g. pets, allergens, smoke)
travel and birth place (considering areas with increased prevalence of tuberculosis)

• family history of atopy
previous CXR or PFTs

•physical exam:vitals, respiratory, precordial, HEENT, signs of anemia/liver failure/heart failure

Investigations.CXR, ECG
•PFTs, ABG acutely if indicated

Management
•dependent on cause
•send to ED if acute presentation with moderate symptoms
•call ambulance if in severe respiratory distress

Dysuria
• see Urology, U10

UTI Clinical Decision Aid
Arch Intern Med 2007:67:2201-2206

• Dysuria
• -Leukocytes (on urine dipstick)
• +Nitrites (on urine dipstick)
If 2 or more criteria met then treat
without culture, otherwise culture
required prior to treatment.

Definition
• the sensation of pain, burning, or discomfort when urinating

Epidemiology
• more common in women than men
• approximately 25% of women report one episode of acute dysuria per yr
• most common in women ages 25-54 and in those who are sexually active
• in men, prevalence of dysuria increases with age

Etiology
• infectious

most common cause
presents as cystitis, urethritis, pyelonephritis, vaginitis, cervicitis, epididvmo-orchitis, or
prostatitis

• non-infectious
* hormonal conditions (hypoestrogenism), obstruction ( BPH, urethral strictures), allergic

reactions, radiation, drugs/chemicals, foreign bodies, trauma, neoplasm, kidney stones,
inflammatory diseases, endometriosis, psychogenic

Risk Factors for Complicated UTI. Male
• Pregnancy
• Recent urinary tract instrumentation

Functional or anatomic abnormality
of the urinary tract

• Chronic renal disease. DM. Immunosuppression
• Indwelling catheter

Cranberries for Preventing Urinary Tract
Infections
Cochrane OB SystRev 20t2;10:CD001321
Purpose: io assess the effectueress of cranberry
products in preventing UIIs in susceptible
populations.
Methods: Ail random iced codrolledtriaIs (RCTs|or
rjuasi dCIsof cranberry products lor the prevention
of UIIs wereassessed and a meta -analysis of 24 RCTs
(n-44l3|conducted.
Results: Cranberry products did notsign ficanlly
reduce the incidence of symptomatic Ullsat12 mo
(IIII 0.86. 9S% CI 0.714.04) compared with placebo!
control.
Conclusion: Cranberry prodcctsdo not have a
significant benefit in th e prevention of symptom atic
UIIs over a12 mo period.

r1
L
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Table 13. Etiology, Signs, and Symptoms of Common Causes of Dysuria
EtiologyInfection Signs and Symptoms

Prevention of UTIs
• Maintain good hydration
• Avoid feminine hygiene sprays and

scented douches
• Empty bladder immediately before

and after intercourse
• Vaginal estrogen therapy for peri-

and post menopausal women with
recurrent UTIs

UTICystitis KEEPS bacteria {Klebsiella. £ coli. Inlerobacler. Proteus Internal dysuria throughout micturition,frequency,urgency.
mirabilis.Pseudomonas.S.saprophyticus) incontinence,hematuria,nocturia,backpain,suprapubic

discomfort low grade fever (rare)

Urethritis C. trachomatis.H gonarrhoeae.trichomonas.Candida.
herpes

Candido. EardnereUa. trichomonas, C. trachomatis.
atrophic,herpes,lichensclerosis

Initial dysuria. urethral/vaginal discharge,history ofSTI

Vaginitis Eiternal dysuria /pain,vaginal discharge,irritation,
dyspareunia. abnormal vaginalbleeding

f. coli. C. trachomatis.J saprophyticus.Proteus mirabitis. Dysuria.lever,chills,urgency, frequency,tender prostate.
Interobocter.Klebsiella.Pseudomonas

Prostatitis
rectalpain

Pyelonephritis f.coli. S.saprophyticus.Proteus mirabiUs. Interobocter.
Klebsiella. Pseudomonas

Internal dysuria.lever, chills, flank pam radiating togroin.
CVA tenderness.NiV

Investigations
• if history and physical are consistent with an uncomplicated UT1, treat empirically with no further

investigations
• urinalvsis/dipstick: positive for nitrites and leukocytes
• urine R&M: pyuria, bacteriuria, hematuria
• urine C&S
• CBC and differential if suspecting pyelonephritis
• if vaginal /urethral discharge present: wet mount, Gram stain, KOH test, vaginal pH, culture for yeast

and trichomonas, endocervical /urethral swab or urine PCR for N.gonorrhoeae and C. trachomatis
• radiologic studies and other diagnostic tests if atypical presentation
• see Paediatrics, P69 for L IT

Management
• hospitalize if septic or critically ill, and consider hospitalization if persistently high fever, persistent

pain, severe weakness, or inability to maintain hydration or tolerate oral feeds
• first-line treatment of uncomplicated UT'l is TMP/SMX (cotrimoxazole) I60/800 mg BID x 3d or

nitrofurantoin 100 mg BID x 5 d
• UTI/cystitis

pregnant women with bacteriuria (2-7%) must be treated (first line: amoxicillin, nitrofurantoin,
cephalexin) even if asymptomatic due to increased risk of pyelonephritis, preterm labour, low
birth weight, and perinatal mortality. Need to follow with monthly urine cultures and repeat if
still infected
patients with recurrent UTIs (>3/yr) should be considered for prophylactic antibiotics

• if complicated UT'l, patients require longer courses of broader spectrum antibiotics
• urethritis

• positive swab or PCR for chlamydia or gonorrhea must be reported to Public Health
• all patients should return 4-7 d after completion of therapy for clinical evaluation

Epistaxis
• see Otolaryngology, 0127

Erectile Dysfunction
• see Urology. U33

Definition
• >3 mo of consistent or recurrent inability to attain and/or maintain sufficient penile erection for

sexual performance <§>
Differential Diagnosis of Erectile
Dysfunction

PENIS
Psychogenic
Endocrine (T2DM. testosterone)
Neurogenic (T2DM.postoperative)
Insufficiency of blood (atherosclerosis)
Substances

Epidemiology
• -20% of men age 40; -50% of men age 70

Etiology
• organic:vascular (90%) (arterial insufficiency, atherosclerosis), endocrine (low testosterone, DM),

anatomic (structural abnormality, e.g. Peyronie’s), neurologic (postoperative, DM), medications
(donidine, antihypertensives, SSRls, tricyclic antidepressants, cimetidine, 5-a-reductase inhibitors)

• psychogenic (10%)

+
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Table 14. Differentiation Between Organic and Psychogenic ED
Characteristic Organic Psychogenic

IkeEffect of lifestyleModification and
Cardiovascalar Risk Factor Seduction onErectile
(Fpfnctioa
A- cS li»r- Met) 2011:171:17971803
Purpose to evaluate the effectiveness of
lifestyle ntenrentions and pharmacotherapy for
ca-4oiasc.ar|CV|risk factorson sereriiyofereclie
tfjsVct 3'PI-
Methods VeS-analps of RCTs with a foilow-cp of a

toa of 6 wk,evaluating lifestyle rntenrentionc.
pharracoterapy for CV risk factor reduction.Mum
ostoce measure iras we.ghtedmean differences
- tie International Index nf Erectile Dysfunction

(Kf-5) score.
Results 5RClswith a total of 740 participants

ere octoded.Lifestyle modifications and
ptaroacotsecapy for CV risk factor reduction were
bo~ associated with significant improvements m
sei.i function based on IIEF -5 scores (wtgtited
mean d fference (»MD|2.66.95% Cl1.86-3.47)-
Eictudmg stain trials, lifestylemodification
tentitmswere associated with a statistically

sgrfeant impronement insexual function|WMD
1«.L19-151).
Coadnsion: Lifestylemodificatons and
pranacouetapy fa CV risk reductionare effective in
coramgmale sexual function.

Gradual
Global

Onset
Circumstances
Course
Don-Coital Erection

Morning Erection
Psychoseiual Problem

Partner Problem
Anxiety and Fear

Acute
Situational

Constant Varying
Poor Rigid

Absent
Secondary

Secondary
Secondary

Present
Long history

At onset

Primary
Walsh PC.CampbellMF. Retik AB.Campbell's Urology.8!h ed.W.B.Saunders,2002.Table 46-4

History
• comprehensive sexual, medical, and psychosocial history

• review medication and substance use
• time course

• last satisfactory erection
• gradual or sudden onset
• attempts at sexual activity

• quantify
• presence of morning or night time erections

stiffness (scale of 1-10)
ability to initiate and maintain an erection with sexual stimulation
erection stiffness during sex (scale of 1-10)

• qualify
• partner or situation specific
• loss of erection before penetration or climax
• degree of concentration required to maintain an erection

percentage of sexual attempts satisfactory to patient and /or their partner
significant bends in penis or pain with erection
difficulty with specific positions
impact on quality of life and relationship

Reasons for Referral to Urology. Significant penile anatomic disease
• Younger patient with a history of

petvic or perineal trauma
• Cases requiring vascular or

neurosurgical intervention
• Complicated endocrinopathies
• Complicated psychiatric or

psychosoda! problems
• Patient or physician desire for further

evaluation
Investigations
• hypothalamic-pituitary-gonadal axis evaluation: testosterone (free + total ), prolactin, LH
• risk factor evaluation: fasting glucose, HbAlc, lipid profile
• others: TSH, CBC, urinalysis
• specialized testing

• psychological and/or psychiatric consultation
• in-depth psychosexual and relationship evaluation
• nocturnal penile tumescence and rigidity ( NPTR) assessment

vascular diagnostics (e.g. doppler studies, angiography)

Management

Table 15. Management of Erectile Dysfunction
Nonpharmacologic Pharmacologic Surgical

Lifesty le changes (alcohol,smoking,exercise) Oral agents
Relationship/sexual counselling
Vacuum devices

Implants
Vascular repairSuppository

Hale urethral suppository for erection (MUSE) Rea ignment
Injections

• pharmacologic treatment
phosphodiesterase type 5 inhibitors

• testosterone (currently only indicated in patients presenting with hypogonadism and testosterone
deficiency (note: breast/prostate cancer are absolute contraindications))

• a-adrenergic blockers (e.g. yohimbine); currently limited data for use in erectile dysfunction

Table 16. Phosphodiesterase Type 5 Inhibitors
ContraindicationsDosing (1dose/d) Specifics Side EffectsExamples

25 -100 mg,'dosesildenafil (Viagra ) lake 0.5-4 h prior to
intercourse
May last 24h
Effects may last 36 h

Take1h prior to
intercourse

Flushing,headache,
indigestion

Not to be used in patients
taking nitrates

5- 20 mg/dose

2.5-20 mgldose

tadalafil (Cialis )

vardenafil (levitra )

As above As above

As above As above

+
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Fatigue
Definition
• can describe difficulty or inability to initiate activity, maintain activity, or difficulty with

concentration/memory
• presentation may vary and the patient’s specific complaint should be clarified, e.g. excessive

sleepiness, muscle weakness, decreased exercise tolerance, mood concerns

Epidemiology
• 25% of office visits to family physicians

peaks in ages 20-40
F:M=3-4:1

• 50% have associated psychological complaints/problems, especially if <6 mo duration

Differential Diagnosis

Table 17. Differential Diagnosis of Fatigue: PS VINDICATE
P Psychogenic

Physiologic
S Sleep disturbance

Sedentary
V Vascular
I Infectious
N Neoplastic

Nutrition
Neurogenic

D Drugs

I Idiopathic

C Chronic illnesses
A Autoimmune

T Toxin
E Endocrine

Depression,life stresses,anxiety disorder,chronic fatigue syndrome,fibromyalgia
Pregnancy,caregiving demands (young children,elderly)

OSA,sleep disorder,poor sleep hygiene,BPH.shift work,pain
Unhealthy/sedentary lifestyle

Stroke
Viral (e.g,mononucleosis,hepatitis,HIV),bacterial (e.g.IB),fungal,parasitic
Any malignancy
Anemia|Fe >•deficiency,Bn deficiency)

Myasthenia gravis,multiple sclerosis,Parkinson's disease
p-blockers,antihistamines,anticholinergics,benzodiazepines,antiepileptics,antidepressants

HF,lung diseases(e.g.COPD,sarcoidosis),renal failure,chronic liver disease
SLE,RA.mixed connective tissue disease,polymyalgia rheumatica

Substance misuse(e.g.alcohol),heavy metal
Hypothyroidism,OM.Cushing's syndrome,adrenal insufficiency, pregnancy

Common causesare In bold

Investigations
• psychosocial causes are common, so usually minimal investigation is warranted
• physical causes of fatigue usually have associated symptoms/signs that can be elicited from a focused

history and physical exam
• investigations are guided by history and physical exam and may include:

CBC and differential, electrolytes, BUN, Cr, KSU, glucose,TSH, ferritin, vitamin Bt 2, serum
protein electrophoresis, Bence-Jones protein, albumin, AST, ALT, ALP, bilirubin, calcium,
phosphate, ANA, P-hCCi
urinalysis, CXR.ECG
additional tests: serologies (Lyme disease, hepatitis B and C screen, HIV, ANA) and Mantoux skin
tests

Treatment
• treat underlying cause
• if etiology cannot he identified (1/3of patients)

• validation and follow-up, especially with fatigue of psychogenic etiology
• supportive counselling, behavioural, or group therapy
• encourage patient to stay physically active to maximize function, and consider using motivational

interviewing techniques to create person-centred approaches
review all medications, OTC, and herbal remedies for drug-drug interactions and side effects
prognosis: after 1 yr, 40% are no longer fatigued

CHRONIC FATIGUE SYNDROME

Diagnosis (IOM, 2015)
• diagnosis requires the following three symptoms:

1.a substantial reduction or impairment in the ability to engage in pre-illness levels of activity that is:
lasting >6 mo
accompanied by fatigue of new onset, not alleviated by rest, and not caused by excessive
exertion

2.post-exertional malaise*

worsening of symptoms after physical, mental or emotional exertion that would not have
caused a problem before the illness

+
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3. unrefreshing sleep'
even after a full night of sleep despite the absence of specific objective sleep alterations

AND
• at least one of the two following manifestations is also required:

cognitive impairment*

orthostatic intolerance
'The frequency and severity of these symptoms need to be evaluated

Eiticke Therapy forChroak fatigue
Cochrane OB Syst Re> 2019:10:C0003200
ftrpos*: lo determiue the effects of eietcise therapy
for adoIts with chronic torque syndrome (CFS)
conjured unth any other intervention or control.
Methods: Meta-analyssolKIs invoking
adults with CFS as a primary diagnosis who were
able to participate m eietcise therapy.Studies
compared eietcise therapy to passive control,
psychological therapies, adaptive pacing therapy, or
pharmacological therapy.
Results f rtftciswilh ISIS participants were
ci.ded. Eietcise therapy lasted 12 to 2t irk.

Moderate quality evidence showed exercise therapy
was more effective in reducing fatigue vs. passive or
no treatment, and was also associated with a positive
effect oe daily physical functioning and steep. It also
slightly improved physical functioning, depression,
and sleep compared to adaptive pacing.
Conclusion Exercise therapy may have a positive
effect on fatigue m adults with CFS compared to usual
care ot passive therapies.

Epidemiology
• l >M, more common in White individuals than other groups, majority in their 30s
•found in <5% of patients presenting with fatigue

Etiology
•unknown, likely multifaclorial
•may include infectious agents, immunological factors, neurohormonal factors, and/or nutritional

deficiency

Investigations
•no specific diagnostic laboratory tests

Treatment
•promote sleep hygiene
•provide support and education that most patients improve over time
•non-pharmacological

regular physical activity, optimal diet, psychotherapy, family therapy, support groups
• consider using motivational interviewing techniques to create person-centred approaches

•pharmacological
• to relieve symptoms:e.g.antidepressants, anxiolytics, NSAlDs, antimicrobials (if indicated based

on investigations), anti-allergy therapy, antihypotensive therapy

Fever
• see Paediatrics. P58

Definition
• oral temperature >37.2°C (AM), 37.7°C (PM)
• fever in children <2 yr must be a rectal temperature for accuracy
« TM not accurate for measurement until child is >5 yr

Table 18. Differential Diagnosis of Fever
Infection Cancer OtherMedications
8acterial Leukemia

Lymphoma
Other Malignancies

Allopurinol
Captopril
Cimetidine
Heparin

Nifedipine
Phenytoin
Diuretics
Barbiturates
Antihistamines

Inflammatory 8owet
Disease
Collagen Vascular Disease

Viral
IB

DVT
INK
Meperidine

History
• fever

• peak temperature, type of thermometer, site of temperature measurement, duration
time of day
response to antipyretics

• systemic symptoms
weight loss, fatigue, rash, arthralgia, night sweats

• symptoms of possible source
URT1:cough, coryza, ear pain (consider influenza, COVID-19)
UT' l / pyelonephritis: dysuria. foul-smelling urine, incontinence, frequency, hematuria, flank pain

• pneumonia: cough, pleuritic chest pain
• meningitis: headache, confusion, stiff neck, rash

osteomyelitis: bone pain
skin: purulent discharge

• P1D: discharge, dyspareunia, lower abdominal pain
• gastroenteritis:abdominal pain, diarrhea, blood per rectum, vomit

medications
• PK/DVT: swollen legs, pain in calf, SOB, pleuritic chest pain
• history of cancer/family history of cancer

• infectious contacts
travel history, camping, daycare, contact with TB, foodborne, animals

r -i
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Possible Investigations
• CBC and differential, blood culture, urine culture, urinalysis

viral swab including influenza, COVID-19
• stool O&P,Gram stain, culture
• CXR, Mantoux skin test, sputum culture
• lumbar puncture

Management
• increase fluid intake
• general: sponge bath, light clothing
• acetaminophen/ibuprofen as needed
• treat underlying cause

Headache
Definitions
• primary headaches
see Neurology. N46

primary headaches are the most common headaches seen in family medicine including
tension headaches, migraines, and cluster headaches
secondary causes should be ruled out prior to diagnosing a patient with a primary headache

• secondary headaches
• caused by underlying organic disease

account for <10% of all headaches, may be life-threatening

Etiology of Secondary Headaches
• drug: drug withdrawal, medication overuse, drug side effect, and carbon monoxide
• infectious: meningitis, encephalitis, abscess
• vascular:aneurysm, stroke, subarachnoid hemorrhage, HTN, and temporal arteritis
• endocrine: thyroid disease, pheochromocytoma
• neoplastic: tumour
• trauma: TMJ injury, c-spine injury, head injury, subdural hematoma, and subarachnoid hemorrhage
• other: serious ophthalmological and otolaryngological causes

Acupuncture for Migraine Prophylaits
Coelane OB Syst Rev 2016:6:C04012t8
P urpose: lo investigate whether acupuncture is mote
effective than no prophylactic treatment, routine
are only, or sham acupuncture, and whether it is as
effective as prophylactic pharmacological treatment
ntermsof reducing headache frequency in adults
with episodic migraine.
Methods: Meta -ana:ysis of RCIsmthani- irum
of an 8 wk duration, comparing acupuncture
intervention with a no acupuncture toohol (no
ptophylaiis. rouhne tare. sham.or pharmacological
piophylaiis).
lesults: 22 trials with 4985 participants were
included. Acupuncture was associated wrth moderate
headache frequency redaction compared to no
acupuncture (standardized mean difference|SM0)
-0.56.85% Cl - 0.65 to -0.48|. and a reduction of
>50% in headache frequency for 41% and17%
of participants receiving acupuncture and no
acupuncture, respectively Ipooied risk laho|tt| 2.40.
2.0Sto 2.76; NMI 4.3 lo 6|.Acupuncture showed
a small but statistically significant reduction ovet
sham troth post -treatment (SMD -0.18. -028 to -0.08)
and post-follow-up (SMD -0.19, -0.30 to -0.09). with
>50%- headache frequency reduction being achieved
in 50% vs.41% of those receivingacupuncture and
sham, respectively Ipooied RR 1.23.1.11to1.36:
Mil11.2 to 20); these numhers were 53% and 42%,
respectively, post-follow- up ( pooled R0125.1.13
to1.39: NM110.6 to 18). Num her of partcipants
dtopprng out and reportuigadveneeffetlsdid not
differ significantly between acupuncture and sham
groups. Compared to pharmacological ptophylaiis.
a significant reduction m migraine frequency was
noted with drugs (SMD -0.25, -0.39 to -0.10). but
the significance was not maintained at foRow-up.
After 6 mo. headache frequency was hahred in 59%
of patients receiving acupuncture and 54% receiving
prophylactic dregs (pooled RR 1.11.0.97 to126).
Those receiving acupuncture were less likelyt> drop
out due lo adverse effects or lo report adverse events
than (hose receiving drugs.
Conclusion Add'ngacupuncture losympfomatic
treatment of attacks reducesfrequency of headaches.
Acupuncture is move effective than sham,and is
similarly effective lo pharmacological interventions
fo< migraine ptophylaiis.

Investigations
• indicated only when red flags are present and may include:

CBC for suspected systemic or intracranial infection
ESR or CRP for suspected temporal arteritis
neuroimaging (Cl or MR1) to rule out intracranial pathology
CSF analysis for suspected intracranial hemorrhage, infection

Management
• based on underlying disorder
• analgesics may provide symptomatic relief

• see Neurology, N46

Hearing Impairment
• see Otolaryngology.017

Definition
• hearing impairment: a raised hearing threshold measured as decibels of hearing loss relative to the

normal population at specific frequencies
• hearing disability: hearing impairment that interferes with performing daily tasks

Classification
• conductive (external sound does not reach the middle ear)
• sensorineural (involving the inner ear, cochlea, or auditory' nerve)
• mixed Migraine Screen

Epidemiology
• prevalence increases with age (6% of 35-44 yr, 43% of 65-84 yr)
• 90% of age-related hearing loss ( presbycusis) is sensorineural
• hearing loss detectable by audiology is present in greater than 1/3 of people >65 yr

Assessment
• infants: universal newborn hearing screening program
• elderly

POUND
Pu Isatllc quality
Over 4 -72 h
Unilateral
Nausea and vomiting
Disabling intensity
If >4 present then a diagnosis is likely
(Positive likelihood ratio - 24) +
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•screening tests
• whispered-votce test

* examiner stands 0.6 meters (arm's length ) behind the patient, whispers a combination of
6 letters/numbers, and asks the patient to repeat the sequence. Test 1 ear at a time while
masking the non-test ear simultaneously

» tuning fork test (to distinguish conductive from sensorineural hearing loss)
•diagnostic tests (formal audiologic assessment)

• pure tone, air, and bone conduction testing
• speech audiometry
• impedance audiometry

Management
•counsel about noise control and hearing protection programs (grade A evidence)

treat patients with unexplained unilateral sensorineural hearing loss urgently with steroids
consider blood sugar, CBC and differential, TSH, syphilis testing for unexplained sensorineural
hearing loss

• consider a CT/MR1 for patients with progressive asymmetric sensorineural hearing loss to
exclude vestibular schwannoma (acoustic neuroma)

•refer patients who
• have an unknown etiology to an EN T specialist

experience sudden sensorineural hearing loss to an ENT specialist for ongoing care
•treatment: hearing amplification (e.g. hearing aids), assistive listening devices, and cochlear implants

can dramatically improve quality of life

Headache Red Flags

SNOOP
Systemic symptoms of illness
• Fever
• Anticoagulation. Pregnancy
• Cancer

Neurologic signs/symptoms
• Impaired mental status
• Neck stiffness
• Seizures
• Focal neurological deficits

Onset
• Sudden and severe
• New headache after age 50

Other associated conditions. Following head trauma. Awakens patient from sleep
• Jaw claudication
• Scalp tenderness
• Worse with exercise, sexual activity,

or Valsalva
Prior headache history. Different pattern
• Rapidly progressing in severity/

frequencyHypertension
Hypertension guidelines are reviewed and updated annually, for up-to-date recommendations, please
see http://guidelines.hypertension.ca/ Dots this Patient Have Hearing Impairment?

JAIIA 2006:295:416-428
hrpose: lo evaluate bedside clinical maneuvers
used toevaluate ttie presence of bearing impairment.
Methods:Systematic review of original studies
examining theaccuracy or pretisaoa of screening
questions end tests,
Results: 24 studies were Included.
Conclusions: tldeily patients acknowledging a
bearing impairment require audiometry,while those
who indicate they do not have heating impairment
should be screened with a whispered-voicetest.
A normal whispered-votce test requires nofurther
workup, and those unable to perceive the whisper
rtquiie audiometry. Weber and bone tests are not
suitable loi general hearing impairment screening.

Definitions.HTN
BP >140/90 mmHg (office Blood Pressure Measurement (OBPM)); 135/85 mniHg (ambulatory
blood pressure monitoring ( ABPM)/autoniated office blood pressure (AOBP))

•isolated systolic H TN
sBP >140 mmHg and dBP <90 mmHg
associated with progressive reduction in vascular compliance

• usually begins in 5th decade
•hypertensive urgency

• sBP >210 mmHg or dBP >120 mmHg with minimal or no target-organ damage
•hypertensive emergency

• severe HTN (dBP >120 mmHg) + acute target-organ damage
accelerated HTN

significant recent increase in BP over previous hypertensive levels associated with evidence of
vascular damage on fundoscopy, but without papilledema

malignant HTN
sufficient elevation in BP to cause papilledema and other manifestations of vascular damage
(retinal hemorrhages, bulging discs, mental status changes, increasing creatinine)

•white coat HTN
high clinic BP with normal home BP and 24 h ambulatory BP,caused by anxiety in clinic

masked HTN
• normal clinic BP with high BP in home and/or ambulatory setting, often provoked by anxiety, job

stress, exercise
• Symptoms of HTN are usually not

present (this is why it is called the-silent killer")
• Patients may have an occipital

headache upon awakening or organ-
specific complaints if advanced
disease

Epidemiology
•22% of Canadian adults suffer from HTN (prevalence is 52% in the 60-70 age group)
•lifetime risk of developing HTN is approximately 90%
•64% of Canadians who have HTN are treated and controlled, while 17% are unaware that they have

HTN
•3rd leading risk factor associated with death

risk factor for CAD, HF,cerebrovascular disease, renal failure, PVD Renovascular HTN Suspected if Patient
Presenting with 2 or more of:

- Sudden onset or worsening of HTN
and ages>55 or <30. Presence of abdominal bruit

• HTN resistant to 3 or more drugs
• Rise in Cr of 30% or more associated

with use of an ACEI or ARB
• Other atherosclerotic vascular

disease, particularly in patients who
smoke or have dyslipidemia. Recurrent pulmonary edema
associated with hypertensive surges

Etiology
•essential HTN (90%, undetermined cause)
•secondary HTN (10%, known cause)

n
L J

Predisposing Factors
•family history
•obesity (especially abdominal)
•alcohol consumption
•stress
•sedentary lifestyle

+
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• smoking
• male
• ages >30
• excessive salt intake/fatty diet
• Black ancestry
• dyslipidemia

Suspect Hyperaldosteronism when. HTN refractory to treatment with
>3 drugs

• Spontaneous hypokalemia
• Profound diuretic-induced

hypokalemia («3.0 mmol'L)
• Incidental adrenal adenomasTable 19. Causes of Secondary HTN

Common Cause

Renal Renovascular HTN
Renal parenchymal disease, glomerulonephritis, pyelonephritis, polycystic kidney

1° hyperaldosteronism
Pheochromocytoma
Cushing's syndrome
Hyperthyroid ism /hyperparathyroidism
Hypercalcemia of any cause
Coarctation of the aorta
Renal artery stenosis

Obstructive sleep apnea
isliogcns/OCP
MtOls
Cocaine

Hypertensive Emergencies
• Malignant HTN
• Cerebrovascular
• Hypertensive encephalopathy
• Stroke
• Intracerebral hemorrhage

SAH
• Cardiac
• Acute aortic dissection
• Acute refractory LV failure
• Myocardial infarction/ischemia
• Acute pulmonary edema

• Renal failure

Endocrine

Vascular

Other
Steroids
lithium
Amphetamines

NSAIDs
Decongestants
Alcohol

Drug-Induced

Investigations
• for all patients with HTN:

• electrolytes, Cr, fasting glucose and/or HbAlc, lipid profile, 12-lead ECG, urinalysis
self-measurement of BP at home is encouraged ( recommended devices listed at
www.hypertension.ca)

• for specific patient etiology:
DM or chronic kidney disease: urinary protein excretion
if suspected renovascular HTN: renal ultrasound, captopril renal scan (if GFR >60 mL/min),
MRA/CT'A (if normal renal function)
if suspected endocrine cause: plasma aldosterone, plasma renin (aldosterone-to-renin ratio)

measured from morning samples taken from patients in sitting position after resting 15 min
discontinue aldosterone antagonists, ARBs, (5-blockers, and clonidine prior to testing

if suspected pheochromocytoma: 24 h urine for metanephrines and creatinine
• if suspected LV dysfunction: echocardiogram
• if clinically indicated or with refractory hypertension: sleep study

Diagnosis
• all Canadian adults should have BP assessed at all appropriate clinical visits, oscillometric preferred to

manual

Elevated BP Reading - Office.Home, or Pharmacy

Office Visit-BP>180/110mmHg YES
NO NO

No Diabetes
Preferable

A0BP>135/85 mmHg

Diabetes
AOBP or Non-AOBP

2)30/80 mmHg
> Hypertension

NO
No Hypertension 4- 0R

If AOBP Unavailable
Non-AOBP

2140/90 mmHg

YES

Readings (Out ol Otlice)
Preferable ABPM daytime mean ol 2)35/85 mmHg

Preferable ABPM 24 h mean oTt-130'80 mmHg YES
OR r i

Home BP Series mean ol >135/85 mmHg L J

NO

+White Coat Hypertension

Figure12. Diagnostic algorithm for hypertension in adults
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Treatment
• hypertension means high pressure/strain. Without increasing a patient’s potential distress, consider

what may be causing their high pressure or strain. It may be important to support a patient in
reducing sources of stress and worry

• treat to target BP: <140/90 mmHg, <130/80 mmHg ifDM
• optimum management of H1N requires assessment of overall cardiac risk
• explore adherence to lifestyle modification and pharmacotherapy at each visit
• lifestyle modification (in all HTN patients - may be sufficient treatment in patients with stage 1 HTN

(140-139/90-99 mmHg))
• diet

Impact of Health Behaviour on Blood
Pressure
Intervention sBP (mniHgl dBP (mmHg)

Dietand weight -6.0
control
Reduced salt/ 54
sodium intake
Reduced alcohol -3.4
intake (heavy
drinkers)

DISH diet -11.4

4.8

2.8

follosv Canada’s Guide to Healthy hating (see Nutrition, FM7 ) and Dietary Approaches to Stop
Hypertension (DASH)

limit daily salt intake to 5 g (2000 mg of sodium )
potassium/magnesium/calcium supplementations are NOT recommended for HTN, but an
increase in dietary potassium may help

moderate intensity dynamic exercise:30-60 min, 4-7x/wk; higher intensity exercise is not more
effective
smoking cessation
low-risk alcohol consumption (see Alcohol Use, I'MIS )
work towards a healthy BM1{18.5-24.9 kg/m -) and waist circumference (<102 cm for men, <88
cm for women)

• individualized approaches to reduce stress
• pharmacological

indications for therapy (caution with elderly patients):
dBP >90 mmHg with target organ damage or independent cardiovascular risk factors
dBP >100 mmHg or sBP >160 mmHg without target organ damage or cardiovascular risk
factors

sBP >140 with target organ damage
sBP >130 for high-risk populations (Framingham Risk >20%, ages >50)

first-line antihypertensives (consider a single pill combination therapy)
combination therapy principles:

if there is an inadequate response to therapy, consider adding another first line
antihypertensive
avoid combining a non-DHP CCB with a (3-blocker or an ACEI with an ARB
monitor potassium and creatinine when administering an AGEI/ARB with a potassium-
sparing diuretic

-3.4

•5.5
Physical activity -3.1
Relaxation -3.7
therapies

-1.8
-3.5

CHIP (Canadian HypaUtaion Idutallcn Prcgr«n)
Guidelines 20W. Available Iron: htlps:.?wwv*.
orlineqccai'atlicle)S0828-282X{M)0007041iJleil

O
(3-blocker
Not recommended as first line for
patients of ages >60

ACEI
Not recommended as monotherapy in
people of African descent

Table 20. Considerations in the Individualization of Pharmacological Therapy in Adults
Condition or Risk Factor Alternative DrugsRecommended Drugs Not Recommended/Notes Calcium Channel Blockers
Isolated Diastolic HIM with or
without Systolic HIM

Monotherapy or single pill Combinations ol first- line drugs
combination (SPC)
Recommended monotherapy
choices include thiazide/thiazide-
like diuretics (with longer -acting
diuretics preferred). P - blockers,
ACEI. ARBs, or long -acting CCBs.
Recommended SPC choices
include combinations of an ACEI
with CCB.ARB with CCB. or ACEI /
ARB with a diuretic. (Consider ASA
and statins in selected patients)

Not recommended for
monotherapy: n-blockers,
p- blocker in those >60 yr.ACEI in
Black people
Hypokalemia should be
avoided in those prescribed
diuretics. ACEI.ARBs and direct
renin inhibitors are potential
teratogens, and caution is
required if prescribing to women
with childbearing potential.
Combination of an ACEI with an
ARB is not recommended

Same as above

Dihydropyridine CCBs
Amlodipine
Nifedipine
Felodipine

Non-dihydropyridine CCBs
Dittiazem
\ferapamil

How to Combine Antihypertensive
Medications (in general)

ACEI * wp-blockeri X *CCB Ac Diuretic

Isolated Systolic HIM without
other compelling indications

Thiazide diuretic.ARB. or long Combinations of first-tine drugs
acting dihydropyridine CCB
ACEI or ARB: p -blockcrs or CCB for When combination theiapy lor
patients with stable angina high-risk patients. ACEI /DHP CCB

is preferred

Avoid short -acting nifedipine.
Combination of an ACEI with
an ARB is specifically not
recommended. Exercise caution
when lowering sBP lo target it
dBP is s60 mmHg, especially in
patients withlVH
Non-dihydropyridine CCBs should
not be used with concomitant HF
Hydralazine and minoxidil
can increase IVH. thusnot
recommended
Treatment of HTH should not
be routinely undertaken in
acute stroke unless extreme
BP elevation.ACEI and ARB
combination after a stroke is not
recommended

CAD

p-blocker and ACEI (ARB if cannot Long-acting CCB if P- blocker
tolerate ACEI) contraindicated or not effective

ACEI. ARB. Ihiazide/thiazide -likc Combination of additional agents
diuretics, or long-acting CCB

Recent Ml

left Ventricular Hypertrophy

L

Cerebrovascular Disease
(stroke/TIA)

ACEI and thiazide/thiazide-like
diuretic combination

Combination of additional agents

+
2020Hypertension Highlights. Hypertension Canada.https://hypertension.ca/wp-content7uploads/2018/07/Hypertension-Guidelines-English-
20I8-Web.pdf
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Table 20. Considerations in the Individualization of Pharmacological Therapy in Adults
Condition or Risk Factor Alternative DrugsRecommended Drugs Not Recommended/Notes

Systematic Review for 2017 ACCfAHA Guidelines
for Prevention.Detection,(valuation, and
Management of High BloodPressure in Adults
Hypertension 201S;71:e116-135
Purpose: Determine evidence for self-measured BP
without other augmentation for clinical outcomes and
BP control.Determine optimaltligtt for BP lowering
during antihyperlcntwe therapy in adults.
Oetermre benefits and harmsof different classesol
antihypertensive diugs.
Methods: Systematic reviewand meta-analysis osir.g
PubMedardfMBASf.
Results Ihere is a modest but significant
rmprovtmeutin sBP inRCIsol self - measured BP vs.
usual care at 6 but not 12mo:may be a helpfuladjunct
to routine office care.sBP lowering to a target of<130
mmHg may reduce risk of several important outcomes
nclud -g Ml.stroke,heart failure,and maior CV
events.Nociass of medicwtiora (i.e. AC(I. AR8s.CCBs.
or B-hlockers)wassignikanlly better than thiazides
and thiazide-like diuretics asa first-line therapy for
any outcome
Conclusion: Sell-measured BP a a useful adjunct
m BP control, forget sBP *130.Thiaiides. CCBs.
0-blockers. ARBs. ACEI are to be used asfirst- line
therapy with patient factors guiding choice.

Heart Failure ACBI (ARBilACEI intolerant) and
fl-blockcrs
Aldosterone antagonists
(mineralocorlicoid receptor
antagonists) may be added
for patients with a recent
cardiovascular hospitalization,
acute Ml.elevated 8HP or Nl-
proBNP level,or NYHA Class II to
IV symptoms

Titrate doses ol ACEI and ARBs to
Ihose used inclinical trials
Carefully monitor potassium and
renal function ilcombining any
of ACEI.AR8 and/or aldosterone

Thiazide/thiazide-like or loop antagonist
diuretics arc recommended as
additive therapy.DHPCCB canalso
be used

ARB in addition to ACEI
Hydralazine/isosorbide dinitrate
combine bon if AR8 or ACEI not
toierated/contraindicated

A combined ARB/neprilysin inhibitor
is recommended (in place of
an ACEI or ARB) in symptomatic
patients with HIN and HFrEF
onstandard guideline-based
therapies

Combination of additional agentsDyslipidcmia Does nol affect initial ticatmcnt
recommendations

DM with Albuminuria (ACR >2.0 ACEI or ARB
mgfmmol renal disease.CVD or
additional CV risk factors)

Addition of a dihydropyridine CCB is A loop diuretic could be
preferred over a thiazide/ thiazide- considered in hypertensive
like diuretic chronic kidney disease patients

with extracellular fluid vulume
overload

DM without Albuminuria (criteria ACEI.ARB,DHP CC8.or thiazide/
listed above)

Combination of first- line drugs Normal urine microalbumin to
If combination with ACE!is being creatinine ratio <2.0 mgfmmol
considered,a dihydropyridine CCB
is preferable to a Ihiazide /lhiazide
like diuretic
Combinations of additional agents Patients on an ACEI or ARB

should havecareful monitoring
of renal function and potassium.
ACEI and ARB combinalioms are
nol recommended in palienls
without proteinuria

Combinations of additional agents Caution in using ACEI or ARB if
bilateral renal artery stenosis or
unilateral disease with solitary
kidney
Renal artery angioplasty and
stenting could be considered
for palienls with renal artery
stenosis andcomplicated,
uncontrolled HIN

thiazide-like diuretics

Non-Diabetic Chronic Kidney
Disease with Proteinuria
(urinary protein >500 mg/24 h or Diuretics as additive therapy
ACR >30mg/mmol)

ACEI (ARB il ACEI intolerant),if
there is proteinuria

Renovascular Disease Does not affect initial treatment
recommendations
Atherosclerotic renal artery
stenosis should beprimarily
managed medically.while
revascularization should be
considered for renal fibromuscular
dysplasia

2020 Hypertension Highlights,Hypertension Canada,httpsi/rhypertension.ca/wp-contentyuploads/2018/07/Hyperlension-Guidelines-English-
2018-Web.pdf

Table 21. Common Antihypertensive Medications in Pregnancy and Lactation
Pregnancy Lactation
First line oral drugs Second line oral drugs Medications to avoid Oral drugs

Clonidine
Hydralazine
Thiazide diuretics

ACEIs*Labetalol
Mcthyldopa
Long acting oral nifedipine
Other 3-blockers (acebutolol.
metoprolol.pindolol,and
propranolol)

Labetalol
Mcthyldopa
Long-acting oral nifedipine
Enalapril
Caplopril

ARBs'

’Fclotoiicily ol renal system

Follow-Up
assess and encourage adherence to pharmacological and non-pharmacological therapy at every visit

• lifestyle modification q3-6 mo
• pharmacological

follow-up ql -2 nto until BP under target for 2 consecutive visits, q3-6 mo once at target BP
• follow-up frequently for patients with svmptomatic/severe HTN, antihypertensive drug

intolerance, target organ damage
• referral is indicated for cases of refractory HTN, suspected secondary causes, or worsening renal

failure
• hospitalization is indicated for malignant HTN
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Joint Pain
•see Rheumatology, RH4

History
•number of joints involved: monoarticular, oligoarticular, polyarticular
•inflammatory vs. non-inllammatory
•pattern of joints involved: symmetrical vs. asymmetrical, large vs. small joints, axial skeleton
•onset: acute vs. chronic (>6 wk)
•morning stiffness (duration) vs.worse at end of day with activity.PMHx

trauma, infection, medications (steroids,diuretics)
comorbidities: DM, renal insufficiency (gout), psoriatic arthritis, myeloma,osteoporosis, and OA
FHx of arthritis, autoimmune disease

•ROS: constitutional symptoms (neoplasm, septic arthropathy), myalgia, skin/eye/nail/hand changes,
and GI/GU changes

Signs and Symptoms of Inflammatory
Arthritis

WARM(S) Joints
Worse with rest, better with activity
Awakening in the latter half of the night
Redness around joint
Morning stiffness (>30 min)
Soft tissue swelling, erythema

Physical Exam
•vitals
•specific joint exams to affected areas
•systemic features (skin, nails, eyes, hands)

Investigations (Guided by the History and Physical Exam)
•general:CBC and differential, electrolytes, creatinine
•acute phase reactants: ESR, CRP
•complement (C3, C4)
•urinalysis to detect disease complications (proteinuria, active sediment)
•serology (tailored to clinical suspicion, see Rheumatology.RH4)

• antinuclear antibody (ANA), negative ANA helps to exclude SLE, positive ANA in subset of RA
anti-double stranded DNA (anti-dsDNA), perform anti-dsDNA and anti-smith (anti-Sm) for SLE
if positive ANA
human leukocyte antigen B27 (HLA-B27), more consistent with reactive arthritis than RA
anti-histidyl tRNA synthetase autoantibodies (anti-Jol ), positive in dermatomyositis and
polymyositis
anti-Sm

• anti-La antibodies (anti-La), positive in Sjogren's disease
anti-Sjogren s-syndrome-related antigen A (anti-SSA/Ro), positive in Sjogren's disease
rheumatoid factor (RhP), positive in RA and other conditions including Sjogren's disease
anti-cyclic citrullinated peptide (anti-CCP), positive in RA

•synovial fluid analysis (cell count and differential,culture,Gram stain, microscopy)
•radiology (plain film, CT, MRI, U/S, bone densitometry, bone scan)

Systemic Features
• Fever (SLE, infection)
• Rash (SLE. psoriatic arthritis)
• Nail abnormalities (psoriatic, reactive

arthritis)
• Uveitis (psoriatic, reactive arthritis,

ankylosing spondylitis)
• Myalgias (fibromyalgia, myopathy)
• Weakness (polymyositis, neuropathy)
• Gl symptoms (scleroderma. IBO)
• GU symptoms (reactive arthritis,

gonococcemia)

Treatment
•tailor therapy depending on the specific cause: consider referral to rheumatologist
•non-pharmacologica ): patient education, lifestyle modification, assisted devices, physiotherapy,

occupational therapy
•pharmacological: analgesia (acetaminophen, NSAlDs), anti-inflammatory (disease-modifying anti-

rheumatic drugs (DMARDs), steroids, antibiotics
if osteoarthritis, consider steroid injections, hyaluronic acid injections

Low Back Pain
•see Orthopaedic Surgery, OR 28
•Clinically Organized Relevant Exam (CORE) Back Tool: https://cep.health/dinical-products/low-back-

pain/

Definition
•acute:<6 wk
•subacute:6-12 wk
•chronic:>12 wk

Epidemiology
•5th most common reason for visiting a physician
•lifetime prevalence: 90%, peak prevalence: ages 45-60
•largest WS1B category and most common cause of chronic disability for individuals <45 y/o
•90% resolve in 6 wk, <5% become chronic
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Etiology
• source of pain can be local, radicular, referred, or related to a psychiatric illness
• 98% are mechanical causes ( worse with movement, better with rest )

soft tissue:sprain (ligament), strain (muscle)
spine: facet joint/disc degeneration, disc herniation, spinal stenosis (e.g. spondylosis),
spondylolisthesis, compression fracture
other: pregnancy

• 2% are non-mechanical causes
surgical emergencies

cauda equina syndrome (areflexia, lower extremity weakness, saddle anesthesia, fecal
incontinence, urinary retention )

• abdominal aortic aneurysm (pulsatile abdominal mass)
• medical conditions

• neoplastic: primary", metastatic, multiple myeloma
• infectious: osteomyelitis, TB
• metabolic: osteoporosis, osteomalacia, Paget’s disease
• rhcumatologic: ankylosing spondylitis, polymyalgia rhcumatica
• referred pain: perforated ulcer, pancreatitis, pyelonephritis, ectopic pregnancy, herpes zoster

Physical Exam
• inspection: curvature, posture, gait
• palpation: bony deformities/tenderness, paraspinal muscle bulk/tenderness, trigger points

• percussion of spine to elicit pain due to fracture or infection
• range of motion and peripheral pulses
• neurologic exam for L4/L5/S1 helps determine level of spinal involvement (power, reflexes, sensation)
• special tests

straight leg raise (positive if pain at <70“ and aggravated by ankle dorsiflexion ), positive test is
indicative of sciatica

• crossed straight leg raise ( raising of uninvolved leg elicits pain in leg with sciatica), more specific
than straight leg raise

• femoral stretch test (patient prone, knee flexed, examiner extends hip) to diagnose L4
radiculopathy

Investigations
• plain films not recommended in initial evaluation
• if infection/cancer suspected:CBC, ESR
• if neurologic deficits worsening or infection/cancer suspected: consider CT or MR1

Table 22. Approach to Non-Traumatic Low Back Pain
Back Dominant (Pain greatest above gluteal fold) Leg Dominant (Pain greatest below gluteal fold)

History Pattern 2
Worse with extension
Never worse with flexion
Always intermittent

Pattern 3
Pain changes with back movement/position
Currently ,'previously constant

Pattern1
Worse with flexion
Conslanl/inlermitlent

Pattern 4
Worse with activity
Improves with lest and posture change
Intermittenlishort duration
No irritative findings ± conducbon lossPhysical Exam Normal neurological exam

Fast responder
Improves with extension
Slow responder
No change or worsens wilhextension

Normal neurological exam Leg pain can improve but not disappear
± improves with flexion Positive straight leg raise s conduction loss
Worse with extension Fast responder

Improves with specific back position
Slow responder
Not belter with position changes

Compressed nervepain:sciaticaLikely Pathology Disc pain

Initial
Management

Facet joint pain

Scheduled flexion
Limited extension
Night lumbar roll
Medication as required:
acetaminophen -* HSAIOs

Symptomatic spinal stenosis:neurogenic claudication

Abdominal exercises
Night lumbar roll
Sustained flexion
Pelvic tilt
Medicalion asrequired: acetaminophen HSAIOs

Scheduled extension
Lumbar roll
Night lumbar roll
Medication asrequired:
acetaminophen' NSAIDs

Prone extension
Supine "Z" lie
lumbar roll
Night lumbar roll
Medication asrequired: acetaminophen •NSAIDs,
may consider il 1st line notsulficient

Adapted from: American Academy of Orthopaedic Surgeons.Acute care:nontraumatic low back pain.Orthopaedic Knowledge Update:Spine 2 2001:153-166
Adapted from:Centre for Effective Practice.Clinically Organized Relevant Exam (CORE) Back Tool. 2016
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A Summary of the Guideline for the Evidence-Informed Primary Care Management of Low Back Pain
Ira'sevidence-idamed Guideline is for non specific,nan pssSjnsnf low backpain inadultsonly

Massage lor Low Back Pain
Cochrane DBSyst 8ee 2015:4
Ftirpose: lo evaluate the effect of massage therapy
for non-specific low back pant.
Methods Meta - analyss of randomnod or quasi -
randomued trials evaluating use of any massage
modality|hands or mechanical device) as a treatment
for non specific low hack pan.
Results: 13 RCTs were identified,competing massage
therapy to other active or sham treatments.Massage
was superior for pain and function on both short- and
long-term follow-ups relative to shram treatment.
It was similar to exercises,and superior fo join
mobihration,relaxation therapy,physical theiapy.
acupuncture and self -care education.Benefits fasted
at least1yr post - treatment. Acupuncture massage
was associated with better results thanclassic
(Swedish) massage,and Thai massage produced
similar results to the classic massage.
Conclusions:Massage may be beneficial for
sub acute and chronic non-specific low hack pan.
especially in combination witheiercse and
education.

Red Flagshelp identify rare,but potentially
serious conditions They include

YellowFlagsndicate psychos
recovery.Trey rdude

octal barriers tD

Conduct o full assessment
including:•Features of Cauda Equina Syndrome including

sudden or progressive onset ot loss of
bladder /bowel control, saddle anesthesia
IIMERGENCYi

• Severe worsening pom. especially at night or
when lying downIURGENT)

•Significant trauma (URGENT)

•Weight loss,history of cancer, fever
(URGENT)

•Use of steroids or intravenous drugs
(URGENT)

• Patient with first episode of severe back pain
>50 y/o,especially >05 y/o ISOONI

• Widespread neurological signs (SOON)

• Belief that pain and activity are harmful
• 'Sickness behaviours'Hike extended rest)

• Low or negative mood, social withdrawal

• Treatment expectations that do not (it best
practice

• Problems with claim and compensation

• History of back pain,time off, other claims

• Problems at work,poor job satisfaction
• Heavy work,unsociable hours Ishift work)

• Overprotectfve family or lack of support

• History taking

• Physical and neurological exam
• Evaluation of Red Flags

• Psychosocial nsk factors/
Yellow Flags

Consider referring lor evaluation (including
lab tests end imaging as indicated) end

treatment
e g emergency room,relevant specialist,

rheumatologist (m the case of inflammatory
disease)

EMERGENCY — referral within hours
URGENT — referral within 24-41h
SOON — referral wrthin weeks

ACUTE and SUBACUTE
(within 12 wk of pain onset)

CHRONIC
(more than 12 wk since pam onset)

I l
•Educate patient that low buck pain typically resolves

within lew weeks (70% in 2 wk.90% in6 wk)

• Prescribe seH- core strategies including alternating cold
and heat,continuation ol usual activities as tolerated

• Encourage early return to work
• Recommend physical activity and/or exercise

•Consider analgesics m this order:
» Acetaminophen
•NSAIDs (consider PPII
•Short course muscle relaxants

Short -acting opioids (rarely, for severe pain)

•Spinal traction. TENS not recommended

• Prescribe physical or therapeutic exercise
• Analgesic Options

•Acetaminophen
•NSAIDs (consider PPII
•Low dose tricyclic antidepressants
» Short term cydoberuaprine lor flare-ups

• Referral Options
» Community-based active rehabilitation program

•Community-based self management/cognrtive
behavioural therapy program

• Additional Options

•Progressive muscle relaxation

•Acupuncture
•Massage therapy, TENS as adyunct to active therapy

•Aqua therapy and yoga

Association of Spinal Manipulative Therapy with
Clinicol Benefit and Harmlot Acutelow Bock Pain
JAMA 2017:317:US1-14S0
Porpost: ^systematically review studies about
the effectiveness and harms of Spinal Manipulative
Iberapy (SMT ) for acute(<6 wk) low back pain.
Methods:Systematic review and reta-analysis
including RCTs and observational stLd.es.Evidence
assessed using GRADE criteria.Outcomes such as
pain, function,or any harms were measured during
6wk of SMI
Results: 15 RCls provided moderate quality
evidence that SMI has a statistically significant
association with improvements m pan (pooled
mean improvement ti the 100 mm usual analog pain
scale,-9.95 (95% Cl,-15.6 to-4.3)).12 RCTs (1381
patients) produced moderate-quality evidence that
SHI has a statistically significant association with
improvements in function (pooled mean effect size.
-0.39 (95% Cl,-0.71 to -0.07)).No RCT reported
any serious adverse event.Minor transiert adverse
events such as increased pan.muscle softness,and
headache were reported S0 -67\ of thetime in large
case series of patients treated with SMI.
Conclusion: SMI m acute low bachpan was
associated with modest improvementsnpain
and function at up to 6 wk,with transient minor
musculoskeletal harms.However,heterogeneity in
study results was large.

T
t 6 WK

I MODERATE TO SEVERE PAIN
• Opioids ( for appropriate pabents: refer to thB Canadian

National Opioid Guideline endorsed by the College of
Physicians and Surgeons of Alberta at http://national
paincentre.mcmaster.ca'opiofdl

• Referral Options

•Multidisciplinary chronic pan program
•Epidural steroids ( for short - term rebel ol radicular pain)

•Prolotherapy, facet pint injections, and surgery in
carefully selected patients

Reassess i including Red Flags) if patient is not returning to
normal function or symptoms are worsening

Consider Referral

•Physical therapist
• Chiropractor
•Osteopathic physician
•Physician specializing in musculoskeletal mtdicma

• Sptnal surgeon (for unresolving radicular symptoms)

•Multidisciplinary pain program (if not retummg to work)

Figure 13. Low back pain treatment
Adapted with permission from Toward OptimizedPractice (TOP) Low Back Pain Working Group.2015 December.Evidence-informed primary care
management o!low back pain:Clinical practice guideline.Edmonton.AB: Toward OptimizedPractice. AppendixI-Summary,p.43-44.Available from:
https://actt.albertadoctors.org/CPGs/Pages.iow-Back-Pain.aspx. Copyright 2015.Toward Optimized Practice.

Menopause/Hormone Therapy
•see Gynaecology, GY36

Definition
•12 mo of amenorrhea following the final menstrual period

Epidemiology
• mean age of menopause is 51.4 yr

Clinical Features
•associated with estrogen deprivation
•urogenital tract: atrophy, vaginal dryness/itching, urinary frequency/urgency/incontinence, bleeding
•vascular: vasomotor instability (e.g. hot flashes), increased risk of heart disease
•bones:bone loss, joint/muscle/back pain, fractures, loss of height
•brain:depression, irritability, mood swings, memory loss
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Management
• person-specific support and offering of health education about menopause (if desired)
• https://www.menopauseandu.ca
• non-pharmacological management: encourage physical exercise, smoking cessation, and a balanced

diet with adequate intake/supplementation of calcium (1200 mg/d) and vitamin D (1000 lU/d)
• pharmacological management:

hormone therapy (HT)
initiation of HT requires a thorough discussion of short- and long-term benefits and risks
prescribe for moderate to severe symptoms for no longer than 5 yr; routine use is not
recommended

regimens: cyclic or continuous estrogen-progestin, estrogen only (if no uterus, patch/gel/
cream/ring/vaginal tablet)
advantages: decreases risk of osteoporotic fractures, colorectal cancer
disadvantages: increases risk of breast cancer, coronary heart disease, stroke, DVT, and PE

• vcnlafaxinc, SSRIs, or gabapentin to case vasomotor instability

Osteoarthritis
•see Rheumatology. RH5

Definition
•progressive deterioration of articular cartilage and surrounding joint structures caused by genetic,

metabolic, biochemical, and biomechanical factors with secondary components of inflammation

Epidemiology
•most common form of arthritis seen in primary care
•prevalence is 10-12% and increases with age
•results in long-term disability in 2-3% of patients with OA
•almost everyone >65 yr shows signs ofOA on x-ray, but only 33% of these individuals will be

symptomatic

Clinical Features
•joint pain with activity, improved with rest, morning stiffness or gelling <30 min
•deformity, bony enlargement, crepitus, limitation of movement, periarticular muscle atrophy
•usually affects distal joints of hands, spine, hips, and knees

Investigations
•no laboratory tests for the diagnosis of OA
•hallmark radiographic features: joint space narrowing, subchondral sclerosis, subchondral cysts,

osteophytes

• Hand (DIP, PIP, 1st CMCI
• Hip
• Knee
• IstMTP
• L-spine IL4-L5,L5-S1I
• C-spine
• Uncommon: ankle, shoulder,

elbow,MCP,rest ol wrist

I
2

Figure 14.Common sites of
involvement in OA
CMC = carpometacarpal joint
DIP = distal interphalangeal joint
MCP = metacarpophalangeal joint
MTP = metatarsophalangeal joint
PIP = proximal interphalangeal joint

Management
•goals: relieve pain, preserve joint motion and function, prevent further injury
•conservative

patient education, weight loss, low-impact exercise (through occupational therapy/
physiotherapy), assistive devices (e.g. canes, orthotics)

•pharmacological
consider comorbidities such as PUD, HTN, IHD, hepatic disease, and renal disease
medications do not alter natural course of OA
1st line:acetaminophen up to 4 g/d (OA is not an inflammatory disorder)
2nd line: NSA1Ds (cyclooxygenase-2 (COX2) selective) in low doses for short durations
3rd line: duloxetine, combination analgesics (e.g. acetaminophen and codeine)
other pharmacological adjuncts:

intra-articular corticosteroid or hyaluronic acid injections
topical NSA1DS (diclofenac)
capsaicin cream
oral glucosamine (evidence remains inconclusive)

•surgery
consider if persistent significant pain and functional impairment despite optimal
pharmacotherapy (e.g.debridement,osteotomy,total joint arthroplasty)
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Osteoporosis
• see Endocrinology, E46
• for current guidelines and tools see www.osteoporosis.ca Disorders Strongly Associated with

Osteoporosis Include:
Primary hyperparathyroidism, T1DM.
osteogenesis imperfecta,uncontrolled
hyperthyroidism,hypogonadism
or premature menopause (<45 yr),
Cushing's disease,chronic malnutrition
or malabsorption,chronic liver disease.
COPD, and chronic inflammatory
conditions (e.g. IBO)

Encuiirnaye basic bone heallli for all individuals over age 50, including regular active wei(|ht-benring exercise,calcium

) ( Age >65 yr jD CAye <50 yr Age 50-64 yr

* All men and women j• Fragility fractures
• Use ol high-risk medications
• Hypogonadism
• Malabsorption syndromes
•Chronic inflammatory

conditions
• Primary hyperparathyroidism
• Other disorders strongly

associated with rapid bone
loss or fractures

• Fragility fracture after age 40
• Prolonged use ol glucocorticoids or other high-risk
medications
• Parental hip fracture
• Vertebral fracture or osteopenia identified on

radiography
• High alcohol intake or current smoking
• Low body weight <<60 kg) or major weight loss

(>10% of body weight at age 25)
• Other disorders strongly associated with osteoporosis

10 Yr Fracture Risk Assessment
FRAX (YiHO Fracture Risk Assessment
Tool) and CAROC (Canadian Association
of Radiologists and Osteoporosis
Canada) have been validated in the
Canadian Population
IRAX and CAROC ait aiaixtkMini' Iron: httpsV/
nteopaoiis.urloch/

;
{ Initial BMP testing )

T
( Assessment of fracture risk J

I Ti r

Moderate risk
(10 yr fracture risk 10-20%)

Low risk
(10-yr fracture risk <10%) High risk

(10 yr fracture risk
>20% or prior fragility

fracture of trip or
spine or >1 fragility

fracture)

How Much Calcium Do We Need?
J ; Amount/dayAge

Lateral thoracolumbar radiography (T4-L4) or
vertebral fracture assessment may aid in

decision-making by identifying vertebral fractures

Unlikely to benefit from
pharmacotherapy

Reassess risk in 5 yr

4 8 1000 mg
1300 mg
1000 mg
1200 mg

9-18

I 19 50Always
consider
patient

preference

>50Factors warranting consideration of pharmacologic
therapy:
• Additional vertebral fracturels) (by vertebral fracture

assessment or lateral spine radiograph)
• Previous wrist fracture in individuals aged >65 and

those with T-score £2.5
• Lumbar spine T-score«femoral neck T-score
• Rapid bone loss
• M e n undergoing androgen-deprivation therapy for

prostate cancer
• Women undergoing aromatase inhibitor therapy for

breast cancer
• Long-term or repeated use of systemic glucocorticoids

(oral or parenteral) not meeting conventional criteria
lor recent prolonged use

• Recurrent falls in the past 12 mo)
• Other disorders strongly associated with osteoporosis,

rapid bone loss,or fractures

Repeat BMD in1-3 yr
and reassess risk

Good evidence of
benefit front

pharmacotherapy
- Calcium Content of Common Foods

1cup milk’- 300 mg
34 cup yogurt - 332 mg
Vi can salmon with bones - 240 mg
Vicup cooked broccoli - 33 mg
1medium orange - 50 mg

Vitamin D Content in Food
• Milk fortified with vitamin D3

contains 100 IU per 250ml glass
• Foods such as margarine, eggs,

chicken livers,salmon, sardines,
herring,mackerel,swordfish,
and fish oils (halibut and cod liver
oils) all contain small amounts:
supplementation is necessary to
obtain adeguatc levels as dietary
intake has minimal impact

• Most multivitamins provide 400 IU of
vitamin D3

• Recommended daily intake of
vitamin D:

• adults 19 50 years old, including
women who are pregnant or
breastfeeding:400-1000 IU daily

individuals over 50 years,or
younger people who have risk
factors (osteoporosis,multiple
fractures,or conditions affecting
the absorption of vitamin D): 800-
2000 IU daily

Figure 15.2010 Clinical practice guidelines for the diagnosis and management of osteoporosis in Canada
(Integratedmanagementmodal)Adapted from:CMAJ 2010;182:18G4-1873

Definition
•age-related disease characterized by decreased bone mass and increased susceptibility to fractures

Epidemiology
•in Canada, affects 1 in 4 women and 1 in 8 men

Clinical Presentation
•asymptomatic for many years
•fragility or osteoporotic fractures

Approach to Clinical Assessment
•identify risk factors on history and physical examination
•history

prior falls, fragility fractures, parental hip fractures, and gait or balance issues
• glucocorticoid use

smoking and alcohol intake (>3 units/d)
rheumatoid arthritis

•physical examination
height annually (prospective loss >2 cm or historical loss >6 cm ) and weight (weight loss >10%
since age 25)

• rib- to-pelvis distance <2 fingers' breadth
+
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• occiput-to-wall distance >5 cm
assess fall risk by ability to get up from chair without support with arms,and walking several
steps and return

Investigations
•CBC,Cr, corrected Ca - f , ALP,1SH, 25-hydroxyvitamin D (after 3-4 mo of adequate supplementation),

and serum protein electrophoresis if there are vertebral fractures

Indications for Bone Mineral Density Testing and Management
•see Endocrinology. E47

Rash
When an STI is detected in a child,
evaluation for sexual abuse is mandatory• see Dermatology, D16

Sexually Transmitted Infections
STI Risk Factors
• Sexually active males and females

<25 yr old
• Unprotected sex. sexual contact with

a known case of STI, previous STI
• New sexual partner or >2 sexual

partners in the past 12 mo
• Street involved,homeless, and/or

substance misuse

•see Gynaecology, GY28

Definition
•diverse group of infections caused by multiple microbial pathogens
•transmitted by either secretions or fluids from mucosal surfaces

Epidemiology
•high incidence rates worldwide
•Canadian prevalence in clinical practice

common:chlamydia (most common), gonorrhea (2nd most common), HPV, genital herpes
• less common: hepatitis B, HIV, syphilis, trichomoniasis

rare: chancroid, granuloma inguinale, lymphogranuloma venereum
•non-sexually transmitted genital tract infections: vulvovaginal candidiasis (VVC), bacterial vaginosis

(BV)
•three most common infections associated with vaginal discharge in adult women are BV, VVC, and

trichomoniasis

<§>
Sexual History
B P‘1
Partners (numbers, gender)
Practices (vaginal,oral, anal insertive/
receptive)
Protection
Past history of STIs
Pregnancy prevention

History
•sexual history

• age of first Intercourse, gender of sexual partners (past and present), sexual activity (oral, anal,
vaginal intercourse, use of sex toys), contraception use, sexual activity during travel

» total number of partners in the past year/month/week and duration of involvement with each.STI history
• STI awareness, previous STIs and testing (including Pap tests), partner communication/history

regarding STIs
local symptoms such as burning, itching, discharge, sores, vesicles, testicular pain, dysuria,
abdominal pain
systemic symptoms such as fever, lymphadenopathy, arthralgia

Investigations/Screening
•individuals at increased risk should be screened for hepatitis B, HIV, and syphilis
•Pap test q3 yr for anyone with a cervix aged 25 to 69 who has ever been sexually active
•annual screening for all sexually active people under 30 for gonorrhea and chlamydia

Management
•primary prevention is vastly more effective than treating STIs and their sequelae
•offer hepatitis B vaccine if not immune
•offer Gardasil* to females and males aged 9-14 yr
•discuss STI risk factors (e.g.decreasing the number of sexual partners)
•direct advice to ALWAYS use barrier contraception or to abstain from intercourse
•condoms are not 100% effective against HPV or HSV
•a person with an STI is not considered treated until the management of his/her partner(s) is ensured

(contact tracing by Public Health)
•patients diagnosed with bacterial STI or trichomonas infection should abstain from sexual activity

until treatment completion and for 7 d after treatment for both partners, or until test of cure
completed

•mandatory reporting: chlamydia, gonorrhea, hepatitis B, HIV,syphilis, chancroid

Efficacy ol Human Papillomavirus Vaccines- A
Systematic Quantitative Renew
Int J Gynecol Cancer 2009:19^166-1176
Purpose: lo evaluate two vaccines lor human
papillomavirus (HPV) in nuns ol efficacy, salcty and
immunogenlcity.
Methods:Systematic revew of RCTs involving women
between the ages ol 9 and 26 yr, randomly assigned
lo receive vaccination with HPV11 viruslike particle
In either ».adnvaleiil (HPV 6.11.16.181. bivalent
(HPV 16.It), or univalent (HPV16) form or placebo.
Mam outcomes were prevention of cylological.'y anrli
or histologically proven lesions(including L5IL.HSIL
VIN.VAIN. AIM. adenocarcinoma in silu ol the cervix
or cancer ol Ihe cer vir associated with HPV Infection).
Results:Su studies involving 4/236 women were
included.Bivalent and quadrivalent vaccines reduced
the rateof lesions in thecenrhe.vulva, vagina,and
anogenital region with efficacy ol93% (95% Q
87-96%) and 62% (95% Cl 27 70). respectively.More
symptoms were found in Ihe bivalent vaccine group
(35%.5-73%) compared lo control groups.
Condisimi: Prophylactic vaccination can prevent
HPV infection in women ages9-26 not previously
Infededwith HPV subtypes conied hy Ihe vaccmes.

+

Activate Windows
Go to Settings to activate Windows.



FM47 Family Medicine Toronto Notes 2023

Table 23. Diagnosis and Treatment of Common STIs
Signs and Symptoms Investigations ComplicationsTreatment

GonococcalUrethritis/
Cervicitis (Neisseria
gonorrhoeae)

M:urethral discharge,unexplained
pyuria,dysuria. irritation,testicular
swelling,symptoms of epididymitis

M: first-void urine NAAT. urethral swab
for Gram stain and culture

Ceftriaxone 250 mg IM single dose*
Test of cure:cultures 3-7 d post-
treatment for pharyngeal infections,
ongoing signsor symptoms, treatment f: PID.infertility,ectopic pregnancy,
failure,orpregnancy perinatal infection,chronic pelvic pain
Repeat screening in all patients 6 mo
post - treatment

M:urethral strictures, epididymitis,
infertility

F:vaginal swab or urine NAAT,
F:mucopurulent endocervical discharge, endocervical swab for Gram stain and
vaginal bleeding, dysuria,pelvic pain,
dyspareunia

culture,vaginal swab for wet mount (to
rule out trichomonas) M and F: arthritis, increased risk of

acquiring and transmitting HIV
M and F:often asymptomatic,can involve M and F:urine NAAT.rectal/pharyngeal
rectal symptoms in cases of unprotected swabs if indicated
anal sex

“70% asymptomatic
IIsymptomsappear (usually 2-6 wk after
infection) then similar to gonococcal
symptoms (see above)

Most are asymptomatic
M:cauliflower lesions(condylomata
acuminata) on skin/mucosa of penile or
anal area

Non-Gonococcal
Urethritis/Cervicitis
(Usually Chlamydia
trachomatis" )

Human Papillomavirus
(genital warts,cervical
dysplasia)

Same as above Azithromycin1g PO single dose
4 gonococcal urethritis/cervicitis
prescription*
Same follow -up as above
For condylomata:cryotherapy,
electrocautery,laser excision,
topical therapy (patient-applied or
office-based)
For cervical dysplasia:colposcopy and F:cervical/vaginal/vulvar cancer
possible excision, dependent on grade
ol lesion

Same as above

None needed if simple condylomata
Potential biopsy of suspicious lesions

M and F:anal cancer
MSM and F who have receptive anal sex:
rectal cancer

F:screening for cervical
dysplasia through
regular Pap smearsF: cauliflower lesionsand/or

pre-neoplasticfneoplastic
lesions on ccrvix /vagina/vulva
1° episode:painful vesiculoulceratrve
genital lesionsifever, tender
lymphadenopathy.protracted couise
Recurrent episodes:less extensive
lesions,shorter course may have “trigger
factors"

Genital Herpes (HSV-1
and -2)

Swab ofvesicular content for culture
or HAAT

1“ Episode
Acyclovir 200 mg P0 5x/d x 5-10 d or
Famciclovir 250 mg P0 TID xS d or
Valacydovir 1000 mg P0 BID x 10 d

Genital pain,urethritis,cervicitis,
aseptic meningitis,increased risk of
acquiring and transmitting HIV

Recurrent Episode
Acyclovir 200 mg P0 Sx /d xS d or 800
mg P0 TIO x2 dor
Famciclovir 125 mg P0 BID xG d or
Valacydovir 500 mg P0 BID x3 d or
1000 mg P0 once daily x3 d
Benzathine penicillin G 2.4 million units Chionic neurologic and cardiovascular
IM single dose
Notify partners (last 3 -12 mo)
Continuous follow-up and testing until
patients are seronegative

Infectious Syphilis
\lrcponcmo pallidum)

1°:chancre (painless sore), regional
lymphadenopathy
Y\ rash and llu- like symptoms,
meningitis,headache,uveitis,retinitis,
condyloma lata,mucous lesions,alopecia
latent Phase:asymptomatic
3°:neurologic,cardiovascular,and tissue
complications

Specimen collection from1* and 2*
lesions,screen high-risk Individuals
with serologic syphilis testing (VDRl).
universal screening of pregnant women

sequelae,increased risk of acquiring
and transmitting HIV

F > females:M» mules
'N O It uivtliiltis/ceividtls Is suspected, always treat tor belli gonococcal and non-gonococcal types (l.e.ceftriaxone AND azithromycin)
"Most common reportable STIIn Canada

Sinusitis
•see Otolaryngology. l)T25

Definition
•acute or chronic inflammation of the sinuses,often also involving the nasal cavities Red Flags for Urgent Referral

• Altered mental status
• Headache
• Systemic toxicity
• Swelling of the orbit or change in

visual acuity or extraocular muscles
• Hard neurological findings
• Signs of meningeal irritation
• Suspected intracranial complications

(meningitis, intracranial abscess,
cavernous sinus thrombosis). Involvement of associated structures
(periorbital cellulitis.Pott's puffy
tumour)

Etiology
•viral etiology is more common
•viral: rhinovirus, influenza,parainfluenza
•bacterial:S. pneumoniae, H. influenzae, M. catarrhalis

Clinical Presentation
•often presents with PODS symptoms (see l igure 16, i'M4S)

Management of Acute Sinusitis
•for symptom relief: oral analgesics (acetaminophen,NSAlDs),nasal saline rinse,short-term use of

topical or oral decongestants
•antihistamines are ineffective
•mild to moderate acute bacterial sinusitis:intranasal corticosteroids
•severe acute bacterial sinusitis: antibiotics and intranasal corticosteroids

• first-line antibiotic is amoxicillin,and second line may include amoxicillin-davulanic acid or a
fluoroquinolone
ENT referral if:anatomic defect (e.g.deviated septum,polyp,adenoid hypertrophy), failure of
second-line therapy,or >4 episodes/vr,refer urgently for the red flags listed in the side box

r T
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{ Symptoms ot Sinusitis }
' >

{ Recurrenl/ABRS ) [( <7 d>7 tl

I
CT or refer tor

expert assessment
Viral URTI

Treat symptomatically
High likelihood of
bacterial infection

Requires confirmation of
two major symptoms

f If symptoms persist,
worsen or change

T
For diagnosis of ABRS, patient must have
1 nasal obstruction or nasal purulence/discoloured postnasal
discharge and
2 at least one other PODS symptom

P Facial Pain/pressure/fullness
0 Nasal Obstruction
0 Nasal purulence/discoloured postnasal Oischarye
S Hyposmia/anosmia (Smell)

Consider ABRS under any one of the following conditions:
Worsening after 5-7 d (biphasic illness) with similar
symptoms
Symptoms persist more than 7 d without improvement
Presence ol purutence for 3-4 d with high fever

With multiple recurrent
episodes,consider radiology
(standard 3 view sinus x-ray

or CT) to confirm ABRS
during episode or to eliminate

other causes

*( Identify level of severity )
T

( Mild to moderate ] c Severe

I' r
Intranasal corticosteroids

(INCS) INCS and antibiotics

T i
Clinical response in

72 h?
Clinical response in

72h?

Use second-line
agent or change
antibiotic class

( Continue course ]( Continue course } Consider antibiotics
if symptom duration

is >7 d

Clinical response in
72 h?

For symptoms lasting more than 4 wk,consider
chronic rhinosinusitis ICRS)

Persistent severe symptoms require prompt urgent referral

Figure16.Diagnosis and management of sinusitis
ABRS = acute bacterial rhinosinusitis.
Adopted liotn:Doscoiieis M.et al. Allergy Ailhrnj Clin Immunol 2011;7:dofc10.1180/1710 -1492-7-2

Sleep Disorders
• see Uespirolouv. U29 and Neurology. N48

Definition and Clinical Presentation
• most often characterized by one of three complaints: insomnia, parasomnias, excessive daytime

sleepiness
• insomnia: difficulty falling asleep, difficulty maintaining sleep, early morning wakening, non-

refreshing sleep
• parasomnias: night terrors,nightmares, restless leg syndrome, somnambulism (performing complex

behaviour during sleep with eyes open but without memory of event)
• excessive daytime sleepiness:abnormal fatigue or tiredness extending into waking hours

r * >
L J

Epidemiology
• 1/3 ofpatients in primary care setting have occasional sleep problems, 10% have chronic sleep

problems +
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Etiology
• primary sleep disorders

primary insomnia, narcolepsy, OSA, restless leg syndrome, periodic limb movements of sleep
• secondary causes

medical:COPD,asthma,CHF, hyperthyroidism, chronic pain, BPH, menopause, GERD, PUD,
pregnancy, neurological disorders
drugs: alcohol, caffeine, nicotine, nicotine replacement therapy, (1-agonists, antidepressants,
steroids, decongestants, amphetamine, cocaine, modafinil, acetylcholinesterase inhibitors,
dopamine agonists, and others
psychiatric: mood and anxiety disorders
lifestyle factors: shift work, jet lag

Investigations
• complete sleep diary every morning for 1-2 wk, see https://app.consensussleepdiary.eom/#/

record bedtime, sleep latency, total sleep time, awakenings, quality of sleep
• rule out specific medical problems (e.g. CBC and differential, TSH )
• refer for sleep study, nocturnal polysomnogram, or daytime multiple sleep latency test if suspicion of

sleep apnea or periodic leg movements of sleep

Management of Specific Problems
• primary insomnia

person reacts to insomnia with fear or anxiety around bedtime or with a change in sleep hygiene,
which can progress to a chronic disorder (psychophysiological insomnia)
consider asking the patient if they have questions or fears about sleep that you might be able to
address

Risk Factors for Obstructive Sleep
Apnea

• 2% of women, 4% of men between
ages 30-60

• Obesity (due to upper airway
narrowing). BMI >28 kg/mJpresent in
60-90% of cases

• Children (commonly due to large
tonsils and adenoids)

• Aging (due to decreased muscle
tone)

• Persistent URTIs.allergies, nasal
tumours, hypothyroidism (due to
macroglossia), neuromuscular
disease

• Family history

treat any suspected medical or psychiatric cause
• exercise regularly, avoid heavy exercise within 3 h of bedtime
• first-line treatment (CBT)

sleep hygiene: avoid alcohol, caffeine, nicotine; comfortable sleep environment; regular sleep
schedule; no napping
relaxation therapy:deep breathing,
stimulus control therapy: re-association of bed/bedroom with sleep, re-establishment of a
consistent sleep-wake schedule, reduce activities that cue staying awake
sleep restriction therapy: total time in bed should closely match the total sleep time of the
patient

address inappropriate beliefs and attitudes that perpetuate dysfunctional sleep
pharmacologic treatment (used to supplement CBT; short-term prescription of <14 d with
appropriate follow-up in 7-14 d):

short-acting benzodiazepines (e.g. lorazepam) are used to:- break the cycle of chronic insomnia
- manage an exacerbation of previously controlled insomnia

non-benzodiazepines:zopiclone, zolpidem, melatonin, sedating antidepressants (e.g.
amitriptyline, trazodone)
if no progress or limited improvement on pharmacotherapy, consider referral to sleep
medicine program

meditation, biofeedback

• snoring
• results from soft tissue vibration at the back of the nose and throat due to turbulent airflow

through narrowed air passages
physical exam:obesity, nasal polyps, septal deviation, hypertrophy of the nasal turbinates,
enlarged uvula and tonsils
investigations (only if severely symptomatic): nocturnal polysomnography and airway assessment
(CT/MRl)
treatment

sleep on side (position therapy), weight loss
nasal dilators, tongue-retaining devices, mandibular advancement devices

at risk of developing OSA
• obstructive sleep apnea

apnea (no breathing for 10 s) resulting from partial or complete upper airway obstruction due
to collapse of the base of the tongue, soft palate with uvula, and epiglottis; respiratory effort is
present
leads to a distinctive snorting, choking, awakening-type pattern as the body rouses itself to open
the airway
apneic episodes can last from 20-180 s and occur 100-600 episodes/night
diagnosis is based on nocturnal polysomnography: >15 apneic/hypopneic episodes/h of sleep

• consequences
daytime somnolence, non-restorative sleep
poor social and work performance
mood changes:anxiety, irritability, depression
sexual dysfunction: poor libido, impotence
morning headache (due to hypercapnia)
HTN (2x increased risk), CAD (3x increased risk), stroke (4x increased risk), arrhythmias
OSA is an independent risk factor for CAD

r t
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pulmonary HTN, right ventricular dysfunction, cor pulmonale (due to chronic hypoxemia)
memory loss, decreased concentration, confusion

investigations
» evaluate BP. inspect nose, and oropharynx (enlarged adenoids or tonsils)

blond gas not helpful, TSH if clinically indicated
nocturnal polysomnography

treatment
modifiable factors:avoid sleeping supine;weight loss;avoid alcohol, sedatives,opioids;
inhaled steroids if nasal swelling present; dental appliances to modify mandibular position
primary treatment of OSA is CPAP: maintains patent airway in 95% of OSA cases
surgery:somnoplasty, uvulopalatopharyngoplasty (UPPP), tonsillectomy, and adenoidectomv
(in children )
report patient to Ministry of Transportation if OSA is not controlled by CPAP

Sore Throat (Pharyngitis)
Definition
• inflammation of the oropharynx
• may be caused by a wide range of infectious organisms, most of which produce a self-limited infection

with no significant sequelae

Etiology
• viral: adenovirus, rhinovirus, influenza virus, RSV, Epstein-Barr virus (EBV), coxsackie virus, herpes

simplex virus, cytomegalovirus (CMV), HIV
• bacterial: p-hemolytic Streptococcus, Neisseria goiwrrhoeae,Chlamydia pneumoniae, Mycoplasma

pneumoniae,Coryncbacterium diplitheriae, I 'usobacterium necrophorum

Red Flags in Patients with “Sore
Throat"
• Persistence of symptoms longer than

1 wk without improvement
• Respiratory difficulty (particularly

stridor, croup, etc.)
• Difficulty in handling secretions

(peritonsillar abscess)
• Difficulty in swallowing (Ludwig's

angina)
• Severe pain in the absence of

erythema (supraglottitisfepiglottitis)
• Palpable mass (neoplasm)
• Blood in the pharynx or ear (trauma)

Epidemiology
• viral

most common cause (90% in adults is viral), occurs year round
• bacterial

Group A p-hemolytic Streptococcus (GABHS)
most common bacterial cause
occurs most often in winter months
5-15% of adult cases and up to 50% of all paediatric cases of acute pharyngitis
most prevalent between 5-17 y/o

Clinical Presentation
• viral

pharyngitis, conjunctivitis, rhinorrhea, hoarseness, cough
nonspecific flu-like symptoms such as fever, malaise, and myalgia
often mimics bacterial infection
common viral infections

EBV (infectious mononucleosis)
- pharyngitis, tonsillar exudate, fever, lymphadenopathy, fatigue, rash

coxsackie virus (hand, foot, and mouth disease)
- primarily late summer,early fall
- sudden onset of fever, pharyngitis, headache, abdominal pain, and vomiting
- appearance of small vesicles that rupture and ulcerate on soft palate, tonsils,

pharynx- ulcers are pale grey and several mm in diameter, have surrounding erythema, and
may appear on hands and feet

herpes simplex virus
- like coxsackie virus, but ulcers are fewer and larger
- pharyngitis, tonsillar exudate, fever, lymphadenopathy, fatigue, rash

• bacterial
• symptoms: pharyngitis, fever, malaise, headache, abdominal pain, absence of cough
• signs: fever, tonsillar or pharyngeal erythema/exudate, swollen/tender anterior cervical nodes,

halitosis
complications:

suppurative:abscess, sinusitis,otitis media, cervical adenitis, pneumonia
non-suppurative: acute rheumatic fever, acute glomerulonephritis r i- J
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Table 24. Modified Centor Score: Approach to Diagnosis and Management of GABHS
CRITERIA POINTS

Cough absent?
History of lever »38“C?
Tonsillar exudate?
Swollen, tender anterior nodes?
Ages 5-14
Ages15-44
Ages >45
In communities with moderate levels of strep inlection (10-20% of sore throats):
SCORE
Risk of GABHS

0-2 3 or more
28-53%

No further testing or antibiotics Perform rapid antigen detection test (RADI ) and treat with antibiotics if
positive. For negative RADI and patient <20 yr. perform throat culture
and treat with antibiotics If culture is positive. For negative RA0T and
patients ?20 yr. no antibiotics should be given

1-17%
Suggested action

Note:Patients who score 2 points should undergo RADT il they are under18. immunocompromised, (rail, or otherwise clinically unwell
Limitations:
'This score is not applicable to patients <5yr
'It an outbreak or epidemic of Illness caused by GABHS is occurring In anycommunity, the score Is Invalid and should not be used
Adapted from:Centor RM.et al. Med Dects Making 1981:1:239-46:Sykes IA.et al. Can Fam Physician. 2020 Apr:G6{4): 251-257.

Investigations
• suspected GABHS

• sec* Table 24 for approach to diagnosis and management of GABHS
gold standard for diagnosis is throat culture
rapid antigen detection testing:high specificity (95-99%), but moderate sensitivity (85%)
nucleic acid detection: high sensitivity (92%)
papulations at increased risk of GABHS complications, such as Indigenous peoples in Canada, are
more likely to benefit from testing

• suspected EBV (infectious mononucleosis)
peripheral blood smear, heterophile antibody test (i.e. the latex agglutination assay or
“monospot”)

Management
• viral pharyngitis

antibiotics not indicated
symptomatic therapy:acetaminophen/ NSAlDs for fever and muscle aches, decongestants

• GABHS
antibiotic treatment decreases severity and duration of symptoms, risk of transmission (after 24 h
of treatment), and risk of rheumatic fever and suppurative complications
10 d of treatment required
incidence of glomerulonephritis is not decreased with antibiotic treatment

• no increased incidence of rheumatic fever with 48 h delay in antibiotic treatment; if possible,
delay antibiotic treatment until culture confirms diagnosis
routine F/U and/or post-treatment throat cultures are not required for most patients

• 17U throat culture only recommended for: patients with history of rheumatic fever, patients of
family member(s) with history of acute rheumatic fever, suspected streptococcal carrier

• infectious mononucleosis (EBV)
self-limiting course; antibiotics are not indicated
symptomatic treatment: acetaminophen/ NSAlDs for fever, pharyngitis, malaise
avoid heavy physical activity and contact sports for at least 1 mo or until splenomegaly resolves
because of risk of splenic rupture
if acute airway obstruction, give corticosteroids and consult ENT

r ->
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Palliative Care

Principles and Quality of Life Serum Creatinine Does Not Reflect
Creatinine Clearance in the Elderly

• early identification of patients who could benefit from a palliative approach to care
• support, educate, and treat both patient and family
• address physical, psychological, social, and spiritual needs
• establish a multidisciplinary team
• focus on symptom management and comfort measures
• offer therapeutic environment and bereavement support
• ensure maintenance of human dignity

Instead, use:
CrCI - (weight in ko»140 - aoeld.23)
(ml/min) (serum creatinine in gmol/l)

Multiply by 0.85 for females

Limitations:
• Underestimates CrCI in patients

without significant age-related
decline in renal function

• Overestimates CrCI in patients with
musde mass reduced beyond normal
aging

End-of-Life Care Discussions
• see Palliative Medicine, PM6

Power of Attorney
Approach to Medication Review in the
Elderly
Ask patient to bring all their current
medications:
• Review Beers Criteria (2019) to

identify potentially inappropriate
medications

• Consider consulting https://
deprescribing.org

• Screen for adverse drug effects and
drug interactions. Eliminate unnecessary medications
(duplicate therapies or
pharmacologic effects)

• Simplify dosing regimen where
possible

• Discuss patient's goals of care to
guide pharmacologic management of
symptoms/disease

• Establish patient's understanding of
medications and directions for use

• For tapering off sedatives, consider
this tool:http://www.aiugm.qc.ca/
images/stories/les.chercheurs/
risk.ctpdf

• see Ethical, Legal, and Organizational Medicine, ELOM14

Instructional Advance Directives
• see Ethical. Legal, and Organizational Medicine. ELOM14

Symptom Management
• see Palliative Medicine. PM9

Complementary and Integrative Medicine
Prevalence and Use
• 50-75% of Canadians report some use of CAM over their lifetime,but only half will disclose this use to

their physician
• use is highest in Western provinces and lowest in Atlantic provinces
• more likely to be used by younger patients and those with higher education and income
• examples:chiropractic, acupuncture, massage, naturopathy, homeopathy, traditional Chinese

medicine, craniosacral therapy, osteopathy, natural health products
• Indigenous peoples may receive support from a Traditional Healer in addition to receiving allopathic/

colonial medical care
• try to be cautious about your own feelings about and experiences with different types of medicine;

avoid dismissing or shaming

Natural Health Products
• over 50% of Canadians use NHPs
• most commonly used NHPs include:echinacea, ginseng, ginkgo, garlic, St. John’s wort, and soy
• relatively few herbal products have been shown to be effective in clinical trials (though many have

been used for millennia)
• many patients believe herbal products arc inherently safe and are unaware of potential side effects and

interactions with conventional medicines
• all NHPs must be regulated under The Natural Health Products Regulations as of January 1, 2004,

including herbal remedies, homeopathic medicines, vitamins, minerals, traditional medicines,
probiotics, amino acids, and essential fatty acids (e.g. omega-3)

• always ask patients whether they are taking any herbal product, herbal supplement, or other natural
remedy, further questions may include:

are you taking any prescription or non-prescription medications for the same purpose as the
herbal product?

• are you allergic to any plant products?
are you pregnant or breastfeeding?

• information resources: National Centre for CAM (https://www.nccih.nih.gos7), Health Canada website
(https://wsvw.canada.ca/en/health-canada/services/drugs-health-products/natural-non-prescription/
regulation.html)

Most Common Uses of CAM
• Back/neck problems
• Gynaecological problems
• Anxiety. Headaches
• Digestive problems
• Chronic fatigue syndromes

n
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Table 25. Common Herbal Products
Common Name Reported Uses Possible Adverse Effects Possible Drug Interactions

Black Cohosh Menopausal symptoms, PMS.
labour induction
Mildseddlivc.anxiolytic.Gl
complaints,skin conditions
(topical)

Common cold.flu.wound
treatment, URTI.cancer
PMS, breast pain,menopausal
symptoms.eccema. RA

Hepatitis,liver failure.Gl
discomfort, rashes
Alleigicfcontacl dermatitis,
anaphylaxis

None reported

Chamomile Anxiolytics, sedatives,
cyclosporine,warfarin

Echinacea Hypersensitivity.Gl discomfort. None reported
avoid use if immunosuppressed
Headache,nausea,diarrhea. Anticoagulants, antiplatelels
stomach upset,may Increase risk
of some pregnancy complications

Evening Primrose

Migraine prevention,headache. Nausea.Gl discomfort, irritation Anticoagulants
RA,anti-inflammatory,fever.
menstruation problems, psoriasis, affect uterine contractions), ''post-
allergies.asthma, tinnitus,
diuiness.nausea, vomiting,
intestinal parasites

Feverfew
of mouthfskin.miscarriage (may

lever few syndrome" (headaches,
sleep disturbances, myalgias,
arthralgias experienced after
discontinuing feverfew)

Flaxseed Oil Laxative,menopausal symptoms. Diarrhea,raw/unripe flaxseeds
source of omega-3 fatty acids,
dietary supplement lor DM.
cholesterol,cancer

Do not lake with other
medications as fibre content can
bind drugs

may contain potentially toxic
compounds,can worsen
constipation if not taken with
plenty of water

Garlic Elevated lipids/cholesterol, Ereath. body odour. Gl irritation. Anticoagulants,saguinavir (HIV
atherosclerosis prevention.HTN. contact dermatitis (raw garlic) drug)
common cold,cancer prevention May increase postoperative

bleeding

Heartburn,abdominal discomfort. Anticoagulants
chemotherapy or pregnancy- diarrhea,gas.increased flow of
induced nausea.RA. osteoarthritis bile (use with caution ingallstone

disease),not to be used for
morning sickness
Headache,stomach upset. Anticoagulants.ASA
bleeding,severe allergic reactions
(whole plant/seeds/pulp),
poisonous if ingested raw/roasted

Ginger Nausea,motion sickness.

Ginkgo Biloba Increases peripheral circulation
(Alzheimer’s disease,dementia,
intermittent claudication),eye
problems, tinnitus,
premenstrual syndrome,vertigo

Energy enhancer, decreases
stress,adjunct support for
chemotherapy/radiation
Osteoarthritis

Stimulant medications,
antihyperlensives.hoimonal
therapies

May cause kidney damage with Anticoagulants, caution if shellfish
long-term use.impaired glucose allergy
tolerance

8PH (adjunct to finasteride). Mild Gl distress,headache
chronic pelvic pain, decreased
libido,migraine, hair loss

Mild to moderate depression. Photosensitivity,anxiety, dry
dietary supplement for mouth. Gl symptoms, fatigue,
menopausal symptoms,attention- sexual dysfunction,drowsiness,
deficit hyperactivity disorder, dirtiness,headache,confusion
obsessive-compulsive disorder,
bladder problems,anxiety,
sleep disorders,wound healing,
dermatologic conditions ( topical)

Sedative,anxiolytic,depression. Drowsiness, dimness,headache. CNS depressants,antihistamines,
itching, digestive problems

Ginseng HIN, nervousness,insomnia,
breakthrough bleeding,
palpitations

Glucosamine (Chondroitin)

Saw Palmetto None known

Antidepressants (SSRIs).
OCPs. cyclosporine,digoxin.
irinotccan (cancer medication),
anticoagulants, contraindicated
with indinavir

St. John's Wort

Valerian Root
other sedativesmenopausal symptoms

ZinkI,ChaHinJ.Herbal “health" products:What family physicians need to know.American Family Physician t998:58:1133-t140:NIH National
Centre for Complementary and Alternative Medicine website (http:J/nccam.nih.gov/)
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Antimicrobial Quick Reference
Condition Microorganisms Antimicrobial
RESPIRATORY/ENT

Rhinovlius. coronavirus. influenza, RSV,
parainfluenza,adenovirus

Rhinovirus. adenovirus,influenza,
parainfluenza,coxsackie virus,coronavirus
Group A (I Hemolytic Streptococcus

Acute Rhinitis (common cold) None

Pharyngitis (sore throat) None

Slrcplococcal Pharyngitis Children:
1st line:penicillin V 40 mg/kg/d P0 divided BID -IIO (max 750 ing/d) x 10 d (use adull doseII>27 kg)
amoxicillin 40mg/kg/d P0 divided BID-TIO (max1g/d) x 10 d
penicillin allergy (rash):erythromycin estolate 40 mgikg/d P0 divided BI0-IID (max 2 g/d) x 10 d
penicillin allergy (anaphylaxis):cephalexin 25-50 mg/kg/d P0 divided 0I0 (max 1 g/d) x 10 d
Adults:
1st line:penicillin V 300 mg P01I0 or 600 mg BIO x 10 d
penicillin allergy (rash): erythromycin 250 ing P00l0 x 10 d
penicillin allergy (anaphylaxis):cephalexin 250 mg PO OID x 10 d
Children:
1st line:amoxicillin 40-90 mg/kgfd P0 divided 8ID-II0 (max 3 g/d) x10 d
2nd line:amoxicillin/davulanate 45 mg/kg/d divided BID|max 3 g/d) x 10 d
Adults:
1st line:amoxicillin 500-1000 mg P0 IIP x 5 -10 d
2nd line:amoxicillin/davulanate 500 mg P0 TI0 or 875 mg P0 BIO (7:1formulation) x 5 -10 d

Children:
Treat with antibiotics if under age 6mo
If ages 6 -24 mo.watchful waiting appropriate if parents can observe child for 24-48 h with
appropriate medical follow-up.treat with antibiotics if no better or worse al follow-up
IIages >24 mo. treat withanlibiolics if worsens after 24 48 h
10 d course if ages <24 mo.5 d course if ages >24 mo
1st line:amoxicillin 75-90 mg/kg/d P0 divided 8I0 (max 3 g/d)
2nd line:amoxicillin/davulanate 45-60 mg/kg/d P0 divided TID (7:1formulation) x 10 d if under 35 kg
amoxicillin/davulanate 500 mg PO TID (7:1formulation) x 10 d if over 35 kg
Chronic TM perforation or ventilation tubes:Ciprodei otic suspension 4 drops 8ID x 5 d
Adults:
1st line:amoxicillin 500 mg PO TID x 7-10 d
2nd line:amoxicillin/davulanate 500 mg P0 TID or 875 mg PO BIO x 7-10 d
Chronic TM perforation or ventilation tubes:Ciprodex: otic suspension 4 drops BID x 5 d
Cortisporin ' otic solution 4 drops TID or OID|3 drops TID or OID for children)
TM deled:Crprodex 1 otic suspension 4 drops BIO x 5 d
Necrotizing (i.c. bone involvement):ciprofloxacin 750 mg P0 BID x 4 8 wk

None

Sinusitis S.pneumoniae
H. influenzae
M cotairhalis
5. aureus

S.pneumoniae
H. influenzae
H. cotarrholis
Group A Strep
S.aureus

Acute Otitis Media

Otitis Externa P.aeruginosa
Conforms
S. oureus
H. influenzae,parainfluenza, coronavirus.
rhinovirus,RSV
S.pneumoniae
M. pneumoniae
C. pneumoniae

S.pneumoniae
M.pneumoniae
C.pneumoniae
H.influenzae

Bronchitis

1st line:amoxicillin1000 mg P0 TID x 5-7 d
(for patients over age 50 where mycoplasma infection is less likely)
if atypical organisms present, add cither of the following:
clarithromycin 500 mg P0 BID or 1000 mg (ER) P0 once daily x 5-7 d
azilhromycin 500 mg PO on 1st d then 250 mg P0 once daily x 4 d or 500 mg PO once daily x 3 d
2nd line:doxycydine 200 mg PO on1st d then100 mg P0 BID x 5-7 d
amoxicillin/davulanate 875 mg PO BID x 5-7 d

Community Acquired Pneumonia:
Oulpatient without Comorbidity

Community Acquired Pneumonia:
Oulpatient withComorbidity

P I U S
clarithromycin,azithromycin, or doxycydine as above
if treatment failure: levolloxacm 500 - 750 mg P0 once daily x 5 d OR
moxifloxacin 400 mg P0 once daily x 5 d

Dental Infections/Periapical andPeriodontal Oral Flora
Abscesses

penicillin V potassium 500 mg PO OID x 7-10 d
clindamycin 300 mg P0 OID or 600 mg BID x 7-10 d

GASTROENTEROLOGY
Diarrhea -Enteritis (nterolosigenic l.coh

Campylobacter
Salmonella
Shigella
Viruses
Protozoa
C.difficile

azithromycin is the preferred agent given growing resistance to quinolones.particularly inSoutheast
Asia

azithromycin1000 mg P0 single dose or 500 mg PO once daily x 1-3 d (children:10 mg/kg/d x 3 d)
ciprofloxacin 750 mg P0 single dose or 500 mg PO BID x 1-3 d (prevention: 500 mg P0 once daily)
levofloxacin 500 mg P0 once daily x1- 3 d (prevention:500 mg P0 once daily)

Mild lo moderate (W8 C <15 x 109/1and Cr <1.5 x baseline): vancomycin 125 mg PO 010 x 10 14 d
(children:metronidazole 30mg/kg/d PO divided OID x 10-14 d max 2 g/d)

Diarrhea - Post Antibiotics (common with
clindamycin)

Severe (WBC >15 x 109/1and Cr >1.5 x baseline):
vancomycin 125 mg P0 0I0 x 10-14 d (children: vancomycin 40 mg/kg/d PO divided IID-0ID x 10 -14 d
max 500 mg/d)
PPIP0 BID •amoxicillin 1000mg PO BID * clarithromycin 500 mg PO BID * metronidazole 500 mg P0
BID x 7 d OR
PPI P0 BID * bismuth subsalicylate 524 mg P0 010 * metronidazole 375 mg PO OID * tetracycline 500
mg PO OID x 7-14 d

r >
L J

Peptic Ulcer Oiscasc (non-NSAID related) H. pylori

+
PPI: lansoprazole 30 mg or omeprazole 20 mg or panloprazole 40 mg or rabeptazole 20 mg
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Condition Microorganisms Antimicrobial
DERMATOLOGIC
Head and Pubic Lice
(crabs)

Vulvovaginal Candidiasis

Pediculosis humanus capitis
Phthicus pubis

Candida

permelhrincream1%:apply as liquid onto washed hair for 10 min, then rinse:repeal in1wk

Treat only if patient is symptomatic
fluconazole 150 mg P011dose
miconazole 2% cream (Monislat 7®):one applicator (5 g) intravaginally OHS % 7 d
Multiple other OTC azole treatments
If patient isasymptomatic. treatment is unnecessary unless high-risk pregnancy,prior IUD insertion,
gynaecologic surgery,induced abortion, or upper tract instrumentation
1st line:metronidazole 500 mgP0 BIDx 7 d
metronidazole 0.75% gel:one applicator (5 g) intravaginally OHS x 5 d
clindamycin 2% cream:one applicator (5 g) intravaginally OHS x 7 d
2nd line:metronidazole 2 g PO x 1dose
clindamycin 300 ing PO BID x 1 d
1° episode:acyclovir 200 mg P0 five times daily x 5-10 d OR
famciclovir 250 mg P0 TID x 5 d OR
valacydovit1000 mg P0 BIO x 10 d
Recurrent Episode:acyclovir 200 mg P0 five times daily x 5 -10 d
famciclovir 125 mg P0 BID x 5 d
valacydovit 500 mg P0 8I0 x 3 d or 1000 mg P0 once daily x 3 d
Pregnancy:
T episode:acyclovir 200 mg PO 5x /d x 5-10 d
Prior infection within previous yr: acyclovir 200 mg P0 0ID at 36 wk
valueydovir 500 mg P0 BIO at 36 vrk
ceftriaxone 250 mg IM x 1dose * azithromycin1g PO x 1dose OR
doxycydine100 mg PO BID x 7 d
No intercourse for one week after treatment

doxacillin 500 mg PO 0ID17 d
cephalexin 500 mg P0 010 x 7 d

dotrimazole1% cream 8ID
ketoconazole 2% cream 8ID
Children:
1st line:cephalexin 50-100mg/kgfd divided OID x 10 14 d
2nd line:doxacillin 50 mgrkg/d divided 0I0 x 10 14 d
clindamycin 25 mg/kg/d x10-14 d
Adults:
1st line:cephalexin 500 mg PO OID x 10-14 d
2nd line:doxacillin 500 mg PO 0I0 x 10-14 d
clindamycin 300 mg POx 10-14 d

Overgrowth of:
6. vaginalis
M.hominis
Anaerobes

Bacterial Vaginosis

Herpes Herpes simplex virus

Gonorrhca /Chlamydia II- gononhoeae
C. trachomatis

S. ouceus
S. pyogenes

Tinea Cruris/Pedis (jock itch/athlete's foot) trichophyton

Mastitis

Uncomplicated Cellulitis S.aureus
Croup k Streptococcus

Landmark Family Medicine Trials
Trial Name Clinical Trial DetailsReference
HYPERTENSION
DASH H Engl J Med 1997;336:1117-1124 Title:A Clinical Trial of the Effects of Dietary Patterns on Blood Pressure

Purpose: To assess the impacts of dietary modifications on blood pressure patterns.
Methods: RCT involving 459 patients randomized to receive a control diet,a diet rich in fruits and vegetables,or a combination
diet richIn fruits,vegetables and low-fat dairy products.
Results: The combination diet exhibited the most promisingresults. In normotensivepatients the combination diet reduced
systolic and diastolic pressure by 5.5and 3.0 mmHg more than the control diet, respectively.Amongst patients with hypertension
the combination diet reduced systolic and diastolic blood pressure by 11.4 and 5.5 mmHg.respectively.
Conclusion:Thecombinalion diet exhibited promising results for the reduction of blood pressure.

H Engl J Med 2015:373:2103- Title:Intensive vs.Standard Blood Prcssute Control
Purpose:To assess the effectiveness of various targets for systolic blood pressure with regard to loweringcardiovascular
mortality.
Methods: RCT including 9361patients with a systolic blood pressure >130 mmHg and high risk for cardiovascular events.Patients
were randomized to a target blood pressure ol 120 mmHg (standard target) or 140mmHg (intensive target). The outcomes ol
interest weremyocardial infarction,acute coronary syndromes, stroke,heart failure,or death.
Results: After 3 yr ol follow up the prevalence of cardiovascular complications were significantly reduced within the intensive
treatment group when compared to the standard treatment group - 1.65%/yr and 2.19%/yr.respectively.
Conclusion:With regard to patients who are at high risk for cardiovascular events, intensive treatment of their blood pressure
resulted in decreased incidence of major cardiovascular complications

N Engl J Med 2016: 374:2021- Title:Cholesterol lowering in Intermediate- Risk Persons without Cardiovascular Disease
Purpose: Toassess the benefits of statins in intermediate-risk populations without cardiovascular disease.
Methods: RCT consisbng of 12705 patients who did not presently have cardiovascular disease but were deemed to be at
intermediate risk.Patients were randomized to receive either 10mg of rosuvastatin per day or a placebo. The outcome of interest
were death by cardiovascular cause,non-fatalmyocardial infarction,or non-fatal stroke.
Results: low - density lipoprotein levels were reduced by 26.5% within the treatment group in comparison to those that received
Use placebo. Ihe prevalence of vasculai events was significantly reduced within the rosuvastatin group (3.7%) when compared to
the placebo group (4.8%).
Conclusion:The use of rosuvastatin inan intermediate-risk group without cardiovascular disease reduced the prevalence of
vascular events when compaied to those that didnot receive treatment.

SPRINT
2116

HOPE 3
2031
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Clinical Trial DetailsTrial Name Reference
CHAP N Engl J Med. 2022;386|19):1781. Title: Treatment for Mild Chronic Hypertension during Pregnancy

Purpose:Historically,only severe hypertension (BP >160/110 mmHgj was treated.This study aims to assess the benefits of
treating mildchronic non severe hypertension (BP >140/90 mmHg).
Methods: RCT consisting ol 2408 pregnant women withmild chronic hypertension and singleton fetuses at a gestational age
of less than 23 wk.Patients were randomired to receive the standard medication for severe hypertension in pregnant women
or no treatment at all.Primary outcomes were preeclampsia,medically indicated preterm birth («35 v/k gestation),placental
abruption, or fetal/neonatal death.
Results: The incidence of the primary outcome was substantially lower within the treatment group as opposed to the control
group -30.2% and 37.0%.respectively.
Conclusion:Targeting a blood pressure below140/90 mmHg using anti-hypertensive medications resulted in improved health
and pregnancy outcomes.

MENOPAUSE/HORMONE REPLACEMENT THERAPY

Women's Health Initiative Trial JAMA 2002:288:321-333 Title:Risks and Benefits of Estrogen Plus Progestin in Healthy Postmenopausal Women
Purpose: loassess the impacts of combined hormone therapy in healthy post menopausal women.
Methods: RCT consisting of 16608 postmenopausal women with an intact uterus.Participants were randomited to combined
estrogen and progesterone,or a placebo. The outcomes of interest were coronary heart disease and breast cancer.
Results:Amongst the treatment group there were 286 cases of CH0.and 290 cases of breast cancer.
Conclusion:Results show that the overall health risks exceed the benefits of the combined hormone therapy.
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Acronyms
ETEC enterotoxigenic E.coli

endoscopic ultrasound
endoscopic variceal ligation
gastroesophageal
gastroesophageal reflux disease LGIB
gastrointestinal
hepatitis A virus
hepatitis B virus
hepatocellular carcinoma
hepatitis C virus
hepatorenal syndrome
herpes simplex virus
hemolytic uremic syndrome
hepatic venous pressure
gradient
inflammatory bowel disease PN

irritable bov/el syndrome
ICP intracranial pressure
INH isoniazid
LES lower esophageal sphincter

lower gastrointestinal bleed RA
MRCP magnetic resonance
cholangiopancreatography
MS multiple sclerosis
NAC N-acetylcysteine
NAFLD non alcoholic fatty liver disease TIPS
NERD non erosive reflux disease
NMS neuroleptic malignant syndrome TNF
OGD oesophagogastroduodenoscopy TPN
O&P ova and parasites
PBC primary biliary cirrhosis

parenteral nutrition

IBS PSC primary sclerosing cholangitis
percutaneous transhepatic

Acronyms
ALF acute liver failure

Barrett's esophagus
biologic therapy

CCK cholccystokinin
CD Crohn's disease
CMV cytomegalovirus
CNS central nervous system
DGP deamidated gliadin peptides
DES diffuse esophageal spasm
EBV EpsteinBarr virus
EIM extraintestinal manifestation

enteral nutrition
EPEC enteropathogenic E. coli
ERCP endoscopic retrograde
cholangiopancreatography

EUS PTC
BE EVL cholangiography

“''“ peptic ulcer disease
rheumatoid arthritis
right lower quadrant
right upper quadrant
spontaneous bacterial
peritonitis
transjugular Intrahepatic
portosystemic shunt
tumour necrosis factor

GEBT PUD
GERD
Gl RIO
HAV RUO

SBPHBV
HCC
HCV
HRS
HSV
HUSEN total parenteral nutrition

tissue transglutaminase
ulcerative colitis
upper gastrointestinal bleed

HVPG TTG
UC
UGIBIBD

Anatomy Review

Overview of Gastrointestinal Tract
• the Gl tract runs from mouth to anus (“gum to hum")
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Table 1. Summary of Gl Tract Structure and Function
Histology and Structural FeaturesBlood SupplyOrgan Function Innervation

Arterial: left gastric artery and
left inferior phrenic artery
Venous:
left gastric vein » portal
venous system
Esophageal veins »azygos
vein » inferior vena cava (systemic)

Esophagus Muscular tube appronimately
40 cmlongwith a diameter of 2 cm
blends from the pharynx to the stomach

Parasympathetic innervation via anterior Mucosa:stratified squamous epithelium
and posterior gastric nerves (vagal trunks) Submucosa: connective tissue.
Sympathetic innervation via thoracic
trunks of the greater splanchnic nerves

lymphocytes,plasma cells,nerve cells
Muscularis propria (muscularis externa):
inner circular,outer longitudinal muscle

Upper1/3: striated muscle
Middle1/3: transition zone
lower 1/3:smoothmuscle

Stomach Delivers food to intestine for digestion and lesser curvature
absorption
Secretes acid,probably to reduce enteric
infectionspneumoma:facilitates digestion Greater curvature
of protein and absorption of iron/Bu
Secretes intrinsic factor (If) to facilitate
BT2 absorption
Minor contribution to initial protein
d.gestion ».a pepsin

Parasympathetic innervation via vagus
nerve
Sympathetic innervation via celiac plexus
(from TG-T9)

5 parts
Cardia
Fundus
Body
Antrum
Pylorus

Right and left gastric arteries (from
celiac trunk)

Right andleft gastro-omental
(gastroepiploic) arteries (from
gastroduodenal and splenic arteries
respectively)

Fundus:short and posterior gastric
arteries (from the splenic artery)
Branches of celiac artery and superior
mesenteric artery

Modulatesenteral pH via secretin
-»decreased gastric acid secretion.
increased bicarbonatesecretion
Secretes CCK tostimulate gallbladder
contraction
Site of iron absorption

Parasympathetic innervation via vagus
nerve
Sympathetic innervation via greater and
lesser splanchnic nerves

Duodenum 4 parts
Superior (5 cm)
Descending (7-10 cm)
Horizontal (6 -8 cm)
Ascending (5 cm)

1st part is intraperitoneal:rest is
retroperitoneal

Deep red colour
2-4 cm in thickness
Thick and heavy wall
Plicae circulates are large,tall,and closely
packed
Has long vasa recta
Scant fat in mesentery
Scant Peyer's patches
When compared to jejunum:
Paler pink colour
2-3 cm in thickness
Thin and lightwalls
Plicae circularsare small and sparse
Contains more mesenteric fat
Many Peyer's patches

Consists of cecum,colon (ascending,
transverse, descending, and sigmoid),
rectum and anal canal
Features include teniae coli.haustra. and
omental appendices

largest internal organ
Composed of 4 lobes (left, right,caudate.
quadrate),and divided into 8 segments

Absorption of sodium,water,and nutrients Superior mesenteric artery
(protein,carbohydrates,fat.folic acid,and
vitamin A.B.C.D.E.K)

Parasympathetic innervation via fibres of
the posterior vagal trunk
Sympathetic innervation via fibres of
T8-T10

Jejunum

Absorption of sodium,water,nutrients, Superior mesenteric artery
soluble vitamins (only site of vitamin Bu
absorption),andbile salts (entero-hepatic
circulation)

Same as jejunumIleum

Absorption of water (5-10% of total water) Branches of superior and inferior
Bacteria:further digestion of chyme
and metabofism of undigested
carbohydrate toshort chain fatty acids
Formation and storage of feces

Glucose homeostasis
Plasma proteinsynthesis
lipid and lipoprotein synthesis
Bile acid synthesis and secretion
Vitamin A.D.E.K.Bti storage
Biotransformation, detoxification
Excretion of compounds

Gallbladder stores and releases bile that is Cystic artery
produced in the liver
Bile emulsifies fat and is composed of
cholesterol,lecithin,bile acids,and
bilirubin
CCK stimulates gallbladder emptying
while trypsin and chymotrypsin inhibit
bde release

Parasympathetic innervation via vagus
nerve
Sympathetic innervation via greater and
lesser splanchnic nerves

Large Bowel
mesenteric arteries
Rectal blood supply: sigmoid, right
pudendal,and rectal arteries

liver 2 sources
Portal vein (75-80%)
Hepatic artery (20-25%)

Parasympathetic innervation via fibres of
the anterior and posterior vagal trunks
Sympathetic innervation via fibres ol the
celiac plexus

Biliary Tract Parasympathetic innervation via vagus
nerve
Sympathetic and visceral innervation via
celiac nerve plexus
Somatic afferent fibres via right phrenic
nerve

Consists of the hepatic ducts (intrahepatic.
left,right and common),gallbladder,cystic
duct,common bile duct, and ampulla of
Vater

4 parts of pancreas:head (includes uncinate
process), neck,body, and tail
(Major) pancreatic duct connecting to
common bile duct prior to ampulla of Vater
Accessory pancreatic duct connected
directly to duodenum

Pancreas Endocrine function:islets of Langerhans
produce glucagon,insulin,and
somatostatin (from the a, 8.and 6 cells,
respectively)
Eiocnne function:digestive enzymes,
including amylase,lipase,trypsin,
chymotrypsin.and carboxypeptidase.are artery)
produced

Anterior superior pancreaticoduodenal
artery (from the celiac trunk)
Anterior inferior pancreaticoduodenal

Parasympathetic innervation via vagus
nerve
Sympathetic innervation via
abdominopelwe splanchnic nervesartery (from the superior mesenteric

artery)
Dorsal pancreatic artery (from the splenic

Pancreatic veins drain into the portal,
splenic,and superior mesenteric veins r
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Visualizing the Gastrointestinal Tract
• see Medical Imaging, M116

Esophagus, Stomach, Duodenum
• OGD:best visualization of mucosa; also allows for therapeutic intervention (e.g. banding varices,

thermal therapy/clipping/injecting bleeding ulcers, and dilatation for the treatment of esophageal
strictures)

consider barium swallow first if dysphagia, decreased level of consciousness (increases risk
of aspiration), inability' to cooperate (increases risk of pharyngeal trauma during intubation),
possibility of fistulae

• endotracheal intubation first if massive UG1B, acidemia, or inability to protect airway

Small Bowel
• most difficult to visualize, especially if mucosal detail is needed
• O' enterography more accurate than small bowel follow-through, but both have low sensitivity
• MRI small bowel imaging increasingly available, especially useful if radiation exposure is an issue

(e.g.young patient, multiple radiological images already done)
note: MRI enteroclysis, luminal contrast is administered by nasojejunal ( N )) tube to dilate the
small bowel - disliked by both radiologist and patient, but may improve sensitivity

• “double balloon” enteroscopy (enteroscope with proximal and distal balloons to propel endoscope into
jejunum from mouth or into jejunum/ileum from anus) may be most sensitive but currently available
only in selected centres; technically demanding

• wireless endoscopy capsule (26 x 11 mm capsule is swallowed, transmits images to a computer;
contraindicated in bowel obstruction, known strictures) is also accurate in diagnosis but does not
provide any therapeutic intervention

Colon and Terminal Ileum
colonoscopy, with biopsy if required; contraindicated in perforation, acute diverticulitis, and severe
colitis (increased risk of perforation )

• CT colonography (“virtual colonoscopy”) more accurate in diagnosing diverticulosis, extrinsic
pressure on colon (e.g. ovarian cancer compressing sigmoid colon), and fistulae; increasing evidence
for use in colorectal cancer screening, especially for assessment of right side of colon in cases where
colonoscopy is less sensitive

most often used when optical endoscopic colonoscopy is risky (e.g. frail elderly) or unsuccessful
(e.g. stricture)

GPancreatic/Biliary Duct
• MRCP almost as sensitive as ERCP in determining if bile duct obstruction present, but less accurate in

determining cause of obstruction (tumour, stone, stricture) Acute Upper Abdominal Pain
Remember to rule out thoracic sources

• ERCP if therapeutic intervention likely to be required (strong suspicion of stone, obstruction requiring (e.g. Ml, pneumonia, dissecting
stenting,or if tissue sampling required) aneurysm)

• EUS can provide detailed anatomy of biliary tree and pancreas with potential for sampling/
intervention (e.g. cyst drainage)

sDifferential Diagnosis of Common Complaints
G• see General Surgery and lhoracic Surgery, GS4

Table 2. Differential Diagnosis of Common Presenting Complaints Obscure but Treatable Causes of
Abdominal Pain
• Acute Intermittent Porphyria
• Hereditary Angioedema
• Familial Mediterranean Fever
• Vasculitis (e.g. polyarteritis nodosa)

Neoplastic/ VascularCHRONIC/RECURRENT Inflammatory
ABDOMINAL PAIN

Toxin Other

Gastric cancer
Recurrent bowel obstruction
Mesenteric ischemia
Sickle cell anemia

PUD Lead poisoning Mittelschmerz
Endometriosis
Porphyria

Biliary colic
IBD
Chronic pancreatitis I - GRadiculopathy

Diverticular disease
Anterior cutaneousnerve
entrapment syndrome

Inflammatory Diarrhea:Occurs when
there is damage to the mucosal lining
or brush border, which leads to a
passive loss of protein-rich fluids and a
decreased ability to absorb these lost
fluids. Diarrhea may be profuse or very
small in volume. Often associated with
abdominal pain ± fever and chills.Stool
may be positive for white blood cells

ACUTE DIARRHEA Inflammatory Noninflammatory
"Causes of bloody
diarrhea

Bacterial
Shigella'
Salmonella'
Campylobacter'
Yersinia'
£. co/rjEHEC 0157:H7)"

Bacterial
S. aureus
C. per /ringens
B. cereus
[. co/r (enterotoxigenic,
enteropathogenic )
Salmonellaenlerilidis
Vibrio cholera
Protozoal
Ciardia lomblia

Viral
Rolavirus
Norwalk

Protozoal
f. histolytica' (amoebiasis)
Strongyloides
Others
NSAIDs

r1
j

CM V
Drugs

IBD" ABx
Ischemia" Colchicine

Laxatives
Antacids (magnesium)

Non- lnflammatory Diarrhea: No
damage to the mucosal lining. Nausea/
vomiting may be present Fever, chills,
blood in the stool, severe abdominal
pain, or tenderness are not present.
Stool is negative for white blood cells
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Table 2. Differential Diagnosis of Common Presenting Complaints
CHRONIC DIARRHEA Organic Gastric cancer

'Causes of bloody
diarrhea

Inflammatory Secretory
Stimulant laxatives
Postileal resection/
cholecystectomy (bilesalts)
Bacterial toxins
Vasculitis
Neoplasia' (colon cancer,
carcinoid, vasoactive intestinal cholestasis
peptide tumour (i.e.VlPoma))
Addison's disease
Congenital syndromes

Steatorrhea Osmotic IBD is a common cause of bloody
diarrhea but can be diagnosed only
if mimkhers are excluded:such as
infection, ischemia, and medication
induced

Giardio
lamblia
Celiac sprue Lactose
Chconic
pancreatitis Chewing
Chronic gum

Osmotic IBS
laxatives Constipation (overflow

diarrhea)
intolerance Anal sphincter dysfunction

IBD'
Infectious
(IB.CMV.HSV)
Ischemic bowel'
Radiation colitis
Neoplasia

(sorbitol,
mannitol)C. dilhcilerarely causes

bleeding Commonly Forgotten Causes of
Vomiting
• Drugs
• Uremia. CNS disease
• Pregnancy
• Cannabis (cannabinoid hyperemesis)

CONSIIPA1ION: if no associatedrectal bleeding/weight loss,etc.,usually no cause found (and dysmotility assumed)

Colorectal cancer
Stricture
Extrinsic compression
Anal disease
Rectoccle

Medications (narcotics,
antidepressants,calcium
channel blockers)
Metabolic (DM. thyroid,
hypercalcemia)

Neurologic (Parkinson's. MS.
stroke)
Collagen vascular
disease|sclcioderma.
dcimalomyositis)

NAUSEA VOMITING With AbdominalPain Without Abdominal Pain

Relieved by Vomiting Not Relieved by Vomiting Hoadache/Oiliincss No Other Symptoms
Differcntioting Between Dysphagia
and Odynophagia
• Dysphagia:Difficulty swallowing

due to mechanical obstruction or
dysmotility of the esophagus or
pharynx

• Odynophagia: Pain when swallowing
due to ulceration or inflammation
(e.g.Candida esophagitis) In the
esophagus or pharynx

Gastric outlet obstruction
Small bowel obstruction
GIRD (regurgitation more
common)

Gallbladder disease
Pancreatitis

Cerebral tumour
Migraine
Vestibular disease
Increased ICP

Drugs
Uremia
Pregnancy
Metabolic
(e.g. hypercalcemia)
Gastroparesis
(e.g. DM)
Ketoacidosis

Ml
Hepatitis
Infectious Gastroenteritis

DYSPEPSIA Common Uncommon Rare
Functional dyspepsia
Drug side effect
Peptic ulcer
GtRD (esophagitis)

Giardia lamblia
Malabsorption(celiac

Cancer (stomach,pancreas, sprue)
Pancreatitis

Angina
CD

liver)
Differential Diagnosis of Abdominal
Distension

Gallstones
Aeiophagia

CommonUPPERGlBLEED Uncommon Rare 6Fs
Ulcers \H. pylori, ASA.NSAIDsI
Esophageal varices
Mallory-Werss tears
Erosive esophagitis
Erosive gastritis

Tumours
Arteriovenous malformation
Dieulafoy's lesion (arterial)
Gastric antral vascular
ectasia (GAVE)
Portal hypertensive
gastropalhy

Aorto enteric fistulae
Hemobilia

Fat
Feces
Fetus
Flatus
Fluid
Fatal growth

LOWER Gl BLEED Common Uncommon Rare

Diverticulosis
Ischemia
Angiodysplasia (elderly)
Infectious
Anorectal (hemorrhoids,fissure,ulcer)

UGIB (brisk)
Post-polypectomy
Radiation colitis

Intussusception
Vasculitides
Stercoral ulcer
CoagulopathiesIBD

DYSPHAGIA Mechanical (Solids) Motility (Solidsand Liquids) Other

Peptic stricture/cancer
Eosinophilic esophagitis
Extrinsic compression
Schatzki ring'esophageal web
Zenker's diverticulum

Achalasia Foreign body
Eosinophilic esophagitisDES

Scleroderma

ODYNOPHAGIA Infection Inflammation/Ulceration OtherDrugs

Candida Caustic damage
Eosinophilic esophagitis

Ouinidine Radiation
HSV Iron

Vitamin C
ABx (e.g.tetracycline)
Bisphosphonates

CMV (common in those who are
immunosuppressed)

Fluid (Ascites) OtherABDOMINAL
DISTENSION

Flatulence Feces

Portal HTN NormalPortal
Pressure

Cirrhosis Cancer
Cardiac failure (especially
Hepatic vein ovarian)
thrombosis Pancreatitis

r iFunctionalbowel disease
leg.IBS)
Fibre
Lactose intolerance
Chewing gum (e.g. sorbitol,
mannitol)

Constipation
Colonic obstruction
Dysmotility

Pregnancy (fetus)
Obesity (fat)

LJ

L 1 ' ; d
Large tumours (fatal
growth)IB

+
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Table 2. Differential Diagnosis of Common Presenting Complaints
JAUNDICE
(UKCONJUGATED
BILIRUBIN)

Overproduction Decreased Hepatic Intake Decreased Conjugation
Ischemic Colitis
The splenic flexure and rectosigmoid
junction are watershed areas and are
susceptible to ischemia.History and
symptoms include acute onset crampy
left abdominal pain,rectal bleeding,
In addition to possible abdominal
tenderness on exam. Risk factors
include atherosclerotic risk factors,
vasoconstricting medications,and
histocy of low flow state

Gilbert's syndrome
Drugs (e.g.rifampin)

Drug inhibition (e.g.chloramphenicol)
Crigler -Najjar syndromes typeIandII
Gilbert's syndrome
Neonatal jaundice

Hemolysis
Ineffective erythropoiesis
(e.g.megaloblastic anemias)

JAUNDICE
(CONJUGATED
BILIRUBIN)

Common Uncommon

Hepatocellular disease
Drugs
Cirrhosis (anycause)
Inflammation (hepatitis,any cause)
Infiltrative (e.g.hemochromatosis)
Familial disorders (e.g.Rotor syndrome,Dubin-Johnson syndrome. Sclerosing cholangitis
cholestasis of pregnancy)

Intraductal obstruction
Gallstones
Biliary stricture
Parasites
Malignancy (cholangiocarcinoma)

Dyspepsia - postprandial fullness,early
satiety,epigastric pain or burningExtiaductal obstruction

PBC Malignancy (e.g. pancreatic cancer, lymphoma)
Mctaslases in periportal nodes
Inflammation (e.g. pancreatitis)

PSC
Sepsis
Posloperativc/TPH Foods/Substances that May Aggravate

GERD Symptoms (but diet does not
change the underlying disease). EtOH
• Caffeine
• Tobacco
• Fatty/fried foods
• Chocolate
• Peppermint
• Spicy foods
• Citrus fruit juices

Esophagus

Gastroesophageal Reflux Disease
Definition
•a condition which develops when the reflux of gastric content causes troublesome symptoms or

complications

Etiology
•inappropriate transient relaxations of LES - most common cause
•low basal LES tone (especially in scleroderma)
•contributing factors include: delayed esophageal clearance, delayed gastric emptying, obesity,

pregnancy, acid hypersecretion (rare) from Zollinger-Ellison syndrome (gastrin-secreting tumour)
•hiatus hernia worsens reflux, does not cause it (see General Surgery and Thoracic Surgery. GS23)

Clinical Features
•“ heartburn" (pyrosis) and regurgitation ( together are 80% sensitive and specific for reflux ); less

sensitive and less specific: water brash, sensation of a lump in the throat (globus sensation ), and
frequent belching
non-esophageal symptoms are increasingly recognized as being poor predictors of reflux

GERD
Gastroscopy

T
Non-erosive reflux

disease (NERD)
Normal esophagus
Aim for symptom

relief only;
PPIPRN

Esophagitis
Esophageal
inflammation
Aim to heal
inflammation;

PPI indefinitely
or surgical

lundoplication

Figure 2. Classification and
gastroscopic findings of GERD

GERD signs/symptoms
1 Side Effects of Long-Term Use of PPIs

• Only some (C. difficile diarrhea,
hypomagnesemia, vitamin Bn
deficiency, small bowel bacterial
overgrowth) seem to be related to
suppressing gastric acid whereas
others (pneumonia, fractures,chronic
kidney disease,dementia) have
no apparent pathophysiological
relationship

• Stopping PPIs can increase gastric
acid above baseline by a "rebound
effect" causing heartburn even in
healthy volunteers

• May increase the risk of IBO with
prolonged regular use

• These associations do not preclude
long term use of PPIs In patients with
esophagitis or peptic ulcer, or those
needing gastric protection when
taking NSAIDs or anti-platelet drugs,
but do emphasize the importance
of being as definitive as possible
when making these diagnoses and
accurately assessing risk-benefit
ratios (as is true for all drugs)

I I
Non-esophageal Esophageal

! I
I 1

Respiratory
Chronic cough

Wheezing
Aspiration pneumonia

Noil-respiratory
Sore throat
Hoarseness

Dental erosions

Typical
Heartburn

Acid regurgitation

Atypical
Chest pain

Dysphagia (late)
Odynophagia (rare)

Figure 3. Signs and symptoms of GERD

Investigations
• usually, a clinical diagnosis is sufficient based on symptom history and relief following a trial of

pharmacotherapy ( PPI: symptom relief 80% sensitive for rellux )
• however, response to anti-secretory agents such as PPI is not a requirement for GERD diagnosis
• gastroscopy indications

• absolute indications
heartburn accompanied by red-flags (bleeding, weight loss, dysphagia, persistent vomiting,
family history of G1cancer, etc.)
persistent reflux symptoms or prior severe erosive esophagitis after therapeutic trial of 4-8 wk
of PPI BID
history suggests esophageal stricture especially dysphagia
high-risk for BE (male, ages >50, obese, white, tobacco use, long history of symptoms)

• repeat endoscopy after 6-8 wk of PPI therapy indicated if severe esophagitis because it can mask BE or
symptoms

r T
j
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•esophageal manometry (study of esophageal motility): indicated in patients wh
chest pain and/or dysphagia with normal gastroscopy

• done to diagnose abnormalities of peristalsis and /or decreased LES tone, but cannot detect
presence of reflux; indicated before surgical fundoplication to ensure intact esophageal function;
exclude alternative diagnoses like scleroderma and achalasia

• surgical fundoplication (wrapping of gastric fundus around the lower end of the esophagus) more
likely to alleviate symptoms if lower esophageal pressure is diminished; less likely to be successful
if abnormal peristalsis

•24 h pH monitoring: most accurate test for reflux, but not required or performed in most cases
most useful if PPIs do not improve symptoms

Treatment
•PPIs are the most effective therapy and usually need to be continued as maintenance therapy
•empiric 8 wk trial of PP1 in patients with classic GERD symptoms; PPIs are the most effective therapy

and sometimes usually need to be continued as maintenance therapy
•discontinuation of PPIs after 8 wk in recovered patients without Barrett's esophagus or erosive

esophagitis; symptoms may recur if therapy is discontinued
•on-demand: antacids (Mg(OH) 2, Al(OH)j), alginate, H2-blockers, or PPIs can be used for non-erosive

esophagitis (NERD)
•diet helps symptoms, not the disease; avoid EtOH, coffee, spices, tomatoes, and citrus juices
•only beneficial lifestyle changes are weight loss (if obese) and elevating the head of bed (if nocturnal

symptoms)
•symptoms may recur if therapy is discontinued

Complications
•esophageal stricture disease - scarring can lead to dysphagia (solids)
•esophagitis (e.g. ulceration, bleeding)
•BE and esophageal adenocarcinoma - gastroscopy is recommended for patients with chronic GERD or

symptoms suggestive of complicated disease (e.g. anorexia, weight loss, bleeding, dysphagia)

o have non-cardiac

Up to 25% of patients with BE do not
report symptoms of GERD

Screening for Esophageal Adenocarcinoma in
Patients with Chronic Gastroesophageal Reflux
Disease
CMAJ 202O:192(27f:E768-E777
Though Barren's esophagus increases the
incidence of esophageal adenocarcinoma, the
Canadian lash Force on Preventive Health Core
currently does not recommend routine screening
lor esophageal adenocarcinom and precursor
conditions, including Barren's esophagus. In adults
vrrlh chronic GERD without red flag features(e.g.
dysphagia, odynophagia, weight loss, anemia,

gastrointestinal Weeding).In thissystematic review,
no clinically significant survival benefits were
identified in patients undergoing screening.This
systematic review repoited that patients receiving
screenng may he unnecessarily exposed to harm,
ranging from pre-procedural anxiety lo endoscopic
injury.Strikingly, the presence of risk factorsfor
esophageal adenocarcinoma , including age.male
sea.and family history, is not suffidentto warrant
screening endoscopy in patients with chronic GERD.
On the othei hand, patients with known Garrett's
esophagus should be referred to a Gastroenterologist
for endoscopy.

Barrett’s Esophagus
Definition
• metaplasia of normal squamous esophageal epithelium to intestinal columnar epithelium

Etiology
• thought to be acquired via long-standing GERD and consequent damage to squamous epithelium

Clinical Features
• prominent GERD symptoms

Epidemiology
• in North America and Western Europe, 0.5-20% of adults are thought to have BE
• up to 10% of GERD patients will have already developed BE by the time they seek medical attention
• more common in males, ages >50, White individuals, smokers, overweight, hiatus hernia, and long

history of reflux symptoms

Pathophysiology
• endoscopy shows salmon pink mucosa in distal esophagus;diagnosis of BE relies on biopsy

demonstrating the presence of specialized intestinal epithelium of any length within the esophagus
• BE predisposes the esophageal lining to premalignant changes characterized as low or high-grade

dysplasia, which then progresses to adenocarcinoma

Significance
• rate of malignant transformation is approximately 0.12% per yr for all BE patients prior to dysplasia
• risk of malignant transformation in high-grade dysplasia is significantly higher; studies have reported

a 32-59% transformation rate over 5-8 yr of surveillance

Treatment
• acid suppressive therapy with high-dose PPI indefinitely (or surgical fundoplication) may reduce the

transformation of BE to dysplasia
• surveillance gastroscopy every 3-5 yr if no dysplasia
• high grade dysplasia: regular and frequent surveillance with intensive biopsy, endoscopic ablation/

resection, or esophagectomy produce similar outcomes
however, evidence increasingly favouring endoscopic ablation with mucosal resection or
radiofrequency ablation

• if low grade dysplasia, both surveillance (every 6 mo for 1 yr then annually) and endoscopic ablation/
resection are satisfactory options

CllnicalGuidelinesUpdate onthe Diagnosisand
Management of Barrett's Esophagus
Fora report reviewing the US and International
guidelines on the diagnosisand management of 8E,
please refer to:Dig Dis So 2018:63:2122-2128

Randomized Trial of Medical vs. Surgical
Treatment lor Refractory Heartburn
NEJM 2019:381:1513 1523
Patients with PN-ielractory and icllun-related
heartburn (n*TB) wore randomly assigned to surgical
treatmenl (laparoscopic Nissen fundoplication).
octree medical treatment (omepraiole plus badolen,
and desipramlne pen), or control medical treatment
(omepraiole plus placebo). The Intrdenceol treatment
success in the surgical treatment group (67%) was
significantly greater than that in the active medical
treatment gioup (28%: P-0.007 ) or control medical
treatment group (12%; P«0.001). +
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Dysphagia
Definition
• difficulty swallowing Remember

Dysphagia -Difficulty in swallowing
Odynophagia ~ Pain on swallowing

Dysphagia
_

£
Oropharyngeal

(difficulty initialing swallowing, choking,
coughing,nasal regurgitation)

Esophageal
(inability to move food down esophagus)

;I Key Questions in Dysphagia
• Abnormal features when initiating

the act of swallowing?
• Associated symptoms?(regurgitation,

chest pain,change in voice pitch,
weight loss)

• Solids,liquids,or both?
• Intermittent or progressive?
• History of heartburn?
• Change in eating habits/diet?

Structural
Muscular dystrophy Zenker's diverticulum

Polymyositis Thyromegaly
Cervical spur Mechanical obstruction

Solid food only Solid foods and liquidsNeurological* Muscular
Cortical
Bulbar

Peripheral Myasthenia gravis
Cricopharyngeal

Y
MMM>I I MMM

I
Y

Progressive Prcg-essr.eIntermittent Intermittent

i iY Y Y
Age >50 Heartburn

(weight loss)
Lower Diffuse Reflux

esophageal esophageal symptoms .
^ IES I4

Carcinoma* Peptic
stricture*

Scleroderma*
’Most common

• Figure 4. Approach to dysphagia (eosinophilic esophagitis omitted)

Esophageal Motor Disorders
Clinical Features
• dysphagia with solids and liquids
• chest pain (in some disorders)

Diagnosis
• motility study (esophageal manometry)
• barium swallow sometimes helpful

Causes
• idiopathic
• achalasia
• scleroderma
• DM
• DKS: rare and can be difficult to diagnose due to intermittent presentation

Table 3. Esophageal Motor Disorders

Endoscopic or SurgicalMyotomy inPatients with
Idiopathic Achalasia
IDM 2019;381:2219-2229
Purpose Tommpare peroralendoscopic myotpoiy
(POEM) to laparoscopic Heller's myotomy (LMH|inhe
treatment of achalasia.
Methods:Patientsnidi Symptomatic acialasa
i“221|oare randomly assigned to either POEM or
LMH.thep-nary endpoint was clinical success,
wh.le secondary endpo.nts included adverse evens,
esophageal f.nction.Gastro nrasdna. Ouality of Life
(GOoL) score.andgastroesopliagealrefkji|GEt).
Results 33.0% of patients in the POEM group and
81.7% of patens in Ce LNM group acnieied c -n cal
successat 2yr (P-0.007 for nonmferionly].There
wasno difference in mjroemen!of esophageal
function or G Ool score between groups.Serious
adverse events were observed in 2.7% and 73% of
patents a tbe POEM and WM groups,respectively.St
12 oo.44% of patens m the POEM groupand 29% of
patens a tbe LHM group tad ie9uiesophagitis.
Conclnsions POEMwasnonxifetoralHMinthe
treatsent of symptomatic achalasia. GER was more
common amongpatens who were treated wrtb POEM
Ban ttose heated with IHM.

Disorder Achalasia Scleroderma Diffuse Esophageal Spasm

Definition Failure of smooth muscle relaxation at IES
Increased LES pressure
Progressive loss of peristaltic function

See BheL-ato : ~ i. ItH14_______ Normal peristalsis interspersed with
Systemic disease charactered frequent,repetitive,spontaneous,
by vasculopathy and tissue fibrosis high pressure,non-peristaltic waves
(especially skin thickening) (tertiary peristalsis)

Etiology Usually idiopathic
2° or pseudo-achalasia e.g.malignancy.
Chagas disease (trypanosoma cruci)

Involves autoimmune,genetic. Idiopathic
hormonal,andenvironmental factors
Dysphagia:caused by reflux,
dysmotility.or both

Blood vessel damage«intramural
neuronal dysfunction distal
esophageal muscle weakening-apevistalsis and loss of IES tone-reflux »stnetute -* dysphagia
Clinical features of scleroderma Barrum x-ray "Corkscrew pattern"
Manometry:decreased pressure in Manometry.>20% premature
LES.decreasedperistalsisnbody of contractions
esophagus

Pathophysiology Inflammatory degeneration of Auerbach's
plexus * increase in LES pressure,
incomplete relaxation ol LES with
swallowing,aperistalsis

Potential mechanismsinclude
impaired inhibitory innervation to
esophageal body,malfunction in
endogenoos nitric oxide synthesis

Diagnosis CXR:no air in stomach,dilated esophagus
Barium studies: esophagus terminates in
narrowing at IES ("bird's beak")
Endoscopy:normal mucosa
Manometry:definitive diagnosis Isigns listed
above)

Pneumatic dilation.5%risk of perforation
Injection of botulinum toxin into LES
(temporary)
Surgical myotomy
POEM (peroral endoscopic myotomy)

Endoscopy:normal mucosa r T
iJ

Treatment Medical:aggressive GERO therapy
(PPIs BID)

Beassuraxe that symptoms arenot
due tocardiac pain
Medical:nitrates,calciumchannel
blockers,anticholinergics have
variable benefit
Surgical:long esophageal myotomy
if unresponsive to above treatment
(rarely helpful),balloon dilatation

+
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Esophageal Diverticula
Definition
• outpouching* of one or more layers of the esophageal tract

Clinical Features
• commonly associated with motility disorders
• dysphagia, regurgitation, retrosternal pain, intermittent vomiting, may be asymptomatic

Classification
• pharyngoesophageal (Zenker’s) diverticulum

most common form of esophageal diverticulum
posterior pharyngeal outpouching most often on the left side, above cricopharyngeal muscle and
below the inferior pharyngeal constrictor muscle
symptoms:dysphagia, regurgitation of undigested food, halitosis (bad breath)
treatment: small and asymptomatic: no treatment required, large and symptomatic: endoscopic
or surgical myotomy of cricopharyngeal muscle ± surgical excision of sac

Peptic Stricture (from Esophagitis)
Definition
• a smooth, concentric narrowing most commonly seen in the lower esophagus

Clinical Features
• presents as dysphagia alongside a long history of reflux symptoms, but reflux symptoms may

disappear as stricture develops

Diagnosis
• diagnosed with endoscopy or barium study if endoscopy contraindicated or unavailable

Treatment
• endoscopic dilatation and indefinite PP1

Esophageal Carcinoma
• see General Surgery and Thoracic Surgery. GS21

Webs and Rings
Definition
• web = partial occlusion (upper esophagus)
• ring = circumferential narrowing (lower esophagus)

Clinical Features
• asymptomatic with lumen diameter >12 mm, provided peristalsis is normal
• dysphagia with large food boluses
• Schatzki ring

mucosal ring at squamo-columnar junction
causes intermittent dysphagia with solids
treatment involves disrupting ring with endoscopic dilation

Plummer-Vinson Syndrome Triad
• Iron deficiency anemia
• Dysphagia. Esophageal webs
• Rare (prevalence <1in 1000000) but

good prognosis when treated with
iron and esophageal dilatation

Eosinophilic Esophagitis
• Eosinophils infiltrate the epithelium

of the esophagus
• Causes dysphagia, common cause of

bolus food impaction
• Usually primary, but can be part

of the spectrum of eosinophilic
gastroenteritis, secondary to drugs,
parasites etc.

• Often associated with allergies
• Most characteristically occurs in

young men
• Diagnosis established by endoscopic

biopsy, suggested by mucosal rings
seen in the esophageal mucosa at
endoscopy

• Treatment: (a) diet (milk, soy.eggs,
wheat, peanuts/tree nuts, and
seafood), (b) PPI (c) swallowed
topical corticosteroid (fluticasone or
budesonide), (d) rarely prednisone

Infectious Esophagitis
Definition
• severe mucosal inflammation and ulceration as a result of a viral or fungal infection

Risk Factors. DM
• chemotherapeutic agents
• immunocompromised states

Clinical Features
• characteristically odynophagia, less often dysphagia

Appearance
• Candida (most common): whitish-yellow plaques without visible ulceration or inflammation
• HSV (second most common), CM V: focal ulcers

Investigations
• diagnosis via endoscopic visualization and biopsy

n
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Treatment
• Candida: nystatin swish and swallow (for simple Candida infection), ketoconazole, fluconazole
• HSV:often self-limiting; acyclovir, valacyclovir, famciclovir
• CM V: IV ganciclovir, famciclovir, or oral valganciclovir

Stomach and Duodenum

Dyspepsia
ODefinition

• predominant epigastric pain /burning lasting at least 1 mo
• other symptoms under umbrella of dyspepsia; post-prandial fullness, early satiety
• although the most common cause is functional (investigations show no organic disease but pain

persists), sinister disease can present similarly (e.g. pancreatic cancer)

History and Physical Exam
• history:most important risk factors are age, associated symptoms (such as weight loss and vomiting),

and drugs (especially NSAlDs)
• physical exam:adenopathy, abdominal mass/organomegaly,Carnett’s sign (if pain is due to abdominal

wall muscle problem then the pain will increase during muscle contraction, such as during a sit-up)

Investigations
• consider blood tests including CBC, liver enzymes, calcium, H. pylori serology, and U/S
• gastroscopy to investigate dyspepsia: most causes of dyspepsia are either functional or diagnosable

by either blood tests or PPI trial (for peptic disease); however, gastric cancer should not be missed.
Gastroscopy recommended if ages >60 (and if ages <60 and under special circumstances such as risk
factors for gastric cancer)

The most common cause of dyspepsia is
functional (idiopathic) dyspepsia

Red Flags of Dyspepsia
(raise suspicion of gastric malignancy):

Unintended weight loss
Persistent vomiting
Progressive dysphagia
Odynophagia
Unexplained anemia or iron
deficiency
Hematemesis
Jaundice
Palpable abdominal mass or
lymphadenopathy
Family history of upper Gl cancer
Previous gastric surgery

Stomach

Table 4. Cells of the Gastric Mucosa
Secretory ProductCell Type Important Notes

Parietal Cells Gastric acid (HCI) and IF
Pepsinogen
Somatostatin

Stimulated by histamine, acetylcholine (ACh). gastrin
Stimulated by vagal input andlocal acid
Inhibits release of hormones including gastrin
Stimulates H+ production from parietal cells
Protect gastric mucosa

Chiel Cells
0-Cells
G-Cells
Superficial Epithelial Cells

Gastrin
Mucus. HC03-

CO*HrO -*l £0 Histamine (J)

H .R antagonist

Gastrin ©
( tin ZE syndrome)Intrinsic

factor
receptor

0C3ACh ®
1 T— Anticholinergic

Protein
kinases

1<•

0 8
I— NSAlDs

PGE2/PGI2, (CN
Misoprostol ^PG

fcAMP receptor

K '

O LNa‘

I
Gastric
lumen 1© decrease acid secretion

©increase acid secretion
0 inhibition Interstitial fluid +I

Figure 5.Stimulation of H + secretion from the parietal cell
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Gastritis
Definition
• defined histologically: inflammation of the stomach mucosa

Etiology
• some causative agents may play a role in more than one type of gastritis and an individual patient may

have hlstopathological evidence of more than one type of gastritis

Table 5. Updated Sydney Classification of Gastritis
Type Common Etiology
Acute Gastritis
Hemorrhagicterosive gastritis
Helicobacter gastritis
Chronic Gastritis
Non - atrophic
Atrophic
Chemical
Radiation
lymphocytic
Eosinophilic
Non-infectious granulomatous
Other infectious gastritides

Eton.Aspirin*,'NSAID.shock/physiological stress (seen in ICI) patients)
H.pylori

H.pylori
H. pylori, dietary, environmental factors (multi-local),autoimmunity
USAID.Pile
Radiation injury
Celiac disease, drug
Food allergies
CD.sarcoidosis
Bacteria,viruses,tungi,parasite,IB.syphilis

Clinical Features
• non-erosive gastritis is asymptomatic (except with certain rare causes like CD),does not cause pain;

difficult to diagnose clinically or endoscopically - requires biopsy for diagnosis
• erosive gastritis can cause bleeding (pain only if progresses to ulcers - rare); can be seen

endoscopically

Treatment
• determined by etiology (see H. pylori,G13, NSAID,GI 3and Stress-Induced Ulceration, ON )
• non-pharmacological: avoidance of mucosal irritants such as EtOH, NSAlDs, and foods that trigger

symptoms

EHPeptic Ulcer Disease
Definition
• focal defects in the mucosa that penetrate the muscularis mucosa layer
• PUD includes defects located in the stomach (gastric ulcers) and duodenum (duodenal ulcers)

Etiology

Table 6. Etiology of PUD
GastricDuodenal

H.pylori Infection
NSAlDs
Physiologic Stress-Induced
Zollingcr-Elllson Syndrome
Idiopathic

90% 60%
7% 35%
«3% «5%
*1% «1%
15% 10%

•NSA1D negative, H. pylori negative ulcers becoming more commonly recognized as H.pylori
prevalence decreases

•others: CM V (especially immunocompromised patients), ischemic, idiopathic
•EtOH: damages gastric mucosa but rarely causes ulcers
•peptic ulcer associated with cigarette smoking, cirrhosis of liver, COPD, and chronic renal failure

Clinical Features
•dyspepsia: most common presenting symptom

• only 5% of patients with dyspepsia have ulcers, while most have functional disease
however, 70% of peptic ulcers are asymptomatic

• may present with complications
bleeding 10% (severe if from gastroduodenal artery), perforation 2% (usually anterior ulcers),
gastric outlet obstruction 2%
posterior inflammation (penetration) 2%; may also cause pancreatitis

Cigarette Smoking and PUD. Increased risk ot ulcer
• Increased risk ot complications
• Increased chance of death from ulcer
• Impaired healing

n
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•duodenal ulcers: 6 classical features, but history alone cannot distinguish from functional dyspepsia
• epigastric pain; may localize to tip of xiphoid

burning
develops 1-3 h after meals
relieved by eating and antacids
interrupts sleep

• periodicity (tends to occur in clusters of weeks with subsequent periods of remission)
•gastric ulcers: more atypical symptoms; a biopsy is necessary to exclude malignancy
Investigations
•endoscopy (most accurate)
•upper G1 series
•H. pylori tests (see Table 7, G13 )
•fasting serum gastrin measurement if Zollinger-Hllison syndrome suspected (but most common cause

of elevated serum gastrin level is atrophic gastritis)

Treatment
•specific management depends on etiology; (see H. pylori, ( i13, NSAID-Induced Ulceration, G13 and

Stress-Induced Ulceration, UN )
•treat H. pylori infection if present; eradication of infection prevents recurrence of PUD
•stop NSA1Ds if possible
•start PPI: inhibits parietal cell H t /K i -AT'Pase pump which secretes acid

heals most ulcers, even if NSAlDs are continued
•other medications (e.g. histamine H2-antagonists) less effective
•discontinue cigarette smoking
•no diet modifications required but some people have fewer symptoms if they avoid caffeine, EtOH, and

spices

Management of Bleeding Peptic Ulcers
•Gastroscopy (OGD) to explore upper Gl tract
•IV pantoprazole
•establish risk of rebleeding/continuous bleed (since most ulcers stop bleeding spontaneously)

• clinical risk factors: increased ages >60, bleeding diathesis, history of PUD, comorbid disease,
hemodynamically unstable
endoscopic signs of recurrent bleeding (active bleeding, visible vessel, clot, red spot) more
predictive than clinical risk factors

if ulcer possesses high-risk stigmata, then endoscopic therapy (e.g. clip) should be performed,
consider 1CU admission

Gastric vs.Duodenal Ulcers
Most gastric ulcers are biopsied to rule
out malignancies:duodenal ulcers are
rarely malignant

Approach to PUD. Stop NSAlDs
• Acid neutralization
• H.pylori eradication
• Quit smoking

Bleeding Peptic Ulcers
• Risk Factors tor Increased Mortality
• Co-existent illness
• Hemodynamic instability
• Ages >60yr. Transfusion required

Suspected Bleeding Peptic Ulcer
ABCs: assess vitals (BP and HR, orthostatic changes)

CBC.electrolytes, BUN, Cr, INR.blood type,cross and type
Resuscitate: crystalloids and blood products it indicated

I
Consider

NG placement + aspiration: confirm upper Gl source
IV pantoprazole:80 mg starting dose + 8mg/h continuous infusion

Erythromycin 250 mg 30 min before endoscopy

1
Endoscopy

Flat, pigmented spot
oi clean base

Active bleeding
or visible vessel

High Risk:
Hemostasis: clips, thermal

coagulation± epinephrine inie
Continue (or start) IV PPI

Monitor for re-bleeding in hospital
If adherent clot consider removal

Low Risk:
No hemostasis necessary

Continue (or start) oral PPI
Decreased need for

in-hospital monitoring

ction

J
Post-Endoscopy

Resume clear fluids 6 h post-endoscopy
Test (or H. pylori

Counsel re: most likely causes (NSAlDs,anti-platelet agents)
It re-bleeding: repeat endoscopy with aim of hemostasis

Consult interventional radiology or surgery il needed L J i

Figure 6. Approach to management of suspected bleeding peptic ulcer
Adapted from: GralnekI, Barkun A.Bardou M.Management of acute bleeding from a peptic ulcer.NEJM 2008;359:928-937
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H. pylori-lnduced Peptic Ulceration
Pathophysiology
• H. pylori: Gram-negative flagellated rod that resides within the gastric mucosa, causing persistent

infection and inflammation
• acid secreted by parietal cells (stimulated by vagal ACh, gastrin, histamine) necessary for most ulcers
• etiology of PUD secondary to H. pylori is not well understood; however, the pattern of colonization

correlates with outcome
• gastritis only in antrum (15% of patients), high gastric acid, associated with duodenal ulcer, may

progress to gastric metaplasia of duodenum where ulcer forms
• gastritis throughout stomach (“pangastritis"- 85% of patients), low gastric acid, associated with

stomach ulcer and cancer

Epidemiology
• H. pylori is found in about 20% of all Canadians, with increased prevalence in Indigenous populations

and immigrants from high prevalence countries
• highest prevalence in those raised during 1930s
• infection most commonly acquired in childhood, presumably by fecal-oral route
• high prevalence in developing countries, low socioeconomic status (poor sanitation and

overcrowding)

Outcome
• gastritis ( non-erosive) occurs in 100% of patients but is asymptomatic
• peptic ulcer in 15% of patients
• gastric carcinoma and mucosal associated lymphomatous tissue (MALT) lymphoma in 0.5% of

patients
• most are asymptomatic but still worthwhile eradicating to lower future risk of peptic ulcer/gastric

malignancy and prevent spread to others (mostly children ages <5)

Diagnosis

Helicobacter pylori Therapy for the Prevention of
Metadiroaoas Gastric Cancer
NEJM 2018:378:1085-1095
Purpose:Toeiafriatethe role of H. pylori eradication
in the prevention of metachronous gastric cancer.

J , . ' .

Population: 470 patents with a subtotal gastrectomy
lor gastrica ncet and H.pylori infection with or
w ittio.t ABv treatment.
Outcome: Incidence ol metachionous gastric cancer.
Result!: liter almost ( yi.1.2\ of the Mu-treated
group developed anotter cancer in the gastric
remnant vs.13.4% ia the placebo control group.
Conclusions: Ibis provides definitive evidence
that H. pylori is worthwhile treating no matter how
advanced the gastric carcinogenic process.

Serology for H. pylori should not be used
to check for eradication

Table 7. Diagnosis of H. pylori Infection
Test Sensitivity Specificity Comments
Non-invasive Tests
Urea breath test
Serology
Can remain positive after
treatment
Fecal antigen

90-100%
88- 99%

89-100%
89-95%

Affected by PPI therapy (false negatives)
Does not distinguish active vs.past infection

Only rarely usedin clinical practice
Invasive Tests (requireendoscopy)
Histology
Rapid urease test (on biopsy) 89-98%
Microbiology culture

93- 99% 95-99%
93-100%
95-100%

Gold standard:affected by PPI therapy (false negatives)

Rapid
Hot widely available but can be used to determine ABi susceptibility.
Research only

98%

Treatment: H. pylori Eradication
• bismuth quadruple therapy recommended for 14 d: PPI (e.g. lansoprazole 30 mg BID) + bismuth 525

mg QID + metronidazole 500 mg Q1D + tetracycline 500 mg
• alternatively, concomitant non-bismuth quadruple therapy fc

metronidazole i clarithromycin

QID
'or 14 d: PPI t amoxicillin t

NSAID-Induced Ulceration
Pathophysiology
• NSA1D use causes gastric mucosal petechiae in virtually all, erosions in most, ulcers in some (25%)
• direct: erosions/petechiae - are due to local (direct) effect of drug on gastric mucosa
• indirect:systemic NSA1D effect (IV NSA1D causes ulcers, but not erosions)

NSAlDs also inhibit mucosal cyclooxygenase, leading to decreased prostaglandin synthesis
this results in ulcers from reduced secretion of protective bicarbonate and mucous,and decreased
mucosal blood flow

Risk Factors for NSAID-induced Peptic Ulcer
• previous peptic ulcers/UGIB
• age (S65 yr)
• high dose of NSAI D/multiple NSAlDs being taken
• concomitant corticosteroid use
• concomitant cardiovascular disease/other significant diseases

n
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Clinical Features
• erosions bleed, but usually only ulcers cause significant clinical problems
• most NSAlD-induced ulcers are clinically asymptomatic: dyspepsia is as common in patients

with ulcers as in patients without ulcers; NSAlD-induced ulcers characteristically present with
complications ( bleeding, perforation, obstruction )

• NSAlDs more commonly cause gastric ulcers than duodenal ulcers
• may exacerbate underlying duodenal ulcer disease

Treatment
• prophylactic cytoprotective therapy with a PPI is recommended if any of the above risk factors exist

concomitantly with ASA/ NSA1D use
• lower NSAID dose or stop all together and replace with acetaminophen
• combine NSAID with PHI or misoprostol (less effective) in one tablet
• enteric coating of Aspirin* (ECASA) provides minor benefit since this decreases incidence of erosion,

not incidence of ulceration

If at high-risk for development of ulcers,
prophylaxis with PPI indicated

Stress-Induced Ulceration
Definition
• ulceration or erosion in the upper Gl tract of ill patients, usually in 1CU (stress is physiological, not

psychiatric)
• lesions most commonly in fundus of stomach

Pathophysiology
• unclear: likely involves ischemia; may be caused by CNS disease, acid hypersecretion,Cushing's ulcers
• mechanical ventilation is the most important risk factor

Risk Factors
• mechanical ventilation
• anti-coagulation
• multi-organ failure
• septicemia
• severe surgery/trauma
• CNS injury (“Cushing’s ulcers”)
• burns involving more than 35% of body surface

Curling's and Cushing's Ulcers
• Curling's Ulcer:acute peptic ulcer

of the duodenum resulting as a
complication from severe burns
when reduced plasma volume
leads to ischemia and cell necrosis
(sloughing) of the gastric mucosa
(think BURN from a CURLING iron)

• Cushing's Ulcer: peptic ulcer
produced by elevated ICP (may be
due to stimulation of vagal nuclei
secondary to elevated ICP which
leads to increased secretion of
gastric add)

Clinical Features
• UG1B (see Upper Gastrointestinal Bleeding, G2&)
• painless

Treatment
• prophylaxis with gastric acid suppressants decreases risk of UGIB; PPI most potent but may increase

risk of pneumonia; H2 blockers less potent but less likely to cause pneumonia
• treatment same as for bleeding peptic ulcer but often less successful

Gastric Carcinoma
• see General Surgery' and Ihoracic Surgery.GS26

Small and Large Bowel

Classification of Diarrhea
Definition
• clinically:diarrhea defined as stools that are looser and/or more frequent than normal (i.c. S3x/d);

physiologically: 24 h stool weight >200 g (less useful clinically)

Classification
• acute vs.chronic
• small volume (tablespoons of stool; typical of colonic diseases) vs. large volume (>l /2 cup stool; typical

of small bowel diseases)
• watery: secretory (diarrhea persists with fasting) vs. osmotic (diarrhea stops with fasting)
• steatorrhea
• inflammatory
• transit or functional

r i
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Acute Diarrhea
• see Paediatrics, P43

Definition
• passage of >3 loose or liquid stools/d OR >200 g stool/d for >2 d but <14 d

Epidemiology
• one of the leading causes of death worldwide (about 88% of diarrhea associated deaths are caused by

unsafe water, inadequate sanitation, and insufficient hygiene)
• significant morbidity in developed countries (over 900000 hospitalizations in the United States each

year)

Etiology
• most commonly due to infections
• most infections are self-limiting and resolve within 7 d

Risk Factors
• food (raw or undercooked meat and seafood, unpasteurized dairy products)
• medications: ABx, laxatives
• others: high-risk sexual activity, infectious outbreaks, occupational exposures (daycare workers),

family history (IBD)

Approach to Acute Diarrhea
• the most common cause of acute diarrhea is infectious
• in most cases, acute diarrheal illness is viral and/or self-limited, and lasts <3d
• investigations are costly and are necessary only in certain circumstances

therefore, evaluation of acute diarrhea involves identifying characteristics of the patient or illness
that warrant further investigation and assessing volume status to determine the most appropriate
method of rehydration

Physical Exam
• volume status: appearance, level of alertness, pulse, BP, orthostatic vitals, J VP, mucous membranes,

skin turgor, capillary refill
• abdominal exam: pain, guarding, peritoneal signs

Useful Questions in Acute Diarrhea

Those Fads Wilt
Travel
High-risk sexual activity (increased risk
of fecal-oral exposure)
Outbreaks
Seafood
Extra intestinal signs of IBD
Family history
ABx
Diet
Steatorrhea
Weight loss
Immunosuppression
Laxatives
Tumour history

Infectious Causes of Inflammatory
Diarrhea

Your Stool Smells Extremely Crappy
Yersinia
Shigella
Salmonella
£. coli (EHEC 0157:H7), E. histolytica
Campylobacter.C. difficile

Table 8. Classification of Acute Diarrhea
Inflammatory Non-lnflammatory An Update on the Bole for Bacteriotherapy

SER -109, an OralMicrobiome Therapy for
Recurrent Clostridiodes difficile Infection
NiJM 2022:386220 229
Building on the soccess of prior work demonstrating
the efficacy of donor fecal transplant in patients
with recurrent C.dfficite infections, this randomized
controlled trial shows that oral microhxxne therapy
(SER-109) effectnrefy reduces the recurrence of C.
d fllcile infection to 12% compared to 40 % in cohorts
receiving placebo.This trial along with similar
prospective and retiospective work may standardize
the use of medxal piobiotic therapy in patients with
gastrointestinal disorders, including recurrent C.
difficile infection.

Definition Disruption of intestinal mucosa
Usually colon
Organisms and cytotoxins invade mucosa, resulting in the
destruction of mucosal cells, and perpetuation of the diarrhea
Usually abnormal mucosa seen
Bloody (not always)
Small volume, high frequency
Often lower abdominal cramping with urgency t tenesmus
May have (evenshock

Fecal WBC and BBC positive
See DifferentialDiagnosis ol CommonComplaints. 64
Acute presentation of idiopathic IBD

Intestinal mucosa intact

Usually small inleslinc
Stimulation of inlestinat water secrebon and inhibition
of water absorption (i.e. net secretion)

Usually normal mucosa seen
Watery, litile or no blood
large volume, low frequency
Upper/periumbilical pain/cramping t shock

Site
Mechanism

Sigmoidoscopy
Symptoms

Investigations
Etiology

Diffcrcnlial
Diagnosis
Significance

fecal WBC negative
See Dilletenhol Diagnosis olCommonComplaints. 64

Acute presentation of noninflammatory chronic
diarrhea (e.g. celiac disease)

Lower yield with stool CBS
Chief life-threatening problem is electrolyte
disturbances/ fluid depletion
ABx unlikely lobe helpful

Higheryield with stool CBS
Can progress lo life - threatening megacolon, perforation.
hemorrhage
ABx may be helpful

Investigations
• stool cultures/microscopy (C&S/O&P) are required only if diarrhea is inflammatory, severe, or

for epidemiological purposes (daycare worker, nursing home resident, community outbreaks, e.g.
Walkerton, etc.)
• O&P takes up to three weeks to obtain the results

C&S only tests Campylobacter, Salmonella, Shigella, E. coli, Yersinia
other organisms must be ordered separately

• flexible sigmoidoscopy (without bowel preparation ): useful if inflammatory diarrhea suspected
• histology (i.e. biopsies of mucosa) helps to distinguish idiopathic IBD (CD and UC) from

infectious colitis or acute self-limited colitis
• C. difficile toxin: indicated in cases with recent /remote antibiotic use, hospitalization, nursing home

living, or recent chemotherapy

r n
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Treatment
• fluid and electrolyte replacement orally in most cases, intravenously if severe extremes of age/coma
> antidiarrheals

antimotility agents: diphenoxylate, loperamide ( Imodium* ) should be used with caution;
contraindicated in patients with mucosal inflammation, bloody diarrhea
side effects: abdominal cramps, toxic megacolon

modifiers of fluid transport: bismuth subsalicylate (Pepto-Bismol*) may be helpful (but should
not be used in the presence of bloody diarrhea or fever)

• ABx: rarely indicated
• risks

Causes of Acute Bloody Diarrhea

CHESS
Campylobacter
Hemorrhagic C. coli(e.g. 0157:H7)
Entamoeba histolytica
Salmonella
Shigella

prolonged excretion of enteric pathogen (especially Salmonella )
drug side effects (including C. difficile infection )
development of resistant strains
renal failure/hemolysis (enterohemorrhagic E. coli 0157:H7)

indications for antimicrobial agents in acute diarrhea
septicemia
prolonged fever with fecal blood ( bloody diarrhea ) or VVBCs seen on O&P
clearly indicated: Shigella, V.cholerae, difficile,traveller's diarrhea ( E. coli (ET EC)),
Giardia, Entamoeba histolytica, Cyclospora
situational:Salmonella,Campylobacter, Yersinia, non-enterotoxigenic E.coli
Salmonella: always treat Salmonella typhi (typhoid or enteric fever); treat other Salmonella
only if there is underlying immunodeficiency, hemolytic anemia, extremes of age, aneurysms,
prosthetic valve grafts/joints, sickle cell disease

• report diarrheal illness to public health if appropriate

Initial Assessment
Any of:
• fever
• blood in stool
• severe abdominal pain i peritoneal signs
• profuse diarrhea with signs of hypovolemia
• hospitalized or recent use of ABx
• age >£5 yr with comorbidities
• immunocompromised (chemotherapy, HIV)
• diarrhea >7 d in duration
• exposure to suspicious foods or untreated water
• sexual contacts: men who have sex with men (MSMI

NOYES

Treat Symptoms
Rehydration
Antidiarrheal agents
• bismuth subsalicylate
• loperamide

Investigations
Roubne Tests:
Stool for fecal leukocytes
Stool C&Sfor Campylobacter,Salmonella, andShigella

Special Tests
Stool C&S for EHEC,stool
lor Shiga toxin
Stool for C. <Wffe//e toxins
A and B

Indication
Blood in stool

4 f Illness persists ] ( Illness resolvesRecent use of ABx or
hospitalized
Age>65 yrwith comorbidities
Immunocompromised
Diarrhea >7 d
Exposure tountreated watei

Indications lor Antimicrobial Therapy
Absolute Indications:
• infection with S. typhi, Shigella, C. difficile,

Cryptosporidium, t. histolytica
• immunocompromised patients
Relative Indications:
• infection with V. cholerae. non-typhoid Salmonella,

Campylobacter, Yersinia,Giardia, ETEC
• decision to treat is determined by severity of illness
(see Tables 9,10, and 11 for information on
common pathogens)

Stool O&P for Giardia,
Cryptosporidium,
£. histolytica HIV

MSM

Figure 7. Approach to acute diarrhea
Note: S. typhi has a rose spot rash (transient moculopapular rash on anterior thorax, upper abdomen), and a prodrome ol high fover,bradycardia,
headache,andabdominal pain.Diarrhea Is not theInitial presentation

r -i
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Table 9. Bacteria in Infectious Diarrhea
Source or Mode Incubation
ot Transmission

Clinical Features Duration Antimicrobial TherapyPathogen Notes

Fever Bloody Abdo Nausea /
Stool Pain Vomiting

B.cereus-TypeA Ricedishes
(emetic)

B.cereus-TypeB Meats,vegetables,
(diarrheal)
Campylobacter
jejuni

1-6 h <12 h Preformed exotoxinNone

8 -16 h <24 h Secondary endotoxinNone
dried beans, cereals
Uncooked meat,
especially poultry

2-10 d Macrolide or fluoroquinolone if
diarrhea >1wk.bloody diarrhea, or
immunocompromised

Most common bacterial cause of
diarrhea in Canada
Associated with Guillain-Barre
syndrome

<1wk± t

Clostridium difficile Can be normally
present in colon
in small numbers
(primary risk
laclorfor disease
is exposure to
antimicrobials)

Slop culprit anlibiolic therapy if possible Usually follows antibiotic
Supportive therapy (IV fluids) treatment (especially
Empiric Ireatmenlwrlh either clindamycin, fluoroquinolones,
vancomycin or fidaxomlcin penicillins,cephalosporins)
IIaccess lo empiric treatment is limited. Can develop pseudomembranous
then metronidarole may be used
For fulminant C.dillicile inlcdlon
(previously called severe),oral
vancomycin is used. IV metronidarole
added lo regimen If ileus present
None

Unclear Variables

colitis

Clostridium
perfringens

Contaminated food, 8-12h
especially meat and
poultry

<24 h Clostridium spores are heal
resistant
Secondary enterotoxin
Enteroinvasive
Relatively uncommon
Enterotoxigenic
Most common cause of traveller’s
diarrhea
Heat- labile and heat -stable
toxins

*

E. coli (ElEC) Contaminated food/ 1-3 d
water

Contaminated food/ 1-3 d
water

7-10 d None± ++

E.coli (ETEC) 3 d Fluoroquinolone or azithromycin for
moderate to severe symptoms

Enterohcmorrhagic Contamination of
E.coli (EHEC7STEC) hamburger,raw
i.c. 0157:H7

3 3 d 5 -10 d None:ABx increase risk ol HUS Shiga toxin production
Monitor renal lunction:10%
develop HUS
Anlidiarrheals increase risk
of HUS

»

milk,drinking,and
recreational water

Salmonella Typhi
$.Paratyphi (i.c.
Enteric Fever.
Typhoid)

Fecal-oral
Contaminated food/
water
Travel to endemic

10 14 d <5 - 7 d Empiric treatment withceftriaxone,
ciprofloxacin,or azithromycin
Fluoroquinolone resistance is increasing abdomen),fever,and abdominal

pain precedes diarrhea

Solmonello typin'. "Rose spot"
rash (on anterior thorax,upper

lt

area

Non-typhoidal
Salmonellosis
S.Typhimurium.
S.Enteritidis
Shigella dysen-
teriae

Contaminated animal 12-72 h
food products,
especially eggs,
poultry,meat,milk
Fecal-oral
Contaminated food/
water

3-7 d Ciprofloxacin only in severe illness,
extremes of age. joint prostheses,
valvular heart disease,severe
atherosclerosis,cancer,uremia
Fluoroquinolone

i

Very small inoculum needed for
infection
Complications include toxic
megacolon.HUS
Anlidiarrheals may increase risk
of toxic megacolon

Heal stable preformed exotoxin

1-4 d <1wkt

Staphylococcus
aureus

Unrelrlgcratcdmeat 2 4 h
and dairy products
(custard, pudding,
potato salad,mayo)
Contaminated food/ 1-3 d
water,especially
shellfish
Contaminated food 5 d
Unpasteurized milk

1-2 d None

Vibrio choterac 3 -7 d Tetracycline or fluoroquinolones
(ciprofloxacin)

Massive watery diarrhea (1- 3 L/d)
Mortality <1% with treatment

Yersinia Up to 3 wk Fluoroquinolone only for severe illness Majority of cases inchildren
1-4 yr
Mesenteric adenitis and terminal
ileitis can occurwithout diarrhea,
mimicking appendicitis
Can also mimicCD of terminal
ileum

i
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Table 10. Parasites in Infectious Diarrhea
Pathogen Source or Mode Incubation

of Transmission
Clinical Features Duration Antimicrobial Therapy Notes

Fever Bloody Abdo
Stool Pain

Nausea/
Vomiting

Cryptosporidium Fecal-oral 7 d 1-20 d Paromomycin +nilazoxanide Immune reconstitution if
immunosuppressed

i

Worldwide endemic 2-4 wk
areas
Fecal-oral

If untreated,potential for liver
abscess
Sigmoidoscopy may show flat ulcers

Only iodoquinol or paromomycin with yellow exudates
for asymptomatic cyst passage
Metronidazole or nilazoxanide
Treatments asymptomatic
carriers NOT recommended

Intamoeba
histolytica

Variable Metronidazole iodoquinol or
paromomycin if symptomatic
infection

+T

Giardia lamblia fecal- oral
Contaminated food.1

water

Variable Higher risk in:daycare children,
intake of untreated water ("beaver
fever").MSN.immunodeficiency
(decreased IgA)
May need duodenal biopsy

1-4 wk

Table 11. Viruses in Infectious Diarrhea
Clinical Features Duration Antimicrobial TherapyPathogen Source or Mode Incubation

of Transmission
Notes

Fever Bloody Abdo Nausea/
Stool Pain Vomiting

Norovirus Fecal-oral 24h 24 h None Noroviruses includeNorwalk virus

Can causesevere dehydration
Virtually all children are infected
by 3 yr
Oral vaccine given at 2 and 4 mo

Rotavirus Fecal-oral 2-4 d 3- 8 d Nonett

Traveller’s Diarrhea
Epidemiology

• most common illness to affect travellers
• up to 50°b of travellers to developing countries affected in first 2 wk and 10-20% after returning home

Etiology
bacterial (80-90%);t.coli most common (ETEC),Campylobacter, Shigella, Salmonella, Vibrio (non-
cholera); wide regional variation (e.g.Campylobacter more common in Southeast Asia)

• viral: norovirus, rotavirus, and astrovirus account for 5-8%
• protozoal ( rarely):Giardia, Entamoeba histolytica,Cryptosporidium,and Cyclospora for ~10% in long-

term travellers
• pathogen-negative traveller’s diarrhea common despite exhaustive microbiological workup

Treatment
• rehydration is the mainstay of therapy

• rehydrate with sealed beverages
in severe fluid loss, use oral rehydration solutions ( I package in I L boiled or treated water)

• treat symptoms: antidiarrheal agents (e.g. rifamycin ABx, bismuth subsalicylate, loperamide)
• empiric ABx in moderate or severe illness:ciprofloxacin,azithromycin, or rifaximin
note: there is increasing fluoroquinolone resistance in causative agents, especially in South and
Southeast Asia

Prevention
• proper hygiene practices

avoid consumption oft foods or beverages from establishments with unhygienic conditions (e.g.
street vendors), raw fruits or vegetables without a peel, raw or undercooked meat and seafood
avoid untreated water

• bismuth subsalicylate ( Pepto-Bismol’):60% effective (2 tablets Q1D)
• antibiotic prophylaxis not recommended

• increased risk of infection with resistant organisms
high-risk groups (e.g.immunocompromised individuals) likely to be infected with pathogen not
covered by standard antimicrobial agents

J
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• Dukoral': oral vaccine that offers protection against V. cliolerac (efficacy -80%) and ETEC (efficacy-50-67%)
two doses should be taken two weeks prior to traveling and the effect may last up to three months

» Public Health Agency of Canada recommends that it may be considered for the following
situations (not recommended for routine use in travellers):

increased risk of acquiring traveller’s diarrhea (gastric hypochlorhydria or young children >2
y)
short-term travellers who are high-risk (e.g.chronic illness) and have an increased risk of
serious consequences of traveller's diarrhea (e.g.chronic renal failure, CHI', T1DM, IBD)

» immunosuppression
history of repeat traveller’s diarrhea
travellers to cholera endemic countries at increased risk of exposure

• two vaccines against Salmonella lyphi are available and their effectiveness is estimated to be 50-70%

KChronic Diarrhea
Definition
• passage of frequent unformed stool for >4 wk (compared to persistent diarrhea lasting 14-30 d)

Etiology/Classification
• majority of cases are non-infectious
• see Differential Diagnosis of Common Complaints, G’5

Investigations
• guided by history
• stool analysis for: C.difficile toxin, C&S, O&P ± fecal fat, WBC, fecal calprotectin
• blood for: CBC, electrolytes, C-reactive protein (CRP) , T'SH, celiac serology (IgA anti-tTG;ask for

serum protein electrophoresis or immunoglobulin quantitation to rule out IgA deficiency, which has
an increased frequency in celiac disease)

• colonoscopy and ileoscopy with biopsy
• upper G1endoscopy with duodenal biopsy
• wireless small bowel endoscopy capsule (low yield)
• trial of lactose free diet

• caveat: may delay diagnosis of IBD and celiac disease

Treatment
• approach is similar to that of acute diarrhea

Maldigestion and Malabsorption
Definition
• maldigestion: inability to break down large molecules in the lumen of the intestine into their

component small molecules
• malabsorption: inability to transport molecules across the intestinal mucosa into circulation

Etiology
• maldigestion

• inadequate mixing of food with enzymes (e.g. post-gastrectomy)
• pancreatic exocrine deficiency
• primary diseases of the pancreas (e.g. cystic fibrosis (CF) (remember CF can result in pancreatic

exocrine insufficiency as well), pancreatitis, cancer)
bile salt deficiency

terminal ileal disease (impaired enterohepatic recycling in view of loss greater than
synthesis), bacterial overgrowth (deconjugation of bile salts), rarely liver disease (cholestatic,
e.g. PBC)

specific enzyme deficiencies (e.g. lactase)
• malabsorption

inadequate absorptive surface
infections/infestations (e.g. Whipple’s disease, ( iiardia )
immunologic (e.g. celiac disease)
infiltration (e.g. lymphoma, amyloidosis)
fibrosis (e.g. systemic sclerosis, radiation enteritis): can lead to loss of surface area but also
areas of stricture formation resulting in stasis with small bowel overgrowth
small bowel resection (length, site, location, presence/absence of ileocecal valve, and integrity
of colon are important)
congenital (e.g. short bowel syndrome)
inflammatory':extensive ileal CD (pivotal number is 100 cm as <100 cm = bile salt or
choleretic diarrhea, >100 cm = fatty diarrhea or steatorrhea) +
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• drug-induced
cholestyramine,ethanol, neomycin, tetracycline, and other ABx

endocrine
DM (complex pathogenesis)

Clinical Features
• symptoms usually vague unless disease is severe
• weight loss, diarrhea, steatorrhea, weakness, fatigue
• manifestations of malabsorption/deficiency

Fat Soluble Vitamins:ADEK
vitamin A. vitamin D. vitamin E.vitamin
K

Table 12. Absorption of Nutrients and Fat Soluble Vitamins
Deficiency Absorption Clinical Disease and/or Features Investigations

Duodenum, upper jejunum Hypochromic, microcytic anemia,
glossitis, koilonychia (spoon nails), pica

« Hb, serum Fe, a serum ferritinIron

Calcium Duodenum, upper jejunum ( binds lo Cat'
binding -protein in cells: levels increased
by vitamin D)

Metabolic bone disease, may get tetany a Serum Cat', a serum Mg /- , and
and paresthesias if serum calcium tails* t ALP
(see Endocrinology, E42) Evaluate for a bone mineralization

radiographically (dual energy x- ray
absorptiometry.OEXA)

Folic Acid Megaloblastic anemia, glossitis, a red
cell folate (may see t lolic acid with
bacterial overgrowth)

B12 ingested and bound to fi proteins mainly Subacute combined degeneration
Irom salivary glands:stomach secretes IF in of thespinal cord, peripheral/optic
acidic medium: in basic medium, proteases neuropathy, dementia, megaloblastic
Irom the pancreas cteave R protein and anemia, glossitis
EU - IF complex forms, protecting Bu Irom
further protease attack:B12 absorbed in
ileum and binds to Itanscobalamin (IC)

Complex polysaccharides hydrolyzed lo Generalized malnutrition, weight loss,
oligosaccharides and disaccharides by flatus, and diairhca
salivary and pancreatic enzymes
Monosaccharides absorbed in duodenum!
jejunum

Digestion at stomach, brush border, and
inside cell
Absorption occurs primarily in the jejunum
Lipase, colipase, phospholipase A
(pancreatic enzymes), and bile salts needed and diarrhea
lor digestion
Products ol lipolysis form micelles which
solubilize fatand aid in absorption
Absorption occurs primarily in the jejunum
Fatty acids diffuse into cell cytoplasm

a Serum folic acidJejunum

Vitamin Biz Differentiate causes by nuclear
Schilling test (when available)
Positive anti- intrinsic factor
antibodies and atrophic gastritis
point toward perniciousanemia (see
Hematology.H25)

Carbohydrate Hydrogen breath test
trial of carbohydrate-restricted diet
0-xylose test

Protein General malnutrition and weight loss,
amenorrhea, and a libido it severe

a Serum albumin (lowsensitivity)

Fat Generalized malnutrition, weight loss. Small bowel biopsy
MRCP. ERCP, pancreatic function tests
(not routinely available)
Quantitative stool tat lest (72 h)
May start with qualitative stool fat
test (Sudan stain of stool)
C-triolein breath test (not routinely
available)

Foul -smelling lcccs *gas
Steatorrhea

Vitamin A flight blindness
Dry skin
Keratomalacia

Skin (via UV light) or diet (e.g. eggs, fish oil. Osteomalacia in adults
fortified milk)

Dietary sources (e.g. vegetable oils.nuts. Retinopathy, neurological problems
leafy green vegetables)
Synthesized by intesbnal flora
t risk of deficiency after prolonged use of

broad spectrum ABx and /or starvation

Dietary sources (e.g. milk, eggs, liver,
carrots, sweet potatoes)

Vitamin D
Rickets in children

Vitamin E

Vitamin K Prolonged INR may cause bleeding

' Calcium malabsorption more commonly causes decreased bone density rather than hypocalcemia because serum calcium levels are protected by
leaching calcium Iromlhe bone

Investigations
• tTG-lg/\ antibody serology/immunoglobulin A quantitation and abdominal imaging are most useful

because celiac disease and chronic pancreatitis are the two most common causes of steatorrhea
• 72 h stool collection (weight, fat content ) documents steatorrhea (gold standard)
• fecal elastase to screen for pancreatic insufficiency and/or consider empiric trial of pancreatic

enzymes based on clinical context
• serum carotene (precursor to vitamin A ) , folate, Ca J+,Mg 2 t, vitamin Bt 2, albumin, ferritin, serum

iron solution, international normalized ratio/partial thromboplastin time (1NR/ PTT)
• stool fat globules on fecal smear stained with Sudan (used as an initial qualitative screening tool )
• other tests specific for etiology (e.g.Cl' scan/MRl to visualize pancreas)

Treatment
• dependent on underlying etiology

r n
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Celiac Disease (Gluten Enteropathy/Sprue)
Definition

• abnormal small intestine mucosa due to intestinal reaction to gluten, a protein found in wheat, barley,
rye, and possibly oats (certified gluten-free oats may be acceptable in a subgroup of patients)

Etiology
• unique autoimmune disease because the genetics (HLA-DQ2/8), the auto-antigen (tTG), and the

environmental trigger (gluten) are all known
• associated with other autoimmune diseases, especially Sjogren’s, T1DM, thyroid disease
• gluten is broken down to gliadin, which is the toxic protein
• HLA-DQ2 (chromosome 6) found in 80-90% of patients compared to 20% of the general population;

celiac also associated with HLA-DQ8
• HLA-DQ2/Q8 are necessary permissive genes, but their presence docs not confer a diagnosis of celiac

disease (note: up to 40% of White individuals carry the HLA alleles, but will never develop celiac
disease)

Epidemiology
• more common in women
• prevalence:1 first degree relative: 10%; 2 first degree relatives:20%
• may present any time in life, with peak presentation in infancy (when cereals introduced)

Clinical Features
• classic presentation:diarrhea, weight loss, anemia, symptoms of vitamin/mineral deficiency, failure to

thrive; more common current presentation: bloating, gas, iron deficiency, or asymptomatic (patient at
risk)

• improves with gluten-free diet, deteriorates when gluten reintroduced
• disease is usually most severe in proximal bowel

iron, calcium,and folic acid deficiency (absorbed in proximal small bow'el) more common than
vitamin B 12 deficiency (absorbed in distal small bowel or ileum)

• gluten enteropathy may be associated with dermatitis herpetiformis skin eruption, epilepsy,
myopathy, depression, paranoia, infertility, bone fractures/metabolic bone disease

Investigations
• serological tests

• serum anti-tTG antibody, IgA, is 90-98% sensitive, 94-97% specific
• patients with selective IgA deficiency have false-negative anti-tTG

therefore, measure serum IgA concomitantly (via serum immunoglobulin quantitation)
• incorporate serum testing tTG and/or DGP IgG in IgA deficiencies
• small bowel mucosal biopsy (usually duodenum) is diagnostic:

• increased intraepithelial lymphocytes (earliest pathologic finding)
• crypt hyperplasia (next stage of pathophysiology)

villous atrophy (last stage of pathophysiology)
note: there is a wide differential diagnosis for villous atrophy, including, but not limited to, small
bowel overgrowth, CD, lymphoma, Giardia, HIV

• improvement with a gluten-free diet, but should not be started in adults before serological tests and
biopsy

• consider CT enterography to visualize small bowel to rule out lymphoma
• evidence of malabsorption (localized or generalized)

• steatorrhea
low levels of ferritin/iron saturation, Ca 2\ Fe,albumin, cholesterol, carotene, Bi:absorption

• quantitative fecal fat >7%

Treatment
• dietary counselling

• gluten free diet; avoid barley, rye, wheat (as these grains are related and have toxic proteins,
similar to gliadin)
oats allowed if not contaminated by other grains (grown in soil without cross-contamination)

• rice and corn flour are acceptable
• iron, folate supplementation (with supplementation of other vitamins as needed)

• if poor response to diet change, consider
• alternate diagnosis
» non-adherence to gluten-free diet (advertent or inadvertent)

concurrent disease (e.g. microscopic colitis, pancreatic insufficiency)
• development of intestinal (enteropathy-associated T-cell) lymphoma (abdominal pain, weight

loss, palpable mass)
development of diffuse intestinal ulceration,characterized by aberrant intraepithelial T-cell
population (precursor to lymphoma)

Early Gluten Introduction and Celiac Disease in
the MIStudy:A Prespecified Analysis of the MI
hodomited Clinical Trial
JAMA Pedralr 2020:114:1 ?
Purpose:Determine whether introdactlon of
high-dose gluten lowers celiac disease prevalence
at 3yr of age
Methods: l- fa
6 allergenic foods In addition to breast milk from
age 4 mo (early introduction),or to avoid allergenic
foodsand follow exclusive breastfeeding guidelines
(standard introduction). Evaluation of celiac
was an a priori secondary outcoureoithe EAT
trial, tested at age 3 with anh transglutaminase 2
antibodies.
Results:1.4% of infants in thestandard introduction
group had a celiac disease diagnosisconfirmed.
versus 0% of infants in theearly introduction group.
Conelotion:Introduction of gluten from age 4 mo
was associated with a reduction in the prevalence of
celiacdrsease.

nts were random ued to consume

d scare

<§)
Gluten Founci in BROW

Barley
Rye
Oats (controversial)
Wheat

n ,
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Prognosis
• associated with increased risk of lymphoma, carcinoma (e.g. small bowel and colon; slight increase

compared with general population),autoimmune diseases
• risk oflymphoma may be loweredby dietary gluten restriction

Inflammatory Bowel Disease
Definition
• group of disorders characterized by inflammation, and potentially ulceration, of the gastrointestinal

tract; two main forms include CD and UC

Etiology
• complex, multifactorial etiology
• most likely a sustained response of the immune system,perhaps to enteric flora
• lack of appropriate down-regulation of immune responsiveness after an infection in a genetically

predisposed individual

Genetics
• increased risk ofboth UC and CD in relatives ofpatients with either disease, especially siblings;early

onset disease
• familial risk greater if proband has CD rather than UC

• likely polygenomic pattern; 2001 associated gene loci
• CARD15/NOD2 gene mutation associated with CD (relative risk in heterozygote is 3, in homozvgote is

40), especially in Ashkenazi Jews,early onset disease,ileal involvement, and fistulizing, fibrostenotic,
or stricturing disease
• CARD15 gene product modulates Nl'xp, which is required for the innate immune response to

microbial pathogens, best expressed in monocytes-macrophages

Clinical Features

Table 13. Clinical Differentiation of Ulcerative Colitis from Crohn’s Disease
Crohn's Disease Ulcerative Colitis

location Any part of Gl tract ("gum to bum")
Smallbowel coton:50%
Small bowel only;30%
Colon only;20%

Uncommon;possibin if colonic disease
Usually nonbloody (may be bloody,particularly if
distal colon isinvolved)
Post-prandial/colicky
Common
Uncommon (unless rectum involved)
Frequent (25%).#10

Common
Segmental inflammation, ulcers (aphthous, stellate,
linear),patchy lesions, pscudopolyps. cobblestoning

Isolated to large bowel
Always involves rectum,mayprogress proximally

Very common (90%)

Frequent,mucous,bloody, small volume stools
Rectal Bleeding
Diarrhea

Abdominal Pain
Fever
Urgency/Tenesmus
Palpable Mass

Recurrence After Surgery
Endoscopic Features

Predefecation/colicky
Uncommon
Common
Rare (if present,often related to cecum full of stool)

None post-colectomy (with permanent ileostomy)
Continuous diffuse inflammation,erythema,
friability, loss of normal vascular pattern,
pseudopolyps
Mucosal distribution,continuousdisease (no skip
lesions)
Architectural distortion,gland disruption, crypt
abscess
Granulomas absent

Histologic Features Transmural distribution with skip lesions
Focal inflammation
t Noncaseating granulomas, deep
Assuring aphthous ulcerations, strictures
Glands Intact

Radiologic Features Cobblestone mucosa
Frequent strictures and fislulae
Abdominal x-ray;bowel wall thickening,‘string sign" complicating cancer
Strictures. Astulae,perianal disease

Increased if >30% of colon involved

lackofhaustra
Strictures rare;if present, need to rule out

Complications

Colon Cancer Risk
Toxic megacolon

Increased except inproctitis

+
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Table 14. Extraintestinal Manifestations of IBD
System Crohn's Disease Ulcerative Colitis
Dermatologic

Erythema nodosum
Pyoderma gangrenosum
Perianal skin tags
Oral mucosal lesions,stomatitis Common
Psoriasis

15% 10%
10% Less common
75-80% Rare

Rare

Present in 5-10% ol those v/ ith IBD but not an EIM
Rhcumatologic
Peripheral arthritis
Ankylosing spondylitis
Sacroiliitis

15-20% of those with IBD (CD>UC|
10% of those with IBD|CD» UC)
Occurs equally in CD and UC

Ocular|~10% ol IBD)
Uveitis (vision threatening)

Episcleritis (benign) 3- 4% of I80 patients (CD» UC )
Hepatobiliary

Cholelithiasis 15-35% of patients with ileal CD
1-5% of IBD cases with colonic involvementPSC

Fatty liver
Gallstones Pigment stones in CO
Urologic
Calculi Most common in CD.especially following ileal resection or extensive terminal ileal disease (oxalate stones),

usually in context of an intact colon

Ureteric obstruction
Fistulas Characteristic Of CO
Others
Thromboembolism

Vasculitis
Osteoporosis
Vitamin deficiencies (Bij . ADEK )

Cardiopulmonary disorders
Pancreatitis (rare)

Phlebitis

Increased in CD with/without prior steroids, in UC only alter steroids usage

Crohn’s Disease
Definition
• chronic transmural inflammatory disorder potentially affecting the entire gut from mouth to perianal

region (“gum to bum")

Epidemiology
• worldwide incidence 3-15 to 10-20/100000; 135000 Canadians living with CL)

• bimodal: onset before age 30, second smaller peak at age 60; M=l-
• incidence of CD increasing ( relative to UC) especially in young females
• more common in White people, Ashkenazi lews

• risk in Asians increases with move to Western countries
• smoking incidence in CD patients is higher than general population

Pathology
• most common location; ileum + right colon
• linear ulcers leading to mucosal islands and “cobblestone" appearance
• granulomas are found in 50% of surgical specimens, 15% of mucosal biopsies

Clinical Features
• natural history unpredictable; young age, perianal disease, and need for corticosteroids have been

associated with poor prognosis, but associations are not strong enough to guide clinical decisions
• commonly presents as recurrent episodes of abdominal cramps, diarrhea ( with or without bleeding),

fatigue, and weight loss
• ileitis may present with post-prandial pain, vomiting, RLQ mass; mimics acute appendicitis
• ElMs are more common with colonic involvement
• fistulae, fissures, abscesses are common
• deep fissures with risk of perforation into contiguous viscera (leads to fistulae and abscesses)
• enteric fistulae may communicate with skin, bladder, vagina, and other parts of bowel

Effect of Tight Control Management on Crohn's
Disease (CAIM ):A Multi -Centre, Randomized
Gxitrollcd Phase 3 Trial
lancet 2017:390:2775-2789
Purpose fodefnethe m e ol incorporating
laboratory biomatkers in the management algorithm
ol active CD.
Study: RCT
Population : 224adult patients|22 countnes at 74
hospitals) with active CD wem random red to intensify
treatment based on either laboratory bomaikets
(serum CRP, fecai calpioietto) plus clinical evaluation
(CD activity inderand prednisone use) or treatment
based art clinical evaluation alone.
Outcomes: Mucosal healing via the absence ol
deep ulcers.
Results: At 2 yr.more patents receuir gtreatment
ciitena that me uded laboratory tests had complete
mucosal healing ( Le. ro ulcers) than the group treated
on the basisol symptoms alone (46% vs. 30%).
Admittedly, the endpoint ol mucosal healing is not
a strong dmiceSy relevant result , but other studies
hare shown that the gieater the mucosal ulceration ,
the higher the rate of complications (Le.strictores,
fistulae. abscesses, hospitalizations, and surgery).
Conclusions ISisrs not debalive data but adds
to other evidence showing that the traditional
management paradigm reeds renting, soia most
patients it is worthwhile aiming for endoscopic
healing of CO irrespective of symptoms.
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Investigations
• colonoscopy with biopsy to visualize (less often gastroscopy)
• CT/MR enterographv to visualize small bowel
• CRH elevated in most new cases, useful to monitor treatment response (especially acutely in UC)
• bacterial cultures, O&P, C. difficile toxin to exclude other causes of inflammatory diarrhea

Management (see Figure 8)

Traditional Medical Management of
Crohn's Disease

Induction of Maintenance
Remission

5 ASA* 1 ?
Table 15. Management of Crohn’s Disease Steroids

Imimino-
modulators

NotesManagement
Lifestyle/Dict Smoking cessation

Fluids only during acute exacerbation
Enteral diets may aid inremission only for Crohn's ileitis, not colitis
No evrdence for any non- enteral dietchanging tire natural history of CD. but may affect symptoms
Those with eitensive small bowel involvement or extensive resection require electrolyte,mineral, and vitamin
supplements (vitamin D, Ca2-.Mg2-.Zn.Fe, Bit)
Loperamide (Imodium - ) > diphenoxylate (Lomotil!|> codeine (cheap but addictive)
All work by decreasing small bowel motility,used only for symptom relief
CAUTION: if colitis is severe frisk olprecipitating toxic megacolon), therefore avoid during flare- ups

Sulfasalazine (Salazopyrin 3): 5 ASA bound to sulfapyridme
Hydrolysis by intestinal bacteria releases 5-ASA (active component)
Dose-dependent efficacy
Mesalamine IPentasa - . Salofalk - . Mezavant , Olsalazine : ): used for the treatment of mild ileitis (CO) and mild
UC, when inflammation is mild

E.g. metronidazole (20 mg/kg/d.8ID or TID dosing) or ciprofloxacin
Best described for perianal CO, although characteristically relapse when discontinued
Prednisone:starting dose 40 mg once daily for acute exacerbations: IV methylprednisolone if severe
No proven role for steroids in maintaining remission;masks intra-abdominal sepsis

6-mcrcaptopurine (6 MP). azathioprine (Imuran ' ); MIX (used less often)
More often used to maintain remission than to treat active inflammation
Most commonly used as steroid sparing agents
i.e. to lower risk of relapse as corticosteroids are withdrawn
May require »3 mo to have beneficial effect:usually continued for several years
May help to heal frstulae, decrease disease activity
Increases efficacy of biologies plus lowerschances of biologic dosing efficacy (tolerance) so often given in
combination with biologies
Side effects: vomiting, pancreatitis, bone marrow suppression, increased risk of malignancy (i.e. lymphoma)
Infliximab IV (Remicade ' ) or adalimumab SC (Humira ' ):both- antibody to INF a
Proven effective for treatment of fistulae and medically refractor y CD
First- line immunosuppressive therapy with infliximab * azathioprine (dual therapy) more effective than using
either alone (monotherapy)
Ustekinumab. monoclonal antibody against P40 subunit of interleukin 12 and 23
Vedolizumab.monoclonal antibody directed against inlcgrin a4(17 thereby reducing lymphocyte traffic lo gut-
now indicated for UC and CD
JAK (Janus Kinase) inhibitors (e.g. tofacitinib). Efficacy demonstrated in UC

(e.g.
azathioprine.
methotrexate
(MIX))
Antibiotics
BiologiesAntidiarrheal Agents'
'Vxmlnosallcytlt add(VUi|in*In CO is
untromfvial. Ilowuvvi.maultrial lot mildivlthDitty
nwarranted(Induction and matnlcnamrIt dinkal
response)5 ASA"

Antibiotics
Nutrition

Symptomatic tlierapv
(e.g. loperamide,acetaminophen)

Corticosteroids

IImmunosuppressives
5-ASA (mesalamine)

Antibiotics (Flagyl'” Cipro )

I
Corticosteroids

(e.g.budesonide,prednisone)

I
Biologies Immunosuppression

(e.g.azathioprine.6-MP.methotrexate)

I
Immunomodulators

(e.g. TNF-antagonisls: infliximab,
adalimumab)

IImmunotherapy (Small
molecules)

Surgical/ Experimental
Experimental therapy or surgery

Surgical treatment (see General and Thoracic Surgery.GS3G)
Surgery generally reserved for complications such as fistulae. obstruction, abscess, perforation, bleeding, and
for medically refractory disease

If <50% or <200 cm of functional small intestine, risk of short bowel syndrome
At least 50% clinical recurrence within 5 yr;85% within 15 yr;endoscopic recurrence rate even higher
40% likelihood of second bowel resection, 30% likelihood of third bovrel resection
Complications of ileal resection

Figure 8. Traditional graded
approach to induction therapy in
Crohn's disease
Note: immunosuppresianb and
immunomodulators are increasingly used initially
(“top-down management strategy").5-ASA drugs
have limited role in Crohn's disease

<100 cm resected » watery diarrhea or cholorrhea (impaired bile salt absorption)
Treatment:cholestyramine or antidiarrheals. e.g. loperamide
>100 cm resected » steatorrhea (reduced mucosal surface area,bile salt deficiency)
Treatment: fat restriction, medium chain triglycerides

’Cholestyramine:a bile-salt binding resin; for watery diarrhea with <100 cm ol terminal ileum diseased or resected:however,non-specific
antidiarrheals are more convenient and often morepotent
"5-ASA use inCD is controversial;however, initial trial tor mild ileitis only is warranted (induction and maintenance if clinical response)

Prognosis
• highly variable course
• 10% disabled by the disease eventually, spontaneous remission also described
• increased mortality, especially with more proximal disease, greatest in the first 4-5 yr
• complications include

intestinal obstruction/perforation
• fistula formation

malignancy (lower risk compared to UC)
• surveillance colonoscopy same as UC (see Ulcerative Colitis, G25) if more than 1/3 of colon involved

+
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SHUlcerative Colitis
Definition
• inflammatory disease affecting colonic mucosa anywhere from rectum (always involved) to cecum

Epidemiology
• worldwide incidence 3-15 to 10-20/100000; 120000 Canadians living with UC (less common than CD)
• 2/3onset by age 30 (with second peak after 50 yr); M=l;
• small hereditary contribution (15% of cases have 1st degree relative with disease)
• reduced risk in smokers
• inflammation limited to rectum or left colon is more common than pancolitis

Pathology
• disease can involve any portion of lower bowel ranging from rectum only (proctitis) to entire colon

(pancolitis)
• inflammation is diffuse, continuous,and confined to mucosa

In UC. non-bloody diarrhea is frequently
the Initial presentation:eventually
progressing to bloody diarrhea

Medical Management of Ukerative

Induction of

Clinical Features
• rectal bleeding is the hallmark feature;diarrhea present if more than the rectum is involved

can also have abdominal cramps/pain, especially with defecation
• severity of colonic inflammation correlates with symptoms (stool volume, amount of blood in stool)
• tenesmus, urgency, incontinence
• systemic symptoms; fever, anorexia, weight loss, fatigue in severe cases
• ElMs (see Table 14,023)
• characteristic exacerbations and remissions; 5% of cases are fulminant

5-ASA
Steroids
Immuno-
suppressive

i

Investigations
• sigmoidoscopy with mucosal biopsy (to exclude self-limited colitis) without bowel prep

sufficient for diagnosis
• colonoscopy helpful to determine extent of disease; contraindicated in severe exacerbation
• CT colonography (formerly barium enema) if colonoscopy cannot be done; contraindicated in severe

disease
• stool culture, microscopy, C. difficile toxin assay necessary to exclude infection
• no single confirmatory test

aration often

Treatment
• mainstays of treatment:5-ASA derivatives (only in mild to moderate disease) and corticosteroids, with

azathioprine used in steroid-dependent or resistant cases
• diet of little value in decreasing inflammation but may alleviate symptoms
• antidiarrheal medications generally not indicated in UC. 5-ASA

• topical (suppository or enema): effective for distal disease (rectum to splenic flexure) if inflammation is
mild, preferable to corticosteroids

» oral:effective for mild to moderate, but not severe colitis (e.g. sulfasalazine 3-4 g/d, mesalamine 4 g/d)
» commonly used in maintaining remission (decreases yearly relapse rate from 60% to 15%)
» may decrease rate of colorectal cancer

• corticosteroids
to remit acute disease, especially if severe or first attack; may need maximum dose IV steroids initially
(e.g. methylprednisolone 30 mg IV ql2 h)

• limited role as maintenance therapy for mild to moderate disease
use suppositories (predominantly available in compound pharmacies) for proctitis
use enemas and topical steroids (e.g.hydrocortisone foam, budesonide enemas) for inflammation
distal to splenic flexure

• immunosuppressants (steroid-sparing)
» in hospitalized patients with severe UC-add IV' infliximab if no response to IV methylprednisolone

within 3d; then consider colectomy if inadequate response
• biologies (infliximab, adalimumab, golimumah, vedolizumab) and small molecules (tofacitinib)

can also be used for outpatients with moderate-severe disease, particularly those that are steroid-
unresponsive or steroid-dependent, some evidence that they are best used early in course of disease

• azathioprine and 6-MP: too slow to rapidly resolve acute relapse
most commonly used to maintain remission as corticosteroids withdrawn
given with biologies: increase efficacy of infliximab and decrease likelihood of developing
tolerance to infliximab (-10% chance/yr)

• Ozanimod
an oral sphinogosine-l-phosphate receptor modulator used for treating moderate-to severe UC
does not require previous failure of immunosuppressants, glucocorticoids, biologies,or other small
molecules

n
L J

increases clinical remission rates compared to placebo
• surgical treatment (restorative)

aim for cure with colectomy; bowel continuity can be restored with ileal pouch-anal anastomosis
(IPAA)
indications:failure of adequate medical therapy, toxic megacolon, uncontrollable bleeding, pre-
cancerous changes detected either by endoscopy or endoscopic biopsies (dysplasia), inability to taper
corticosteroids, overt malignancy
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Complications
• similar to CD, except:

more liver problems (especially PSC in men )
• greater risk of colorectal cancer

risk increases with duration and extent of disease (5% at 10 vr, 15% at 20 yr for pancolitis;
overall relative risk is 8%)
risk also increases with active mucosal inflammation and sclerosing cholangitis
thus, regular colonoscopy and biopsy in pancolitis of l>8 yr is indicated

• toxic megacolon ( transverse colon diameter >6 cm on abdominal x-ray) with immediate danger of
perforation (see General Surgery and Ihoracic Surgery. GS45)

When Considering Complications of
ISO. Think:

ULCERATIVE COLITIS
Urinary calculi
Liver problems
Cholelithiasis
Epithelial problems
Retardation of growth/sexual
maturation
Arthralgias
Thrombophlebitis
Iatrogenic complications
Vitamin deficiencies
Eyes
Colorectal cancer
Obstruction
Leakage (perforation)
Iron deficiency
Toxic megacolon
Inanition (wasting)
Strictures

Prognosis
• chronic relapsing pattern in most patients
• 10-15% chronic continuous pattern
• >1 attack in almost all patients- more colonic involvement in the 1st yr correlates with increased severity of attacks and increased

colectomy rate
• colectomy rate = 1% for all patients after the 1st yr; 20-25% eventually undergo colectomy

• normal life expectancy
• if proctitis only, usually benign course, lifetime risk of extension is 15%
• fecal calprotectin increasingly recognized as a marker of bowel mucosal inflammation, reported to be

especially useful in monitoring the activity of 1BD, but accuracy is still controversial

sIrritable Bowel Syndrome
Definition
• a form of functional bowel disease, now also known as disorder of gut-brain interaction; more than

just a label for G1 symptoms unexplained after normal investigations

Epidemiology
• 11% worldwide prevalence
• onset of symptoms usually in young adulthood
• F>M

Clinical Features
• Rome IV Criteria are used for diagnosis
• diagnosis is based chiefly on history; no specific diagnostic test available

Pathophysiology
• associated with either abnormal perception of intestinal activity or abnormal intestinal motility
• abnormal motility; multiple abnormalities described; unclear if associated or causative
• psychological: stress may increase IBS symptoms but probably does not cause IBS
• 4 main types of IBS

1BS-D: IBS with predominant diarrhea
• IBS-C: IBS with predominant constipation
• IBS-M: IBS-mixed with both diarrhea and constipation (each >25% of all abnormal bowel

movements)
IBS untyped: insufficient abnormalities to be IBS-C, D, or M

Diagnosis

Emerging Biologic Treatments for
Ulcerative Colitis
Generic
Name

Brand Name Major Study

Ustekinumab Stelara ' NEJM 2019;
381:1201
1214

Vedolirumab Entyvio ' HUM 2019;
381:1215-
1226
HUM 2019;
381:1215-

Adalimumab Humira '

1226

Table 16. Rome IV Criteria for Diagnosing Irritable Bowel Syndrome
IBS Rome IV Criteria
Recurrent abdominal pain lor more than 6 mo, at least1d /wk in the last 3mo.associated with 2 or more of the following:
1.Related to defecation
2. Associated vrlth a change In frequency ol stool
3.Associated with a change in form (appearance) of stool

Symptom onset at least 6 mo before diagnosis and criteria present during the last 3 mo
Ihe Mowing are supportive , but not essential to the diagnosis:
Abnormal stool frequency (>3/d or «3/wk)
Abnormal stool lorm flumpy/hard/loose/watery) >114 of defecations
Abnormal stool passage (straining, urgency, feeling of incomplete evacuation) >1/4 of defecations
Passage of mucus»1/4 of defecations
8loating r ~t

L JDiagnosis ol IBS less likely in Presence of "Red Flag"Features
Weight loss
Fever
Hodurnal defecation

Anemia
Blood or
Abnorm ,

i pus in stool
al gross findings on flexible sigmoidoscopy

+Hormal Physical fxam
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Investigations
• if history consistent with Rome IV criteria, no alarm symptoms, and no family history'of 1BD or

colorectal cancer, limited investigations required
• aim is to rule out diseases which mimic IBS, particularly celiac disease and 1BD
• investigations can be limited to CBC and celiac serology
• if available, fecal calprotectin is likely more reliable test to rule out IBD
• consider1SH,stool cultures depending on clinical circumstances
• consider colonoscopy (e.g. if alarm features present, family history of IBD, or ages >50)

IBS Mimickers
• Enteric infections e.g. Giardia
• Lactose Intolcranco/other

dlsaccharidase deficiency. CO
• Celiac sprue
• Drug-induced diarrhea
• Diet-induced (excess tea, coffee,

colas)
Treatment
• education: reassurance, explanation, support, aim for realistic goals
• relaxation therapy, biofeedback, hypnosis, stress reduction, cognitive behavioural therapy, probably

exercise
• dietary: low l:01)MAH ( fermentable Qllgo-, Pi-, Monosaccharides And Polyols) diet for pain, bloating,

gas, irregular bowel movements (BMs)
• no therapeutic agent consistently effective, pain most difficult to control, no drug changes natural

history so the drug should be “wanted, since it is not needed”

• symptom-guided treatment
pain predominant

antispasmodic medication before meals (e.g. hyoscine, pinaverium, trimebutine - low level of
evidence)

• tricyclic antidepressants (TCA), selective serotonin reuptake inhibitors (SSKI) • moderate
level of evidence

Rilaxiniin therapy for Patients with Irritable
Bowel Syndrome withont Constipation
NEJM 2011:364:22-32
Purpose:Previous evidencesuggests that gut flora
may play an important role in the pathophysiology
of ISS.Ihis study evaluated nfatimin, a minimally
absorbed antibiotic, in beating IBS without
constipation.
Methods: two phase 3.double -blind, placebo-
controlled trials ( IMMI1and IMCil 2|.12(0
patients who had I8S without constipation were
randomly assigned to rifanmin (5(0 mg dose) or
placebo,110 for 2 wk.with a follow-up of 10 wk.The
primary endpoint wasadequate self-reported relief of
global IBS symptoms.
Results:Significantly more patents in the rifanmin
group had adequateself -reported relief of global
IBS symptoms compared to the placebo groupduring
the first 4 wk after treatment (40.831 vs. 31,2V
respectively!. Also,more patients In the rifaximln
group had adequate relief of bloating compared to the
placebogroup (39.5*vs.28.7V respectively).
Conclusions: Rifaiinnim therapy for 2 wk provided
significant relief of symptoms, bloating, abdominal
pain, and stool consistency associated with IBS
without constipation.

• 1BS-D
increase fibre (bran or psyllium) to increase stool consistency but may worsen abdominal gas
(controversial)

loperamide (Imodium*) (continuous use advised against)
diphenoxylate (Lomotil*)
cluxadoline
rifaximin

• IBS-C
increase fibre in diet
linaclotide, plecanatide, tenapanor
osmotic or other laxatives (help more with the constipation than the pain)

Prognosis
• 80% improve over time
• most have intermittent episodes
• normal life expectancy

sConstipation
Definition
• passage of infrequent/hard stools and/or difficult stool evacuation (e.g. straining, sensation of

anorectal blockage)

Epidemiology
• increasing prevalence with age; F>M
• rare in Africa and India where stool weight is 3-4x greater than in Western countries

Etiology
• most common: functional, idiopathic attributed to colon dysmotility but this is difficult to measure
• organic causes: likely only if there are symptoms other than constipation

• medication side effects (e.g. narcotics, antidepressants) are the most common
• intestinal obstruction, left sided colon cancer (consider in older patients), and fecal impaction
• metabolic

DM
hypothyroidism
hypercalcemia, hypokalemia, uremia

• neurologic
intestinal pseudo-obstruction
Parkinson's disease
MS

collagen vascular disease (e.g. scleroderma )
painful anal conditions (e.g. fissures)

Clinical Features
• overlaps with IBS with constipation (IBS-C) but labeled as IBS-C when pain is a predominant feature
• stool firm, difficult to expel, passed with straining, abdominal pain relieved by defecation, flatulence,

overflow diarrhea, tenesmus, abdominal distension, infrequent BMs (<3/wk)

Causes of Constipation

DOPED
Drugs
Obstruction
Pain
Endocrine dysfunction
Depression
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Investigations
• underlying disease rarely found if constipation is the only presenting symptom

only test indicated in this situation is a CBC (2013 recommendation of American
Gastroenterology Association), but also consider TSH,calcium, glucose, and abdominal x-ray

• colon visualization (colonoscopy,Cf colonography) if concomitant symptoms such as rectal bleeding,
weight loss, anemia or ages >50

• if refractory to treatment, consider classification based on colon transit time; can measure colonic
transit time with radio-opaque (Sitz) markers that are ingested and followed with a series of plain film
abdominal x-rays (normal: elimination of markers within 70 h)

1. normal = misperception of normal defecation (IBS)
2. prolonged throughout = “colonic inertia” (infrequent bowel movements with gas/bloating, tends

to occur in youth)
3. outlet obstruction inability to coordinate pelvic floor muscles to empty rectum, straining, stool

in rectum on digital exam, tends to occur in old age
• combination of 1 and 3 common

Treatment (in order of increasing potency)
• dietary fibre

useful if mild or moderate constipation, but not if severe
aim for 30 g daily, increase dose slowly

• surface-acting (soften and lubricate)
docusate salts (likely limited efficacy based on evidence), mineral oils

• osmotic agents (effective in 2-3d )
• polyethylene glycol 3350, lactulose, sorbitol, magnesium salts (e.g. magnesium hydroxide, i.e.

milk of magnesia), lactitol ( (3-galactosido-sorhitol )
• cathartics/stimulants (effective in 24 h)

senna, bisacodyl
• enemas and suppositories (e.g.saline enema, phosphate enema, glycerin suppository, bisacodyl

suppository)
• prokinetic agents (e.g. prucalopride)
• secretagogues: linaclotide, plecanatide (increases water secretion into the intestinal lumen)
• NHE3 inhibitors: tenapanor

Always ask about NSAID/Aspirin ' or
anticoagulant therapy in Gl bleed

Upper Gastrointestinal Bleeding Aortoenteric Fistula is a rare and lethal
cause of Gl bleed, most common in
patients with a history ot aortic graft
surgery.Therefore, perform emergency
endoscopy if suspected, emergency
surgery if diagnosed
Note: The window of opportunity is
narrow. Suspect if history of aortic graft,
abdominal pain associated with bleeding

Definition
• bleeding proximal to the ligament of Treitz, see Overview of Gastrointestinal Tract,G2 (75% of Gl

bleeds)
ligament of Treitz: suspensory ligament where fourth portion of the duodenum transitions to
jejunum

Etiology
• above the GE junction

epistaxis
esophageal varices (10-30%)
esophagitis

• esophageal cancer
Mallory-Weisstear (10%)

stomach
gastric ulcer (20%) (see Peptic Ulcer Disease,Gl I )

* erosive gastritis (e.g. from EtOH or post-surgery) (20%)
gastric cancer
gastric antral vascular ectasia ( rare, associated with cirrhosis and connective tissue disease)
Dieulafoy’s lesion (very rare)

• duodenum
ulcer in bulb (25%)
aortoenteric fistula: usually only if previous aortic graft (see sidebar)

• coagulopathy (drugs, renal disease, liver disease)
• vascular malformation (Dieulafoy’s lesion, arteriovenous malformation)

Clinical Features
• in order of decreasing severity of the bleed: hematochezia (brisk UG1B) > hematemesis > melena >

coffee ground emesis > occult blood in stool

Traasfusaon Strategies for Acute Upper
Gastrointestinal Bleeding
St JM 2013:368:11-21
Study: Prospective, unblmded. RCI, follow-up up
toASd.
Population: 921 patients with hematemesis, bloody
nasogastric aspirate,melena.or both.Exclusion
criteria inebded massive Meed, acute coronary
syndrome, strohel transient ischemic attack or
transfusion within previous90 d:rece nt traum af
surgery; lower Gl Weed.
Intervention: Patients randomized to restrictive («20
gl) or liberal|«90 gfl) transfusion.
Outcome: Mortality, further bleeding,adverse
events.
lesults: fewer patients in the restrictive group
required transfusion (51% vs.15%; P *0.001). Ihe
hazard ratio loi death for restrictive compared to
tbera I transfusion was 0.55:05% Cl 0.33-0.92;
P^O.02.Further bleeding occurred in 10% vs.16%
(P-0.01) of patients,while adverseeffects occurred
in 40% vs. 48% (P-0.02) of patients in the restrictive
and liberal strategies, respectively.The restrictive
strategy had a better survival rate in patients with
bleeding associated with cirrhosis Child-Pugh class A
or 6 (HR:0.30; 95% Cl 0.11-0.85), but not in cirrhosis
Child -Pugh class C (HR:1.04:05% Cl 0.45-2.37) or a
peptic ulcer (HR:0.70;05% 00.2(125).
Conclusions: Transfusing patients with anacute
UGIB at Hb of <70 g/l rather than 90g/l isassooated
with fewer transfusions, better survival, and fewer
adverse events.
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Treatment
• stabilize patient (1-2 large bore IVs, IV fluids, monitor)
• send blood for CBC, cross and type, platelets, FT, PIT, electrolytes, BUN, Cr, LI-"Ts
• keep NPO
• consider nasogastric ( NG) tube to determine upper vs. lower G1 bleeding in some cases
• IV PP1:decrease risk of rebleed if endoscopic predictors of rebleeding seen (see prognosis section)

given to stabilize clot, not to accelerate ulcer healing
if given before endoscopy, decreases need for endoscopic therapeutic intervention

• for variceal bleeds, octreotide 50 pg loading dose followed by constant infusion of 50 pg/h and ABx for
those with cirrhosis ( reduces risk of infections)

• consider IV erythromycin (or metoclopramide) to accelerate gastric emptying prior to gastroscopy to
remove clots from stomach

• H2-antagonists should not be used since they have minimal impact on rebleeding rates and need for
surgery

• endoscopy (OGD):establish bleeding site + treat lesion
if bleeding peptic ulcer:most commonly used method of controlling bleeding is injection of
epinephrine around bleeding point + thermal hemostasis ( bipolar electrocoagulation or heater
probe); less often thermal hemostasis may be used alone, but injection alone not recommended
endoclips
Hemospray "

dual therapy ( more than one therapeutic intervention method ) is standard of care and has greater
efficacy than single therapy

Forrest Prognostic Classification of
Bleeding Peptic Ulcers
Forrest type of Lesion
Class

Risk of
Rebleed (%)
55-100I Arterial bleeding

(oozing.'sp-jrting)

Visible vessel
Sentinel clot

43lla
22lib
10Ik Hematn covered

flat spot

No stigmata of
hemorrhage

5

Lancet1974:2:394-397

Prognosis
• 80% stop spontaneously
• peptic ulcer bleeding: low mortality (2%) unless rebleeding occurs (25% of patients, 10% mortality)
• endoscopic predictors of rebleeding (Forrest classification ): spurt or ooze, visible vessel, fibrin clot
• can send home if clinically stable, bleed is minor, no comorbidities, endoscopy shows clean ulcer with

no high-risk predictors of rebleeding
• esophageal varices have a high rebleeding rate ( 55%) and mortality (29%)

Management ol Monvariceal Upper
Gastrointestinal Bleeding:Guideline
Recommendations from tbelnternational
Consensus Group
Ann Intern Med 2019:171:805822
Pro Endoscopic Management In patients without
cardiovascular disease, the suggested Kb threshold
lor blood transfusion is <80 gIL The threshold is
higher for patients with cardiovascular disease.
Endoscopic Management Patients with acute
tIGIB should undergo endoscopy within 24 h of
presentation. In patents with high -risk stigmata,
thermocoagulation and sclerosant injection are
recommended. 1C 325. a hemostatic powder.can
be used as a tempoiiiing agent for actively bleeding
ulceis.

Ovort Gl blooding (homatochozia,molona)

4
m No

I 1
IUpper and lower endoscopy Rule oul non-61 sources ol Has the anemia

resolved?1 ding (e.g . menorrhagia,
hemolysis)

blue
Source of bleeding found? 1

T1 1
Yes: treat

No: proceed as if overt
Gl bleeding present

Yes: follow Pharmacologic Management High dosePPIsho.' d
be given lor 3 d to patients with bleed ng ulcers with
high - risk stigmata who have undergone successful
endoscopic therapy.Continued oral PPI therapy a
recommended twice daily for 14 d. then once daily
for a duration that depends on the nature of the
bleeding lesion.

No: wireless endoscopy capsule/
double balloon endoscopy*

•Wireless endoscopy capsule results help double balloon endoscopy localize source of bleeding
• Angiography il overt bleeding hemodynamically significant, estimated >0.5 cc/min
• CT enterography if wireless endoscopy capsule/double balloon endoscopy not available

Figure 9. Approach to iron deficiency anemia

Esophageal Varices
Etiology
• almost always due to portal hypertension

Clinical Features
• characteristically massive upper Gl bleeding

Prognosis
• risk of bleeding: 30% in 1st yr
• risk of rebleeding: 50-70% (20% mortality at 6 wk)

Investigations
• endoscopy r i

L J
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Management

1. Assess hemodynamic stability and resuscitate*

1
2. IV octreotide

•Causes splanchnic vasoconstriction
* Decreases portal collateral circulation and pressure If varices isolated to stomach, think of

splenic vein thrombosisI
3. Endoscopic therapy: variceal ligation (EVLI or sclerotherapy

I
1j'

PERSISTENT or RECURRENT
bleed- treatment options
• Transjugular intrahepatic

portosystemic shunt (TIPS)
• Balloon tamponade
• Liver transplant

Long-term treatment to decrease
risk of recurrent bleed
• Bblockerle.g. nadolol)
• Repeat EVUsclerotherapy
• Nitrates
• Follow-up

Gastric varices best treated by
endoscopic injection of cyanoacetate
(“crazy glud)

’IV ceftriaxone lowers risk of sepsis, especially SBP

Figure 10. Management of bleeding esophageal varices

Mallory-Weiss Tear
Definition
• longitudinal laceration in gastric mucosa on lesser curvature near GH junction (20% straddle junction,

5% in distal esophagus)

Etiology
• due to rapid increases in gastric pressure from retching/vomiting against a closed glottis
• hiatus hernia often present

Clinical Features
• hematemesis ± melena, classically following an episode of retching without blood
• can lead to fatal hematemesis

Management
• 90% stop spontaneously
• if persistent: endoscopy with epinephrine injection ± clips or surgical repair

Lower Gastrointestinal Bleeding
Definition
• bleeding distal to ligament of Treitz

Etiology
• diverticular
• vascular

angiodysplasia (small vascular malformations of the gut)
anorectal (hemorrhoids, fissures)

Lower Gl Bleed

CHAND
Colitis (radiation, infectious, ischemic.
IBD (UC>CD))
Hemorrhoids/fissure
Angiodysplasia
Neoplasm
Diverticular disease

Neoplasm
• cancer
• polyps
• inflammation

colitis (ulcerative, infectious, radiation, ischemic) (see Ulcerative Colitis, G25 )
• post-polypectomy

Clinical Features
• hematochezia
• anemia
• occult blood in stool
• occasionally melena due to slow small bowel or right-colonic course

Treatment
• ifblood per rectum with hemodynamic instability, stabilize patient (1-2 large bore lVs, IV fluids,

monitor) and rule out upper G!source with endoscopy (OGD)
• send blood forCBC, cross and type, INR/PTT,electrolytes, BUN, Gr, LITs
• initial examination of choice is colonoscopy to determine source of the bleeding
• if bleeding is severe or ongoing, consider radionuclide imaging or angiography (see Medical Imaging,

M l16)
• treat underlying cause

majority of cases will stop bleeding spontaneously

c
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1. Assess hemodynamic stability

*2. Resuscitate (IV fluids * blood transfusion)

I
3. Assess coagulation status ICBC. INR/PTT) Always exclude upper Gl lesion before

localizing the site of the bleeding to the
lower Gl tracti

4. Determine site olbleeding
i

T
Massive bleeding'llemodynamically unstable?
Clinical suspicion of UGIB based on risk factors?

(increased possibility of UGI source)
Hemodynamically stable,no UGIB risk factors?

(decreased possibility of UGI source)

i
Colonoscopy only

(or flexible sigmoidoscopy)Colonoscopy and OGD

I
•For SLOW bleeding (<05ml/min): radionucleotide Tc-99m-tagged RBC scan

•For RAPID bleeding (>0.5 ml/min): angiography ± embolization

Figure 11. Approach to hematochezia

Diverticular Bleeding
Etiology
• herniation ofdiverticula exposes vasa recta, increasing susceptibility to disruption
• bleeding most common from the right colon (thinner walled),although diverticula often develop

throughout colon

Clinical Features
• painless hematochezia, acute onset
• stool can range from bright red to dark maroon;gelatinous clots often mixed in

Management
• often resolves spontaneously
• if colonoscopy identifies source (rare),hemostatic therapy can be applied
• if ongoing, can consider embolization or surgery

Infectious Colitis
Etiology
• variety of pathogens;often due to Campylobacter, Entamoeba histolytica. Salmonella, E. coli, Shigella
• consider travel history, food exposures

Clinical Features
• bloody diarrhea, fever, abdominal pain

Management
• stool cultures to determine pathogen and guide management
• see Acute Diarrhea, U 15

SISColorectal Carcinoma
• see General Surgerv and lhoracic Surgery, GS43

Colorectal Polyps
• see General Surgerv and lhoracic Surgerv. GS41

Familial Colon Cancer Syndromes
• see Genera!Surgerv and lhoracic Surgerv. GS42
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Benign Anorectal Disease
• see General Surgery and Thoracic Surgery, GS47

Quids Reference Diagnostic Tests for
Common Liver Conditions

Liver Diagnostic TestsDisease
Viral Hepatitis Ant.HAVIgM, HBsAg,

anti-HCV
Aitoamnune Hepatitis ANA.SMA, LKM,IgInvestigations of Hepatobiliary Disease levels

Ceruloplasmin, liver
biopsy
Iron saturation,
ferritin.HFE genetic
testing
1-antitrypsin levels,

liver biopsy

Careful medication
history,liver biopsy
U/S,metabolic
testing,liver biopsy

toon's Disease
A. Tests of Liver Function

Hereditary
HemochromatosisTable 17. Liver Function Tests

Test What Do Levels Correlate
With?

Howto InterpretIncreased by
nVAnbtrypsm
Deficiency

Druganduced liver
Prothrombin Time
(PTorlMR)

Hepatic protein synthesis
All coagulation factors except VIII Vitamin K deficiency (due to

Hepatocellular dysfunction PT/INR will promptly correct if
vitamin K is administered,so

malnutrition,malabsorption,etc.) increased PTi'INR in absence
of vitamin K deficiency is a
reliable marker of hepatocellular
dysfunction

Rule out potential causes other
than hepatocellular dysfunction

k>MY
NAFUVNonalcoholic
Steatohepafitis
(HASH)

Serum Albumin Hepatic protein synthesis (and Hepatocellular dysfunction
other causes listed in next column) Malnutrition

Renal or fit losses
Significant inflammation
Malignancy

Hepatic excretion from hepatocyte liver dysfunction
tobiliary system

UU = wtkaxtea antibody;SMA = smoothmuxde
mttodf.LXM = hw-lidrey mkimonial-1antibody;

Serum Direct Bilirubin’ Conjugation is pteserved even
in end stage liver failure,thus
increased direct bilirubin indicates
liver dysfunction

DDx for Hepatomegaly
• Congestive (right heart failure.Budd-

Chiari syndrome)
• Infiltrative. Malignant (primary,secondary

lymphoproliferative.leukemia)
• Benign (fatty liver,cysts,

hemochromatosis,extramedullary
hematopoiesis,amyloid)

• Proliferative
• Infectious (viral,tuberculosis,

abscess,echinococcus)
• Inflammatory (granulomas (sarcoid),

histiocytosis X)

’Serum Bilirubin
‘canaliculus breaXUowr product of hemoglobin:metabolized in the reticuloendothelial system ol liver,transported through biliary system,
excreted via gut
•direct bilirubin= conjugated;indirect bilirubin= unconjugated

B. Tests of Liver Injury

Table 18. Liver Enzyme Profile
Profile Liver Enzyme Notes

Change

Hepatocellular t AST ALT more specific to liver
AST from multiple sources (especiallymuscle)
Elevation of both highly suggestiveof liver injury
Mosl common cause of elevated AIT is fatty Ever

Cholestasis " stasis of bile flow
If AlP is elevated alone,rule out bone disease by fractionating AlP and/or checking GGT
If ALP elevation out of proportion to ALT,'AST elevation,consider:

Obstruction olcommon bile duct (e.g.extraturmnal - pancreatic cancer,lymphoma:intraluminal -
stones, cholangiocarcinoma.sclerosing cholangitis,helminths)

Predominant rise in hepatocellular enzyme possible in acute biliary obstruction secondary to a stone
due to the sudden impairment in bile flow and because ALP is an inducible enzyme which takes time
to rise

Destruction of microscopic ducts (e.g.PBC)
Bile acid transporter defects (e.g.drugs,intrahepatrccholestasis of pregnancy)
Infiltration of the liver (e.g.liver metastases.lymphoma,granulomas,amyloid)

•ALT

All clotting factors except factor VIII and
von Willebrand factor are exclusively
synthesized in the Irvet Factor VIII is
also produced in the endothelium. In
cirrhosis,risk of bleeding does not
correlate closely with elevations in INR/
PTT since so many of the proteins in the
coagulation cascade are affected

Cholestatic » AlP
» GGT

ALT>AST - most causes of hepatitis
AST> ALT = alcoholic liver disease
or other causes of hepatitis (ie.
non-alcoholic liver disease) that have
progressed to advanced cirrhosis

Acute Viral Hepatitis (General)
Definition
• viral hepatitis lasting <6 mo

Clinical Features
• most are subclinical
• flu-like prodrome may precede jaundice by I -2 wk

N/V. anorexia, headaches, fatigue, myalgia, low-grade fever, arthralgia, and urticaria (especially
HBV )

• only some progress to icteric (clinical jaundice) phase, lasting days to weeks
pale stools and dark urine 1-5 d prior to icteric phase
hepatomegaly and RUQ pain
splenomegaly and cervical lymphadenopathy (10-20°i, of cases)

Serum Transaminases >1000 due to
• Viral hepatitis
• Drugs/ toxins
• Autoimmune hepatitis
• Hepatic ischemia
• Less often,common bile duct stone
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Investigations
• AST and ALT (>10-20x normal in hepatocellular necrosis)
• ALP minimally elevated
• viral serology, particularly lgM antibody directed to the virus

Treatment
• supportive (hydration, diet )
• usually resolves spontaneously, but if severe HBY infection, treatment with antiviral agent such as

tenofovir or entecavir can be considered; in acute hepatitis C, antiviral treatment should be considered
(see Hepatitis C Virus, G34 )

• indications for hospitalization: encephalopathy, coagulopathy, severe vomiting, hypoglycemia

Prognosis
• poor prognostic indicators: comorbidities, persistently high bilirubin (>340 mmol; 20 mg/dL),

increased 1NR, decreased albumin, hypoglycemia

Complications
• cholestasis (most commonly associated with HAV infection )
• hepatocellular necrosis: AST, ALT >10-20x normal, ALP and bilirubin minimally increased, increased

cholestasis

Alcoholic Hepatitis:history ot chronic
EtOH use (possibly with recent increased
consumption, although often patient
may have stopped drinking in the
days-weeks prior to presentation due to
symptoms).RUO abdominal pain.AST/
ALT >2.AST usually <300. low grade
fever, mikfiy elevated WBC

Major Sources of ALP
• Hepatobiliary tree
• Bone
• Placenta
• Intestine

DDx for Hepatitis
• Viral infection
• Alcohol
• Drugs
• Immune-mediated
• Toxins

Hepatitis A Virus
• RNA virus
• fecal-oral transmission; incubation period 4-6 wk
• diagnosed by elevated transaminases, positive anti-HAV lgM
• in children: characteristically asymptomatic
• in adults: fatigue, nausea, arthralgia, fever, jaundice, hepatomegaly
• can cause ALL and subsequent death (< l -5%)
• can relapse ( rarely), but never becomes chronic
• treatment is supportive (no specific treatments available, disease is often self-limiting)

Without treatment.8-20% of those with
ongoing immunoactive chronic hepatitis
can develop cirrhosis within 5 yr. In
contrast those in the immune tolerant
phase (with extremely high HBV-DNA
levels) are at minimal risk for liver
fibrosis as they do not have immune-
mediated liver injury

Hepatitis B Virus

Table19. Hepatitis B Serology
HBsAg Anti-HBs HBeAg Anti-HBe Anti-HBc Liver Enzymes

Risk of HCC in HBV increases with
increasing age. which is likely a
surrogate for increasing liver fibrosis/
cirrhosis, and serum HBVDNA
Risk of HCC in HCV increases only after
cirrhosis develops

Acute HBV +
Chronic IHBe-Ag positive) HBV *
(generally highHBV- DHA)

Chronic (HBe-Ag negative) H8V
(generally low HBV- ONA)

Besohred Infection

lgM

IgG AIT.AST may or may not be
elevated
All.AST may or may not be normalIgG

IgGt t

lm~jriration
HCV (and HBV) treatment lowers the
risk of HCC

Symptoms
Anti-HBs

Risk Factors for Progression
• EtOH
• HIV coinfection
• Old age at diagnosis

Anb-HBc IgG
Anti-HBe

Anti-HBc lgM
~7f rT I /fT T T

2 3 45 6 12 24
Months after inoculation

Figure12.Time course of acute hepatitis B infection
r -\
i j
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Epidemiology
•4 phases of chronic hepatitis B: not all carriers will go through all 4 phases, but all carriers will have

positive HBsAg In acute hepatitis B.HDV coinfection
1. immune tolerance: extremely high HBV-DNA (>20000 lU/mL), HBeAg positive, but normal increases severity of hepatitis but does

not increase risk of progression to
chronic hepatitis.However in the conte xt
of chronic hepatitis B.superinfection
with HDV increases progression to
cirrhosis

ALT/AST;due to little immune control and minimal immune-mediated liver damage;
characteristic of perinatal infection (or ‘incubation period’in adult with newly-acquired
HBV)

2. immune clearance (or immunoactive): HBV-DNA levels (>20000 lU/mL), HBeAg positive;
due to immune attack on the virus and immune-mediated liver damage;characterized by
progressive disease without treatment and increasing liver fibrosis (sometimes progressing to
cirrhosis and/or HCC); likely to benefit from treatment

3. inactive carrier (immune control):lower HBV-DNA (<2000 lU/mL), HBeAg negative, Causes of Elevated Serum
anti-HBe positive, ALT/AST normal; due to immune control without immune-mediated liver Transaminases In Chronic Hepatitis B
damage; risk of reactivation to phase 2 (clinically resembles acute hepatitis B), especially with • Active hepatitis (either immune

immunosuppression e.g. corticosteroids or chemotherapy f1*? **Phase '" HBeAg-positive

4. HBeAg-negative chronic hepatitis (immune escape) (“core or precore mutant”):elevated hepatfths)'5°f HBeA9'ne9atlve ac1lve

HBV-DNA (>2000 lU/mL),HBeAg negative because of pre-core or core promoter gene . Reactivation (e.g.due to
mutation, anti-HBe positive, ALT/AST high;characterized by progressive disease without immunosuppression)
treatment and increasing liver fibrosis (sometimes progressing to cirrhosis and/or HCC); • Hepatitis D
likely to benefit from treatment * ^iJ^J^rt,ylive,' E,0H'

Treatment
•counselling: 40% of men and 10% of women with perinatal infection without treatment will die from

HBV-related complications
• HCC screening with U/Sq6 mo, especially if high serum HBV-DNA levels, cirrhosis, men, (ages >40 in RlSy*

n(ts°^^to7hepah^ B!nfecti.dB
•contexts to consider pharmacological therapy:

1. HBeAg positive and HBV-DNA >20000 IU/mL and elevated ALT
2. HBeAg negative and HBV-DNA >2000 IU/mL and elevated ALT with or without stage >2

fibrosis on liver biopsy
3. to prevent flare when placed on immunosuppressive therapy such as prednisone,

chemotherapy, biologies,etc.
•treatment goal: reduce serum HBV-DNA to undetectable level

• prolonged immune-mediated damage leads to higher risk of liver fibrosis
•treatment options: tenofovir, entecavir, lamivudine ( not preferred due to high rate of developing

resistance)
•vaccinate against HAV if serology negative (to prevent further liver damage)
•follow blood and sexual precautions
•vaccinate household contacts

• Unprotected sexual intercourse
(especially if multiple partners)

• Needle sharing (e.g. injection drug
users)

• Travel to endemic regions
• Exposure to human blood, semen,

and other bodily fluids

Clinical Features of Hepatitis B
• Many patients are asymptomatic,

both in the acute and chronic phases
• Acute hepatitis can manifest as

jaundice, nausea, arthritis, or
constitutional symptoms

• Patients with chronic hepatitis
can be asymptomatic, experience
exacerbations, develop extrahepatic
complications (e.g.glomerular
disease), or develop cirrhosis

Hepatitis D Virus
• defective RNA virus requiring HBsAg for entry into hepatocyte, therefore infects only patients with

HBV; causes more aggressive disease than HBV alone
• coinfection: acquire HDV and HBV at the same time
• HDV can present as ALT and/or accelerate progression to cirrhosis
• treatment: low-dose interferon (20% response) and liver transplant for end-stage disease

Hepatitis C Virus
•RNA virus (7 genotypes; genotype 1 is most common in North America)
•blood-borne transmission; sexual transmission is “inefficient”
•major risk factor: injection drug use
•other risk factors:blood transfusion received before 1992 (or received in developing world), tattoos,

intranasal cocaine use
•acute hepatitis C occurs 2-6 mo after transmission

• symptoms mild and vague (fatigue, malaise, nausea) therefore not commonly diagnosed in acute
stage
almost 30% of cases of acute hepatitis C are cleared spontaneously without therapy

Diagnosis
•suspected on basis of elevated ALT/AST' and positive serum anti-HCV
•diagnosis established by detectable HCV-RNA in serum
•normal hepatocellular enzymes does not rule out active disease or presence of advanced fibrosis
•abdominal U/S and transient elastography (TibroScan*) to assess the staging of the disease and the

degree of fibrosis

r n
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Treatment
• blood-borne precautions; vaccinate for hepatitis A and B if serology negative; avoid HtOH
• clearest indication for treatment is in subgroups likely to develop clinically significant liver disease,

i.e. persistently elevated transaminases, liver biopsy showing moderate-advanced fibrosis/cirrhosis,
and at least moderately severe necrosis/inflammation

• now that a safe, effective cure is available, the risk/benefit ratio favours treating everyone with
chronic hepatitis G

• choice and duration of treatment depends mostly on whether patient is cirrhotic (and if so, whether
decompensated or not), prior treatment history, and possibly genotype ( but less so with availability of
pan-genotypic therapies)

• direct acting antiviral ( DAA ) tablets (Maviret*, a combination of glecaprevir and pibrentasvir, and
Epdusa’, a combination of velpatasvir and sofosbuvir) are the most commonly used

• other oral interferon-free regimens ( for all genotypes) (e.g. sofosbuvir/ ledipasvir, ombitasvir/
paritaprevir/ritonavir t dasabuvir, or elbasvir/grazoprevir, and sofosbuvir/velpatasvir) are also
available but used less frequently

• it is important to check for hepatitis B prior to therapy as direct acting antivirals may lead to
reactivation of hepatitis B

Prognosis
• 80% of acute hepatitis C cases become chronic (of these, 20% evolve to cirrhosis within 20 years of

exposure)
• risk of HCC increases if cirrhotic
• can cause cryoglobulinemia; associated with membranoproliferative glomerulonephritis, lymphoma

Table 20. Characteristics of the Viral Hepatitides
HAV HBV HCV HDV HEV CMV EBV Yellow Fever

CaliciuridaeVirus Family
Genome
Envelope
Transmission

Picomotiridoe Hepadnavmdae Flamiridoe Delloviiidae Herpesviridoe Herpesviridoe Flavivirus
SNA DNA ENA RNA RNA DNA RNA RNA

YesNo Yes Yes Yes No Yes Yes
Vector (mosquito)Fecal-oral (en- Close contacts, Saliva- oral

most body
Asia,central fluids
America.India.

Fecal-oral Parenteral/sexual or
equivalent
Veitical

Parentcral/sexual Non parenteral
llianslusion. IV drug (close contact in endem- demic: Africa,
user, sexual (- HBV)) ic areas)
40% have no known Parenteral (blood
lisk factors products. IV drug user ) Pakistan)

- sexual transmission is
inefficient

3-6 d6 wk 6 mo
Usually abrupt Usually insidious

Communicability 2- 3 wkin lateincuba - HBsAg* state highly
lion to early clinical communicable
phase Increased during third
Aculc hepatitis in most trimester or early
adults.10% of children post partum

Chronicity None, although can
relapse
Anli -HAV (IgM)

Incubation
Onset

4 - 6 wk 3-13 wk
Usually abrupt

Communicable prior Infectious only in
to overt symptoms presence ofH8V (HBsAg
and throughout required for replication)
chronic illness

2-26 wk
Insidious

2-8 wk
Usually abrupt Variable
Unknown Variable-

dormant or
persistent

20 - 60 d 30-50 d
Variable
Highly
communicable
during year after
primary infection
but nevercero

Usually abrupt
Variable,vec-
tor-dependent

5% adults,90% infants 80%,20% ol which 5%
develop cirrhosis

SeeTable 19,633 HCV- RNA
Anli-HCV (IgGi'IgM) Anti-HOV (IgGflgM)

Common;latent Common; latent Infection confers
lifelong immunity

Anti-HEV (IgGf Anti- CMV IlgMI Monospot; Anti-YF (IgM/IgG)
anti-EBV IgM/
IgG, EBV-DNA
quantitation

None

Serology HBsAq
gG)IgM)

Yf -VAX -,1dose
booster qTOyr

Vaccine Havrix - , 2 dosesq6
mo,combined with
Twinrix - at 0,7,
and 21d

Recombivax; HBTM. No
ages11-15.2 doses
q6 mo

No No No No

General hygiene
Treat close contacts
(anti -HAV Ig)
Prophylaxis for high-
risk groups

Prevention;HBVvaccine Prevention:no
and/or hepatitis B Ig vaccine
(HBIg) for needlestick. Rx:interferon
sexual contact,infants ribaviriniprotease
of infected mothers inhibitor; although

(HAV vaccine * HAV Ig) (unless already immune) all oral antiviral (IFN-
Rx;oral antivirals vs. free) therapies now
interferon ifindications available are highly

efficacious

Prevention:HBVvaccine Prevention:gen- In high-risk Supportive
eral hygiene,no transplant treatment
vaccine patients:CMV post-infection

Ig and antivirals
(ganciclovir,
valgancidovir)

Management Prevention
Supportive
treatment post
infection

unless immune

met
0.10.3% 0.5 -2% 1% 2-20% coinfection with 1-2% overall.

H8V. 30% superinlection 10-20% in
Predisposes HBV carriers pregnancy
to mote severe hepatitis
and faster progression
to cirrhosis

Acute Mortality Rareinimmu- Rare
nocompctent
adults

20-60%in devel-
oping countries

Oncogenicity
Complications

No Yes Yes Yes YesNo No No
Can causeAIFand
subsequent death
(*TS%|

HCCsecondary to
cirrhosis,serum cirrhosis per yr,
sickness-like syndrome, cryoglobulinemia,
glomerulonephritis. 8 cell non- Hodgkin
cryoglobulinemia. lymphoma
polyarteritis nodosa,
porphyria cutanea tarda

HCC In 2-5% of Leukocylodastic
vasculitis,membranous third trimester
glomerulonephfopathy (10 -20% AIF)

Mild, except in 5% of newborns Associated
with multiple
handicaps
Immunocom -
promised
patients at risk in Western
ofCMV-induced world)
hepatitis,
retinitis, colitis,
esophagitis,
pneumonitis

c.Can cause
with Burkitt 's a recurrent
lymphoma and toxic phase with
nasopharyngeal liver damage.Gl
carcinoma (rare bleeding, and

high mortality +rates

Activate Windows
GotoSettings tcractrvateWrndows.



G36 Gastroenterology Toronto Notes 2023

Autoimmune Liver Disease
• diagnosis of exclusion: rule out viruses, drugs/EtOH, metabolic, or genetic causes
• can be severe: 40% mortality at 6 mo without treatment
• extrahepatic manifestations

sicca, Raynaud’s, thyroiditis,Sjogren’s, arthralgias
hypergammaglobulinemia (particularly elevated IgG)
typical auto-antibodies: ANA and/or anti-smooth muscle antibody
infrequently may see anti-LKM elevation (liver kidney microtome), especially in children

• can have false positive viral serology (especially anti-HCV)
biopsy - periportal (zone I ) and interface inflammation and necrosis

• treatment: corticosteroids (80% respond) ± azathioprine (without this, most will relapse as
corticosteroids are withdrawn)

Drug-Induced Liver Disease

Table 21. Classification of Hepatotoxins
Predictable Idiosyncratic

trample

Dose-Dependence

latent Period
Host Factors

Acetaminophen, CCI4
Usual
Hours-days
Not important

Phenytoln. lNH

Unusual
Weeks-months
Very important

• many different patterns of liver injury' (i.e. hepatocellular,cholestatic, mixed, granulomatous, ALE)
can be seen in drug-induced liver injury and thus this requires a high index of suspicion

• see: LiverTox for Information regarding drug-specific risks and patterns of hepatotoxicity (http://
livertox.nih.gov)

Specific Drugs
• acetaminophen

• metabolized by hepatic cytochrome P450 system
can cause ALE (transaminases >1000 U/L followed by jaundice and encephalopathy)

» requires 10-15 g in healthy individuals, 4-6 g in alcoholics/anticonvulsant users
mechanism:high acetaminophen dose saturates glucuronidation and sulfation elimination
pathways -» reactive metabolite (NAEQ1(n-acetyl-p-benzoquinone imine)) is formed -> covalently
binds to hepatocyte membrane
presentation

first 24 h: nausea and vomiting (usually within 4-12 h of overdose)
24-48 h: asymptomatic, but ongoing hepatic necrosis resulting in increased transaminases
>48 h: continued hepatic necrosis possibly complicated with ALE or resolution
note: potential delay in presentation in sustained-release products

blood levels of acetaminophen correlate with the severity of hepatic injury, particularly if time of
ingestion known
therapy

gastric lavage/emesis (if <2 h after ingestion )
oral activated charcoal
N-acetylcysteine (NAC -Mucomyst') can be given PO or IV (most effective within 8-10 h of
ingestion, but should be given regardless of time of ingestion)
- promotes hepatic glutathione regeneration

no recorded fatal outcomes if NAC given before increase in transaminases
NAC use should be determined by the Kumack-Matthew nomogram or if unclear, lime of
ingestion

• chlorpromazine: cholestasis in 1% after 4 wk; often with fever, rash, jaundice, pruritus, and
eosinophilia

• Isoniazid (lNH)
20% develop elevated transaminases but <1% develop clinically significant disease
susceptibility to injury increases with age

• Methotrexate (MIX)
causes fibrosis/cirrhosis; increased risk in the presence of obesity, DM, alcoholism (i.e. with
underlying risk for pre-existing fatty liver)
scarring develops without symptoms or changes in liver enzymes, therefore biopsy may be needed
in long-term treatment

• amiodarone: can cause same histology and clinical outcome as alcoholic hepatitis
• others: azoles, statins, methyldopa, phenytoin, propylthiouracil (PTU), rifampin, sulfonamides,

tetracyclines
• herbs: chaparral, Chinese herbs (e.g. germander, comfrey, bush tea)

Hy’s Law:drug-induced hepatocellular
jaundice indicates a mortality of at
least10%

r i
LJ

+

Activate Windows
Go to Settings to activate Window:



G37 Gastroenterology Toronto Notes 2023

Wilson’s Disease
Definition
• autosomal recessive defect in copper elimination (gene ATP7B)

Etiology
• decreased biliary excretion of copper plus decreased incorporation of copper into ceruloplasmin
• worldwide incidence: I in 40000

Clinical Manifestations of Wilson's
Disease

ABCD
Astcrixis
Basal ganglia degeneration:suspect if
parkinsonian features in the young
Ceruloplasmin decreases
Cirrhosis
Corneal deposits (Kayser-Fleischer ring)
Copper
Dementia

Clinical Features
• liver: acute hepatitis, ALI;, chronic active hepatitis, cirrhosis, low-risk of HQ.'
• eyes: Kayser- Meischer rings (copper deposits in Descemet's membrane); more common in patients

with CNS involvement, present in only 50% of isolated liver involvement
• CNS:basal ganglia (wing (lapping tremor, Parkinsonism), cerebellum (dysarthria, dysphagia,

incoordination, ataxia), cerebrum (psychosis, affective disorder)
• kidneys: i anconi’s syndrome (proximal tubule transport defects) and stones
• blood: intravascular hemolysis; maybe initial presentation in fulminant hepatitis
• joints: arthritis, bone demineralization, calcifications

Investigations
• suspect if increased liver enzymes with clinical manifestations at young age (<40); especially

combination of liver disease with dystonia, psychiatric symptoms
• screening tests

1. reduced serum ceruloplasmin (<50% of normal)
2. Kayser-Pleischer rings (usually require slit-lamp examination)
3. increased urinary copper excretion (measure 24-hour urine copper)

• gold standard
1. increased copper on liver biopsy by quantitative assay
2. genetic analysis imperfect as many mutations in ATP7B are possible

• first-degree relatives should also be considered for screening

Treatment
• 4 drugs available

1. penicillamine: chelates copper, but poorly tolerated
2. trientine: chelates copper
3. zinc: impairs copper excretion in stool and decreases copper absorption from gut. Often used

as maintenance therapy or in neurologic presentations
4. tetrathiomolybdate: preferred if neurological involvement

• hepatic presentations are best treated with a trientine + zinc combination
• liver transplant in severe cases of liver failure

Hemochromatosis
Definition
• excessive iron storage causing multiorgan system dysfunction (liver, in particular) with total body

iron stores increased to 20-40 g (normal 1 g)

Etiology
• primary (hereditary) hemochromatosis

• usually related to Hl-'E mutation (see Epidemiology below)
decreased hepcidin production results in increased G1absorption and tissue iron deposition
despite adequate iron stores

• secondary hemochromatosis
• parenteral iron overload (e.g. transfusions, hemodialysis, parenteral iron injections)

excessive oral iron intake (e.g. dietary iron overload)
• other liver diseases (e.g. EtOH, NAELl), viral hepatitis)
• iron-loading anemias (hemolytic, sideroblastic, aplastic, thalassemia major)
• ineffective erythropoiesis

Epidemiology
• classic hereditary hemochromatosis most common in Northern European descent
• primarily due to the recessive gene, HFE,which has a homozygous genetic prevalence of 1/400
• mainly caused by mutations in the HFE gene (e.g.C282Y/C282Y, C282Y/H63D)

C282Y/H63D only potentially causative as compound heterozygote
• rare non-HFE mutations also exist (e.g. ferroportin, hemojuvelin, hepcidin, aceruloplasminemia)

*Hemochromatosis Clinical Features

ABCDH
Arthralgia
Bronze skin
Cardiomyopathy, cirrhosis of liver
Diabetes (pancreatic damage)
Hypogonadism (anterior pituitary
damage)
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Clinical Features
• usually presents with trivial elevation in serum transaminases although often picked up incidentally

when iron studies noted to be elevated
• liver:cirrhosis (less common nowadays due to earlier detection), HCC (200x increased risk)
• pancreas: DM, chronic pancreatitis
• skin:bronze or grey (due to melanin, not iron)
• heart:diastolic dysfunction and arrhythmias in early stages with dilated cardiomyopathy in later

stages
• pituitary: hypogonadotropic hypogonadism (impotence, decreased libido, amenorrhea)
• joints: arthralgia (any joint, but especially metacarpophalangeal joints), chondrocaldnosis

Investigations
• screening for individuals with clinical features and/or family history (25% chance of sibling having

the disease)
transferrin saturation (free l-'e - f /total iron binding capacity (T'lBC)) >45%
serum ferritin >400 ng/mL
HIE gene analysis: 90% of primary hemochromatosis involves C282Y allele, while H63D and
S65C alleles also commonly involved and screened

• MKI (often used instead of a liver biopsy)
non-invasive approach to assess iron overload
most sensitive and specific modality in the diagnosis of hemochromatosis

• serum ferritin >1000 ng/mL or symptoms of organ injury (c.g, elevated Lin's, symptoms of heart
failure)

• can be used to follow treatment by phlebotomies
• liver biopsy (generally used to detect cirrhosis or if potential for other causes of liver disease)

markers of advanced fibrosis: if any of the following are present at the time of diagnosis -> ages
>40, elevated liver enzymes, or ferritin >1000 ng/mL
considered if compound heterozygote and potential other cause of liver injury (e.g. NAl-'LD,
excess LtOH, hepatitis)
if C282Y/C282Y and no markers of advanced fibrosis, then biopsy generally not needed

• HCC screening if cirrhosis

Treatment
• phlebotomy: weekly or q2 wk then lifelong maintenance phlebotomies q2-6 mo, generally aiming for

ferritin of 50-100 ng/mL
• deferoxamine if phlebotomy contraindicated (e.g. cardiomyopathy, anemia)
• primary hemochromatosis responds well to phlebotomy
• secondary hemochromatosis usually requires chelation therapy (administration of agents that bind

and sequester iron, and then excreted)

Prognosis
• normal life expectancy if treated before the development of cirrhosis or DM

Ferritin may never normalize if other
causes of high ferritin present (e.g.fatty
liver from metabolic syndrome or EtOH)

Alcoholic Liver Disease
Definition
• spectrum of diseases, ranging from:

fatty liver (common amongst individuals with EtOH use disorder): reversible if EtOH stopped
• alcoholic hepatitis (35% of individuals with EtOH use disorder): usually reversible if EtOH

stopped
cirrhosis (10-15% of individuals with EtOH use disorder): potentially irreversible

Pathophysiology
• several mechanisms, poorly understood
• ethanol oxidation to acetaldehyde

reduces NAD+ to NADH; increased NADH decreases ATP supply to liver, impairing lipolysis so
fatty acids and triglycerides accumulate in liver
binds to hepatocytes evoking an immune reaction

• EtOH increases gut permeability leading to increased bacterial translocation
• EtOH metabolism causes:

relative hypoxia in liver zone 111 (near central veins; poorly oxygenated) > zone 1 (around portal
tracts, where oxygenated blood enters)
necrosis and hepatic vein sclerosis

• histology of alcoholic hepatitis
ballooned (swollen) hepatocytes often containing Mallory bodies, characteristically surrounded
by neutrophils

• large fat globules
fibrosis: space of Disse and perivenular

Standard Drink Equivalent
1 standard drink =14 g EtOH
-12 oz beer (5% alcohol)
- 5oz wine (12-17%)-3oz fortified wine (17-22%)
-1.5 oz liquor (40%)
Tip:percentage EtOH multiplied by oz in
1standard drink roughly equals 60

Biopsy + Histology of Alcoholic
Hepatitis (triad)

• Hepatocyte necrosis with
surrounding inflammation in zone ID

• Mallory bodies (intracellular
eosinophilic aggregates of
cytokeratins)

• Chicken-wire fibrosis (network
of intralobular connective tissue
surrounding cells and venules)
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Clinical Features
• >2-3 standard drinks/d in females and >3-6 standard drinks/d in men for >10 yr leads to cirrhosis, but

only in about 10-20% of those who consume this amount daily on a continuous basis; cirrhosis risk
increases with amount of EtOH consumed above threshold

• clinical findings do not accurately predict type of liver involvement
• fatty liver

mildly tender hepatomegaly; jaundice rare
mildly increased transaminases <5x normal

• alcoholic hepatitis
variable severity: mild to fatal liver failure
mild:stops drinking because feels unwell, resumes when feeling better (if assessed, findings of
hepatitis, potentially mild jaundice, and mildly elevated 1NR)
severe:stops drinking but feels unwell, low grade fever, RUQ discomfort, increased WBC count -
mimics right lower lobe pneumonia and cholecystitis

Investigations
• blood tests are non-specific, but in general

AST:ALT >2:1 (both usually <300)
CBC: increased mean corpuscular volume (MCV), increased W BC often seen with alcoholic
hepatitis but not necessarily in other alcohol-related liver injury
increased GGT

Gl Complications of Alcohol Use
• Esophagus

t Mallory-Weiss tear
• Esophageal varices (secondary to

portal hypertension). Stomach
• Alcoholic gastritis

• Pancreas
• Acute pancreatitis
• Chronic pancreatitis. Liver
• Alcoholic hepatitis
• Fatty liver. Cirrhosis
• Hepatic encephalopathy
• Portal hypertension
• Ascites. HCC

Treatment
• alcohol cessation (see Psychiatry. PS28)

• Alcoholics Anonymous (or similar programs), disulfiram, naltrexone, acamprosate
• multivitamin supplements (especially thiamine)
• caution with drugs metabolized by the liver
• prednisolone if severe alcoholic hepatitis based on Maddrey’s discriminant function or Model for End-

Stage Liver Disease (MELD) score as described in Prognosis
pentoxifylline less used since most definitive trial did not demonstrate efficacy

Prognosis
• Maddrey’s discriminant function (based on PT and bilirubin ) and MELD predict mortality and guide

treatment (consideration of corticosteroids for severe disease based on Maddrey <32 or MELD S21)
and decision on• bilirubin response at day 7 of corticosteroids (Lille model ) also factors into prognosis

whether to continue full course of corticosteroids if started
• fatty liver:complete resolution with cessation of EtOH intake
• alcoholic hepatitis mortality

immediate:30%-60% in the first 6 mo if severe. with continued EtOH: 70% in 5 yr
• with cessation: 30% in 5 yr

Non-Alcoholic Fatty Liver Disease
Definition
• spectrum of disorders characterized by macrovesicular hepatic steatosis, sometimes with

inflammation and/or fibrosis
• most common cause of liver disease in North America

Etiology
• pathogenesis not well elucidated; insulin resistance implicated as key mechanism, leading to hepatic

steatosis
• histological changes indistinguishable from those of alcoholic hepatitis despite negligible history of

EtOH consumption

Risk Factors
• component of the metabolic syndrome along with obesity, T2DM, HTN, hypertriglyceridemia
• other less common causes such as medications (e.g. tamoxifen, corticosteroids, MTX),Wilson’s, TPN,

rapid weight loss, and others

Clinical Features
• often asymptomatic
• may present with fatigue, malaise, and vague RUQ discomfort

Investigations
• elevated serum AST, ALT ± ALP; AST/ALT <1
• presents as echogenic liver texture on U/S
• non-invasive testing of fibrosis: E1B4, NAFLD fibrosis score, PibroTest", EibroScan*

• liver biopsy cannot distinguish fatty liver from alcoholic vs. non-alcoholic, but considered when
investigating alternative etiologies or assessing for level of fibrosis
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Treatment
• mainstay is gradual weight loss (0.5-1 kg/wk) as rapid weight loss can worsen liver disease

ideally, aim to lose at least 7-10% of body weight
• evidence for the use of pharmacologic agents such as pioglitazone and liraglutide, but potential

benefits must be balanced with associated adverse effects (e.g. weight gain and CHI-' with pioglitazone)
• some evidence for vitamin E (800 IU daily) if there is hepatic inflammation in non-diabetic, non-

cirrhotic patients
• some evidence for benefits of coffee drinking (3cups/d) and vitamin D
• consideration for bariatric surgery

Prognosis
• main causes of death, particularly in non-cirrhotic group, are cardiovascular disease and malignancy
• better prognosis than alcoholic hepatitis

» <25% progress to cirrhosis over a 7-10 yr period
• risk of progression increases if inflammation or scarring occurs alongside fat infiltration (non-

alcoholic steatohepatitis)
• other clinical indicators of unfavourable prognosis: obesity,T2DM,age, metabolic syndrome, higher

levels of fibrosis

Acute Liver Failure (formerly Fulminant Hepatic Failure)
Definition
• severe decline in liver function characterized by coagulation abnormality (INK >1.5) and

encephalopathy
• in setting of previously normal liver
• rapid (<26 wk duration)

Etiology
• drugs (especially acetaminophen), hepatitis B (measure anti-HBc, IgM fraction because sometimes

HBV- DNA and even HBsAg rapidly become negative), hepatitis A, hepatitis C (rare), ischemic,
idiopathic

Treatment
• correct hypoglycemia, monitor level of consciousness, prevent G1bleed with PP1, monitor for infection

and multiorgan failure (usually requires ICU)
• consider liver biopsy before INK becomes too high
• chief value of biopsy is to exclude chronic disease, less helpful for prognosis
• liver transplant ( King's College criteria can be used as prognostic indicator): consider early, especially

if time from jaundice to encephalopathy >7 d (e.g. not extremely rapid), ages <10 or >40, cause is drug
or unknown, bilirubin >300 pmol/L, INK >3.5, creatinine >200 prnol/L

Figure13. Progression of liver
dysfunction based on liver function
tests - the “W"

Cirrhosis
Definition
• liver damage characterized by diffuse distortion of the basic architecture with fibrosis and formation

of regenerative nodules
• biopsy gold standard for diagnosis
• compensated cirrhosis = absence of complications, can last for 10-20 yr with almost normal life

expectancy
• decompensated cirrhosis = development of complications such as ascites (most common), variceal

bleeding, encephalopathy

Etiology
• fatly liver (alcoholic or NAI'LD)
• chronic viral hepatitis ( B, B+ D, C; not A or E)
• autoimmune hepatitis
• drugs (e.g.chronic MTX or amiodarone use)
• hereditary hemochromatosis
• PBC
• chronic hepatic congestion

cardiac cirrhosis (chronic right heart failure, constrictive pericarditis)
hepatic vein thrombosis (Budd-Chiari )

• cryptogenic ( i.e. no identifiable cause, although many of these patients may represent “burnt-out non-
alcoholic steatohepatitis (NASH)")

• rare: Wilson’s disease, Gaucher’s disease,al-antitrypsin deficiency

MELD-Na (Model for End-Stage Liver
Disease)
• Predicts 3 mo survival and used to

stratify patients on transplant list
• Based on creatinine, INR, total

bilirubin, and serum sodium
concentration

MELD 3.0
• Updated score that Includes new

variables such asfemale sex and
serum albumin
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Investigations
• definitive diagnosis is histologic (liver biopsy)
• other tests may be suggestive

blood work
fall in platelet count <150 is the earliest finding
in late stages of cirrhosis, rise in 1NR, fall in albumin, rise in bilirubin
elevated bilirubin is usually seen in more advanced disease or in the setting of a concurrent
insult
in very advanced cirrhosis (pre-terminal event), may also see hypoglycemia but this is more
often a feature seen in severe AL1-

• I'ibroTestcombination of various clinical and biochemical markers that can predict degree of
fibrosis
imaging

U/S is the primary imaging modality but only finds advanced cirrhosis
CT to look for varices, nodular liver texture, splenomegaly, ascites
transient elastography (TibroScan*): noil-invasive tool using elastography for measuring liver
compliance (variable availability)

- rapidly replacing liver biopsy to determine extent of liver fibrosis and make the
diagnosis of cirrhosis

• gastroscopy:varices or portal hypertensive gastropathy

Treatment
• treat underlying disorder
• decrease insults (e.g. EtOH cessation, hepatotoxic drugs, immunize for hepatitis A and B if non-

immunc)
• follow patient for complications (esophageal varices, ascites, HCC)
• prognosis:Child-Pugh Score and MELD score
• liver transplantation for end-stage disease; use MELD score (e.g.MELD >15)

Cirrhosis Complications

VARICES
Varices
Ascitcs/Anemia
Renal laiturc (HRS)
Infection
Coagulopathy
Encephalopathy
Sepsis

Table 22. Child-Pugh Score and Interpretation
Classification 2 31
Serum bilirubin (|iinol/L)
Serum albumin (g/L)

04 34 - 51 >51
>35 28-35 <28

INR <1.7 1.7-2.3
Controllable

>2.3
Presence of ascites Absent Refractory

SevereEncephalopathy Absent Minimal
Inlerprelalion

Points Class tile Expectancy
15-50 yr
Candidate for transplant
1-3 mo

Perioperative Mortality
5-6 A 10%

7-9 8 30%
10-15 C 82% Usual causes of death in cirrhosis: renal

failure (hepatorenal syndrome), sepsis,
Cl bleed, or HCC

Score:5-6 (Child's A|.7-9 (Child’sB).10-15 (Child's C|
'Note:Child's classificationis rarely usedlor shunting(TIPS or other surgical shunts),but is stilluseful to quantitate the severityof cirrhosis

Complications
• hematologic changes in cirrhosis

pancytopenia from hypersplenism:platelets first, then YVBC, then hemoglobin
decreased clotting factors resulting in elevated INR
relationship of INR to bleeding tendency is controversial; some patients may be hypocoagulable,
others may be hypercoagulable

• variceal bleeds
1/2 of patients with cirrhosis have gastroesophageal varices and 1/3of these develop hemorrhage
with an overall mortality of >30%
HVPG >10 mmHg is the strongest predictor of variceal development
treatment: resuscitation,antibiotic prophylaxis, vasoactive drugs (e.g.octreotide IV ) combined
with endoscopic band ligation or sclerotherapy, TIPS

• renal failure in cirrhosis
classifications

pre-renal (usually due to overdiuresis)
acute tubular necrosis
HRS

Hepatorenal Syndrome vs. Pre-Renal
Failure - Difficult to Differentiate
• Similar blood and urine findings. Urine sodium:very low in

hepatorenal: low in pre-renal
• IV fluid challenge: giving volume

expanders improves pre-renal failure,
but not HRS

Hepatopulmonary Syndrome

Clinical Triad
• Liver disease
• Increased alveolar-arterial gradient

while breathing room air
• Evidence for intrapulmonary vascular

abnormalities

n- type 1: sudden and acute renal failure (rapid doubling of creatinine over 2 wk)
- type II:gradual increase in creatinine with worsening liver function (creatinine

doubling over years)
HRS can occur at any time in severe liver disease, especially after:

- overdiuresis or dehydration, such as diarrhea, vomiting, etc.
- Gi bleed
- sepsis

L

o +Fibrosis may regress and disappear if
cause of liver injury is treated or resolves
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treatment for HRS (generally unsuccessful at improving long-term survival )
- for type I HRS:octreotide + midodrine t albumin (increases renal blood flow by

increasing systemic vascular resistance)
- definitive treatment is liver transplant

•hepatopulmonary syndrome
majority of cases due to cirrhosis, though may be due to other chronic liver diseases, such as non-
cirrhotic portal HTN
thought to arise from:

ventilation-perfusion mismatch (intrapulmonary shunting and limitation of oxygen diffusion)
failure of damaged liver to clear circulating pulmonary vasodilators and/or increased
production of vasodilators by liver

• clinical features
* hyperdynamic circulation with cardiac output >7 L/min at rest and decreased pulmonary +

systemic resistance (intrapulmonary shunting)
• dyspnea, platypnea (increase in dyspnea in upright position, improved by recumbency), and

orthodeoxia (desaturation in the upright position, improved by recumbency)
diagnosis via contrast-enhanced echocardiography: inject air bubbles into peripheral vein; air
bubbles appear in left ventricle after third heartbeat (normal = no air bubbles; in ventricular
septal defect, air bubbles seen <3 heart beats)
only proven treatment is liver transplantation

Ellects of Portal Hypertension.Esophageal varices
•Gastric varix -> melena
•Splenomegaly
•Caput medusa,umbilical henna
•Ascites
•Hemorrhoids

Ellects of Liver Failure
Encephalopathy (coma)
Xanthelasma
Scleral icterus,
jaundice
Fetor hepaticus
Spider angioma
Gynecomastia
Muscle wasting
Bleeding tendency(bruising)

r k

I
iLoss of sexualhair,testicular atrophy

Ankle edema
Palmar erythema
Dupuytren's contracture,asterixis anemia

v Leuckonychia,Terry s nails,clubbing

I7
j/ I

C3

- J

Figure 14. Clinical features of liver disease

Hepatocellular Carcinoma
• see General Suruerv and ' thoracic Suruerv, GS53

Liver Transplantation
• see General Surgery and Thoracic Surgery, GS54

sPortal Hypertension
Definition
• pressure gradient between hepatic vein pressure and wedged hepatic vein pressure (corrected

sinusoidal pressure) >5 mmHg

Pathophysiology
• 3 sites of increased resistance (remember pressure = flow x resistance)

• pre-sinusoidal (e.g. portal vein thrombosis, schistosomiasis, sarcoidosis)
sinusoidal (e.g.cirrhosis, alcoholic hepatitis)

• post-sinusoidal (e.g. right-sided heart failure, hepatic vein thrombosis, veno-oedusive disease,
constrictive pericarditis)

Complications
• G1 bleeding from varices in esophagus, less commonly in stomach, even less frequently from portal

hypertensive gastropathy
• ascites
• hepatic encephalopathy
• thrombocytopenia
• renal dysfunction
• sepsis
• arterial hypoxemia

Portal Hypertension

Signs
• Esophageal varices
• Melena
• Splenomegaly
• Ascites
• Hemorrhoids
Management
• (3-blockers. Nitrates
• Shunts (e.g.TIPS) n

LJ
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Treatment
• non-selective (3-blockers (propranolol, nadolol, carvedilol) decrease risk of bleeding from varices;

PKEDESCI trial (Lancet 2019;393:1597-1608) showed that non-selective (3-blockers in cirrhotic patients
with portal hypertension lowers risk of decompensation (particularly ascites)

• TIPS:to decrease portal venous pressure
radiologically inserted stent between portal and hepatic vein via transjugular vein catheterization
and percutaneous puncture of portal vein
can be used to stop acute bleeding or prevent rebleeding or treat ascites
complications: hepatic encephalopathy, deterioration of hepatic function

• contraindicated with severe liver dysfunction, uncontrolled hepatic encephalopathy, and
congestive heart failure

• most commonly used as a “ bridge" to liver transplant

sHepatic Encephalopathy
Definition
• spectrum of potentially reversible neuropsychiatric syndromes secondary to hepatic insufficiency

and/or portosystemic shunting, diagnosed after ruling out other causes for symptoms (e.g. structural/
metabolic)

Pathophysiology
• portosystemic shunt around hepatocytes and decreased hepatocellular function increase level of

systemic toxins (believed to be ammonia from gut, mercaptans, fatty acids, amino acids) which go to
tne brain

*Precipitating Factors for Hepatic
Encephalopathy

HEPATICS
Hemorrhage in Gl tract/Hypokalemia
Excess dietary protein
Paracentesis
Alkalosis/Anemia
Trauma
Infection
Colon surgery
Sedatives

Precipitating Factors
• nitrogen load (Gl bleed, protein load from food intake, renal failure, constipation)
• drugs (narcotics, CNS depressants)
• electrolyte disturbance (hypokalemia, alkalosis, hypoxia, hypovolemia)
• infection (SBP)
• deterioration in hepatic function or superimposed liver disease
• spontaneous portosystemic shunts (e.g. splenorenal shunts) or intentional portosystemic shunts (e.g.

TIPS)
A Randomized. Double-Blind. Controlled Trial
Comparing BHaximin plus Lactulose with
lactulose Alone in Treatment of Overt Hepatic
Encephalopathy
American j Ustioenterol 2013:103:1498 U63
Study: Prospettnre double- blinded Kl.
Purpose: Efficacy and safety ol illenmin plus
lactulose n. lactulose alone lor treatment of
overt HE.
Results:Of trie patients.48(76%) in group A
0actulose plus rifaximin 1200 mg/d. ir63|compared
with 29 (S0.n|in group B (lactulose plus placebo.
irST|bad complete reversal ol HE (P'0.004)
Th ere was a significant decrease in mortality alter
treatment until lactulose plus ilfaumin vs.lactulose
plus placebo (23JHvs.49.1V P«0.05). Ihere were
significantly more deaths m group B because olsepsis
(group A vs.group B:7:17, P'0.01),whereas there
were as differences because ol Gl Weed (group Avs.
group B:4:4,^nonsignificant (NS)|and HRS (group A
us.group B:4:7.P-HS), Patients in the lactulose plus
rilasmin group had shoitor hospital stay (5.8-34 vs.
8Je4.Sd.MI.001l.
Conclusion: Combination ol lactulose plus idaiimin
is moceeffettive than lactulose alone in the treatment
ol overt HE.

Stages
A. minimal hepatic encephalopathy (diagnosed with specialized cognitive testing)
B.overt hepatic encephalopathy (stages 1 to IV)

I:apathy, restlessness, reversal of sleep-wake cycle, slowed intellect, Impaired computational
abilities, impaired handwriting
II:asterixis, lethargy, drowsiness, disorientation
111:stupor (reusable), hyperactive reflexes,extensor plantar response (positive Babinski sign)
IV:coma (response to painful stimuli only)

Investigations
• clinical diagnosis: supported by laboratory findings and exclusion of other neuropsychiatric diseases
• rule out:

non-liver-related neuropsychiatric disease in a patient with liver problems (e.g. EtOH withdrawal
or intoxication,sedatives, subdural hematoma, metabolic encephalopathy)

» causes of metabolic encephalopathy (e.g. renal failure, respiratory failure, severe hyponatremia,
hypoglycemia)

• characteristic EEG findings:diffuse (non-focal), slow, high amplitude waves
• scrum ammonia levels increased, but not often necessary to measure in routine clinical use

Treatment
• treat underlying precipitating factors
• decrease generation of nitrogenous compounds

routine protein restriction is no longer recommended given patients generally have concurrent
malnutrition and muscle wasting; however, vegetable protein (as opposed to animal protein) may
help reduce risk of encephalopathy
lactulose or lactitol: titrated to achieve 2-3 soft stools/d

prevents diffusion of NHJ (ammonia) from the colon into blood by lowering pH and forming
non-diffusible NHt +(ammonium)

serves as a substrate for incorporation of ammonia by bacteria, promotes growth in bowel
lumen of bacteria which produce minimal ammonia
also acts as a laxative to eliminate nitrogen-producing bacteria from colon

• oral rifaximin for both acute treatment and maintenance therapy has high level evidence for efficacy
• best acute treatment in patients who cannot take medication orally is lactulose or lactitol enemas

n
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Ascites
Definition
• accumulation of excess fluid in the peritoneal cavity

Etiology

Table 23. Serum-Ascites Albumin Gradient in the Evaluation of Ascites
Serum [Alb] - Ascitic [Alb] >11 g/L (1.1g/dl)
Portal Hypertension Related

Serum [Alb]-Ascitic [Alb] <11 g/L (1.1g/dL)
Non-Portal Hypertension Related

Cirrhosis/severe hepatitis

Chronic hepatic congestion (rightheart failure,Budd-Chiari)
Massive liver metastases

Peritoneal carcinomatosis
PeritonealIB
Pancreatic disease
Serositis
Nephrotic syndrome*

Portal vein thrombosis
Idiopathic portal fibrosis
' In nephrotic syndrome:decreased serum (Alb) to begin with, Iherelorc gradient not helpful

Pathophysiology
• key factor in pathogenesis is increased sodium (and water) retention by the kidney for reasons not

fully understood. Theories include:
underfill hypothesis
overfill hypothesis
peripheral arterial vasodilation theory (most popular):as portal hypertension develops in
cirrhosis, production of local mediators such as nitric oxide leads to splanchnic arterial
vasodilation, ultimately pulling blood away from the systemic circulation and resulting in
reduced effective arterial volume, which causes compensatory sodium and fluid retention by the
kidneys ( i.e. circulatory volume is increased, as per the overfill hypothesis, but effective volume is
decreased as per the underfill hypothesis)

Underfill Hypothesis
First step in ascites formation is
increased portal pressure and low
oncotic pressure (e.g. low serum
albumin) driving water out of the
splanchnic portal circulation into
abdominal cavity:the resulting
decreased circulating volume causes
secondary sodium retention by the
kidney

Overfill Hypothesis
Cirrhosis directly causes increased
sodium retention by the kidney in the
absence of hypovolemia and ascites
arises secondarily

Diagnosis
• abdominal U/S
• physical exam (clinically detectable when >500 mL)

• bulging flanks, flank dullness,shifting dullness, fluid-wave test positive
most sensitive symptom: ankle swelling

Investigations
• diagnostic paracentesis

1st aliquot: cell count and differential
2nd aliquot: chemistry (especially albumin, but also total protein; amylase if pancreatitis; TG and
chylomicrons if turbid and suspect chylous

» 3rd aliquot: C&S, Gram stain
4th aliquot: cytology (usually positive in peritoneal carcinomatosis)

Treatment
• diuretic-sensitive ascites

Na ’restriction (daily sodium intake <2 g)
no need for fluid restriction unless significant hyponatremia (e.g. Na * <120-125 mmol/L)

» diuretics: spironolactone, furosemide
aim for weight loss 0.5-1 kg/d, more if concomitant peripheral edema (which is mobilized quicker
than ascitic fluid); overly rapid weight loss increases risk of renal failure
if target weight loss is not achieved and there are no complications, increase dose to achieve target
while monitoring for complications

• refractory ascites (diuretics are inadequate or not tolerated)
• therapeutic paracentesis with IV albumin

TIPS in an appropriate patient (no contraindications) with potential transplant-free survival
advantage
liver transplantation should be considered in every case, since development of ascites in patients
with cirrhosis is associated with a high 2 yr mortality

Complication: Primary/Spontaneous Bacterial Peritonitis
• primary/SBP

complicates ascites, but does not cause it (occurs in 10% of cirrhotic ascites); higher risk in
patients with G1bleed
1/3 of patients are asymptomatic, thus do not hesitate to do a diagnostic paracentesis in ascites
even if no clinical indication of infection
fever, chills, abdominal pain, ileus, hypotension, worsening encephalopathy, acute kidney injury

• Gram-negatives compose 70% of pathogens: H.coli (most common), Streptococcus, Klebsiella

Serum Ascites Albumin Gradient
(SAAG) r serum albumin-ascites
albumin. >11 g/l portal HTN. ascitic fluid total protein >25g/L,

suggests cardiac portal hypertension. ascitic fluid total protein <25
g/L,suggests cirrhosis portal
hypertension. <11 g/L unrelated to portal HTN

ascites)

n
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• diagnosis
absolute neutrophil count in peritoneal fluid >0.25xl09 cells/ L (250 cells/mm 3)
Gram stain positive in only 10-50% of patients

• culture positive in <80% of patients ( not needed for diagnosis)
• prophylaxis: consider in patients with:

• cirrhotic with Cil bleed: ceftriaxone IV daily or norfloxacin BID x 7 d
• previous episode of SBP: long-term prophylaxis with daily norfloxacin or TMP-SMX

• treatment
IV ABx (cefotaxime 2 g IV' q8h or ceftriaxone 2 g IV daily is the treatment of choice for 5 d;
modify if response inadequate or culture shows resistant organisms)
IV albumin (1.5 g/kg at time of diagnosis and 1 g/kg on day 3) decreases mortality by lowering
risk of acute renal failure

sBiliary Tract

Jaundice
•see table 2, G5 and I 'igurcs 15 «m / 16

Definition
•yellowing of the skin, sclera, and/or mucous membranes due to abnormal deposition of pigmented

bilirubin

Signs and Symptoms
•dark urine, pale stools: suggests that bilirubin elevation is from direct fraction
•pruritus: suggests chronic disease, cholestasis
•abdominal pain: suggests biliary tract obstruction from stone or pancreatic/biliary tumour

(obstructive jaundice)
•painless jaundice in the elderly: think of pancreatic cancer
•kernicterus: rarely seen in adults due to maturation of blood brain barrier

Investigations
•blood work: CBC, bilirubin (direct and total), liver enzymes (AST, ALT, ALP, GGT),liver function tests

(1NR/ PT, PTT, albumin), ± amvlase/lipase
• U/S or CT for evidence of bile duct obstruction (e.g. bile duct dilation )
•more detailed evaluation of bile duct ± surrounding structures like pancreas:

MRCP: non-invasive
• KUS: sensitive for stones and pancreatic tumours

ERCP: invasive, most accurate, allows for therapeutic intervention
PTC: if ERCP fails (endoscopic access not possible)

Jaundice (Tserum bilirubin)

RBC destruction
(rcticuloondolliclial system)

I
GlobinHb

I
Heme

IConversion

I Bilirubin (unconiugatcdl

hFractionate bilirubin AlbPrimarily uncon|i»gated Primarily conjugatedI

r Bilirubin- Alb

IHemolysis
Gilbert's syndrome

Hepatobiliary disease
Abdominal ultrasound LIVER

Glucuronyl transferase
conjugates bilirubin

1Bile duct normal Bile duct dilatedf 4' 15-20%
reabsorbedBile duct obstruebonHepatocellular disease
viaBiliary excretion

into duodenumI ontero-
hopatic
circulation

Visualize bile duct 1'Virus
Autoimmune

Hemochromatosis
Wilson's disease, etc.

Intestinal floraI
y

UrobilinogenEndoscopic bile duct
decompression not likely

to be necessary

Endoscopic bile duct
decompression likely

to be necessary 170-85%

I 4 Stcrcobilmogcn 10% excreted
via urineIMagnetic resonance

cholangiopancreatography IMRCPI
Endoscopic retrograde

cholangiopancreatography ( ERCP! Sto r i
L J

Figure 15. Approach to jaundice Figure 16. Production and excretion
of bilirubin
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Gilbert’s Syndrome
Definition
• hereditary hyperbilirubinemia due to a deficiency of glucuronyl transferase characterized by repeat

episodes of mild asymptomatic jaundice

Etiology/Epidemiology
• some patients have decreased hepatobiliary uptake
• affects 7% of population, especially males
• autosomal dominant, 70% due to a mutation in the UGT gene

Clinical Features
• presents in teens-20s, often an incidental finding
• only manifestation is intermittent jaundice with increased serum unconjugated bilirubin developing

most characteristically while fasting, or at times of acute illness; no other clinical implications

Treatment
• none indicated (entirely benign )

Gilbert'sSyndrome vs. Crigler-Najjar
Syndrome
Gilbert’s Syndrome:mild decrease in
glucuronyltransferase activity
Crigler-Najjar Syndrome:complete
deficiency of glucuronyltransferase

Primary Sclerosing Cholangitis
Definition
• inflammation, fibrosis, and stricturing of biliary tree (intra- and/or extrahepatic bile ducts) from

scarring

Etiology
• primary/idiopathic (most common)

• associated with 1BD, more commonly UC, in up to 70-80% of patients (usually male) with PSC
• secondary (less common)

long-term choledocholithiasis
cholangiocarcinoma
surgical/traumatic injury (iatrogenic)
contiguous inflammatory process

• post-ERCP
associated with H1V/A1DS (“HIV cholangiopathy")
lgG4-related disease
critical illness

Signs and Symptoms
• often insidious, may present with fatigue and pruritus
• may present with signs of episodic bacterial cholangitis secondary to biliary obstruction
• may present with jaundice, hepatomegaly, splenomegaly, excoriations secondary to pruritus

Investigations
• increased ALP ( hallmark), less often increased bilirubin
• mildly increased AST, usually <300 U/L
• p-ANCA (30-80%), elevated lg\l (40-50%)
• MRCP and ERCP shows narrowing and dilatations of bile ducts that may result in “beading," both

intrahepatic and extrahepatic bile ducts
• if intrahepatic narrowing only, do anti-mitochondrial antibody to rule out PBC

• consider livery biopsy if suspecting small duct variant

Complications
• repeated bouts of cholangitis may lead to complete biliary obstruction with resultant secondary

biliary cirrhosis and hepatic failure
• increased incidence of cholangiocarcinoma (10-15%): difficult to diagnose and treat
• increased incidence of colon cancer in those with concurrent 1BD

Treatment
• image bile duct (MRCP) at least annually for early detection of cholangiocarcinoma (controversial)
• endoscopic sphincterotomy, biliary stent in selected cases of dominant common bile duct stricture
• ABx for cholangitis
• suppurative cholangitis requires emergency drainage of pus in common bile duct
• liver transplantation appears to be the best treatment for advanced sclerosing cholangitis (>90% 1 yr

survival; mean follow-up time from diagnosis to need for transplant is 10 yr)
• ursodiol: previously recommended, but studies suggest that it increases mortality if taken in high

doses

n
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+Prognosis
• unfavourable regardless of treatment
• mean survival after diagnosis remains 4-10 yr
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Primary Biliary Cholangitis (formerly Primary Biliary
Cirrhosis) O

Definition
• chronic inflammation and fibrous obliteration of intrahcpatic bile ductules

Etiology/Epidemiology
likely autoimmune (associated with Sjogren’s syndrome, scleroderma, CREST syndrome (calcinosis,
Raynaud’s phenomenon, esophageal dysfunction, sclerodactyly, telangiectasia), RA, thyroiditis)

• affects mainly middle-aged women (M:l'= l:9)

Signs and Symptoms
• often asymptomatic

initial symptoms: pruritus, fatigue
• chronic: jaundice and melanosis (darkening skin) and other signs of cholestasis
• end-stage: hepatocellular failure, portal HTN, ascites
• high incidence of osteoporosis

Investigations
• increased ALP, GGT; bilirubin rises in later stage
• positive anti-mitochondrial antibodies (AM A; 95% specificity and sensitivity)
• elevated IgM
• increased serum cholesterol (mild increase in LDL, larger increase in HDL)

• may have: xanthelasmas, xanthomas
• liver biopsy confirms diagnosis and stages severity
• normal bile duct on MRCP rules out bile duct obstruction which can mimic PBC
• “overlap” syndromes with autoimmune cholangitis, autoimmune hepatitis, sclerosing cholangitis are

possible

Treatment
drugs that treat the underlying disease:

• ursodiol (usual first line treatment)
obeticholic acid ( particularly if inadequate response to ursodiol )

• cholestyramine (for pruritus and hypercholesterolemia)
• calcium and vitamin D for low bone density; bisphosphonates if osteoporosis severe
• repeated monitoring of U 'l's (q 3-6 mo), TSH (annually), and BMD (q 2-1 y r)
• ensure vaccines are updated ( notably HAV & HBV ); avoid EtOH, smoking
• liver transplant if disease severe, progressive

Prognosis
• can be fatal, although not all asymptomatic patients show progression

MRCP/ERCP
• Absence of narrowing in PBC
• Narrowing of intra- and extrahepatic

ducts in PSC

Endoscopic or SurgicalStep- Up Approach for
Infected Necrolising Pancreatitis:A Multicentre
fendomised trial
luxe!2018.381:51 58
Purpose: locompute the outcomes ol endoscope is.
the standard surgical removal of infected necrotising
pancreatitis.
Study: RCT.
Population: 08 patients with pancreaticor
eitrapancreatic neuosis were randomiied to either
endoscopic removal or surgical lemoval of the
infected necrosis.
Outcomes: Uwjor complications and death atimo
follow-up.
Results: the primary endpoints of mortality and
major com pi cations were the same in the two groups,
hut the endoscopic group had shortened hospital
stays and less pancreatic fistutae.
Conclusions: Ir ree points are worth emphasizing:
(1) necrotising pancreatibsis a severe disease: about
15% m each groupdied: (2) it is best to wail at least
4 wi alter the necrosis has developed to alow it
to he encapsulated: (3) the management of severe
acute pancreatitis should include eiperts shil led in
therapeutic endoscopy.

Table 24. Primary Sclerosing Cholangitis vs. Primary Biliary Cholangitis
Primary Sclerosing Cholangitis Primary Biliary Cholangitis

PredominantGender Male Female

Other autoimmune disorders (Sjogren 's.CREST. RA)
Intrahcpatic only

Anti - mitochondrial antibodies. IgM. increased lipids,
liver biopsy (absence of duct narrowing on ERCP)

Associated Comorbidities IBD.especially UC
Affected Ducts
Investigations

Both intra- and oilraltepalic

ERCP/MRCP (narrowing and dilatations of ducts
visualized)

Biliary Colic, Cholecystitis
• see ( icncral Surttcrv and ’ thoracic Suruerv, GS56

Ascending Cholangitis
•see General Surgery and thoracic Surgery, Acute Cholangitis, GS58

Definition
•infection of the biliary tree

Etiology
•stasis in the biliary tract due to obstruction or stricture
•bacteria

E. coli, Klebsiella, Enterobacter, Enterococcus
coinfection with Bacteroides and Clostridia can occur

m
Charcot's Triad

• RUOpain
• Fever
• Jaundice

r t
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+Reynolds' Pentad
• Charcot's triad
• Hypotension
• Altered mental status

Signs and Symptoms
•Charcot’s triad: fever, RUQ pain, jaundice (50-70%)
•Reynolds’ pentad in patients with suppurative cholangitis: fever, RUQ pain, jaundice, hypotension,

altered mental status
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Investigations
• evidence of systemic inflammation (increased WBC, increased CUP)
• usually increased ALP and bilirubin, ALT variably elevated (can be markedly increased if acute

obstruction from common bile duct (CBD) stone)
• blood culture
• abdominal U/S:CBD dilation, stricture, stones

Treatment
• most important is drainage, ideally via HRCP; perform by percutaneous biliary or by surgical routes

(least often) if ERCP not possible
• antibiotic therapy: broad spectrum to cover Gram-negatives, Enterococcus, and anaerobes (especially

ifCBD manipulation )!no clear consensus on antibiotic choice but consider:
• ampicillin + sulbactam or piperacillin/tazobactam

metronidazole + 3rd generation cephalosporin (e.g. ceftriaxone) or fluoroquinolone (e.g.
ciprofloxacin orlevofloxacin)
carbapenem monotherapy (e.g. imipenem or meropenem)

Prognosis
• good with effective drainage and ABx in mild to moderate cases
• high mortality (-50%) in patients with Reynolds’pentad

Pancreas

Pancreatic Enzyme Abnormalities
Causes of Increased Serum Amylase
• pancreatic disease

pancreatitis, pancreatic duct obstruction (e.g. ampullary cancer), pseudocyst, abscess, ascites,
trauma, cancer

• non-pancreatic abdominal disease
biliary tract disease, bowel obstruction/ischcmia, perforated or penetrating ulcer, ruptured
ectopic pregnancy, aneurysm, chronic liver disease, peritonitis

• non-abdominal disease
cancer (lung,ovary, esophagus, etc.), salivary gland lesions, bulimia, renal transplant/
insufficiency, burns, ketoacidosis

• macroamylascmia

Causes of Increased Serum Lipase
• pancreatic disease: same as above
• non-pancreatic abdominal disease (mild elevations only): same as above
• non-abdominal disease

• macrolipasemia
• renal failure

(I)
Pancreatic Enzymes

TALC
Trypsin
Amylase
Lipase
Chymotrypsin

When serum amylase >5x normal, the
cause is almost always pancreatitis or
renal disease

sAcute Pancreatitis
Etiology (most common are alcohol and gallstones)
• Idiopathic: thought to be hypertensive sphincter or microlithiasis
• Gallstones (45%)
• Ethanol (35%)
• Tumours: pancreas, ampulla, choledochocele
• Scorpion stings
• Microbiological

bacterial: Mycoplasma,Campylobacter,TB, M.avium intracellulare, Legionella, Leptospira
viral: mumps, rubella, varicella, viral hepatitis, CMV, EBV, HIV, Coxsackievirus, echovirus,
adenovirus

• parasites: ascariasis, clonurchiasis, echinococcosis
• Autoimmune:!gG4-related disease, SLE, polyarteritis nodosa (PAN), CD
• Surgery/trauma

manipulation of sphincter of Oddi (e.g.ERCP), post-cardiac surgery, blunt trauma to abdomen,
penetrating peptic ulcer

• Hyperlipidemia (TG >11.3 mmol/L; >1000 mg/dL), hypercalcemia, hypothermia
• Emboli or ischemia
• Drugs/toxins

azathioprine, mercaptopurine, furosemide,estrogens, methyldopa, Ht-blockers, valproic acid,
ABx, acetaminophen, salicylates, methanol, organophosphates, steroids (controversial)

(£)
When thinking about the causes of
acute pancreatitis remember: I GET
SMASHED, but vast majority due to
gallstones or ethanol

n
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Pathophysiology
• activation of proteolytic enzymes within pancreatic cells, starting with trypsin, leading to local and

systemic inflammatory response
• in gallstone pancreatitis, this is due to mechanical obstruction of the pancreatic duct by stones
• in ethanol-related pancreatitis, pathogenesis is unknown
• in rare genetic diseases, mutations prevent the physiological breakdown of trypsin required normally

to stop proteolysis (e.g. mutant trypsin in hereditary pancreatitis or mutation in SPINK 1 gene, which
normally inhibits activated trypsin); may be model for ethanol-related pancreatitis

Pathology
• mild (interstitial)

peri-pancreatic fat necrosis
interstitial edema

• severe (necrotic)
• extensive peri-pancreatic and intra-pancreatic fat necrosis

parenchymal necrosis and hemorrhage -> infection in 60%
• release of toxic factors into systemic circulation and peritoneal space (causes multi-organ failure)

• severity of clinical features may not always correlate with pathology
• 3 phases

• local inflammation + necrosis -> hypovolemia
• systemic inflammation in multiple organs, especially in lungs, usually after IV fluids given ->

pulmonary edema
local complications >2 wk after presentation -> fluid collection (pseudocyst) or tissue collection
(necrosis), sterile or infected

o
Cullen's Sign

• Sensitive, not specific for acute
pancreatitis

Grey-Turner’s Sign. Flank ecchymosis

Signs and Symptoms
• pain:epigastric, noncolicky, constant
• can radiate to hack
• may improve when leaning forward (Ingleflnger's sign) • tetany: transient hypocalcemia
• tender rigid abdomen;guarding. N/V
• abdominal distention from paralytic ileus
• fever:chemical, not due to infection

Investigations
• increased serum pancreatic enzymes: amylase, lipase (more specific)
• ALT >150 specific for biliary cause
• increased WBC, glucose, low calcium
• imaging:CT most useful for diagnosis and prognosis

• x-ray:"sentinel loop" (dilated proximal jejunum), calcification, and “colon cut-off sign" (colonic
spasm)

• U/S: useful for evaluating biliary tree (67% sensitivity, 100% specificity)
CT scan with IV contrast: most useful when done >1 d after presentation, helpful for diagnosis
and prognosis because contrast seen only in viable pancreatic tissue, non-viable areas can be
biopsied percutaneously to differentiate sterile from infected necrosis
ERCP or MRCP if cause uncertain, assess for duct stone, pancreatic or ampullary tumour,
pancreas divisum

Classification
• interstitial edematous vs. necrotizing
• mild, moderate, severe

• jaundice: compression or obstruction of bile duct
• Cullen's/Grey-Turner’s signs Increased Amylase

• Sensitive, not specific for acute
pancreatitis• hypovolemic shock: can lead to renal failure

• acute respiratory distress syndrome
• coma Increased Lipase

• Higher sensitivity and specificity
• Stays elevated longer

Prognosis
• usually a benign, self-limiting course, single or recurrent
• occasionally severe leading to:

• shock
• pulmonary edema

multi-organ dysfunction syndrome
• (il ulceration due to stress
• death

numerous scales to describe severity: probably most useful is proportion of pancreas not
taking up contrast on CT done 48 h after presentation (necrotic pancreas does not take up the
contrast dye)
presence of organ failure, particularly organ failure that persists >48 h, is associated with
worse outcomes

n
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Table 25. Collections in Pancreatitis (Revised 2012 Atlanta Classification)
+Liquid Solid

Acute
Chronic
All of these collections ate classified as inlecled ot not infected

Acute petlpancrcalic fluid collection|APfC)
Pancreatic pseudocyst

Acute necrolic collection (ANC)
Walled-off necrosis (WON)
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Treatment
• goals (only supportive therapy available)

1. hemodynamic stability
2. analgesia
3. oxygen
4. stop progression of damage (difficult)
5. treat local and systemic complications

• antibiotic use in infection (cephalosporins, imipenem ), not indicated to prevent infection, although
without aspiration/biopsy can be difficult to distinguish infection from non-infected inflammation

• aspirate necrotic areas of pancreas to diagnose infection; drain if infected
• IV fluids (crystalloid or colloid)

beware third spacing of fluid, monitor urine output carefully
• NG suction (lets pancreas rest) if vomiting, stomach very dilated
• endoscopic sphincterotomy if severe gallstone pancreatitis (i.e. cholangitis or ongoing obstruction)
• nutritional support: N ) feeding tube or TPN if cannot tolerate enteric feeds

recent evidence supports NG enteral (or oral if feasible) feeds
• no benefit:glucagon, atropine, aprotinin, H’-blockers, peritoneal lavage
• follow clinically and CT or U/S to exclude complications
• chief role of invasive intervention is to drain fluid collection, excise necrotic tissue (necrosectomy),

especially indicated if pseudocyst or walled-off necrosis is infected,
try to delay for >2 wk to allow demarcation between viable and necrotic tissue, better done
endoscopically or radiologically, rather than surgically if technically possible

Late Complications
• pseudocysts: follow if asymptomatic, drain if symptomatic or growing

drain preferably:endoscopic, percutaneous under radiological guidance, surgical if less invasive
methods fail

• infected necrosis/abscesses: ABx + percutaneous drainage, endoscopic preferable to surgical
• bleeding: (1) gastric varices if splenic vein thrombosis, (2) pseudoaneurysm of vessels in areas of

necrosis, especially splenic artery, (3) duodenal ulcer related to compression of duodenum by enlarged
pancreas

• splenic and portal vein thrombosis: no effective therapy described, anticoagulation not proven,
hazardous

• rare: DM, pancreatic duct damage

Gallstones only cause acute pancreatitis
(not chronic pancreatitis)

Symptoms of Chronic Pancreatitis
• Abdominal pain
• Diabetes
• Steatorrhea
Etiology = Almost Ahways Alcohol

Chronic Pancreatitis Treatment
• EtOH abstinence
• Pancreatic enzyme replacement
• Analgesics
• Pancreatic resection if ductular

blockage

Definition
• irreversible damage to pancreas characterized by

1. pancreatic cell loss (from necrosis)
2. inflammation
3. fibrosis

Etiology/Pathophysiology
• Toxic-metabolic

EtOH (most common)
causes a larger proportion (>90%) of chronic pancreatitis than acute pancreatitis
changes composition of pancreatic juice (e.g. increase viscosity)
decreases pancreatic secretion of pancreatic stone protein (lithostathine), which normally
solubilizes calcium salts

When toCall the Surgeon In Acute Pancreatitis?
Endoscopic Transgastric vs. Surgical Necrosectomy ter
Infected Necrotizing Pancreatitis:A Random ired Trial
JAMA 2012:307:1053-1061
Once it was recognized that severe acute (necrotizing)
pancreatitis had a terrible prognosis because ol
an enubeiant inflammatory response leading to
multkirgai) failure, pancreatectocny was attempted.
However, contrary to the expected favourable
results, clinical eiperieuce has shown that surgical
pancreatectomy is usually nol helpful, perhaps
because oncethe inflammatory coscadestirts. it
persists as a self -perpetuating cycle. Ihe problems
caused byacute pancreatitis can be thought of
as widespread burn initiated by inDarn matron in
the pancreas, hut haring little to do with ongoing
problems within the pancreas itself.Studies suggest
that the only compellmg indication tor surgery is
infected necrotizing pancreatitis not responding to
ABi.As predicted,without removal of sudi infected
pancreatic tissue,death is likely from sepsis.
In this recent randomized trial, transgastric
neaosectomy,an endoscopic lech nigue that also
removes infected necrotic pancreatic tissue, reduced
both a composite endpoint of major pancreatitis
complications (especially new onset organ failure)
and the pro-inflammatory response (as measured by
serum IL-S levels) to a greater extent than surgical
necrosectomy.Of course, not all necrotic collections
are in areasamenable to endoscopic intervention,
andthe advice olan eipeiienccd surgeon should
always he welcomed in severe acute pancreatitis,
hut the role ol surgery in this previously considered
surgical disease is rapidly diminishing.
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- precipitation of calcium within pancreatic duct results in duct and gland destruction
toxic effect on acinar and duct cells - directly or via increasing free radicals

« acinar cell injury leads to cytokine release, which stimulates pancreatic stellate cells to form
collagen ( leading to fibrosis)
varying degrees of ductular dilatation, strictures, protein plugs, calcification
no satisfactory theory to explain why only a minority of individuals with EtOH use disorder
develop pancreatitis

• smoking
hypercalcemia
hypertriglyceridemia

• medications
• Idiopathic
• Genetic
• Autoimmune pancreatitis/steroid-responsive pancreatitis (e.g. IgG4-related disease)
• Recurrent acute pancreatitis/severe acute pancreatitis
• Obstructive (e.g. pancreas divisum, ampullary stenosis)

r T
L j

Signs and Symptoms
• early stages

recurrent attacks of severe abdominal pain (upper abdomen and back)
chronic painless pancreatitis: 10%

• late stages: occurs in 15% of patients
steatorrhea (maldigestion) when >90% of function is lost
diabetes, calcification, jaundice, weight loss, pseudocyst,ascites, GI bleed

+
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Investigations
• laboratory

• increase in serum glucose
increase in serum ALP, less commonly bilirubin (jaundice)
serum amylase and lipase usually normal

• stool elastase is low in steatorrhea
• abdominal x-ray: pancreatic calcifications
• U/S or CT: calcification, dilated pancreatic ducts, pseudocyst
• MRCP or ERCP:abnormalities of pancreatic ducts-narrowing and dilatation
• LUN: abnormalities of pancreatic parenchyma and pancreatic ducts, most sensitive test
• 72 h fecal fat test: measures exocrine function, fecal elastase preferable
• secretin test:gold standard, measures exocrine function but difficult to perform, unpleasant for

patient, expensive

Treatment
• most common problem is pain, difficult to control
• general management

• complete abstinence from EtOH
• enzyme replacement may help pain by resting pancreas via negative feedback

analgesics
celiac ganglion blocks

• time: pain decreases with time as pancreas "burns out"
• endoscopy:sphincterotomy, stent if duct is dilated, remove stones from pancreatic duct
• surgery:drain pancreatic duct (pancreaticojejunostomy) if duct is dilated (more effective than

endoscopy); resect pancreas if duct is contracted
• steatorrhea

pancreatic enzyme replacement
neither endoscopy nor surgery'can improve pancreatic function

Autoimmune Pancreatitis
•most commonly presents as a mimicker of pancreatic cancer (pancreatic mass detected because of

jaundice ± abdominal pain)

Investigations
•histology: lymphocyte and plasma cell infiltration of pancreas
•imaging: focal or diffuse enlargement of pancreas on CT or MRI, sausage-shaped, low density rim

around pancreas
•serology: increased serum lgG4 in type 1
•other organ involvement: sialadenitis, retroperitoneal fibrosis, biliary duct narrowing, nephritis

Treatment
•responds to prednisone
•for refractory patients, consider immunomodulators (azathioprine, mycophenolate mofetil,

methotrexate) or rituximab

Clinical Nutrition
Determination of Nutritional Status

Challenging to Differentiate Markers of Malnutrition from Markers of Disease
• most important feature in assessing the need for nutritional support is weight loss (expressed as

change in body mass index (kg/m-))
• Subjective Global Assessment divides nutritional status into A ) adequately nourished, B) mild or

moderate malnutrition, and C) severe malnutrition in order to identify those who will benefit from
nutritional support

• includes weight change in past 6 mo, weight change in past 2 wk,dietary intake change, current
dietary intake, G1 symptoms, functional capacity, effect of disease on nutritional requirements and
physical examination, including loss of subcutaneous fat/musdes wasting/edema/ascites

n
L JTable 26. Small Bowel Nutrient Absorption

Fe»’ Proteins,Lipids Bile Acids
Na'.HiO

Vitamin BnCHO

Duodenum

Jejunum
Ileum
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Determining Nutritional Requirements
• calories: total energy expenditure (THE) = resting energy'expenditure (REE) x stress factor (e.g. 1.7

for burns) usually works out to be 25-35 keal/kg depending on how disease affects metabolism, with
IV nutrition delivered as about 60% carbohydrate, 40% fat. Current trend is to provide fewer calories
(“permissive underfeeding"), especially in 1CU, to prevent hyperglycemia

• protein: 1-2 g/kg/d, depending on effect of disease on protein metabolism. In disease, a greater
proportion of energy expenditure comes from protein than in health

• electrolytes, minerals, and vitamins also required

Indications for Aggressive Nutritional Support:
• inability to meet nutritional needs; logical,but convincing evidence from literature not available for

1CU and other acute illnesses
• evidence that nutritional support improves outcome available for ( I ) short bowel syndrome (home

TEN), (2) before major abdominal or thoracic surgery if there is substantial malnutrition, (3) before
therapy for cancer of esophagus, head, and neck, (4) decompensated alcoholic liver disease, (5)
pancreatitis (acute and chronic). May be helpful for other indications also, but insufficient data

• nutritional support at best prevents protein loss but usually no gain

Enteral Nutrition
Definition
• EN (tube feeding) is a way of providing food through a tube placed in the stomach or the small

intestine
• nasogastric (NG),or nasojejunal ( N|) if nutritional support required for brief time; percutaneous

endoscopic gastrostomy (“G-tube” or “PEG tube")/percutaneous endoscopic jejunostomy (J-tube)
if nutritional support required for more than 1 mo

• tubes can be placed endoscopically, radiologically,or surgically

Indications
• oral feeding inadequate nr contraindicated

Feeds
• polymeric feeds contain whole protein, carbohydrates, fat as a liquid, and may or may not have fibre

added
• elemental feeds contain protein (as amino acids), carbohydrates (as simple sugars), and are low in fat

content (are therefore high in osmolarity)
• specific diets: low carbohydrate/high fat solution for ventilated patients (carbohydrate has a high

respiratory quotient so minimizes carbon dioxide production), high energy, low electrolyte solutions
for dialysis patients

Relative Contraindications
• non-functioning gut (e.g. intestinal obstruction, enteroenteral or enterocutaneous fistulae)
• uncontrolled diarrhea
• GI bleeding

Complications
• aspiration
• diarrhea
• refeeding syndrome (rare): carbohydrate can stimulate excessive insulin release, leading to cellular

uptake and low serum levels of phosphate, magnesium, potassium
• overfeeding syndrome (rare): hypertonic dehydration, hyperglycemia, hypercapnia, azotemia (from

excess protein)

Most Common Indications for Artificial
Nutrition Support

• Preexisting nutritional deprivation
• Anticipated or actual inadequate

energy intake by mouth
• Significant multiorgan system

disease

Whenever possible. EN is ALWAYS
preferable over PN

Parenteral Nutrition
Definition
• PN is the practice of feeding a person intravenously, bypassing the usual process of eating and

digestion

Indications
• short-term (<1 mo)

use whenever GI tract not functioning
only situations where PN has been well shown to increase survival are after bone marrow
transplant and in short bowel syndrome, some evidence for benefit in gastric cancer, but often
used in 1CU, perioperatively, and in difficult-to-control sepsis

• preoperative: only useful in severely malnourished (e.g. loss of >15% ofpre-morbid weight, serum
albumin <28 g/L or <2.8 g/dL), and only if given for >2 wk
renal failure: PN shown to increase rate of recovery; no increase in survival
liver disease:branched chain amino acids may shorten duration of encephalopathy; no increase
in survival
IBD: PN closes fistulae and heals acute exacerbations of mucosal inflammation, but effect is
transient (EN is equally effective)

n
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• some evidence for efficacy, but convincing data not available for:
radiation/chemotherapy-induced enteritis
AIDS with wasting diarrhea
severe acute pancreatitis

•long-term (>1 mo):can be given at home
• severe untreatable small bowel disease (e.g. radiation enteritis, extensive GD, high output (istulae)
• following surgical resection of >70% of small bowel (e.g. small bowel infarction)

severe motility diseases (e.g. scleroderma affecting bowel)

Relative Contraindications
•functional G1 tract available for EN
•active infection; at least until appropriate antibiotic coverage
•inadequate venous access; triple-lumen central venous lines usually prevent this problem

Complications of PN
•sepsis: most serious of the common complications
•mechanical pneumothorax from insertion of central line, catheter migration and thrombosis, air

embolus
•metabolic: congestive heart failure, hyperglycemia, gallstones, cholestasis, electrolyte abnormalities,

micronutrient deficiency

Enteral Nutrition Preferable to Parenteral Nutrition
•fewer serious complications (especially sepsis)
•nutritional requirements better understood
•can supply gut-specific fuels such as glutamine and short chain fatty acids with EN
•nutrients in the intestinal lumen have a trophic effect (prevent atrophy of the gut and pancreas)
•prevents gallstones by stimulating gallbladder motility
•much less expensive

Hypomagnesemia may be an initial sign
of short bowel syndrome in patients
who have undergone surgical bowel
resection

Enteral »s.Parenteral Nutritionlor Acute Pancreatitis
Cochrane DB Syst Ber 2010:1:C0002837
Purpose: Compare EN vs. IPN m mortality,
morbidity, andhospital stay inpatients with
pancreatitis.
Study Selection PCIsoflPNvs. EN in pancreatitis .
Results: E gut trials (n-348) were included. EH
decreases RR of death (0.50), multiple organ failure
(0.55), infection|0.39), and Otter local complications
(0.?0|. It also decreasedhospital stay by 2.3? d.
Conclusion: EN reduces mortality, organfiilure.
infections, and lengthol hospital stay m patients with
pancreatitis.

Common Medications
Table 27. Common Drugs Prescribed in Gastroenterology

Mechanism of
Action

Contraindications Side EffectsClass Generic Drug Trade Name Dosing
Name

Indications

Proton Pump omeprazole
Inhibitors
(If /K- ATPasc
inhibitors)

Losec - /
Prilosec '

20 mg PO once daily Inhibits gastric Duodenal ulcer,gastric
enzymes H'/K'- ATPase ulcer, HSAIO associated
(proton pump) gastric and duodenal

ulcers, reflux esophagitis,
symptomatic OERO,
dyspepsia. Zollinger-
Ellison syndrome,
eradication ofH. pylori
(combined with ABi)
Same as above

Hypersensitivity lodrug Dizziness, headache,
flatulence, abdominal
pain,nausea. rash,
increased risk of
osteoporotic fracture
(secondary to impaired
calcium absorption)

Same as above Same as above Same as abovelansoprazole or Prevacid '

dexlansoprazole Dexilanl
Oral therapy:
lansoprazole
15-30 mg once daily
(before breakfast),
dexlansoprarole 30-60
mg once daily (does not
need to be taken before
breakfast)
40 mg PO once daily for
UGIB:80 mg IV
bolus then 8 mg/h
infusion
40 mg PO once daily

PantolocT
Protonix :

Same as above SameasaboveandUGIB Same as above Same as abovepantoprazole

Pariet' /
Aciphex '

Nexium '

Same as above Same as above Same as above Same as aboverabeprarolc

20 -40 mg P0 once daily Same as above Same as above Same as above Same as abovecsomepraiolc
Histamine
Hz Receptor
Antagonists

ranitidine*
'ranitidine drugs
recalled in 2019
due to impurity
concerns

Zantac - * 300 mg PO once daily or Inhibits gastric
1S0 mg 8ID
IV therapy:50 mg q3

Duodenal ulcer,gastric Hypersensitivity to drug
histamine H2 receptors ulcer, HSAID-associated

gastric and duodenal
ulcers, ulcer prophylaxis,
reflux esophagitis,
symptomatic GERD;not
useful lor acute Gl bleeds
Same as above

Confusion, dizziness,
headache, arrhythmias,
constipation, nausea,
agranulocytosis,
pancytopenia,
depression

h (but
tachyphylaxis a problem)

Pepcid! Oral therapy: duodenal/ Same as above
gastric
ulcers:40 mg qhs
GERD: 20 mg BIO
IV therapy: 20 mg BID

Same as above Same as abovefamotidine

r -t

Stool Softener docusate sodium Colace 100 400 mg PO once Promotes
daily, divided in 1-4 doses incorporation of water

into stool

Rebel of constipation Presence of abdominal pain, throat irritation.
abdominal cramps,
rashes

lever.N/V

+
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Table 27. Common Drugs Prescribed in Gastroenterology
Generic Drug Trade Name Dosing
Name

Mechanism of
Action

Indications ContraindicationsClass Side Effects

Osmotic
Laxatives

Constipation: 15 30 ml
POonce daily to BIO
Encephalopathy:
15-30mlBID to OID

Poorly absorbed in Chronic constipation,
Cl trad and is broken prevention, and treatment
down by colonic
bacteria into lactic
acid in the colon,
increases osmotic
colonic contents,
increases stool volume
Osmotic agent causes Relief of constipation
water retention in Colonoscopy prep
stool and promotes
frequency of stool
Osmotic retention of Relief of constipation
fluid which distends
the colon and
increases peristaltic
activity

lactulose lactulose
Constulose'

Patients who require a low
galactose diet

Flatulence,intestinal
cramps,nausea,
diarrhea if excessive
dosage

of portal-systemic
encephalopathy

PEG3350 lax-a-day 5

RestoralAX -
Golytelyr

Constipation:17 g
powder dissolved in 4-8
or liquid POonce daily

Hypersensitivity to drug Abdominal distension,
pain, anal pain.thirst,
nausea, rigor,tonic-
clonic seizures (rare)
Renal impairment
Abdominal pain,
vomiting, diarrhea

Milk of
Magnesia/
Pedia -Lax!

Constipation (adult):
400 mg/5 mL:30-60 mL
POqhs

magnesium
hydroxide

Patients with myasthenia
gravis or other
neuromuscular disease

Stimulant
laxatives

Senokot 5 Tablets:1-4 POqhs
Syrup:10-15 mlPOqhs

Induce peristalsis in Constipation
lower colon

Patients with acute
abdomen

Abdominal cramps,
discolouration of breast
milk,urine,feces,
melanosis coli and atonic
colon from prolonged
use (controversial)
Abdominal colic,
abdominal discomfort,
proctitis (with
suppository use),
diarrhea

senna

bisacodyl Bisacodyl! 5-30 mg PO once daily Enteric nerve
(start at 10 mg for bowel stimulation and local

contact-induced
secretory effects
Colonic movements

Constipation
Preparation of bowel for
procedure

G! obstruction
Gastroenteritis

preparation)

Bulk Laxatives psyllium Metamucil 5 Start at one heaping
tablespoon daily

Increases stool bulk Constipation-•water retention
in stool

Hypersensitivity to drug
Gl obstruction

Gl obstruction,diarrhea,
constipation,abdominal
cramps

Guanylate
Cyclase C
Agonist

Constella1 75-145 pg once daily Opens water channels Chronic constipation
in bowel epithelial IBS-constipation
cells to add water
to stool

Children Diarrhealinadotide

Children «2 yr,known Abdominal pain or
hypersensitivity to discomfort,drowsiness
drug,acute dysentery or dizziness, tiredness,
characterized by blood in dry mouth,N/V,
stools and fever,acute UC or hypersensitivity reaction
pseudomembranous colitis
associated with broad-
spectrum ABx
Hypersensitivity to
diphenoxylate or
atropine, jaundice,
pseudomembranous
enterocolitis,diarrhea
caused byenterotoxin
producing bacteria
Pancreatic disease,excess
EtOH, gallstonesor other
biliary disease

Antidiarrheal
Agents

loperamide Imodium® Acute diarrhea:4 mg PO
initially,followed by 2
mg after each unformed
stool

Acts as antidiarrheal
via cholinergic,
noncholingeric,
opiate,and non-opiate associated with IBD and
receptor-medicated
mechanisms;
decreases activity of
myenteric plexus
Inhibits Gl propulsion Adjunctive therapy for
via direct action diarrhea,as above
on smooth muscle,
resulting in a decrease
in peristaltic action
and increase in transit
lime
Bowel opioid
modulator

Adjunctive therapy
for acute non-specific
diarrhea, chronicdiarrhea

for reducing the volume of
discharge for ileostomies,
colostomies,and other
intestinal resections

diphenoxylate/
atropine

Lomotil - 5 mg PO TID to OID Dizziness, drowsiness,
insomnia,headache,
N/V,cramps,allergic
reaction

Viberzil - 75 -100 mg BID IBSeluxadoline Pancreaticobiliary pain
including sphincter of
Oddi dysfunction

Diarrhea

Antiemetics dimenhydrinate Gravol - 25-50 mg PO/IV/IM
q4-6 h PRN

Competitive Hr
receptor antagonist in sickness,postoperative
Gl tract,blood vessels, vomiting, and drug-
and respiratory tract, induced N/V
Blocks chemoreceptor
trigger zone
Diminishes vestibular
simulation and
disrupts labyrinthine
function through
central anticholinergic
action
01,DLeceptor
antagonist in
chemoreceptor trigger
zone and o-adrenergic
and anticholinergic
effects
Depresses reticular
activating system
(RAS) affecting emesis
Dopamine and 5-HI
receptor antagonist
in chemoreceptor
trigger zone.Enhances chemotherapy induced N/V, pheochromocytoma.
response to ACh migraines,constipation seizures,and EPS
inupper Gl tract,
enhancing motility
and gastric emptying.
Increases IES tone

Motion sickness,radiation Hypersensitivity to drug Xerostomia,sedation

prochlorperazine Stemetil 5 5-10 mg PO/IV/IM BID TID Postoperative N/V,
antipsychotic,anxiety

Hypersensitivity to drug Dystonia,
extrapyramidal
symptoms|EPS),seizure,
NMS (rarely)

PRN

metoclopramide Maxeran - 10 mg IV/TM q2-3 h pm,
10 -15 mg P0 OID (30 min
before meals and qhs)

GERO,diabetic
gastroparesis.
postoperative and

Restlessness,
drowsiness, dizziness,
fatigue, EPS, some
rareseriousside
effects include NMS,
agranulocytosis

Hypersensitivity to
drug.Gl obstruction,
perforation,hemorrhage. ri

L J

+

Activate Windows
Go to Settings to activate Windows.



G55 Gastroenterology Toronto Notes 2023

Table 27. Common Drugs Prescribed in Gastroenterology
Class Generic Drug Trade Name Dosing

Name
Mechanism of
Action

Indications Contraindications Side Effects

Zofran ' Depends on procedure. Selective 5-HT3 AT caused by cancer
generally 8-16 mg PO receptor antagonist in chemotherapy and

central chemoreceptor radiation therapy;multiple
trigger zone and off label uses,including
peripherally on vagus gastroenteritis N/V
nerve

1mg PO BID (for nausea Same as above
from chemotherapy/
radiation)

Morphine,hypersensitivity Constipation,diarrhea.
increased liver enzymes,
headache, latigue.
malaise, cardiac
dysrhythmia

ondanselton
to drug

Kylril - AiV caused by cancer
chemotherapy and
radiation therapy

Same as above Constipation,prolonged
01interval (rarely)

granisetron

Prokinetic
Agents

Motilium Gl motility disorder (e.g. peripherally acting
gastroparesis):10 mg TID D2 receptor blocker.

main effect in the

upper Gl motility disorders hypersensitivity to cardiac arrhythmia
(eg.gastroparesis. domperidone,prolonged (use lowest dose for
subacute gastritis). 0T interval,prolactinoma. shortest duration) and

upper Gl tract (i.e. prevention of nausea electrolyte disturbances. hyperprolactinemia
increased esophageal associated with dopamine- CYP3A4 inhibitors, causing hypogonadism,
peristalsis,gastric agonists mechanical Gl obstruction or breast engorgement,
motility), antiemetic perforation,Gl hemorrhage, and galactorrhea
properties severe hepatic dysfunction.

children <2yr

domperidone

Resotran'
Motegrity:

2 mg POOD high affinity S-HK
agonist,main effect
in the lower Gl
tract (i.e.increased
colonic peristalsis,
ameliorates
gastroparesis)

hypersensitivity to
prucalopride.Gl obstruction dizziness, abdominal
or perforation,severe pain.N/V,diarrhea,
inflammation co-morbidity abdominal distention
(e.g.Crohn's disease.UC.
tome megacolon)

headache, fatigue.prucalopride chronic idiopathic
constipation

Aminosalicylates mesalamme
(5-ASAs)

Pentasa:
Salofalk '
Asacol'
Mesasal7

CD:1g PO TID.'OID
Active UC:1g PO OID
Maintenance UC:1.6 g
PO divided doses daily prostaglandinsand
also as suppositories and leukotrienes
enemas
3-4 g/d PO in divided
doses

5-ASA:Blocks
arachidonic acid
metabolism to

M id to moderate UC Hypersensitivity to Abdominal pain,
mesalamine salicylates: constipation,arthralgia.
Asacol' containsphthalate. headache
potential urogenital
teratogenicity for male fetus

sulfasalazine Salazopynn1 Compound composed Mild to moderate UC
of 5-ASAbound
to sulfapyridine.
hydrolysis by intestinal
bacteria releases
5-ASA.the active
component

Hypersensitivity to
sulfasalazine, sulfa drugs,
salicylates;intestinal
or urinary obstruction,
porphyria

Rash,loss of appetite.
AY.headache,
oligospermia (reversible)

6-mercaptopurine Purinethol:
(6-MP)

CD:1.5 mg/kg/d PO Immunosuppressive IBD:active inflammation
and tomaintain remission

Immuno-
suppressive
Agents

Hypersensitivity to
mercaptopurine,
prior resistance to
mercaptopurine or
th.oguanine, history of
treatment with alkylating
agents,hypersensitivity to
azathioprine.pregnancy
Same as above

Pancreatitis,bone
marrow suppression,
increased risk of cancer

IBD: 2-3 mgfkg > dPO Same as above Same as above Same as aboveazathioprine Azasan '
Imuran'

prednisone Induction of remission Anti-inflammatory
for acute exacerbations:
20-40 mg P0 once daily:
taper 2.5-5 mg/wk until
discontinued

Symptomatic moderate to
severe CD and UC

Hypersensitivity to Hyperglycemia,
prednisone,systemic fungal insomnia,osteoporosis,
infections weight gain,increased

risk of infections

Biologies Remicade' 5-10 mg/kg IV over 2 h Medically refractory CD Heart failure,moderate to
severe,doses»5 mg/kg

infliximab Monoclonal antibody
toTNFo

Reported cases of
reactivated TB.PCP.
fymphoma, other
infections
Other THFo share similar
serious sideeffects
Headaches, skin rashes,
upper respiratory tract
infection

Humira! CD induction:four 40 mg
SC on day1.then 80 mg 2
wk later (day 15)
CD maintenance: 40 mg
every other wk beginn ing
day 29
RA:2 mg/kgatwkO.
4.and then every 8 wk
thereafter (use with
methotrexate)
UC induction:200 mg
SC at wkO, then100 mg
at wk 2
UC maintenance:50 mg
every 4 wk
CD/UC:300 mgat0.2.6
wkand then every 8 wk
thereafter

Monoclonal antibody
to TNFa

Medically refractory CD or Hypersensitivity to
poor response to infliximab adalimumab

Severe infection
Moderate-to-severe heart
failure

adalimumab

Simponi:gotimumab Monoclonal antibody
to TNFa

Active ankylosing
spondylitis
Psoriatic arthritis
Moderate-to-severe
active RA (combined with
methotrexate)
UC:medically relractory UC

Hypersensitivity to
gol mumab or latex
Severe infection
Mpderate-to-severe heart
failure

Medically refractory
CD UC.including other
TNFainhibitors and
corticosteroids
Moderate to severe CD
andUC

vedohzumab Entyvio: Monoclonal antibody
to o4fl7 integrin

Hypersensitivity to
vedolizumab

Infections,
liver injury, and
progressive multifocal
leukoencephalopathy
Infections,headaches,
joint pain. fever,H/V

r m
j

Stelara - Induction:single IV
weight- based dose on
day1
Maintenance:90 mg
subcutaneous injection
every 8 wk

Hypersensitivity to
ustekinumab

ustekinumab Monoclonal antibody
to IgGIK.inhibits
signals by 11-12 and
11-23
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Table 27. Common Drugs Prescribed in Gastroenterology
Class Generic Drug Trade Name Dosing

Name
Mechanism of
Action

Indications Contraindications Side Effects

Small Molecules tofacitinib UCS 10 mg BID JAK inhibitor IB,hepatitis B Infections,macro'
cardiac events,
thrombosis (e g.PE,DVI)

Xeljanc '

Antibiotics rifaximin Zaxine ' SSO mg BIO or TID Nonabsorbable
antibiotic, affects
dysbiosis of
microbiome

Hepatic encephalopathy Nil
Non-constipation IBS
Traveller's diarrhea

Nil

Landmark Gastroenterology Trials
Trial Name Reference Clinical Trial Details
PEPTIC ULCER DISEASE

Lanccl 2009;374:119 -25 Title:Famotidine for the Prevention of Peptic Ulcers and Oesophagitis inPatients Taking low- dose Aspirin (FAMOUS): A Phase III.Randomised.
Double-blind.Placebo- controlled Trial
Purpose:Evaluate the efficacy ol famotidine in the prevention of peptic ulcers and erosive esophagitis.Inpatients receiving low - dose aspirin.
Methods:Patients without erosions or ulcers on upper endoscopy,currently on low dose aspirin,were randomited to lamolidine 20 mg 610
or placebo,(he primary endpoint was development of new stomach ulcers.
Results:At 12 wk,gastric ulcers occurred in 3.4% of famotidinepatients and15% of placebo- matched patients (OR 0.20:95% Cl0.09 to 0.47;
P'0.0002).Duodenal ulcers developed in 0.5% of famotidine patients and 8.5% of placebo patients (OR 0.05:95% Cl 0.01 to 0.40:P~0.0045).
Conclusions:Famotidine is effective in the prevention of gastric and duodenal ulcers,and erosive esophagitis in patients taking low-dose
aspirin.

FAMOUS

INFLAMMATORY BOWEL DISEASE
SONIC NEJM 2010:362:1383-95 Title:Infliximab.Azathioprine,or Combination Therapy for Crohn’s Disease

Purpose:Compare the efficacy and safety of infliximab and azathioprine therapy alone or in combination,in patients with CD.
Methods:CD patients who had not undergone previous biologic or immunosuppressive therapy were randomized to infliximab 5 mg/kg IY
infusion or 2.5 mgoral azathioprine.or combination therapy of both drugs.
Results:Among patients receiving combination therapy.56.8% were in steroid-free remission, compared with 44.4% of patients receiving
infliximab monotherapy,and 30% receiving azathioprine monotherapy (P<0.001for comparison with combination:P'0.06 for comparison
with infliximab).
Conclusions:Patients' CD treated with infliximab monotherapy or influimab-azalhioprine combination had better corticosteroid- free
remission than azathioprine monotherapy recipients.
Title:A Comparisonol Methotrexate with Placebo for the Maintenance of Remission in Crohn's Disease
Purpose:Evaluate the role of methotrexate inmaintaining remission of CD.
Methods:Patients with chronically active CO who entered remission were randomized to metlioliexate 15 mg IM or placebo for 15 wk.Ihe
primary endpoint was rales of remission at wk 40.
Results:At ihe follow- up pciiod ol 40 wk.65% of methotrexate patients were in remission compared to 39% of patients inIhe placebo group
(risk reduction 26.1%;95% Cl 4% to 47.8%;P'0.04). None of the methotrexate patients reported serious adverse events.
Conclusions:Patients with CD in remission saw increased remission rales and fewer relapse treatments at 40 wk.
Title:Adalimumab Induction Therapy for Crohn's Disease Previously treatedwith Infliximab
Purpose:Determine the efficacy of adalimumab insymptomatic CD patients despite infliximab treatment.
Methods:325 adults with moderate-severe active CD were randomized to induction doses of adalimumab 160 mg and 80 mg at 0 and 2 wk
respectively,or time-matched placebo.The primary endpoint was induction of remission at 4 wk.
Results:Remission was achieved at 4 wk in 21% of adalimumab patients compared with 7% of placebo patients (95% Cl 6.7% to 21.6%).
Conclusions:Adalimumab induces remission more frequently than placebo inadult patients with symptomatic CD despite infliximab therapy.
Title:Ustekinumab as Induction and Maintenance Therapy for Ulcerative Colitis
Purpose:Determine the effectiveness of ustekinumab as induction and maintenance therapy in patients with UC.
Methods:961patients with moderate-severe UC were randomized to IY induction ustekinumab (130 mg),or placebo. The primary endpoint
was clinical remission determinedby the Mayo scale.
Results:Ihe primary endpoint occurred in 15.6% of patients in the intervention group compared with 5.3% of placebo patients (P*0.001). The
incidence of serious adverse events was similar between groups.
Conclusions:Ustekinumab was more effective than placebo for inducing and maintaining remission in patients with moderate lo-sevctc UC.
Title:Vedolizumab versus Adalimumab for Modcrale- to-Severe Ulcerative Colitis
Purpose:Compare efficacy of vedolizumab versus adalimumab inpatients with moderate-severe UC.
Methods: Adults with moderate-severe active UC were randomized to IV infusions of vedolizumab 300 ing or subcutaneous adalimumab 40
mg (total weekly dose 160 mg).Ihe primary outcome was clinical remission at wk 52 as determined by the Mayo scale.
Results:At wk 52.clinical remission was observed in 31.3% of vedolizumab patients compared to 22.5% of adalimumab patients (95% Cl 2.5
to 15.0:P-0.006).Steroid- free remission occurred in 12.6% ol vedolizumab patients and 21.8% oladalimumab patients (95% Cl18.9 to 0.4).
Conclusions:In patients with moderale-lo-severe UC,vedolizumab wassuperior to adalimumab with respect to achievementof clinical
remission and endoscopic improvement,but nolcorticosteroidfreeclnical remission.

NEJM 2000;342:1627-32A Comparison of
Methotrexate with Placebo
for theMaintenance of
Remission in Crohn's
Disease

Adalimumab Induction
Therapy for Crohn's
Disease Previously Treated
with Infliximab

Ann Intern Med
2007:146:829 38

UNIFI NEJM 2019:381:1201-14

VARSIIY NEJM 2019:381:1215 26
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Trial Name Clinical Trial DetailsReference

LIVER DISEASE
MELD Score as A Predictor Gastroenterology
Of Death in Chronic liver 2003:124:91-96
Oisease

Title:MELD Score as A Predictor 01Death in Chronic liver Disease
Purpose:Assess the capability for the MELD score lo correctly rank potential liver transplant recipients.
Methods: the MELD score was prospectively applied to estimate 3 -mo mortality in 3437 adult liver transplant candidates with chronic liver
disease.
Results:Waiting list mortality increased directly in proportion lo the MEID score.Using 3-mo mortality as the endpoint, the ROC curve lor
MEID was 0.83 compared to 0.76 lor the Chlld- Turcotle - Pugli score.
Conclusions:MEID score can be applied lor allocation ol donor livers as it accurately predicts 3-mo mortality inpatients with chronic liver
lailurc.

NEJM 2010:362:1292- Title: tetaprevir lor Previously Treated Chronic HCV Infection
Purpose:Study the efficacy of tetaprevir in patients without a sustained virologic response to pcgmlcrlerontherapy.
Methods:Patients with HCV genotype 1without sustained virologic response topcginlerleron therapy were randomned to one ol lour
tetaprevir and pcginlerleron treatment groups. The primary endpoint was sustained virologic response 24 wk alter the last dose.
Results:Ihe rates ol sustained virologic response in the three tetaprevir groups were significantly higher than the control group rales|14%,
P'0.001.P'0.001.P'0.02).Discontinuation ol the drugs due to adverse events was more frequent in Ihe tetaprevir groups than In the control
group (1S% vs. 4%).
Conclusions:In HCV infected patients m whom initial pcginlerleron therapy failed, retreatment with tetaprevir in combination with
peginterferon andribavirin was mote cllectivc than the latter two atone.

HEJM 2011:364:1196-1206 Title:8oceprevlt lor Untreated Chronic HCV Genotype 11nfection
Purpose:Evaluate virologic response with additional boccprcvir treatment in patients with HCV genotype 1inlection.
Methods:Previously untreated adults with HCV genotype1infection were randomiied lo placebo plus peginlctleton ribavirin or boccprevir
plus peginterleion ribavirin. The primary endpoint was sustained virologic response.
Results: A virologic response was achieved in 40% of group1.67% in group 2 and 68% in group 3.
Conclusions:Ihe additionolboceprevir to standard therapy ol peginlerleron-ribavirin,compared with standard therapy alone,increased
rales of sustained virologic response in chronically HCV infected adults.

PROVE 3
1303

SPRINT 2

Rifaiimin Treatment in
Hepatic Encephalopathy

NEJM 2010:362:1071-81 Title:Rilaximin Irealment in Hepatic Encephalopathy
Purpose:Evaluate the efficacy ol rilaximinin the prevention ol hepatic encephalopathy secondary lo cirrhosis.
Methods: 299 patients in remission from recurrent hepatic encephalopathy were randomiied to rilaximin 550 mg SID or placebo lor 6 mo.The
primary endpoint was time lor the first breakthrough episode.
Results:Rilaximin reduced the risk ol a hepatic encephalopathy episode (hazard ratio 0.42:95% Cl 0.28 to 0.64;P'0.001). A breakthrough
episode occurred in 22.1% of rifaximin-treated patients compared to 45.9% ol placebo patients (hazard ratio 0.5:95% Cl 0.29 to 0.87;
P-0.01). The incidence of adverse events was similar between groups.
Conclusions:The antibiotic rilaximin was successful in maintaining remission from hepatic encephalopathy and reducing hospitalizations.

NEJM 2015:372:1619-28 Title:Prednisolone or Pentoxifylline For Alcoholic Hepatitis
Purpose:To elucidate the benefits olpentoxifylline and prednisolone lor the treatments of severe alcoholic hepatitis.
Methods:Patients with severe alcoholic hepatitis were randomized to one of lour groups:double-matched placebo,prednisolone plus
matched placebo,pentoxifylline plus matched placebo,or prednisolone plus pentoxifylline.The primary endpoint was mortality at 28 d.
Results:Mortality at 28 d was 17% in the first group,14%in the second group,19% in the third group,and13% in the fourth group.At 90 d and
1yt.there were no significant differences between groups.
Conclusions:For alcoholic hepatitis,prednisolone improved survival ata level below statistical significance.Pentoxifylline did not improve
survival.

Prednisolone or
Pentoxifylline For Alcoholic
Hepatitis
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Differential Diagnoses of Common Presentations,
Acute Abdominal Pain
Abdominal Mass
Gastrointestinal Bleeding
Jaundice
Preoperative Preparations

Surgical Complications
Postoperative Fever
Wound/Incisional Complications
Urinary and Renal Complications
Postoperative Dyspnea
Respiratory Complications
Cardiac Complications
Intra-Abdominal Abscess
Paralytic Ileus
Delirium
Thoracic and Foregut Surgery
Approach to the Solitary Pulmonary Nodule
Lung Cancer
Pleura,Lung,and Mediastinum
Complicated Parapneumonic Effusion
Empyema
Pneumothorax
Tube Thoracostomy
Lung Transplantation
Chronic Obstructive Pulmonary Disease
Mediastinal Masses
Thymoma
Esophageal Carcinoma
Esophageal Perforation
Hiatus Hernia
Achalasia

Stomach and Duodenum
Peptic Ulcer Disease
Gastric Carcinoma
Gastrointestinal Stromal Tumour
Bariatric Surgery

SMALL INTESTINE

Small Bowel Obstruction
Mechanical Small Bowel Obstruction
Paralytic Ileus
Intestinal Ischemia
Tumours of Small Intestine
Short Gut Syndrome

Abdominal Flernia
Groin Hernias
Appendix.
Appendicitis
Inflammatory Bowel Disease
Crohn's Disease
UlcerativeColitis

URGE INTESTINE
Large Bowel Obstruction.
Mechanical Large Bowel Obstruction
Functional Large Bowel Obstruction:Colonic Pseudo-Obstruction
(Ogilvie’s Syndrome)

GS2 Diverticular Disease
Diverticulosis
Diverticulitis
Colorectal Neoplasms
Colorectal Polyps
Familial Colon Cancer Syndromes
Colorectal Carcinoma
Other Conditions of theLarge Intestine
Angiodysplasia
Volvulus
Toxic Megacolon
Fistula
Stomas

Anorectum
Hemorrhoids
Anal Fissures
Anorectal Abscess
Fistula-In-Ano
Pilonidal Disease
Rectal Prolapse
Anal Neoplasms
Liver.
Liver Cysts
Liver Abscesses
Neoplasms
Liver Transplantation
Biliary Tract
Cholelithiasis
Biliary Colic
Acute Cholecystitis
Acalculous Cholecystitis
Choledocholithiasis
Acute Cholangitis
Gallstone Ileus
Carcinoma of the Gallbladder
Cholangiocarcinoma

Pancreas
Acute Pancreatitis
Chronic Pancreatitis
Pancreatic Cancer

Spleen
Splenic Trauma
Splenectomy
Splenic Infarct
Breast
Benign Breast Lesions
Breast Cancer

Surgical Endocrinology.
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Paediatric Surgery
Skin Lesions

Common Medications
Landmark General and Thoracic Surgery Trials..
References

GS39
GS2

GS4 GS41

.GS44GS7

GS8

GS47

GS13

GS51

.GS55

GS25

GS60

.GS29
GS63GS29

GS65

GS33
GS71

GS35

GS36 GS73
GS75

GS37 GS76 r i
L J

GS37 GS77

GS78

+

GS1 General and Thoracic Surgery Toronto Notes 2023

Activate Windows
Go To Settings re activate Windows.



GS2 General and Thoracic Surgery Toronto Notes 2023

Acronyms
5-FU 5-fluorouracil
AAA abdominal aortic aneurysm
ABG arterial blood gas
ABI ankle brachial index
ALNO axillary lymph node dissection
APR abdominoperineal resection
ARDS acute respiratory distress

syndrome
ATN acute tubular necrosis
AXR abdominal x-ray
BRBPR bright ted blood per rectum
BCS breast conserving surgery
CBD common bile duct
CEA carcinocmbryonic antigen
CF cystic fibrosis
CHD common hepatic duct
CRC colorectal cancer
CVA costovertebral angle
CVP central venous pressure
DCIS ductal carcinoma in situ
DIC disseminated intravascular

coagulation
DPI diagnostic peritoneal lavage
DRE digital rectal exam
EBL estimated blood loss
ERCP endoscopic retrograde

cholangiopancreatography

LCIS lobular carcinoma in situ
LES lower esophageal sphincter

lower gastrointestinal bleed
left lower quadrant

IMWH low molecular weight heparin
LUO left upper quadrant
LVRS lung volume reduction surgery
MALL mucosa-associated lymphoid

tissue
mechanical bowelpreparation

MEN multiple endocrine neoplasia
MIBG motalodobcnzylguanidino
MIS minimally invasive surgery
MRCP magnetic resonance

cholangiopancreatography
MSAFP maternal scrum a- fctoprotcin
NET neuroendocrine tumour

normal saline
OCP oral contraceptive pill
OGD oesophagogastroduodenoscopy URTI
PMN polymorphonuclear neutrophils VATS
POD postoperative day

proton pump inhibitor
PTC percutaneous transhepatic

cholangiography
partial thromboplastin time

PUD peptic ulcer disease

EUA examination under anesthesia
EUS endoscopic ultrasound
FAP familial adenomatous polyposis LGIB
FAST focused abdominal sonography LLO

for trauma
FNA fine needle aspiration
FNH focal nodular hyperplasia
FOBT fecal occult blood test
GERD gastroesophageal reflux disease
GIST gastrointestinal stromal tumour MBP
GU genitourinary
HCC hepatocellular carcinoma
HDGC hereditary diffuse gastric

carcinoma

RAI radioactive iodine
Ringer’s lactate

RIO right lower quadrant
RUO right upper quadrant
SBO small bowel obstruction
SBFT small bowel follow-through
SCC squamous cell carcinoma
SIADH syndrome of inappropriate

anti-diuretic hormone
SMA superior mesenteric artery
SMV superior mesenteric vein
SNLB sentinel lymph node biopsy
TED thromboembolic deterrent
TEE transesophageal

echocardiogram
TTE transthoracic echocardiogram

ulcerative colitis
UGI upper gastrointestinal series
UGIB upper gastrointestinal bleed

upper respiratory tract infection
video-assisted thoracoscopic
surgery
vasoactive intestinal peptide

VTE venous thromboembolism

RL

HIDA hepatobiliary imino diacetic acid
HNPCC hereditary nonpolyposis

colorectal cancer
ISO incision and drainage
IBD inflammatory bowel disease
IPAH idiopathic pulmonary arterial
hypertension

UC
NS

IPF idiopathic pulmonary fibrosis
intrauterine growth restriction
inferior vena cava

IUGR PPI VIP
IVC
IVIG intravenous immune globulin

low anterior resection
large bowel obstruction

LAR PTT
LBO

Basic Anatomy Review
Access to RUQor LUQ contents
i.e. gallbladder,spleen

Kocher’s
(subcostal)
Upper Midline Access to stomach,duodenum,

gallbladder, liver,transverse colonKocher's
(subcostal)

04

Paramedian Can make similar incision in each
quadrantfor access to eachquadrant's §
contents
Postoperative ventral hernias common s
Not commonly used =

Lateral At outer 1/3 - medial 2/3 border of rectus s
Paramedian Modification of paramedianbutwith

lower risk of dehiscence or ventral hernia s'
Not commonly used

Lower Midline Access to pelvic organs,sigmoid
colon, and rectum
Suprapubic incision for access to
pelvic cavity

McBurney’s Access to appendix,other RLQ and
LLQ contents

Paramedian
Lateral

paramedian

McBumey's

o

Upper midline

Lower midline
I

Arcuate line
2

Pfannenstiel |Pfannenstiel 3u
©

Figure 1. Abdominal incisions

Lateral Abdominal Wall Layers and their Continuous Spermatic and Scrotal Structures
(superficial to deep)
1. skin (epidermis, dermis, subcutaneous fat)
2. superficial fascia

• Campers fascia (fatty) > Dartos muscle/fascia
• Scarpa's fascia (membranous) > Colles' superficial perineal fascia

3. muscle (see figure 2 and figure 3)
• external oblique > inguinal ligament > external spermatic fascia
• internal oblique > cremasteric muscle/fascia
• transversus abdominis > posterior inguinal wall

4. transversalis fascia > internal spermatic fascia
5. preperitoneal fat
6. peritoneum > tunica vaginalis

Midline Abdominal Wall Layers (superficial to deep)
1. skin
2. superficial fascia
3. rectus abdominis muscle: in rectus sheath, divided by linea alba (see figure 3)

• above arcuate line (midway between symphysis pubis and umbilicus)
anterior rectus sheath = external oblique aponeurosis and anterior leaf of internal oblique
aponeurosis
posterior rectus sheath = posterior leaf of internal oblique aponeurosis and transversus
abdominis aponeurosis

• below arcuate line
aponeuroses of external oblique, internal oblique, and transversus abdominis all pass in front
of rectus abdominis
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4. arteries: superior epigastric ( branch of internal thoracic), inferior epigastric ( branch of external iliac);
both arteries anastomose and lie behind the rectus muscle (superficial to posterior rectus sheath
above arcuate line)

5. transversalis fascia
6. peritoneum

Transversus abdominismuscle
Internal oblique muscle I

IPeritoneum i
IIC

artery-Inferior epigastric

^ vein
“—Transversalis fascia
5 Deepinguinalnng

Membranous layer_
of superficial fascia
(Scarpa's fascial

-External oblique muscle
-Internal oblique muscle
-Aponeurosis of internal
oblique muscle

-Aponeurosis of external
oblique muscle (cut edge)
Cremaster muscle
-Spermatic cord

Fatty layer of superficial fascia
(Camper's fascial
Superficial inguinalnng
Tunica vaginalis
Tesos
Internal spermatic fascia
Cremaster muscle
External spermatic fascia
Code's superficialpenneal fascia
Dartos muscle
Skin of scrotum

Figure 2. Continuity of the abdominal wall with layers of the scrotum and spermatic cord
SkinRectus abdominisAbove arcuate line Superficial fascia
(Camper's +Scarpa’s fascial
External oblique
Internal oblique
Transversus abdominis
Transversalis fascia
Preperitoneal fat
Peritoneum

)Below arcuate line Inferior epigastric artery

Skin
Superficial fascia
Externaloblique
Internal oblique
Transversus abdominis
Transversalis fascia
Preperitoneal fat
Peritoneum

5
J Arterial Blood SupplyOrgan
S

Lell andright hepatic
(branches of hepatic proper)

Splenic
Cystic (branch of right hepatic)

1. Lesser curvature:right and
left gastric

2. Greater curvature:right
(branch of gastroduodenal)
and left (branch of splenic)
gastroepiploic

3. Fundus:short gastnes
(branches of splenic)

1. Gastroduodenal
2. Pancreaticoduodenal

(superior branch of
gastroduodenal,inferior
branch of superior
mesenteric)

1. Pancreabc branches of
splenic

2. Pancreabcoduodenai5

Superior mesenteric branches:
jejunal,ileal,ileocolic
1. Superior mesenteric

branches:right colic,
middle colic

2. Inferior mesenteric
branches:left colic,
sigmoid,superior rectal

1 liver

V
Spleen
Gallbladder

Figure 3.Midline cross-section of abdominal wall

Stomach

Celiac trunk (1)
i) Common hepatic artery (2)

•Hepatic proper (3)
- left hepatic artery (4)
-Right hepatic artery (5)
•Right gastric artery (7)
•Gastroduodenal artery (81

ii) left gastric artery (6)
iii) Splenic artery (9)

Duodenum

Superior mesenteric artery (10)
i) Middle colic artery (11)
ii) Right colic artery (121
iii) Ileocolic artery (13)
iv) Ileal and jejunal branches 114)

Pancreas

Small
Inferior mesenteric artery (15)

il Left colic artery (16)
iilSigmoid arteries (17)
ii) Superior rectal artery (181

intestine

Large
intestine

5
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Figure 4. Arterial blood supply to the Gl tract
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Venous Flow

Portal vein ( II
Superior mesenteric vein (7)

i) Ileal and jejunal veins (131
ill Ileocolic vein (141
iiil Right colic vein (121
hr) Middle colic vein (II )
v) Pancreaticoduodenal vein (8)
vi) Right gastroepiploic vein (9)

Splenic vein (51
i) I nferior mesenteric vein (10)

(superior rectal vein until crossing
common iliac vessels)
•Left colic veins (15)

•Sigmoid veins (16)
•Superior rectal veins (17)

ii) Pancreatic veins
ml Left gastroepiploic vein
hr) Short gastric veins (6)

Left gastric (coronary) vein (2)

Right gastric vein (3)

Cystic vein (4)

Paraumbilical vein-(within round ligament, not shown) <3

a
a

|
-
?
9

Figure 5. Venous drainage of the Gl tract

Differential Diagnoses of Common
Presentations

In All Patients Presenting with an Acute
Abdomen.Order the Following:
Ifcy Tests for Specific Diagnosis. ALP.ALT.AST. bilirubin

• Lipase/ amylase
• Urinalysis
• R-hCG (in women of childbearingAcute Abdominal Pain age)
• Troponins
• Lactate
Key Tests for OR Preparation

• CBC.electrolytes, creatinine, glucose. INR/PTT
• CXR (if history of cardiac or

pulmonary disease)
• ECG if clinically indicated by history

or if >69 yr and no risk factors
Note:Choosing Wisely does not
recommend routine preoperative blood
work for ambulatory/elective surgery

• acute abdomen = severe abdominal pain of acute onset and requires urgent medical attention
• in patients with acute abdominal pain, the first diagnoses that you should consider are those requiring

potential urgent surgical intervention, including:
peritonitis
bowel obstruction

Table 1. Differential Diagnosis of Acute Abdominal Pain
Right Upper Quadrant (RUO) Right Lower Quadrant (RLO)

Hepatobiliary
Biliary colic
Cholecystitis"
Cholangitis
CBD obstruction (e.g. stone, tumour)
Hepatitis (includes perihepatitis 'f itr Hugh Curtis syndrome)
Portal vein thrombosis
Budd -Chiari syndrome
Hepatic abscess(mass
Right subphrenic abscess*

Gastrointestinal
Pancreatitis
Presentation of gastric, duodenal, or pancreatic pathology
Hepatic flexure pathology (e.g. CRC. subcostal incisional hernia)

Genitourinary
Nephrolithiasis’
Pyelonephritis
Renal: mass, ischemia, trauma

Cardiopulmonary
Right lower lobe pneumonia
Effusion/empyema
CHF (causing hepatic congestion and right pleural effusion)

Gastrointestinal
Appendicitis"
Crohn's disease
Tuberculosis of the ileocecal junction
Cecal tumour
Intussusception
Mesenteric lymphadenitis (Yersinia)
Cecal diverticulitis
Cecal volvulus'
Hernia:femoral, inguinal obstruction.Amyand's (and
resulting cecal distention)

Gynaecological
See'suprapubic'

Genitourinary
See 'suprapubic'

Extraperitoneal
Abdominal wall hematoma,abscess
Psoas abscess

Types of Peritonitis
• Primary peritonitis: spontaneous

without dear etiology
• Secondary peritonitis: due to a

perforated viseus
• Tertiary peritonitis: recurrent

secondary peritonitis more often with
resistant organisms

Localization of Pain
• Most digestive tract pain is perceived

in the midline because of bilaterally
symmetric innervation:kidney, ureter,
ovary, or somatically innervated
structures are more likely to cause
lateralized pain

• Parietal peritoneum:supplied by
somatic sensory nerves of body wall.
Pain is sharp and well-localized

• Visceral peritoneum:supplied by
autonomic sensory fibres. Pain is
colicky and poorly localized

Ml r T
i JPericarditis

Pleurilis
Miscellaneous

Herpes roster
Trauma
Costochondritis ( Infectious*)

"indicated need tor urgent surgical evaluation
+
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Table 1. Differential Diagnosis of Acute Abdominal Pain
Left Upper Quadrant (LUO) Left Lower Quadrant (LLO)

Referred Pain
• Biliary colic to right shoulder or

scapula. Renal coSc to groin
• Appendicitis:periumbilical to RLQ
• Pancreatitis:to back
• Ruptured AAA: to back or flank
• Perforated ulcer to RLO (right

paracolic gutter)
• Hip pain: to groin
• Ovarian torsion:to flank or groin

Pancreatic
Pancreatitis (acute»s.chronic)
Pancreatic pseudocyst
Pancreatic tumours'

Gastrointestinal
Gastritis

Gastrointestinal
Diverticulitis*
Diverticulosis
Colorsigmodrectal cancer
fecal impaction
Proctitis (e.g.UC.infectious:
i.e.gonococcus or Cbbmydio)
Sigmoid votvulus*

Hernia (mcarceraledslrangulaled*)
Gynaecological

See 'suprapubic'
Genitourinary

See'suprapubic'
Extraperitoneal

Abdominal wall hematoma/abscess'
Psoas abscess

PUD
Splenic flexure pathology
(e.g.CRC.ischemia)

Splenic
Splenic infarcllabscess*
Splenomegaly
Splenic rupture'
Splenic artery aneurysm

Cardiopulmonary (see RUOand Epigastric)
Genitourinary (see DUO) Most Common Presentations of

Surgical Pain
• Sudden onset with rigid abdomen“

perforated visors
• Pain out of proportion to physical

findings - ischemic bowel
• Vague pain that subsequently

localizes ~ appendicitis or other intra-
abdominal process that imitates the
parietal peritoneum

• Waves of colicky pain - bowel
obstruction

SeeG »nae::.CTi.Urslinv.Respiroloav, and Cardiology and
Cardiac Surgery for further details regarding respective
etiologies of acute abdominal pain

EPIGASTRIC SUPRAPUBIC DIFFUSE
Cardiac

Aortic dissechonruplured AAA'
Gastrointestinal (see RL0/LL0)

Acute appendicitis*
Gastrointestinal

Peritonitis*

Early appendicitis,perforated appendicitis*
Mesenteric ischemia*
Gasboenteritisi'colitis
Constipation
Bowel obstruction*
Pancreatitis

IBOMl
Pericarditis

Gastrointestinal
Gastritis
GERD esopha;; s

Gynaecological
Ectopic pregnancy*
Pelvic inflammatory disease
Endometriosis
Threatened/incomplete abortion*

Hydrosalpinx /salpingitis
Ovarian torsion*
Hemorrhagic fibroid
Tubo-ovarian abscess
Gynaecological lumours

Genitourinary
Cystitis (infectious,hemorrhagic)
Hydroureter/urinary colic
Epididymitis
Testicular torsion*
Acute urinary retention

Extraperitoneal
Rectus sheath hematoma

PUD
Pancreabtrs
Malloty-Weiss tear

IBD
Acute Abdominal Pain MnemonicIrritable bowel syndrome

Ogilvie's syndrome
Cardiovascular,Hematological

Aortic dissection*

Ruptured AAA*
Sidde cellcrisis

Genitourinary.Gynaecological
Perforated ectopic pregnancy*

Pehric inflammatory disease
Acute urinary retention

Endocrinological
Carcinoid syndrome*

Diabetic ketoacidosis
Addisonian crisis
Hypercalcemia

Other
lead poisoning
Tertiary syphilis

ABDOMINAL
Appendicitis
Biliary tract disease
Diverticulitis
Ovarian disease
Malignancy
Intestinal obstruction
Nephritic disorders
Acute pancreatitis
Liquor/ethanol

’indicated need tor urgent surgical evaluation

Abdominal Mass

Table 2. Differential Diagnosis of Abdominal Mass
RUO Upper Midline LUO
Gallbladder:cholecystitis,
cholangiocarcinoma,peri-ampullary
malignancy,cholelithiasis
Biliary tract Klatskin tumour
Liver:hepatomegaly,hepatitis,abscess.

Pancreas:pancreaticadenocarcinoma,other Spleeo:splenomegaly,tumour,abscess,
pancreatic neoplasms,pseudocyst subcapsular splenic hemorrhage,can also

present as RLO mass if extreme splenomegaly
Stomach:tumour

Abdominal aorta:AAA (pulsatile)
Gl:gastric tumour (adenocarcinoma,
gaslrointestinal stromal tumour,carcinoid

tumour (hepatocellular carcinoma,metastatic tumour). MALT lymphoma
tumour,etc.)

Pancreatitis can look like a surgical
abdomen,but is rarely an indication for
immediate surgical intervention

Lower MidlineRLO LLO
Intestine:stool,tumour (CRC).mesenteric Uterus:pregnancy,leiomyoma (fibroid).
adenitis,appendicitis,appendicealphlegmon uterine cancer,pyometra.hematometra
or other abscess,typhlitis,intussusception. GU:bladder dislention, tumour
Crohn's inflammation
Ovary:ectopic pregnancy,cyst
(physiological vs.pathological),tumour
(serous,mucinous,struma ovarii,germ
cell.Krukenberg)
Fallopian tube:ectopic pregnancy,
tubo-ovarian abscess,hydrosalpinx,tumour

Intestine:stool,tumour,abscess (see RLO)
Ovary:see RLO
Fallopian tube:see RLO
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Gastrointestinal Bleeding
• see Gastroenterology. G28 and G30

Indications for Surgery
• failure of medical management (after at least 2 endoscopic attempts at management)
• exsanguinating hemorrhage: hemodynamic instability despite vigorous resuscitation
• recurrent hemorrhage with up to two attempts of endoscopic hemostasis
• prolonged bleeding with transfusion requirement >3 units
• bleeding at rate >1 unit/8h

Indications for Urgent Operation

IHOP
Isc hernia
Hemorrhage
Obstruction
Perforation

Surgical Management of Gl Bleeding
• UC.IB

bleeding from a source proximal to the ligament of I reitz
often presents with hematemesis and rnelena unless very brisk (then can present with
hematochezia), may present with anemia, hypovolemic shock
initial management with PPls and endoscopy; if fails, then consider surgical management
appropriate to etiology

• PUD accounts for approximately 55% of severe UCilB

Overt Bleeding:obvious hematemesis.
hematochezia or rnelena per rectum (i.e.
visible to naked eye)
Occult Bleeding: bleeding per rectum is
not obvious to naked eye (c.g. positive
guaiac FOBT)
Obscure Bleeding:bleeding with no
identifiable source after colonoscopy
and endoscopy (source usually in small
bowel). Can be either overt or occult

. LGIB
bleeding from a source distal to the ligament of T'reitz
often presents with BRBPR unless proximal to transverse colon, rarely rnelena (right-sided colonic
bleeding)
initial management with colonoscopy to detect and potentially stop source of bleeding
75% of patients will spontaneously stop bleeding, however if bleeding continues, barium enema
should NOT' be performed
angiography or RBC scan to determine source as indicated
surgery indicated if bleeding is persistent - aimed at resection of area containing source of
bleeding
for obscure bleed conduct wireless capsule endoscopy, may require blind total colectomy if the
source is not found
diverticular bleeding is the most common cause of LG1B (accounting for 40% of cases)

Table 3. Differential Diagnosis of Gl Bleeding
Anatomical Source Etiology

DICExcess anticoagulation (warfarin, heparin, etc.)
Excess antiplatelet (dopidogrel. ASA)
Epistaxis

Esophageal varices
Mallory- Weiss tear
Esophagitis
Gastritis
Castric varices
Dieulaloy’s lesion
Duodenal ulcer
Perforated duodenal ulcer*

Tumours'
Polyps
Ulcers
Meckel's diverticulum
Small bowel obstruction
Colorectal cancer*

Mesenteric tlrrombosis/isthemic bowel*
UC’(subtotal colectomy if failure of medical
management)
Angiodysplasia
Diverticulosis (’if bleeding is persistent)

Diverhculosis ('if bleeding is persistent)
Sigmoid cancer*

Bleeding postpolypcclomy

Hemorrhoids
Fissures
Pedal cancer*
Anal varices

Hematological
Congenital bleeding disorders

BloodworkforGI Bleeds
CBC (including platelet count), serum
chemistries (electrolytes. BUN, LFTs,
etc,), coagulation studies (INR, PT, PTT),
blood type and crossmatch if anticipate
transfusion

Nose

Aorto-esophageal fistula (generally postendovascular
aortic repair)*
Esophageal cancer
Castric ulcer
Gastric cancer*

Esophagus

Stomach

Duodenum Duodenal cancer’

Jejunum

Crohn's disease*
Tuberculosis of ileocecal junction
Crohn’s disease (less frequently presents with bleeding)’
Pancolitis (infectious, chemotherapy,or radiation
induced)
Bleeding post-gastrointestinal anastomosis

Ileum and Ileocecal
Junction
large Intestine

Sigmoid Polyps ('if not amenable tocolonoscopic polypectomy)

ypsj'il nolamenable tocolonoscopic polypectomy)
Crohn’s orUC*

Solitary rectal ulcer syndrome

PaRectum and Anus Biochemical Signs for Differentiating
Jaundice
Hepatocellular Elevated bilirubin +
elevated ALT/AST
Cholestatic: Elevated bilirubin +
elevated ALP/GGT t duct dilatation upon
biliary UfS
Hemolysis: * haptoglobin t LDH

rn
’Managed surgically in most cases L J

Jaundice
+

• see Gastroenterology, G45

Note: cholestatic jaundice is often
surgical
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Preoperative Preparations m
Bilirubin LevelsConsiderations

• informed consent (see Ethical, Legal, and Organizational Medicine. ELOM 11 )
• screening questionnaire to determine risk factors e.g. age, exercise capacity, medication use, allergies,

exposure to people with infection (i.e.COVID-19)
• consider preoperative anesthesia, medicine consult as indicated to optimize patient status

Prc- bitra - Post-
hepatic hepatic hepatic

Serum Bilirubin
Indited Nt »
Owed N t t

• IV-balanced crystalloid at maintenance rate (4:2:1 rule for paediatrics, roughly 100-125 cc/h for
adults): NS or RL (RL most common); bolus to catch up on estimated losses including losses from
bowel prep

appropriate use of fluids perioperatively decreases risk of cardiorespiratory complications
• patients can take their regular medications except for hypoglycemic agents, diuretics, and ACEis
• patients with primary adrenal insufficiency (e.g. Addison's disease) or secondary adrenal insufficiency

(e.g. glucocorticoid use) may reuuire additional glucocorticoid stress dose coverage
• anticoagulation /antiplatelet medication must be managed to decrease surgical bleeding but not put

patient at risk for increased thrombotic events (e.g. Bridging: switching from warfarin to LMWH,
easier to start/stop as needed)

• prophylactic antibiotics depending on wound class (immediately/within 1 h prior to incision):
cefazolin (skin flora coverage) ± metronidazole (Gl flora coverage) for contaminated cases

• role of MBP:Current evidence suggests that use of MBP preoperatively has no impact on postoperative
complications, and therefore, routine use of MBP for non-LAK elective colorectal surgery is not
recommended

MBP is indicated in open or laparoscopic anterior resection i.e. rectal resection where
anastomosis is at or below sacral promontory;given with antibiotics

• assess risk for postoperative V I E prior to surgery based on procedure- and patient-related factors;
tools such as Caprini Score can be used

only hold VT'E prophylaxis if epidural is expected
• smoking cessation and weight loss preoperatively can significantly decrease postoperative

complications
• infection:delay elective surgery until infection managed, including respiratory infection (particularly

in asthma patients)
• when scheduling elective surgeries following a COVID-19 diagnosis, consider the severity of

COVID-19 illness, the risks of complications, and risks of delaying surgery

Urine
Urobilinogen t

Bilirubin
t

Fecal

Urobilinogen t e

m
In patients with liver disease and an
acute abdomen,spontaneous bacterial
peritonitis must be ruled out

Surgical Emergencies:Take an AMPLE
History

Allergies
Medications
fast medical/surgical history (including
anesthesia and bleeding disorders)
Last meal
Events - HPI

Best Practice InGeneral Surgery
(BPIGS)
http://www.bpigs.ca/
Best Practice in Surgery isa resource
from the quality improvement program
at theUniversity of Toronto Department
of Surgery.Since its inception,it has
expanded beyond general surgery best
practices and provides EBM guidelines
for a variety of fields and procedures

Table 4. Recommendations for Timing of Surgery following Recovery from COVID-19 with
Consideration of Individual Risk/Benefits

Clinical Severity of COVID-19 Infection

ModeratePriority of Surgical
Procedure Mild Severe

Moderalc symptomatic Lung involvement
requiring hospilalnalion
and/or significant
comorbidities and/or
immunocompromised
«7 wk post-infection
consider non-operative
oplionsil sale and
available

7 wkpost infection 7 wk post inlection

Critically ill
Severe C0VID-19 wrlh
ICU admission and/or
meet criteria lor severe
disease and/or severely
immunocompromised
<7 wk post-infection
consider non-operative
options if sale and
available
12 wk post infection

Mild (suspected or
confirmed) COVID-19 and/ COVID -19 not requiring
or asymptomatic and/or hospitalization and/or
upper respiratory tract persistent symptoms
infection

Urgent orEmergent «2wk Do case urgently/
ACATS and PCATS Urgent emergently
within 3,7 or 14 days

Do case urgently/
emergently Mechanical BowelPreparation Strategies:A

ClinkalPractice Guideline developed bylbe
University ol Toronto's lest Practice in Surgery
Informed by:Can J Surg 2010:53:385-395
14ICIs (5071participants).8 meta-analyses
1. All open,'laparoscopic colorectal procedures

(excluding LAfts t diverting stoma)
• l,a MBP
• Ho dietary restrictions before IPO
• fleet enema lor left cotononastomows with

bansrectal stapling
2. Open/laparoscopicIAR -divertingstoma- MBP

• Ho dietary restrictionsbefore MBP;cleat
fluids after MBPcomplete

Urgent (28 or 42 days) 4 -7 wk post infection
2-SwkACATS/PCATS

Elective (»43 days) »6wk
ACATS/PCATS

Investigations
• see Anesthesia, A4
• routine preoperative laboratory investigations for elective procedures should be selective

only ASA class and surgical risk have been found to independently predict postoperative adverse
effects

• blood components: group and screen or cross and type depending on procedure
• CBC, electrolytes, creatinine
• INR/PT.PTT
• CXR ( PA and lateral) for patients with history of cardiac or pulmonary disease
• ECG as indicated by history or age>69 and no risk factors
• P-hCG testing in all women of reproductive age
• for patients undergoing low-risk surgery without systemic disease (ASA 1or II), routine preoperative

chest x-rays,CBC, 1NR, and PTT should be avoided

r 1
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Drains. NG tube
• indications: gastric decompression, analysis of gastric contents, irrigation /dilution of gastric

contents, feeding, and/or administration of medications, if necessary
2 types: NG tube (for drainage or feeding) and Dobhoff (for feeding only)
insertion should be done in stages with x-ray protocol to avoid injury

• contraindications:suspected basal skull fracture, obstruction of nasal passages, esophageal
stricture, esophageal varices

• Foley catheter with urometer
indications: to accurately monitor urine output, decompression of bladder, relieve obstruction,
rapidly expanding suprapubic mass

contraindications: suspected urethral injury and difficult insertion of catheter

Drain Sire
Measured by the unit French:
French ~ diameter (mm) x 3

Surgical Complications
• general principles in preventing complications during the postoperative p

• frequent examination of the patient (daily or more) and their wound
• removal of surgical tubes as soon as possible (e.g. Foley catheters and surgical drains)

early mobilization
monitor fluid balance and electrolytes

• analgesia - enough to adequately address pain (minimize opioids through routine use of anti-
inflammatories and acetaminophen)

eriod Include:

Postoperative Fever
• postoperative fever is considered a temperature higher than 38C on two consecutive postoperative

days or higher than 39 C on any postoperative day
• fever does not necessarily imply infection, particularly in the first 24-48 h postoperative!)'
• fever may not be present or may be blunted if patient is receiving chemotherapy, glucocorticoids, or

other immunosuppressive agents
• timing of fever may help identify cause
• hours after surgery - POD #1

inflammatory reaction in response to physiological stress from surgery; most common cause
of fever on POD #1-3and unlikely to be infectious (unless necrotizing fasciitis or another
severe infection)
reaction to blood products received during surgery
malignant hyperthermia

• POD #1-2 (acute)
atelectasis
early necrotizing fasciitis wound infection (especially Clostridium perfringens, (5-hemolytic
Group A Streptococcus)-,feel for crepitus and look for “dishwater" drainage

• aspiration pneumonitis
• other: acute adrenal insufficiency, thyroid storm, and transfusion reaction

POD #3-7: likely infectious
UT1, surgical site infection, IV site/line infection (commonly with Staphylococcus),septic
thrombophlebitis, and leakage at bowel anastomosis (tachycardia, hypotension, oliguria, and
abdominal pain)

POD #8+
intra-abdominal abscess, DVT/PE (can be anytime postoperative, most commonly POD #8-
10, may occur earlier but recognition is often delayed), and drug fever

other: URT’I, infected scroma/hiloma/hcmatoma, C difficile colitis, and endocarditis

Treatment
• resuscitation then treat primary cause

Wound/Incisional Complications
WOUND CARE (see Plastic Surgery, PL8)

• can shower POD #2-3 after epithelialization of wound (or earlier depending on dressing)
• most dressings can be removed POD #2 and left uncovered if dry
• Steri strips or dermabond glue should be left on for up to 2 wk
• examine wound for wet dressing, signs of infection (fever, tachycardia, and pain )
• skin sutures and staples can be removed POD # 7-10

exceptions: incision crosses crease (groin ), closed under tension, in extremities (hand) or patient
factors (elderly, corticosteroid use, or immunosuppressed) removed POD #14 or earlier if there are
signs of infection

• negative pressure dressings consist of foam and suction, promote granulation
ideal for large (grafted sites) or non-healing wounds (irradiated skin or ulcer)

n
L J

+

Activate Windows
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DRAINS
• drains may be placed selectively at the time of surgery to prevent fluid accumulation (blood, pus,

serum, bile, and urine)
can be used to assess quantity of third space fluid accumulation postoperativelv

• potential route of infection; to decrease risk of wound infection bring out through separate incision
(vs. operative wound ) and remove as soon as possible

• types of drains
• open (e.g. Penrose), higher risk of infection

closed: 1) gravity drainage (e.g. Foley catheter); 2) underwater-seal drainage system (e.g. chest
tube);3) suction drainage (e.g. lackson-Pratt )
sump (e.g. NG tube)

• monitor drain outputs daily
• drains should be removed once drainage is minimal (usually <30-50 cc/24 h )
• drains do not guarantee that the patient will not form a collection of fluid
• ridged drains can erode through internal structures, and excessive suction can cause necrosis
• evidence does not support routine postoperative drainage of abdominal cavity

Complication laboratory/lmaging Tests
Wound cultutc.CBC. Cl scanWound

Complication
Fever CSC. eteebotytes. glucose,

creatinine.BUN.U/A.CXR,
urine/blood sputum and
wound culture if applicable
EKG, echo,CXR,ABG, CT-
angiography of the chest

AKI/Oliguria Electrolytes, glucose.
creatinine. 8UH. U ’A
with microscopy, urine
electrolytes. EKG. renal U/S

Hypotension CSC. electrolytes, glucose,
creatinine. 8UH. lactate.
ABG.ACTHstimutation
testing,cortisol level,and
coagulation studies
Electrolytes, glucose,
creatinine, 8UH.AXR

Stress Ulcer CBC. upper endoscopy

Respiratory
Distress

SURGICAL SITE INFECTION

Etiology
• most surgical wounds are contaminated by bacteria often consisting of normal endogenous flora from

skin, respiratory, GU, or GI tracts (depending on surgery)
• e.g. skin flora (Gram positive cocci: S. aureus.Streptococcus spp.) and GI flora (Gram positive

microbes: Enterococcus spp., Clostridium spp.; Gram negative rods: E. coli; anaerobic species)

Risk Factors

Ileus

Preoperative Skin Antiseptics for Preventing
Surgical Wound Infections after CleanSurgery
Cochrane DB Syst Rev 2015;4:CD003949
Purpose: lo determine whether preoperalive skin
antisepsis prior to dean surgery prerents surgical-
site infection (SSI)and to compare the effectiveness
of other antiseptics.
Methods: Systematic renew of RCIs part ol the
Cothiane Wounds Group Specialised Register and
the Cochrane Central Register of Coufroled Trials
(CENTRAL). Main outcome was SSI.Secondary
outcomes included quality of bfe.mortaldy.and
resource use.
Resnlts:13 RCTs ( n-2S23 patients) were included
that made11 total comparisons between skin
antiseptics.A single stu dy foun d that 0.5%
chtorhendine solution in methylated spirits was
significantly superior m preventing SSIs after dean
surgery compared toalcobol-trased povidone lor) ne
solution. No ocher statistically vgiificant differences
weielound.
Conclusions: Further research is warranted to
determine tlreellectireness o< one antiseptic over the
others at preventing SSI post dean surgery.

Table 5. Classification of Surgical Wound Contamination
Classification Clean Clean-Contaminated Contaminated Dirty/Infected
Definition Established infection present

before wound is made in skin;
contamination of wound during traumalic wound with delayed
procedure (i.e.gross spillage Ireatment
of stool, inlection in biliary, Traumatic wound with delayed
respiratory, oi GU systems) treatment

Incision under
sterile conditions;
nontraumatic; no
entrance of hollow
organ

Incision under sterile
conditions; ENTRANCE of hollow conditions:MAJOR
viseus with no spillage: no
evidence of active infection:
minimal conlamrnalion with
no spillage

Incision under sterile

Roulme cholecystectomy; colon Bowel obstruction with
resection

Appendiceal abscess: traumatic
wound with contaminated
devitalized tissue; perforated
viscus

Hernia repairExample
enterotomy and spillage ol
contents;necrotic bowel
resection: fresh traumatic
wounds

Infection Rate "2%
Wound Closure Primary closure

3-4%
Primary closure

7-10%
Often secondary closure

30-40%
Secondary closure

• patient characteristics
• age, DM, steroids, immunosuppression, smoking, obesity, burn, malnutrition, patient with other

infections, traumatic wound, radiation, and chemotherapy
•other factors

» prolonged preoperative hospitalization, skin preparation, multiple antibiotics, reduced blood
flow, break in sterile technique, foreign bodies (drains, sutures, grafts), excessive tension,
hematoma, serorna, hypoxemia, and hypothermia

Prophylaxis
• preoperative antibiotics for most surgeries (ccfazolin ± metronidazole or if p-lactam allergy,

clindamycin ± gentamicin or vancomycin )
• within 1 h pre-incision; can re-dose at 1-2 half-lives (~q4-8 h ) in the OR
• not required for low-risk or clean surgery, e.g. elective thyroidectomy, cholecystectomy,

hemorrhoidectomy, fistulotomy, and sphincterotomy for fissure
• important to review patient factors and clinical context; immunosuppression (transplant,

Cushing’s, malignancy, etc.) would likely warrant preoperative antibiotics
some evidence suggests role in breast surgery

• important that redosing antibiotics is performed if surgery is longer than the half-life of
antibiotics

• reserve postoperative antibiotics for treatment of suspected or documented intra-abdominal infection
• normothermia (maintain patient temperature 36-38*C in the OR )
•hyperoxygenation (consider EiO:of 80% in OR )
•chlorhexidine-alcohol wash of surgical site
•hair removal should not be performed unless necessary; if so, clipping superior to shaving done at the

time of surgery
•consider delayed primary closure of incision for contaminated wounds
• use sterile closing tray for laparotomy

Primary vs. Delayed Primary Incision Closure
in Contaminated Abdominal Surgery: AMeta -
Anilysis
JSurg Res 2019:239:22 30
Purpose: lo determine il delayed pnnaiy inns or
closure (DPC) has lower rates of surgical site
rrrfections(SSI|and length of stay (LOS) compared
tp primary incision closure (PC) in contaminated
abdominal surgery.
Methods:Systematic renew and meta-analysis of
RCIs in Medline. Embase, and Cochrane data base
between 1980-2017.
Results: 12 RCIs were included andanalyzed. Using
a tried effect model. OPC showed Significantly
reduced SSI with nsk ratio of 0.64 (9S\ Cl 0.51-0.79;
P> 0.0001) and reduced 10S with amean difference
oi less than one day compared with PC. However,
usng a random-effect model, there was no significant
rtfference in SSI or LOS.
Conclusions: DPC may be the preferential option
in contaminated abdominal incisions, however
higher quality research is required to proride a more
comprehensive evidence base.
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Clinical Features
• typically fever POD #5-8 (.Streptococcus and Clostridium can present in 24 h)
• localized pain, blanchablc erythema, induration, purulent discharge, and warmth
• complications: fistula, sinus tracts, sepsis, abscess, suppressed wound healing, superinfection,

spreading infection to myonecrosis or fascial necrosis (necrotizing fasciitis), wound dehiscence,
evisceration, and hernia

Treatment
• examination of the wound: inspect, compress adjacent areas, swab drainage for C&S and Gram stain
• reopen affected part of incision, drain, pack, heal by secondary intention in most cases
• for deeper or necrotizing infections, debride necrotic and non-viable tissue
• antibiotics and demarcation of erythema only if cellulitis or immunodeficiency

WOUND HEMORRHAGE/HEMATOMA

Risk Factors
• anticoagulant therapy, coagulopathies, thrombocytopenia, DIC, severe liver disease,

myeloproliferative disorders, severe arterial HT'N, and severe cough
• more common with transverse incisions through muscle due to vascularity of muscle
• more clinically relevant in small working spaces such as breast or thyroid surgery (airway edema/

compression)

Clinical Features
• pain, swelling, discolouration of wound edges, and leakage
• rapidly expanding neck hematoma can compromise airway and is a surgical emergency: consider

having a suture kit at bedside in all neck surgery in the event of having to open the wound emergently
(most important treatment in this case is to protect the airway with intubation)

Treatment
• pressure dressing
• open drainage ± wound packing (large hematoma only)
• if significant bleeding, may need to re-operate to find source (often do not find a discrete source)

SEROMA
• fluid collection related to serous lymph drainage
• secondary to transection of lymph vessels
• increased infection risk if drained

Treatment
• observation
• consider pressure dressing ± needle drainage (this may increase infection risk)

WOUND DEHISCENCE
• disruption of a wound that was primarily closed, causing loss of barrier of skin or fascia

Risk Factors
• local: technical failure of closure, excessive tension on the wound, increased intra-abdominal pressure

(c.g.CQPD, ileus, bowel obstruction), hematoma, infection, poor blood supply, radiation, and
transverse incision

• systemic: male, smoking, malnutrition (hypoalbuminemia, vitamin C deficiency), connective tissue
diseases, immunosuppression, pulmonary disease, ascites, poor nutrition, steroids, chemotherapy,
obesity, and other (e.g. age, sepsis, and uremia)

• DM alone is not a risk factor

Clinical Features
• typically POD #1-3 or «7-10; most common presentation sign is serosanguinous (salmon-coloured)

drainage from wound;erythema or leakage of enteric material
• + evisceration
• palpation of wound edge:should normally feel a “healing ridge” from abdominal wall closure (raised

area of tissue under incision)

Treatment
• place moist dressing over wound with binder around abdomen and transfer to OK
• may consider conservative management with debridement of fascial and/or skin margins
• evisceration (i.e. ‘burst abdomen’) is a surgical emergency: take patient for operative re-closure

INCISIONAL HERNIA
• a late complication of fascial dehiscence and failure of fascial closure;G1 contents are still contained

within sack of peritoneum
• hernia can develop 6-8 wk postoperatively due to poor wound healing and/or increased stress on

abdominal wall
• symptoms aggravated by coughing or straining
• smaller fascial defects such as laparoscopic port sites have a higher risk of incarceration
• definitive treatment: surgical repair

large hernias that pose little risk of incarceration do not need to be repaired as minimal chance of
bowel obstruction

Small lilts«s.Large B ites Ior Closure of
Abdominal Midlint Incisions (Stitch):A Double
Blind.Multkentre.Randomistd Controlltd Trial
Lancet 2015:336:1254-1260
Purpose:To compare the large bites suture technique
with the small b.tes technique for lascial closure of
midline laparobonrp iochrons.
Methods: PCI conducledat 10 hospitalsln the
Netherlands. Patients undergoing elective abdominal
surgery randomiied (1:1|to small or large bite
technique.Primary outcomewas incisional hernia
occurrence.
Results:At one year follow-up, the large bites
group had a greater incidence ol incisional hernia
occurrence than the small bitesgroup (21% us.13V
respectively). Rates ol adveise events did not differ
between the groups.
Conclusion:Small bites suture technique a
superior to the large bites technique for preveotioo
of incisional hernia io m id line incisionsand is not
associated with a higher rate of adverse events. n

j
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Urinary and Renal Complications
URINARY RETENTION
• may occur after any operation with general anesthesia or more commonly with spinal anesthesia
• more likely in older males with history of benign prostatic hyperplasia and patients on

anticholinergics but can also happen in young, healthy patients

Clinical Features
• abdominal discomfort, palpable bladder, overflow incontinence, post-void residual urine volume >100 mL

Treatment
• Foley catheter to rest bladder, then trial of voiding
• often accompanied by an a-blocker such as tamsulosin (does not start working for 48 h)
• if postoperative retention: patients may need to be sent home with foley catheter to follow-up within

the week for trial-of-void

OLIGURIA/ANURIA

Etiology
• prerenal (e.g. hypovolemia due to transient renal hypoperfusion) vs. renal (e.g.ATN, acute interstitial

nephritis (AIN), acute glomerulonephritis) vs. postrenal (e.g. urinary tract obstruction)
• most common postoperative cause is prerenal ± ischemic ATN

external fluid loss: hemorrhage, dehydration, and diarrhea
internal fluid loss: third-spacing due to bowel obstruction and pancreatitis

Clinical Features
• urine output <0.5 cc/kg/h (e.g. <450 cc in 75 kg patient in 12 h), increasing Cr and BUN

Treatment
• according to underlying cause; fluid deficit is treated with crystalloid ( NS or RL)

Postoperative Dyspnea
•see Respiratory Complications and Cardiac Complications, GSI 2

Etiology
• respiratory: atelectasis, pneumonia/pneumonitis, pulmonary embolism ( PE), ARDS, asthma, and

pleural effusion
•cardiac: Ml, arrhythmia, and CHF
•inadequate pain control

Respiratory Complications
ATELECTASIS

• comprises 90% of postoperative pulmonary complications

Risk Factors
• COPD,smoking, obesity, and elderly persons
• upper abdominal/thoracic surgery, oversedation, significant postoperative pain, and poor inspiratory

effort

Clinical Features
• postoperative atelectasis may be asymptomatic or present as low-grade fever on POD #1, tachycardia,

crackles, decreased breath sounds, bronchial breathing, and tachypnea

Treatment
• preoperative prophylaxis

smoking cessation (best if >8 wk preoperative)
• postoperative prophylaxis

incentive spirometry,deep breathing exercise,chest physiotherapy, and intermittent positive-
pressure breathing

• short-acting neuromuscular blocking agents
minimize use of respiratory depressive drugs, and ensure adequate pain control, and early
ambulation r n

LJ
PNEUMONIA/PNEUMONITIS
• may be secondary to aspiration of gastric contents during anesthetic induction or extubation causing

a chemical pneumonitis

Risk Factors
• aspiration: general anesthetic, decreased LOG, GERD, full stomach, bowel/gastric outlet obstruction +

non-functioning NG tube, pregnancy, and seizure disorder
• non-aspiration: atelectasis, immobility, and pre-existing respiratory disease

+
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Clinical Features
• productive cough and fever
• tachycardia, cyanosis, respiratory failure, and decreased LOG
• CXR: pulmonary infiltrate

Treatment
• prophylaxis: see atelectasis prophylaxis, preoperative NPO/NG tube, and rapid sequence anesthetic

induction
• immediate removal of debris and fiuid from airway
• consider endotracheal intubation and flexible bronchoscopic aspiration
• empiric IV antibiotics to cover oral nosocomial aerobes and anaerobes (e.g. piperacillin - tazobactam,

cefepime + metronidazole)

PULMONARY EMBOLUS

Clinical Features
• unilateral leg swelling and pain (DVT as a source of PH), sudden onset dyspnea, pleuritic chest pain,

tachycardia, and fever
• most commonly POD #8-10, but can occur anytime postoperatively, even after discharge
• diagnosis made by chest CT scan usually

Treatment
• initial treatment: IV heparin or subcutaneous LMWH, bridging to therapeutic anticoagulation

is required for a minimum of 3 mo (usually 6 mo); for patients with cancer, or other risk factors
for hypercoagulability, the duration of anticoagulation may be longer;severe cases may require
endovascular thrombectomy and thrombolysis

• Greenfield (1VC) filter if contraindications to anticoagulation helps prevent worsening of PH
• prophylaxis: subcutaneous heparin (5000 units BID) or LMWH, compression stockings (TEDTTM

Hose), and sequential compression devices

PULMONARY EDEMA

Etiology
• cardiogenic vs. noncardiogenic
• circulatory overload: excess fluid overload, left ventricular (LV ) failure, shift of fluid from peripheral to

pulmonary vascular bed, negative airway pressure, and alveolar injury due to toxins (e.g. ARDS)
• more common with pre-existing cardiac disease

• negative pressure pulmonary edema due to inspiratory efforts against a closed glottis upon awakening
from general anesthesia

Clinical Features
• shortness of breath, crackles at lung bases, and CXR abnormal

Treatment (LMNOP)
• Lasix* (furosemide)
• Morphine (decreases symptoms of dyspnea, venodilator, and afterload reduction)
• Nitrates (venodilator)
• Oxygen + non-invasive ventilation
• Position (sit patient up)

New onset 'asthma" and wheezing in
the elderly Is cardiogenic until proven
otherwise

RESPIRATORY FAILURE

Clinical Features
• dyspnea, cyanosis, and evidence of obstructive lung disease
• earliest manifestations - tachypnea and hypoxemia (RR >25, PO’ <60)
• pulmonary edema and unexplained decrease in SaO’

Treatment
• ABCs, O2, ± positive pressure ventilation, and intubation
• bronchodilators and diuretics to treat CHI'
• adequate blood pressure to maintain pulmonary perfusion
• if these measures fail to keep Pa02 >60, consider ARDS (see Respirology. R26)

Cardiac Complications
•abnormal HCGs common in postoperative period (compare to preoperative HCG)
•common arrhythmias: supraventricular tachycardia, atrial fibrillation (secondary to fluid overload,

PH, and Ml )

MYOCARDIAL INFARCTION
•see Cardiology and Cardiac Surgery, C9
•surgery increases risk of Ml
•incidence

0.5% in previously asymptomatic men ages >50
40-fold increase in men ages >50 with previous Ml

+
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Risk Factors
• preoperative H IN, CHI
• previous Ml (highest risk <6 mo, but risk never returns to baseline)
• increased age
• intraoperative hypotension
• operations >3 h
• angina

Clinical Features
• majority of cases on day of operation or POD*3-4 (shifting of third space fluid back into intravascular

compartment)
• often silent without chest pain, may only present with new-onset CHF (dyspnea), arrhythmias, and

hypotension

Intra-Abdominal Abscess
Definition
• collection of pus walled-off from rest of peritoneal cavity by inflammatory adhesions and viscera

Etiology
• usually polymicrobial: Gram-negative bacteria, and anaerobes

• consider Gram-positives if coexisting cellulitis

Risk Factors
• emergency surgery and contaminated OR
• GI surgery with anastomotic leak
• poor healing risk factors (DM, poor nutrition, etc.)
• may occur POD «3 after laparotomy when third space fluid redistribution occurs

Clinical Features
• manifests at least 5-7 d after surgery. Cannot manifest earlier as it takes time to form collection
• persistent spiking fever, dull pain, and weight loss
• peritoneal signs if abscess perforation and secondary peritonitis
• leukocytosis or leukopenia (immunocompromised and elderly)
• coexisting effusion (pleural effusion with subphrenic abscess)
• mass is often difficult to palpate
• common sites: pelvis, Morrisons pouch (space between kidney and liver), subphrenic, paracolic

gutters, lesser sac, peri-appendiceal, post-surgical anastomosis, diverticular, and psoas

Investigations
• CBC, blood cultures x2
• CT ± IV and water-soluble contrast
• DUE ( pelvic abscess)

Treatment
• drain placement by interventional radiology (preferred), laparoscopy, and open drainage
• subsequent antibiotic coverage; ceftriaxone metronidazole or piperacillin-tazobactani (Pip-Tazo)

Differential Diagnosis of Upper 61
Symptoms
GI Causes Non Cl Causes

Cholelithiasis
Diverticulitis
Peptic ulcer
Achalasia
Pancreatitis

Ml
Angina
PericarditisParalytic Ileus

• see Paralytic Ileus,GS3I
GERD
Gastritis
Hiatus herniaDelirium

• see Psychiatry, PS23 and Neurology, N21

Horner has a MAP of the Coast
A Pancoast tumour compresses the
cervical sympathetic plexus causing
Horner's syndrome:
Miosis
Anhydrosis
Ptosis

Thoracic and Foregut Surgery

Approach to the Solitary Pulmonary Nodule

•see Medical Imaging. MIS

Definition
•lesion up to 3cm, which may or may not be calcified and is surrounded by normal lung
•can be benign or malignant

r -i
L J

Differential of an Anterior
Compartment Mass

4 Ts +Thymoma
Thyroid enlargement (goitre)
Teratoma
Tumours (lymphoma, parathyroid,
esophageal, angiomatous)
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Table 6. Differential Diagnosis for Benign vs. Malignant Solitary Nodule
Benign (70%) Malignant (30%)

Bronchogenic carcinoma
Adenocarcinoma

Infectious granuloma (histoplasmosis, coccidiomycosis, 16.
atypical mycobacteria) • most common
Other infections (bacterial abscess. POP. aspergilloma)
Benign neoplasms ( hamartoma, lipoma, fibroma)
Vascular (AVmalformation, pulmonary varix)
Developmental (bronchogeniccyst)
Inflammatory (granulomatosis with polyangiitis, rheumatoid
nodule, sarcoidosis, amyloidosis)
Other (infarct, pseudotumour, rounded atelectasis, lymph nodes,
amyloidoma)

Metastatic lesions
Breast
Head and neck
Melanoma
Colon
Kidney
Sarcoma
Gerin cell tumours

SCC
Large cell carcinoma
Small cell carcinoma
Small cell lung cancer

Investigations
• CXR:always compare with previous CXR
• CT and contrast-enhanced CT of thorax
• biopsy (bronchoscopic or percutaneous) or excision (thoracoscopy): if clinical and radiographic

features do not help distinguish between benign or malignant lesion
if at risk for lung cancer,biopsy may be performed regardless of radiographic features
if a biopsy is non-diagnostic, whether to observe, re-biopsy, or resect will depend on the level of
suspicion

• watchful waiting: repeat CT scan at 3,6, 12 mo depending on nodule characteristics and patient risk
• PET scan can narrow the differential diagnosis

Table 7. CT Characteristics of Benign vs. Malignant Solitary Nodule
Benign MalignantParameters

Sire Module ("3 cm)

Smooth or lobulaled
Calcified pattern:diffuse, central, laminated, '‘popcorn"
pattern if hamartoma , usually no cavitation: if cavitating.
wall is smooth and thin , no other lung pathology

Doubles in <20 or >400 d

Mass (»3 cm)
Irregular or spiculated

Usually not calcified: if calcified, pattern is eccentric,
stippled, no satellite lesions, cavitation with thick wall, may
have pleuralelfusions. lymphadcnopalhy
Doubles between 20 and 400 d

Borders
Features

Doubling Time

Table 8. Evaluation of a Solitary Pulmonary Nodule
SOLID NODULES

Size <6 mm («100 mm') Size 6-8 mm (100-250 mm1) Size >8 mm (>250 mm1)Nodule Type
Single

Low-Risk No routine follow-up Cl at 6-12 mo. then consider CT at
18-24 mo
Cl at 6-12 mo. then at 18 24 mo

Consider CT a 3 mo.PET/CT or tissue
sampling
Consider CT a 3 mo. PET/CT or tissue
sampling

Optional CT at 12 moHigh- Risk

Multiple

Low-Risk CT at 3- 6 mo. then consider CT at
18- 24 mo
CT at 3-6 mo.then at 18-24 mo

CT at 3-6 mo. then consider CT at
18-24 mo
CT at 3-6 mo then at18-24 mo

No routine follow-up

Optional CT at12 moHigh-Risk
SUBSOLID NODULES

Size <6 mm («100 mm1) Size >6 mm (>100 mm1)Nodule Type
Single

Ground Glass
Part Solid

CT at 6-12 mo to confirm persistence then CT every 2 yr until 5 yr
Cl at 3-6 mo to confirm persistence
If unchanged and solid component remains <6 mm.annual CT should be
performed for 5yr

CT at 3-6 mo
Subsequent managementbased on the most suspicious nodule(s)

No routine follow- up
No routine follow- up

Multiple CT at 3 - 6 mo. II stable consider CT at
2 and 4 yr

Adapted from:MacMahon H.NaidichDP.Goo JM.et al.Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images. The
Fleischner Society 2017.Radiology Journal. doi:10.1148/radiol.2017161659.Feb 23 2017.

Lung Cancer
Classification
• lung tumours can be classified as:

primary or secondary
• benign or malignant

endobronchial or parenchymal
• bronchogenic carcinoma (epithelial lung tumours) are the most common type of primary lung tumour

(other types make up less than 1%)
small cell lung cancer (SCLC): 10-15%

L J
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• non-small-cell lung cancer ( NSCLC):85-90%
SCC:arise from the proximal respiratory epithelium
adenocarcinoma: incidence is increasing; most common subtype in nonsmokers

- mucinous adenocarcinoma: grows along the alveolar wall in the periphery; may
arise at sites of previous lung scarring

large cell carcinoma
• benign epithelial lung tumours can be classified as papillomas or adenomas

Table 9. Characteristics of Lung Cancer
Cell Type Percentage of Correlation Location Histology

Lung Cancer with Smoking
Metastasis 5 Yr Survival Rates Canadian Task Force on Preventive

Health (2016)
Screening with low-dose CT
recommended for high-risk patients

10-15% Strong Central Oat cell,
neuroendocrine

Disseminated at
entation

10-13% limitedstage.
1-2% eUensive stage

SCLC
presi
Origin in
endobronchial cells

3nl', :- 55-74 yr
• >30 pack-yr smoking Hx
• Current smoker or quit within lastAdenocarcinoma M:35%

F:40%
70% limitedstage.7%
extensive stage

Moderate Peripheral Papillary,lepidic. Early,distant
acinar,mucinous,
solid

Central Keratin,
intercellular
bridges

Peripheral Anaplastic,
undifferentiated

15 yr- Annual screening low-dose CT up to
3yr ONLY in centres with expertise
in diagnosis and treatment of lung
cancer

SCC 30% Strong Local invasion and 47%limited stage.6%
distant spread,may extensive stage
cavitate
Early,distant 53%limitedstage.5%

extensive stage
Large Cell
Carcinoma

10-15% Strong

US Mortality Files.National Center tor Health Statistics.CDC

Risk Factors
• cigarette smoking: the relative risk of developing lung cancer is 10-30 times higher for smokers than

for nonsmokers
• risk of lung cancer increases with number of cigarettes smoked per day (linear) and duration of

smoking (exponential)
• other risk factors: cigar smoking, pipe smoking, second-hand smoke, asbestos without smoking

(relative risk is 5), asbestos with smoking (relative risk is 92), metals (e.g.chromium,arsenic, nickel),
radon gas, ionizing radiation, and genetics

Clinical Features
• may be due to primary lesion, metastasis, or paraneoplastic syndrome
• primary lesion

cough (75%); beware of chronic cough that changes in character
dyspnea (60%)
chest pain (45%)
hemoptysis (35%)
other pain (25%)
clubbing (21%)
constitutional symptoms: anorexia, weight loss, fever, and fatigue

• metastasis
• lung, hilum, mediastinum, pleura:pleural effusion, atelectasis, wheezing, post-obstructive

pneumonia
pericardium: pericardial effusion, pericardial tamponade
esophageal compression: dysphagia

• phrenic nerve: paralyzed diaphragm, dyspnea
• recurrent laryngeal nerve: hoarseness

superior vena cava syndrome
obstruction of SVC causing neck and facial swelling
other symptoms:dyspnea, cough, hoarseness, tongue swelling, epistaxis, and hemoptysis
physical findings:dilated neck veins, increased number of collateral veins covering the
anterior chest wall, cyanosis, edema of the face, arms, and chest, Pemberton's sign (facial
flushing, cyanosis, and distension of neck veins upon raising both arms above head)
milder symptoms if obstruction is above the azygos vein

• lung apex ( Pancoast tumour): Horner’s syndrome, brachial plexus palsy (most commonly C8 and
T1 nerve roots)

• rib and vertebrae: erosion, pain
• distant metastasis to brain, bone, liver, and adrenals

• paraneoplastic syndromes
• most often associated with SCLC

©
Malignant lung tumours are the most
common cause of cancer mortality in
both men and women worldwide

Endobronchial Ultrasound (EBUS)
• Allows visualization of peri-bronchial

structures and lung lesions
• Allows for guided biopsies of lymph

nodes and tumours
• Used for diagnosis and staging

“»
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Table 10. Paraneoplastic Syndromes
Clinical FeaturesSystem Associated Malignancy

2/3 of primary lung cancer is found in
the upper lung:2/3 of metastases occur
in the lower lung (hematogenous spread
secondary to increased blood flow to the
base of the lung)

Skeletal Clubbing, hypertrophic pulmonary osteoarthropathy (HPOA)
Acanthosis nigricans
Oermatomyosltis
Hypercalcemia (osteolysis or PIHrP)
Hypophosphatemia
Hypoglycemia
Cushing's syndrome ( ACIH )
Carcinoid syndrome
SIADH
lambert-Eatonsyndrome
Polymyositis
Subacute cerebellar degeneration
Spinocerebellar degeneration
Peripheral neuropathy
Nonbacterial endocarditis
trousseau's syndrome (migratory thrombophlebitis)

Non -small cell lung cancer (NSCLC)
Lung cancerDermatologic

SCCEndocrine
SCC
Saicoma
Small cell lung cancer (SCLC)
Bronchial carcinoid
SCLC
SCLCHeuromyopathic

Vascular/Hematologic Lung cancer
NSCLC

QIC
Renal Nephrotic syndiome Lung carcinoma

Investigations
• initial diagnosis

imaging: CXR, CT chest + abdomen, PET scan
biopsy: bronchoscopy, EBUS,CT-guided percutaneous needle biopsy

• staging workup
TNM staging system: T- primary tumour (size); N - regional lymph nodes; M -distant
metastasis
blood work: electrolytes, Ll'Ts, calcium, ALP

• imaging: CXR, CT thorax and abdomen, PET' scan, bone scan (-in confirmed stage I cancer),
neuroimaging ( MRI Brain )

• invasive: bronchoscopy (EBUS), mediastinoscopy, VATS

Prevention
• Smoking cessation
• Avoidance of exposures
• Early detection

Terminology
• "Nodule" <3 cm
• "Mass" >3 cm

Table 11. SCLC vs. NSCLC
Stage Definition Treatment Median Survival Mutations in endothelial growth factor

receptor are more common in non-
smoking patients with adenocarcinomaLimited stage Confined lo single radiation port (one Radiation t chemotherapy

hemithorax and regional lymph nodes) i prophylactic to brain
Extensive stage Extension beyond a single radiation port Chemotherapy

SCLC 1-2 yr (12 vvk without
treatment)
6 mo (5 wk without
treatment)

Stage 5 Yr Survival (%)•TNM Treatment
Corona Radiata Sign on Chest CT
• Fine striations that extend linearly

from a nodule in a spicutated fashion
• Highly associated with malignancy

HSCLC 0 TisNOMO
TtaNOMO
TlbNOMO
TkNOMO
T2aN0 M0
T2bH0M0

1st line iscomplete surgical resection
(VAIS or open thoracotomy) with possible 90-92

83-85
77-80
68-73
60-65

IA1
IA2 postoperative adjuvant chemotherapy

with stage IB and stage It: radiotherapy
for non-surgical candidates

IA3
IB
IIA

IIB T3N0M0 or T1H1M 0 or T 2N1M 0 53 56
Carcinoids
• Early onset (40-60 yr)
• Most are central and can produce

symptoms and signs of bronchial
obstruction

• Hemoptysis is present in-50% of
cases

• Assuming adequate pulmonary
function, surgical resection (i.e.
segmentedomy. wedge resections,
and lobectomy) is the preferred
treatment approach

T 4N0M0 or T 4H1M0 or I3M1N 0 or T1N 2 M0 Combined modality appioach (chemo 36- 41
or T 2N 2M0

IMA
t radiation, and sometimes surgical
resection)

T3N2 M0 or I4 M2 N0 or T1N3M 0 or I 2 N 3M0 24 26IIIB
IIC f 3N 3M0 or I4N 3M0

T1-4N 0-3M1a-1b
1213

IVA Systemic therapy or molecularly targeted 10
therapy or symptom-based palliative
management (radiation): isolated
metastasis may be resected

T1-4H 0 -3M1C 0IVB

' Depends on clinical vs. pathologic stage Reler to AJCC Cancel Staging Manual.8th ed. 2017 lor complete TNM classification

Treatment
• options include surgery, radiotherapy, ablation, chemotherapy, and palliative care lor end-stage

disease
• surgery not usually performed for SCLC since it is generally non-curable
• contraindications for surgery

spread to contralateral mediastinal lymph nodes or distant sites
patients with potentially resectable disease must undergo mediastinal node sampling since
CT thorax is not accurate in 20-40% of cases

poor pulmonary status (e.g. unable to tolerate resection of lung)
postoperative estimated l-'HVi and DLCO must be at least 40% of predicted to tolerate surgery

• chemotherapy (used in combination with other treatments)
• common agents: cisplatin-vinorelbine (standard of care), etoposide, ifosfamide, vincristine,

anthracyclines, paclitaxel. irinotecan, gefitinib (an endothelial growth factor receptor inhibitor)
• pembrolizumab, a HD-1 monoclonal antibody is used in those with tumour PD-l. l levels >50%;

for those with PD-L1 levels <50%, combination of doublet chemotherapy and pembrolizumab is
initiated

r -l
L J
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targeted therapies such as EGFR tyrosine kinase inhibitors and ALK tyrosine kinase inhibitors
are used if tumour tests positive for these mutations
complications

acute: tumour lysis syndrome, infection, bleeding, myelosuppression, hemorrhagic cystitis
(qxlophosphamide),cardiotoxicitv (doxorubicin), renal toxicity (dsplatin), peripheral
neuropathy (vincristine)

chronic: neurologicdamage, leukemia, additional primary neoplasms

Pleura, Lung, and Mediastinum
• see Respirologv. R23

Hamartomas
• 10% of benign lung lesions. Com posed of tissues normally

present in lung (fat epithelium,
fibrous tissue, and cartilage), but
they exhibit disorganized growth

• Peak incidence is age 60. more
common in men

• Usually peripheral and clinically silent
• CXR shows clustered "popcorn"

pattern of calcification
(pathognomonic for hamartoma)

• Peripheral small hamartomas
can generally be observed with
occasional follow-up to monitor
growth: symptomatic endobronchial
hamartomas are removed via rigid
transbronchial resection

Complicated Parapneumonic Effusion
Definition
• persistent bacteria in the pleural space but fluid is non-purulent
• neutrophils, pleural fluid acidosis ( pH<7.20), low glucose ( <40mg/dL)
• often no bacteria grown since rapidly cleared from pleural space

Clinical Features
• fever, pleuritic chest pain, dyspnea, and sputum production

Treatment
• antibiotics depending on Gram stain and culture
• chest tube drainage

Empyema
Definition
• bacteria in pleural space or an effusion with organisms seen on a Gram stain or culture (e.g. pleural

fluid is grossly purulent in advanced stage empyema)
• positive culture is not required for diagnosis

Etiology
• contiguous spread from lung infection (most commonly anaerobes) or infection through chest wall

(e.g. trauma, surgery)

Clinical Features
• fever, pleuritic chest pain,dyspnea,and sputum production

Investigations
• CT chest
• thoracentesis

PMNs (lymphocytes in TB) ± visible organisms on Gram stain

Treatment
• antibiotic therapy for at least -1-6 wk ( rarely effective alone)
• complete pleural drainage with chest tube
• if loculated, more difficult to drain - may require surgical drainage with VATS, or fibrinolysis

(surgical or tPA/DNAse) to allow lung re-expansion (decortication)

Pneumothorax
Definition
• presence of air in the pleural space
• can be classified as:

primary or secondary
open or closed
simple or tension or occult (only visible on CT scan)

Pathophysiology
• entry of air into pleural space raises intrapleural pressure causing partial or complete lung deflation

Etiology
• traumatic:penetrating or non-penetrating chest injuries
• iatrogenic:central venous catheter, thoracentesis, mechanical ventilation with barotrauma, surgery +
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•spontaneous: no history of trauma or other underlying cause
• primary (no underlying lung disease)

spontaneous rupture of apical subplcural bleb (pockets of air) of lung into pleural space
smoker, male, family history, Marfan's syndrome

secondary (underlying lung disease)
rupture of subpleural bleb in the pleural space which can migrate along bronchioalveolar
bronchoalveolar sheath to the mediastinum then to the intrapleural space
necrosis of lung tissue adjacent to pleural surface
pneumonia, abscess, PCP, lung cancer,COPD, CP,TB,lymphangioleiomyomatosis (LAM),
pulmonary Langerhans cell histiocytosis (PLCH), lung metastasis (e.g.sarcoma)

Clinical Features
•can be asymptomatic
•acute-onset pleuritic chest pain, dyspnea
•tachypnea, tachycardia
•tracheal deviation (contralateral deviation in tension pneumothorax)
•shock (in tension pneumothorax)
•ipsilateral diminished chest expansion
•decreased tactile/vocal fremitus
•hyperresonance
•ipsilateral diminished breath sounds

Investigations
•CXR

small:separation of visceral and parietal pleura seen as fine crescentic line parallel to chest wall
at apex
large: decreased density and decreased volume of lung on side of pneumothorax
see Medical Imaging.M14 and M19

Treatment
•primary spontaneous pneumothorax

• stable, small (<3 cm), minimal symptoms:observation + ().’
• symptomatic or large (>3 cm): aspiration or chest tube
• unstable/tension pneumothorax: needle decompression then chest tube, VATS bullectomy, and

pleurodesis if unsuccessful (25-50%)
•secondary spontaneous pneumothorax

• stable, small (<3 cm), minimal symptoms:observation + 02
symptomatic, large, or unstable: chest tube and VATS pleurodesis with or without bullectomy if
unsuccessful

Tube thoracostomy can be completed
under U/S guidance

Orientation

.fit UIM

Tube Thoracostomy
Indications
• to drain abnormal air or fluid collections in the pleural space

hemothorax, pleural effusion, chylothorax, and empyema
pneumothorax, if:

large or progressive
patient is on mechanical ventilation
bronchopleural fistula

« tension pneumothorax
• to treat symptomatic and/or recurrent pleural effusion

• see Respirology. R23
for long-term drainage of malignant effusions use: 1. Tunneled pleural catheter; 2. Pleural
drainage and Talc pleurodesis
via facilitation of pleurodesis - obliteration of the pleural space by instilling talc or betadine (less
common) to cause fusion of parietal and visceral pleura

Dissection from
inferior ribto
superior rib

Intercostal vessels
and nerves- -

Kelly clamp
r i se r: or

Complications
• overall complications are rare (1-3%)
• malposition (most common complication), especially by inexperienced operators

tubes may dissect along the external chest wall, or may be placed below the diaphragm
• bleeding (anticoagulation is a relative contraindication)
• local infection, empyema
• perforation of lung parenchyma or vasculature
• risk of re-expansion pulmonary edema when large volumes of air or fluid are drawn off quickly ( > I.O-

1.5 L)

at superior
pole ol lung

1J

+
Figure 6.Tube thoracostomy
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Lung Transplantation
Conditions Leading to Transplantation
• obstructive: chronic acquired lung disease (e.g.COPD), CF, and emphysema due to a-l antitrypsin

deficiency
• restrictive interstitial lung disease: IPF, hypersensitivity pneumonitis
• vascular: idiopathic pulmonary arterial HT'N (IPAH), secondary pulmonary HTN,and Eisenmenger’s

syndrome
• other: sarcoidosis, lymphangioleiomyomatosis, and pulmonary Langerhans cell histiocytosis

Clinical Indications
• transplantation should be considered for patients with advanced lung disease refractory to maximal

medical or surgical therapy
• patients who are symptomatic during activities of daily living and have risk of death >50% over the

next 2 yr

Criteria for Transplantation
• lung allocation score based on: 1) post-transplant survival measure, and 2) waiting list urgency

measure
• transplant benefit = post-transplant survival (days) - waitlist survival (days)

Absolute Contraindications
• uncontrolled or untreatable pulmonary or extrapulmonary infection
• active TB infection
• malignancy in the last 2 yr
• dysfunction of vital organs including glomerular filtration rate of <40 mL/min/1.73 m 3, stroke

within 30 d, acute liver failure or cirrhosis, acute coronary syndrome within 30 d or heart disease not
amenable to revascularization, and untreatable hematologic disorders

• active cigarette smoking
• BM1 S35 kg/m 3

• unresolved psychosocial problems or non-adherence to medical therapy
• smoking
• absence of social support system

Relative Contraindications
• ages >70 years and low physiologic reserve
• BM1 30-34.9 kg/m 1

• limited functional status including severe malnutrition or osteoporosis
• HIV infection, HBV infection
• alcohol (required to stay within healthy drinking guidelines)

Postoperative Complications
• primary graft dysfunction
• airway anastomotic complications (bronchial necrosis and dehiscence, tracheobronchomalacia,

stenosis)
• chronic lung allograft dysfunction (bronchiolitis obliterans syndrome and restrictive allograft

syndrome)
• infectious complications (bacterial, fungal, CM V, community-acquired respiratory viruses, and

mycobacteria)
• malignancy (non-melanoma skin cancer, post-transplant lymphoproliferative disorders, colon, breast,

Kaposi’s sarcoma, and bladder)

Prognosis
• median survival for all adult recipients: 6.5 yr; bilateral transplant survival higher than single (7.6 vs.

4.7 yr, respectively). 1 yr survival: COPD > IFF > IPAH
• 10 yr survival:CE,a-l antitrypsin deficiency > IPAH > COPD, IPF

Chronic Obstructive Pulmonary Disease
• see Kespirologv. R9

r t
Treatment
• indications for surgical management

dyspnea despite maximal medical therapy and pulmonary rehabilitation
GT showing hyperinflation and heterogeneously distributed emphysema predominant in the
upper lung zone
may be used as a bridging procedure to lung transplantation

LJ
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•contraindications
ages >75, cigarette smoking within the prior 6 mo, higher risk of surgical mortality (e.g. severe
CAD or HE)

• homogeneously distributed emphysematous changes without areas of preserved lung tissue
severe cachexia or obesity, chest wall deformity, or pulmonary HTN (PA systolic pressure >45
mmHg)
diffusing capacity of lung for carbon monoxide <20% of predicted, PaCOt >60 mmHg, Pa02 <45
mmHg

•surgical procedures
• lung volume reduction surgery: wedge excision of emphysematous tissue
» bilateral or unilateral, thoracotomy or VAT'S (preferred )

Complications of Treatment
•arrhythmias, pneumonia (may require reintubation and mechanical ventilation), prolonged air leak

from chest tube

Prognosis
•worse early mortality but belter exercise capacity and quality of life with LVRS

Mediastinal Masses
Definition
• mediastinum: bound by the thoracic inlet, diaphragm, sternum, vertebral bodies, and the pleura
• can be broken down into 3compartments: anterior, middle, and posterior

Etiology and Pathophysiology
• diagnosis is aided by location and patient's age
• anterior compartment: more likely to be malignant

• “Pour Ts” (see sidebar), lymphadenopathy, lipoma, pericardial cyst, goitre, and ascending aortic
aneurysm thymic tumours/cysts

• middle compartment
pericardial cyst, bronchogenic cyst /tumour, lymphadenopathy, aortic aneurysm

• posterior compartment
neurogenic tumours, meningocele, enteric cysts, lymphadenopathy, diaphragmatic hernias,
esophageal tumours, aortic aneurysm

Differential of an Anterior
Compartment Mass

4 Ts
Thymoma
Thyroid enlargement (goitre)
Teratoma
Tumours (lymphoma, parathyroid,
esophageal, angiomatous)

Mediastinal Components
Anterior sternum to pericardium and
great vessels. Includes:thymus, extra-
pericardial aorta and branches, great
veins, lymphatic tissues
Middle: pericardium (anteriorly),
posterior pericardial reflection,
diaphragm, thoracic inlet Includes:
heart irrtrapericardial great vessels,
trachea
Posterior:posterior pericardial
reflection, posterior border of vertebral
bodies, first rib to the diaphragm.
Includes:esophagus,vagus nerve,
thoracic duct sympathetic chain,
azygous venous system

Clinical Features
• 50% asymptomatic (mainly benign); when symptomatic,50% are malignant
• chest pain, cough, dyspnea, recurrent respiratory infections
• hoarseness, dysphagia, Horner’s syndrome (see sidebar), facial/upper extremity edema (SVC

compression)
• paraneoplastic syndromes (e.g.myasthenia gravis (thymomas))

Investigations
• CXR (compare to previous)
• CT with contrast (anatomic location, density, relation to mediastinal vascular structures)
• MRI:specifically indicated in the evaluation of neurogenic tumours
• Echo: best for assessment of structures in close proximity to the heart and pericardium
• radionuclide scanning: 1311 (for thyroid), gallium (for lymphoma), PET/CT
• biochemical studies: thyroid function, serum calcium, phosphate, PTH, APP, p-hCG, LDH
• biopsy (mediastinoscopy, bronchoscopy, and EBUS, percutaneous needle aspiration)

Management
• excision - symptomatic benign mass that is enlarging or a mass with concerns for malignancy
• resect bronchogenic cysts and localized neurogenic tumours via VAT'S or open surgery
• diagnostic biopsy rather than major operation if mass is likely to be a lymphoma, germ cell tumour, or

unresectable invasive malignancy
• no biopsy if AEP, p-hCG, LDH elevated - pathognomonic for germ cell tumour

Masaoka Staging System
Stage I:completely encapsulated
Stage II: invasion beyond capsule
Stage III: into another organ
Stage IVa: pleural/pericardial mets
Stage IVb: hematogenous/lymphatic
IMtl

Thymoma
Definition
• rare neoplasms in thymus, located in anterior mediastinum

Epidemiology
• patients between 40 and 60 yr. M*F
• no known risk factors, strong association with myasthenia gravis and other paraneoplastic syndromes +
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Clinical Features
• frequently asymptomatic: incidental finding on imaging
• symptoms related to tumour size and location (chest pain, SOB, cough, and phrenic nerve palsy)
• DDx includes intrathoracic goitre, lymphoma, and other anterior mediastinal tumours (see

Mediastinal Masses, GS20)

Investigations
• CT chest (and/or MR!): assess resectability
• germ cell tumour markers (P-hCG,a fetoprotein), thyroid function, acetylcholinesterase antibodies

(to rule out myasthenia gravis), and PR's
• Masaoka staging system widely used

Treatment
• for patients with resectable disease

surgical resection of the thymoma and the thymus via median sternotomy or VATS depending on
the size
± postoperative radiation based on Masaoka staging

radiation considered for stage 11/111 disease
• for potentially unresectable disease (i.e. invasion into heart and great vessels) or non-surgical patients

definitive or palliative chemo and radiation therapy
• re-evaluation if debulking procedure feasible in situations where preoperative chemo- and radiation

therapy is offered
• common chemotherapy regimens include: I ) cyclophosphamide, doxorubicin, and dsplatin, or 2)

cisplatin and etoposide

Prognosis
• depends upon stage of disease and resectability
• generally slow-growing tumours and have good prognosis

Esophageal Carcinoma
Epidemiology
• M:E=3:1
• onset 50-60 yr. upper (20-33%), middle (33%), and lower (33-50%)
• main types

• most common worldwide:SCC in upper 2/3of esophagus
most common in Western countries: adenocarcinoma in lower 1/3 of esophagus

Risk Factors. SCC
underlying esophageal disease such as strictures, diverticula, and achalasia
smoking, alcohol, and hot liquids
more common in Black and Asian populations

• adenocarcinoma
» Barrett’s esophagus ( most important), smoking, obesity (increased reilux), and GERL)

• more common in White populations

Clinical Features
• progressive dysphagia (mechanical): first solids then liquids, then saliva
• odynophagia then constant pain
• constitutional symptoms
• regurgitation and aspiration (aspiration pneumonia)
• hematemesis and anemia
• direct, hematogenous, or lymphatic spread

• trachea (coughing), recurrent laryngeal nerves (hoarseness, vocal paralysis), aortic, liver, lung,
bone, celiac, and mediastinal nodes

Investigations and Staging
• barium swallow: shows narrowing- suggestive but not diagnostic
• endoscopic biopsy to assess location, resectability, and confirm diagnosis
• both SCC and adenocarcinoma use TNM staging system but have separate stage groupings according

to histology'. endoscopic U/S (EUS)
visualize local disease
regional nodal involvement (number of nodes may be more important than location)

• bronchoscopy and laryngoscopy
• rule out airway invasion in tumours of the upper and middle esophagus

• full metastatic workup (CXR, bone scan, CT head, CT chest/abdomen /pelvlx, and Ll’Ts, etc.)
• PET scan more sensitive than CT in detecting metastatic disease

r T
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Treatment
• if early stage (non-transmural and without evidence of nodal disease)

• endoscopic mucosal resection can be considered for early mucosal cancer or high-grade dysplasia
• esophagectomy (transthoracic or trans-hiatal approach ) and lymphadenectomy

anastomosis in chest or neck
stomach is used for reconstruction; colon is rarely used

• if locally advanced (locally invasive disease or nodal disease on CT or HUS)
• multimodal therapy

concurrent external beam radiation and chemotherapy (cisplatin and fluorouracil)
possibility of curative esophagectomy after chemoradiation if disease responds well

« if unable to tolerate multimodal therapy or if highly advanced disease, consider palliative
resection, brachytherapy, or endoscopic dilatation/stenting/laser ablation for palliation

• if present with distant metastatic disease, treat with systemic therapy and treat symptoms (esophageal
stent or radiation)

Camelon's Criteria (or Conservative
Management of Esophageal Perforation. Perforation contained in mediastinum
• Contrast drains back into esophagus
• No signs of sepsis
• Minimal symptoms

Prognosis
• TNM status - usually poor because presentation is usually at advanced stage

OTHER DISORDERS
• esophageal motor disorders ( see Gastroenterology. ( ,S)

• esophageal varices (see tiastroenteroloitv. G9)
• Mallory-Weiss tear (see Gastroenterology, G30) A.Median sternotomy

B.Transverse thoracotomy (clam shell)
C.Anterolateral thoracotomy
0.Lateral thoracotomy
E.Thoracoabdominal thoracotomy

VF.Posterolateral thoracotomy

Esophageal Perforation
Etiology
• iatrogenic (most common)

endoscopic, dilatation, biopsy, intubation, operative, and NG tube placement (rare)
barogenic

• trauma
repeated, forceful vomiting ( Boerhaave’s syndrome)

• other: convulsions, defecation, or labour (rare)
• ingestion injury

• foreign body or corrosive substance
• carcinoma
• penetrating trauma

Figure 7. Typical thoracic surgery
incisions

m
Boerhaave's syndrome:transmural
esophageal perforation
Mallory-Weiss tear: non-transmural
esophageal tear (partial thickness tear)
Both arc associated with forceful emesis

Clinical Features
• neck or chest pain
• fever, tachycardia, hypotension , dyspnea, and respiratory compromise
• subcutaneous emphysema, pneumothorax, pleural effusion, voice changes, and hematemesis

Investigations
• CXR: subcutaneous emphysema, pneumothorax, pneumomediastinum, pleural effusion,

subdiaphragmatic air, and widened mediastinum
• CT chest with oral and IV contrast: pneumomediastinum, pleural effusion, pneumothorax, contrast in

the chest, and subcutaneous emphysema
• contrast esophagram

Gastrografin* (water-soluble contrast) upper G1 study is the first choice
• if negative, followed by dilute barium upper G1 study: contrast extravasation

Standard of Care in 2019
1. Pre- and postoperative

FLOTchemotherapy for gastric and GE
junction adenocarcinoma (docetaxel,
oxaliplatin.and fluorouracil/
leucovorin)

2. Neoadjuvant CROSS
chemoradiotherapy for esophageal
cancer with squamous histology
or mid-body adenocarcinoma
(carboplatin and paditaxel plus
radiotherapy)

Treatment
• supportive if rupture is contained (see sidebar Cameron's Criteria)
• NPO. antibiotics, IV fluids, percutaneous drainage of mediasti

enteral /parenteral feed, and repeat imaging
• surgical (preferred treatment in progressively deteriorating or toxic patient)

• <24 h from perforation
• primary closure of a healthy esophagus with buttressed intercostal muscle flap or resection of

diseased esophagus
>24 h from perforation, non-viable esophagus, or morbidly toxic patient

diversion and exclusion followed by delayed reconstruction (i.e. esophagostomy proximally,
close esophagus distally, and gastrostomy/jejunostomy for decompression/feeding)

nal collections/abscess if needed.

%
6Ss of SCC
Smok ing
Spirits (alcohol)
Seeds (betel nut)
Scalding (hot liquid)
Strictures
Sack (diverticula)

n
L J jComplications

• sepsis, abscess, fistula, empyema, mediastinitis, and death
• postoperative esophageal leak
• mortality 10-50% depending on timing of diagnosis, or etiology of the perforation, and underlying

health and age of the patient +
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Hiatus Hernia

Esophagus
Esophagus
Diaphragm GE junction

Stomach
GE junction

Stomach

Diaphragm

Normal Anatomy TypeI: Sliding Hiatus Hernia

- Esophagus
- Stomach
- GE junction

Esophagus

Stomach

Diaphragm
Diaphragm 1

\GE junction

4
Type III:Mixed Hiatus HerniaTypo II: Paraosophagoal Hiatus Hernia

Figure 8.Types of hiatus hernia: TypeI:Sliding (GE junction above the level of the diaphragm) Type II:
Paraesophageal (GE junction below the diaphragm, fundus rolls past it) Type III: Mixed and Type IV:Massive (not
shown) (containing another intra-abdominal organ:bowel/spleen/etc.)
SLIDING HIATUS HERNIA (TYPE I)
•reducible and/or limited herniation of both the stomach and the gastroesophageal (GE) junction into

thorax
•90% of esophageal hernias

Risk Factors
•age
•increased intra-abdominal pressure (e.g.obesity, pregnancy,coughing, and heavy lifting)
•smoking

Clinical Features
•majority are asymptomatic
•symptoms in decreasing frequency are heartburn, regurgitation, eructation, sour taste, and cough

Complications
•complications are due to acid rellux when clinically significant and include these three categories:

• esophagitis (dysphagia and heartburn )
• consequences of esophagitis (peptic stricture, Barrett's esophagus, and esophageal carcinoma)
• extra-esophageal complications (aspiration pneumonitis/pneumonia, bronchospasm, cough, and

laryngitis)

Investigations
•barium study
•CXR or CT scan
•24 h esophageal pH monitoring to quantify reflux and esophageal manometry (technique for

measuring LES pressure)
•endoscopy with biopsy to document type and extent of tissue damage and rule out esophagitis,

Barrett’s esophagus, and cancer

Treatment
•lifestyle modification

smoking cessation, weight loss, elevate head of bed, no meals <3 h prior to sleeping, smaller and
more frequent meals, avoid alcohol, coffee, mint, chocolate, and fatty foods

•medical
PP1, antacid, H2-antagonist, prokinetic agent

•surgical (<15% of cases)
consider if: volume regurgitation, patient unwilling or unable to stay on PPI indefinitely,
suboptimal medical therapy, complications of GERD such as pharyngitis, esophageal stricture,
recurrent nocturnal aspiration, Barrett's esophagus, patient preference

• laparoscopic hiatus hernia repair and fundoplication
• fundus of stomach is wrapped around the gastroesophageal junction and sutured in place

n
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operative principles are reduction of hernia, removal of hernia sac, fundoplicatlon, and
partial closure of hiatus

360 degree wrap: Nissen Eundoplication (most commonly performed). Dor, and T'oupet are
partial fundoplications

expect transient postoperative clinical changes: dysphagia, bloating, excessive gas
long-term complications may include post-prandial diarrhea and hernia recurrence in
minority of patients

dysphagia and gas bloat may be less with partial fundoplications (Toupet/Dor), however
accompanied with higher risk of mild reflux symptoms

90% success rate for alleviating GERD

PARAESOPHAGEAL HIATUS HERNIA (TYPE II)
• least common esophageal hernia (<10%)
• herniation of all or part of the stomach through the esophageal hiatus into the thorax with an

undisplaced GE junction

Clinical Features
• usually asymptomatic due to normal GE junction
• dysphagia (most common), chest pain, and pressure sensation in lower chest

$
WebSurg
https://websurg.com/en/
WebSurg is an excellent resource which
allows trainees to leam many different
surgical techniques via videos and
lectures. This resource primarily focuses
on laparoscopic surgeries

Elective laparoscopic procedures for
paraesophageal hiatal hernia repair are
associated with relatively low mortality.
However, this value increases greatly
with emergency repairs (7.5% vs.0.5%)Complications

• hemorrhage, incarceration, strangulation (gastric volvulus), obstruction, gastric stasis ulcer
(Cameron's lesion - causes 1 e-deliciency anemia )

MIXED HIATUS HERNIA (TYPE III)
• most common indication for surgical repair
• second most common type of hernia - combination of types I and 11
• includes giant hernias or intrathoracic stomach
• rare incidence of gastric volvulus (Borschadt's Triad: chest pain, retching, inability to pass NG tube)
• may present with long-standing Ee-deficiency anemia of unknown etiology

Clinical Features
• symptoms may include reflux or heartburn
• most common symptoms: abnormal postprandial fullness after normal-sized meal, chest pain or

retrosternal discomfort (gastric angina), and bloating
• can present with gastric outlet obstruction or gastric necrosis secondary to strangulation in the

setting of gastric volvulus

Treatment
• surgery to address symptoms or treat/prevent complications
• reduce hernia and excise hernia sac, repair defect at hiatus, and anti- reflux procedure (e.g. Nissen

fundoplication)
• may consider suturing stomach to anterior abdominal wall (gastropexy) to reduce the risk of gastric

reherniation
• in very elderly patients at high surgical risk consider reduction of hernia and PEG (percutaneous

endoscopic gastrostomy) insertion to anchor the stomach in the abdomen

TYPE IV HERNIA
• herniation of stomach and other abdominal organs into thorax: colon, spleen, pancreas, and small

bowel
• similar presentation as type 111 hernia and may include intermittent large bowel symptoms (pain,

hematochezia, constipation, etc.) if it is herniated

Achalasia
•esophageal smooth muscle motility disorder which occurs because the lower esophageal sphincter

fails to relax
•esophagus does not have peristalsis
•in 50% of patients, the lower esophageal tone is hypertensive resulting in obstruction at the GE

junction

Risk Factors
•spinal cord injury

Clinical Features
•dysphagia, initially solid than to liquids though a majority of patients will initially present with

dysphagia to both solids and liquids
•regurgitation
•late symptoms include chest pain, nocturnal cough, and weight loss from difficulty eating

r i
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Investigations
• barium esophagram with a classic finding of smooth tapering of the lower esophagus to a “bird’s

beak" appearance
• upper endoscopy
• esophageal manometry will show incomplete lower esophageal sphincter relaxation in response to

swallowing and sometimes a lack of peristalsis in the lower esophagus

Treatment
• non-surgical treatment:

pharmacologic: nitrates, calcium channel blockers, and phosphodiesterase-5 inhibitors to reduce
LES pressure
endoscopic botulinum toxin injection
pneumatic dilation

• surgical treatment options:
» laparoscopic Heller myotomy
• peroral endoscopic myotomy

Complications
• esophageal perforation
• GEKD
• bloating

Stomach and Duodenum

Peptic Ulcer Disease
GASTRIC ULCERS
• see Gastroenterology, Gil

Indications for Surgery
• treat complications: bleeding (common indication for emergency management), perforation,

obstruction (3x greater risk compared to duodenal ulcers)
• refractory to medical management time period is unclear but generally after 8- 12 wk of medical

therapy
• suspicion of malignancy (even if biopsy benign) especially if ulcer fails to heal after 12 wk of medical

therapy
• surgery’ increasingly rare due to H. pylori eradication, medical treatment, and endoscopic treatments

(injection therapy with adrenaline, polidocanol , or fibrin glue) or coagulation therapy (heater probe or
argon plasma)

Procedures
• ligation of bleeding vessels
• distal gastrectomy with ulcer excision: Billroth 11, Roux-en-Y gastrojejunostomy, or Billroth I (rarely)

reconstruction
• vagotomy and pyloroplasty only if acid hypersecretion (very rare)
• wedge resection if possible
• biopsy for suspicion of malignancy, followed by gastroscopy to minimize further bleeding and aid

with healing

DUODENAL ULCERS
• see Gastroenterology, Peptic Ulcer Disease, (’ ll
• most within 2 cm of pylorus (duodenal bulb)

Indications for Surgery
• hemorrhage, rebleed in hospital, perforation, gastric outlet obstruction
• refractory to medical and endoscopic management

Procedures
• omental (Graham ) patch: plication of perforated ulcer supported by overlying omental patch
• oversewing of bleeding ulcer ± pyloroplasty
• treat with H . pylori eradication protocol postoperatively

Complications of Gastric Surgery
• retained antrum
• fistula (gastrocolic/gastrojejunal )
• dumping syndrome, postvagotomy diarrhea, afferent loop syndrome

r1
LJ

+

Activate Windows
Go to Settings to activate Windows.



GS26 General and Thoracic Surgery Toronto Notes 2023

Table 12. Complications of Duodenal Ulceration
Complication Clinical Features Management
Perforated Ulcer
(typically on anterior
surface)

Sudden onset of pain (possibly in RIO due lo track down Investigation
tight paiacolic gutter)
Acute abdomen:rigid, diffuse guarding

CXR lice air under diaphragm PO'L of patients)

Treatment
Oversew ulcer (plication) and omental (Graham) patch most
common treatment

Elevated amylase/lipase if penetration into pancreas Management should follow theintensive measures for
Elevated hepatic transaminases if penetration into liver refractory ulcers
(rare,but serious)
Constant mid epigastric pain burrowing Into back,
unrelated to meals

Ileus
Initial chemical peritonitis followed by bacterial
peritonitis (1=1 limb) — distal

gastrectomy +
gastroduodenostomy

Penetration to Nearby
Organs

Hemorrhage (typically
on posterior surface)

Gaslroduodenal artery involvement Resuscitation initially with crystalloids: blood transfusion
if necessary
Diagnostic andfor therapeutic endoscopy (laser,cautery,or
injection);if recurs,may have second scope
Consider interventional radiology:angiography with
embolirationfcoiling
Surgery if severe or recurrent bleeding,hemodynamically
unstable,or failure olendoscopy and IR: oversewing of
ulcer,pyloroplasty
NG tube decompression and correction of hypochloremic,
hypokalemic metabolic alkalosis
Medical management initially:high-dose PPI therapy
Surgical resection if obstruction does not resolve:either
BillrothI.pyloroplasty,or gastrojejunostomy

Billroth II
(II-2limbs) — distal
gastrectomy +
gastrojejunostomy

Gastric Outlet
Obstruction

Ulcer can lead to edema,librosis olpyloric channel,
and neoplasm
N/V (undigested food,non-bilious).dilated stomach,
and crampy abdominal pain
Succussion splash (splashing noise heard with
stethoscope over the stomach when patient is shaken)
Auscultate gas and fluid movement in obstructed organ Ligament ofTreitr

Roux-on-YGastric Carcinoma
Epidemiology
• 5th most common cancer in the world
• M:F=3:2
• most common age group = 50-59 yr
• incidence has decreased by 2/3 in past 50 yr
• incidence highest in Asian, Latin American, and Caribbean countries

Risk Factors
• compensatory epithelial cell proliferation via gastric atrophy from:

H.pylori, causing chronic atrophic gastritis
pernicious anemia associated with achlorhydria and chronic atrophic gastritis

• previous partial gastrectomy (>10 yr post-gastrectomy)
• lifestyle and environmental factors:

salt and salt-preserved food (e.g. salted fish, cured meat, and salted vegetables)
obesity

• cigarette smoking
LBV infection
abdominal radiation therapy

• host-related factors
• blood type A - also associated with pernicious anemia
• hereditary nonpolyposis colorectal cancer (HNPCC), hereditary diffuse gastric carcinoma

(HDGC)
gastric adenomatous polyps

• hypertrophic gastropathy
genetic syndromes: hereditary diffuse gastric cancer e.g. E-cadherin (CDH1) gene

Clinical Features
• clinical suspicion

• ulcer fails to heal
• lesion on greater curvature of stomach or cardia

• asymptomatic, insidious, or late onset of symptoms
• postprandial abdominal fullness, pseudoachalasia ( in older patients), vague epigastric pain
• anorexia or weight loss

eructation, N/V,dyspepsia, and dysphagia
hepatomegaly, epigastric mass (25%)
hematemesis, fecal occult blood, melena, and iron-deficiency anemia

• metastasis
• peritoneum, ovarian, liver, lung, and brain

Investigations
• OGD and biopsy;consider EUS to assess preoperative T -stage and N-stage
• Cl'chest/abdomen/pelvis

Ligament of Treitz

£Jefusha Ellis after Sonya Amin 2012

Figure 9. Billroth I and Billroth II
with Roux-en-Y reconstruction
(gastrojejunostomy)

Kissing Ulcer:combination of
perforation and bleeding

Signs of Metastatic Gastric Carcinoma
Virchow’s Node: left supraclavicular
node
Blumer’s Shelf:mass in pouch of
Douglas
Krukenberg Tumour:metastases to
ovary
Sister Mary Joseph Node:umbilical
metastases
Irish's Node: left axillary nodes

r n
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$Table 13. TNM Classification System for Staging of Gastric Carcinoma (AJCC/IUCC 2017, 8th
edition)

Staging and 5 Yr Survival Rates for
Gastric Cancer

Primary Tumour (T) Regional Lymph Nodes (N) Distant Metastasis (M)
TX MONX Cannot be assessed

No regional node metastasis
Metastasis in1-2 regional nodes
Metastasis in 3-6 regional nodes

Primary tumour cannot be assessed
No evidence of primary tumour
Carcinoma insitu
Invasion into lamina propria or muscularis N2
mucosae
Invasion into submucosa
Invasion into muscularis propria

Pcnelration of subserosal connective tissue
without tissue invasion of visceral peritoneum
or adjacent structures
Invasion intoserosa
Invasion into adjacent structures

No distant metastasis
Distant metastasis

Stage 5 Yr SurvivalTNM
TO NO MT

TTNOMO
T2N0M0

7t%1ATis NT
57%IBTYa

T1NTM0
T3N0M0
T2N1M0

45%IIAMetastasis in 715 regional nodes
Metastasis in -16 regional nodes

N3aT1b
T2 N3b

T1T2M0
T4aN0M 0
T3NIM0
T2N2M0

T3
33%MB

T4a
T4b T1N3M0

T4aN1M0
T312MO
I2N3M0
T 4PN 0M0
T4PN1M0
T4aN2M0

20%IIIATreatment
• adenocarcinoma

• proximal lesions
total gastrectomy and Roux-en-Y esophagojejunostomy

• distal lesions
14%IIIB

subtotal gastrectomy:wide margins, en bloc removal of omentum and lymph nodes (D2
lymphadenectomy) with Roux-en-Y or Billroth II reconstruction

• adjuvant therapies
perioperative chemotherapy or postoperative chemoradiotherapy in addition to surgery is
standard of care in curative intent strategy

T3N3M0
T4UM 2 M0
T 4PN 3M0

9%me

• palliation
limited gastric resection or endoscopic stenting to decrease bleeding and relieve obstruction,
enables the patient to eat
radiation therapy
studies are showing larger role for adjuvant/neoadjuvant and palliative chemotherapy

T4dN3M0
TiNiMTIV 4%

• lymphoma
H. pylori eradication, chemotherapy ± radiation, and surgery in limited cases (perforation,
bleeding, and obstruction )

Gastrointestinal Stromal Tumour
Epidemiology

most common mesenchymal neoplasm of Cil tract
derived from interstitial cells of Gajal (cells associated with Auerbach's plexus that have autonomous
pacemaker function which coordinate peristalsis throughout the Gl tract )
75-80% associated with tyrosine kinase (c-KIT) mutations
most common in stomach (50%) and proximal small intestine (25%), but can occur anywhere along Gl
tract
often discovered incidentally on CT, laparotomy, or endoscopy

Heoadjuvant Chemotherapy in Advanced Caslric
and fsophagO’Caitric Cancer. Meta -Analysis of
Randomitcd Trials
Ini JSurg 2018:51:120 127
Study: Meta anaiysrseveluatingthe effects of
neoadjuvant chemotherapy on advanced gastric
cancer.
ResiiltsfConclusious:Neoadjuvant chemotherapy
and resection reduces overall mortality at 3 and
5 yr in advanced gastric cancer (RR-0.74; 0.82
respectively ). Morbidity and perioperative mortality
rale ore not influenced by NACI. tecovrence rate is
reduced by NAG -surgery in EGC IRM.80).

Risk Factors
Carney triad: gastric GISTs, extra-adrenal paraganglioma, and pulmonary chondroma
type I neurofibromatosis
Carney-Stratakis syndrome

Clinical Features
most commonly in stomach (40-60%) and jejunum (25-30%)
typically present with vague abdominal mass, feeling of abdominal fullness, or svith secondary
symptoms of bleeding and anemia
sometimes asymptomatic (13-18%)
nonspecific symptoms (8-17%): bloating, early satiety, abdominal pain /discomfort
overt or occult Gl bleeding (50% of gastric GISTs)

Investigations
• contrast-enhanced CT is preferred imaging for screening and staging; MRI if IV contrast not feasible
• preoperative biopsy (endoscopic ultrasound): useful for indeterminate lesions (not recommended if

high index of suspicion for GIST)
• given that lesion is submucosal, biopsy is sometimes not helpful

r -i
L J
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Treatment
• surgical resection if >2 cm; follow with serial endoscopy if <2 cm and resect if growing or

symptomatic
• localized GIST

surgical resection with preservation of intact pseudocapsule
• lymphadenectomy NOT required, as GISTs rarely metastasize to lymph nodes

consider adjuvant treatment with imatinib (Gleevec*) if high-risk of relapse (large, >4 cm with
significant mitotic activity)

• advanced disease (Le. metastases to liver and/or peritoneal cavity)
palliative intent chemotherapy with imatinib
metastasectomv may be considered for liver limited disease

bleat of Lyapk lodeDissection for
Adenocarcinoma of ike Siwack
Cochrane DBSjsi ter 20K:D:C00019M
Study:Systematic rare*andseS-aalyssoi ike
eiridence iiat ersied itjerdmg tke epact of ike
three man types of prcgressmeljso~eeiiended
lynpk node d ssection (Hat s.Dl D2 and D 3
lyapbedenedoay) on tkectazloitcoce of patieots

itk primary resedatile caciwma of tkestiaadL
Besnlts Conclusions:DaS sqyested no sqnrkan*

ikfference in oieral snrriial betmeen D2and D3
type Assertion.There mas nosgnffost tfeence
in overall sir rural betmeen Dl and 02 type node
dissection. In contrast D2 lyapkadenectomy mas
associated mitk asignicasCy better diseasespecie
snrmal compared to Dl tympkadenectomy Dot
wasalso associated mtt a kicker postoperathe
mortality raa.

Prognosis
• risk of metastatic potential depends on

tumour size (worse if >10 cm)
mitotic activity (worse if >5 mitotic figures/50 HPF)
degree of nuclear pleomorphism
location: with identical sizes, extra-gastric location has a higher risk of progression than GISTs in
the stomach

• frequently metastasize to the liver and omentum: nodal and lung metastases rare

Bariatric Surgery
•weight reduction surgery- for morbid obesity
•indications: BMI >40 without illness or BM1 >35 with 1 + serious comorbidity (e.g. DM, CAD, sleep

apnea, GtR D, or severe joint disease)
Asian patients:growing evidence to lower BMI criteria by 2.5, BM1> 37.5 or BM1>35.5 (higher
prevalence of truncal obesity)

•consult with a multidisciplinary bariatric team: nutrition, psychological deterrents, life modifications,
lifelong surveillance, reliable bariatric program (details realistic outcomes) to optimize success post-
operation

Surgery for Heigkt lossin Adults
Cochrane D3 Systiei2014:3*3 C 03W1
Study:Update of a 2003 Cock-eceremassessog
tire^ectsof bariatric surgery andcontrol of
coararkdkties.
Conclusions:S.'cey resided a deceasedSHI
one to tmo years postnperatnre.3KIsfondtka*
laparoscopic Bom-es-T gastric kypess ectered
signriicentiy greater msgtt lossandMlredoctioo
op to 5 yr after surgery comparedmrtk laparoscopic
ad,.stable gastric Patdng (meandeference -52kg'

35% Cl -4.4 to-4.01Harepatentsaqeraicel
remissionof tatietesrnitk lap t-et-T.komeier.
different de&nrtmasmere ssed.Disks of ssrgery
indnde leaks,kenrias.Infection,prioonary
emtiolism.ckaiecystitis.and posioperaSit mortality.

Surgical Options
•combination malabsorptive and restrictive

laparoscopic Roux-en-Y gastric bypass (most common, most effective; higher complication rates)
small gastric pouch (restrictive), from distal stomach, anastomosed with Roux limb of small
bowel (malabsorptive); connect to biliopancreatic limb to maintain digestive enzymes and
bile

• complications:gastric remnant distention, stomal stenosis, marginal ulcers, cholelithiasis,
ventral incisional hernia, short bowel syndrome, dumping syndrome, metabolic
perturbations, gastrogastric fistula

restrictive laparoscopic sleeve gastrectomy
• creation of tubular stomach via removal of majority of greater curvature
• complications:bleeding from gastric or short gastric vessels from dissection of greater curve,

stenosis at the gastroesophageal junction, gastric leaks
•malabsorptive

• biliopancreatic diversion with duodenal switch (performed as a rescue operation after traditional
Roux-en-y)
• anastomosis of stomach to distal ileum, anastomosis of biliopancreatic limb to terminal

Ileum
• complications: protein calorie malnutrition, anemia, metabolic bone disease, fat-soluble

vitamin deficiency

Complications of Gastric Surgery
•most resolve within 1 yr
•important to note that morbidly obese patients usually do not present with the symptoms and signs

shown below;often times, the only presenting sign is tachycardia

Alkaline Reflux Gastritis
•duodenal contents (bilious) reflux into stomach causing gastritis ± esophagitis
•treatment

medical H2-blocker, metoclopramide, cholestyramine (bile acid sequestrant)
surgical: conversion of Billroth 1 or II to Roux-en-Y r »

L J

Afferent Loop Syndrome
•accumulation of bile and pancreatic secretions causes intermittent mechanical obstruction and

distention of afferent limb
•clinical features

• early postprandial distention, RUQ pain, nausea, bilious vomiting, anemia
•treatment: surgery- (conversion to Roux-en-Y increases afferent loop drainage)
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Dumping Syndrome
• early: 15-30 min postprandial

» etiology
rapid emptying of hyperosmotic chyme leads to jejunal distention, stimulating release of
vasoactive hormones

clinical features
postprandial epigastric cramping, bloating, emesis, nausea, and vasomotor symptoms
(dizziness, palpitations, tachycardia, diaphoresis)

Liver -
Stomach

treatment
frequent small meals high in fibre and protein, low in carbohydrates; avoidance of liquids
with meals

last resort is interposition of antiperistaltic jejunal loop between stomach and small bowel to
delay gastric emptying

• late: 3 h postprandial
etiology:hypoglycemia following postprandial insulin peak

• treatment: small snack 2 h after meals

Gallbladder Pancreas Bile luice
A. Alkaline Reflux Gastritis

1Liver

Slijniciut

Blind-Loop Syndrome
• bacterial overgrowth of colonic Gram-negative bacteria in afferent limb
• clinical features

anemia/weakness, diarrhea, malnutrition, abdominal pain, and hypocalcemia
• treatment: broad-spectrum antibiotics and surgery (conversion to Billroth I)

Postvagotomy Diarrhea
• up to 25%
• bile salts in colon inhibit water resorption
• treatment: medical (cholestyramine) and surgical (reversed interposition jejunal segment)

Gallbladder Pancreas Obstruction
B. Afferent Loop Syndrome

'
Liver

^
V '

Stomach —i——Food Flow

SMALL INTESTINE

Small Bowel Obstruction

Mechanical Small Bowel Obstruction
Gallbladder Pancreas Small Intestine

C. Dumping SyndromePathophysiology
• obstruction -> gas and fluid (swallowed or Cil secretions) accumulate proximal to site of obstruction

and distal decompression -> intestinal activity increases to overcome obstruction -» colicky pain and
diarrhea (initially)

Liver V — -x
Food Flow

Etiology

Table 14. Common Causes of SBO
Extramural (>85% of causes)Intraluminal Foreign Body Intramural

Crohn's
Radiation stricture
Neoplasm (adenocarcinoma, carcinoid,
lymphoma, sarcoma)

Adhesions from previous surgeries (75% SBO)
Incarcerated hernia
Peritoneal carcinomatosis

Intussusception
Gallstones (gallstone ileus)
Bcroars
Foreign Body Gallbladder Pancreas Chyme Bacteria

D. Blind Loop Syndrome
•AAST grading system for severity (Grade - “Operative Criteria”)

partial SBO - minimal intestinal distension with no evidence of obstruction
complete SBO with viable bowel - intestinal distension with transition point: no bowel
compromise

• complete SBO with compromised but viable bowel - intestinal distension with impending bowel
compromise
complete SBO with nonviable bowel or perforation and localized spillage - intestinal distension
with localized perforation or free fluid
small bowel perforation with diffuse peritoneal contamination - intestinal distension with
perforation, free fluid, and diffuse peritonitis

•closed-loop obstruction is when a segment is obstructed in two separate locations, creating a segment
with no proximal or distal outlet and can rapidly progress to complications and require immediate
abdominal exploration

Risk Factors
•prior abdominal or pelvic surgery (adhesions)
•abdominal wall or groin hernia
•personal history or increased risk of malignancy
•prior radiation

V
CutCNX
Liver

YStomachC7
v_

n
J

Gallblader Pancreas Colon
E. Postvagotomy Diarrhea

© WonsiShengWIO

Figure10.Complications of gastric
surgery
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• IBD
• history of foreign body ingestion

Clinical Features
• symptoms: colicky periumbilical abdominal pain, N/V, obstipation, delayed passage/inability to pass

flatus, inability to tolerate an oral diet
more feculent vomitus suggests more established obstruction because of bacterial overgr
passage of gas and/or stool that continues 6-12 h after onset of symptoms suggests partial rather
than complete obstruction

• inability to pass flatus is the most useful indicator
• signs: abdominal distention (most prominent if obstruction at distal ileum), hyperactive proceeding

to minimal bowel sounds, bloating, hypovolemia, hyperresonance with percussion
• strangulated obstruction:abdominal pain disproportionate to physical exam findings suggest

intestinal ischemia
may have tachycardia, localized abdominal tenderness, fever, marked leukocytosis, and lactic
acidosis

Increased Risk ol Perforation with
Distention as seen on Abdomen
Imaging. Small bowel >3cm

• Distal colon >6 cm
• Proximal colon >9 cm. Cecum z12 cm

owth

Important to know if chronic vs. acute.
Chronic distention is more likely to be
tolerated without perforation

oInvestigations
• approach Patients with NO Abdominal Surgery

History (“Virgin Abdomen")
Presenting with a SBO should have
surgery 7SAP (EXCEPTION:malignant
obstruction from history and imaging)

1.distinguish mechanical obstruction from ileus
2.determine likely and easily reversible etiology of obstruction
3.differentiate complicated (e.g. strangulated) obstruction

• imaging
AXR (3 views): triad of dilated small bowel (>3 cm in diameter), air-fluid levels on upright film,
paucity of air in colon (high sensitivity, low specificity as ileus and UK) can present similarly)

* CT with IV contrast: discrete transition zone/point with proximal bowel dilation, distal bowel
decompression, and intraluminal contrast does not pass the transition zone

most importantly to rule out ischemic bowel/strangulation:pneumatosis intestinalis (free
air in bowel wall) and thickened bowel wall, air in portal vein, free intraperitoneal fluid, and
differential wall enhancements (poor uptake of IV contrast into the wall of the affected bowel)

• other (less common)
upper Gl series/small bowel series (if no cause apparent, i.e. no hernias, and no previous
surgeries)
serial CTs with oral contrast
may consider U/Sor MR1in pregnant patients

Patients with Abdominal Surgery
History (“ Non-virgin Abdomen")
Adhesional SBOs resolve spontaneously
with NG tube decompression 70% of
time

Top 3Causes of SBO (in order)

• laboratory
may be normal early in disease course

• CBC, electrolytes, BUN, creatinine, lactate
creatinine and hematocrit to assess degree of dehydration

• may have fluid and electrolyte abnormalities with metabolic alkalosis due to frequent emesis
if strangulation: leukocytosis with left shift, elevated lactate (late signs)

ABC
Adhesions
Bulge (hernias)
Cancer (neoplasms)

Causes of SBOTreatment
• IV isotonic fluid resuscitation and urine output monitoring with catheter

• SBO related vomiting and decreased PO intake leads to volume depletion
• NG tube in the stomach for gastric decompression; decrease nausea, distention, and risk of aspiration

from vomiting. NPO
• if partial SBO/Crohn’s/Carrinomatosis:conservative management with fluid resuscitation and NG

tube decompression
48 h of watchful waiting; if no improvement or develops complications, surgery

• for Crohn's patients, consider Gl consult for steroid management
• if no clinical features of ischemia: short course of conservative management with fluid resuscitation

and NG tube decompression with frequent re-examination by surgical team
duration of observation varies from hours to a few days
if SBO fails to resolve,or if symptoms of ischemia develop, then surgery

• if high-risk for ischemia based on clinical symptoms: urgent surgery to prevent irreversible ischemia
early postoperative SBO: if bowel function does not return within 3-5 d after surgery; usually
partial, extended conservative therapy (2-3 wk) with bowel rest, fluids, and TPN is appropriate

• immediate surgery if ischemia, necrosis, and perforation
• clinical signs: fever, leukocytosis, tachycardia, worsening pain, metabolic and lactic acidosis, and

tachypnea
radiologic signs:free air on radiographs or CT,closed-loop obstruction, abnormal course of a
mesenteric vessel, and high-density free fluid

SHAVING
Stricture
Hernia
Adhesions
Volvulus
IntussusceptionHBD
Neoplasm
Gallstones

n
LJ

Prognosis
• related to etiology; mortality: non-strangulating <1%, strangulating 8% (25% if >36 h), ischemic = up

to 509
• surgical intervention associated with a lower risk of recurrence

Prevention
• open surgery has four-fold increase in risk of SBO in 5 yr compared to laparoscopic surgery
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Paralytic Ileus
Pathogenesis
• temporary, reversible impairment of intestinal motility; most frequently caused by:

abdominal operations, infections and inflammation, medications (opiates, anesthetics,
psychotropics), and electrolyte abnormalities
often seen for patients in the postoperative setting from intra-abdominal sepsis ( perforated
appendicitis, diverticulitis, etc.)

» pathophysiology related to inhibitory splanchnic reflexes, inhibitory sympathetic activity,
inflammatory stress response, peptides (VIP, substance P,Calcitonin gene-related peptide
(CGRP))

• NOT the same as intestinal pseudo-obstruction
chronic pseudo-obstruction refers to specific disorders that affect the smooth muscle and
myenteric plexus, leading to irreversible intestinal dysmotility

Clinical Features
• symptoms and signs of intestinal obstruction without mechanical obstruction

» bowel sounds are diminished or absent (in contrast to initial hyperactive bowel sounds in SBO)
• pain is often diffuse and less frequently has the colicky pattern present in mechanical obstruction

passing gas is the most useful indicator
• postoperative:gastric and small bowel motility returns by 24-48 h, colonic motility by 3-5 d

Investigations
• routine postoperative ileus: expected, no investigation needed
• if ileus persists or occurs without abdominal surgery

review patient medications (especially opiates)
» measure serum electrolyte to monitor for electrolyte abnormalities (including extended

electrolytes like Mg-- , Ca^ \ P043-)
creatinine and BUN
LITs
CT scan to rule out abscess or peritoneal sepsis, or to exclude mechanical obstruction

Treatment
• address underlying cause
• most important initial treatment: NPO + fluid resuscitation
• for prolonged ileus: NG tube decompression, TPN, and pain management

Intestinal Ischemia
Etiology
• acute <ft» arterio-oedusive mesenteric ischemia (AOM1)

thrombotic, embolic, and extrinsic compression (e.g.strangulating hernia)
non-occlusive mesenteric ischemia (NOM1)

mesenteric vasoconstriction secondary to systemic hypoperfusion (preserves supply to vital
organs)

• mesenteric venous thrombosis (MVT)
« consider hypercoagulable state (l.e. rule out malignancy) and DVT (prevents venous outflow)

• chronic: usually due to atherosclerotic disease - look for CVD risk factors
• can lead to occlusion in vessels that supplies the small intestine and the large intestine

Clinical Features
• acute: severe abdominal pain out of proportion to physical findings, vomiting, bloody diarrhea,

bloating, minimal peritoneal signs early in course, hypotension, shock, and sepsis
• chronic: postprandial pain (from mesenteric angina), fear of eating, and weight loss
• common sites:SMA supplied territory, “watershed” areas of colon - splenic flexure, left colon,and

sigmoid colon

Investigations
• laboratory: leukocytosis (non-specific) and lactic acidosis (late finding)

amylase, lactate, CK, and ALP can be used to observe progress
• hypercoagulability workup if suspect venous thrombosis

• AXR: portal venous gas, intestinal pneumatosis, and free air if perforation
• contrast CT: thickened bowel wall, luminal dilatation, SMA or SMV thrombus, mesenteric/portal

venous gas, and pneumatosis
• CT angiography is the gold standard for acute arterial ischemia

Treatment
• fluid resuscitation, correct metabolic acidosis, NPO, NG tube decompression of stomach, and

prophylactic broad-spectrum antibiotics; avoid vasoconstrictors and digitalis
• exploratory laparotomy/laparoscopy to assess extent of viability ± segmental resection of necrotic

intestine
if extent of bowel viability is uncertain, a second-look laparotomy 12-24 h later is mandatory

• angiogram, embolectomy/thrombectomy, bypass/graft, mesenteric endarterectomy, anticoagulation
therapy, and percutaneous transluminal angioplasty ± stent

Pain “out of keeping with physical
findings” Is the hallmark of early
intestinal ischemia

An acute abdomen + metabolic acidosis
is bowel ischemia until proven otherwise
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Tumours of Small Intestine
BENIGN TUMOURS
• lOx more common than malignant
• usually asymptomatic until large
• most common sites: terminal Ileum and proximal jejunum
• polyps

adenomas
hamartomas

• 1;AP (see familial Colon Cancer Syndromes,GS42 )
• juvenile polyps

• other: leiomyomas, lipomas, and hemangiomas

Table 15. Malignant Tumours of the Small Intestine
Adenocarcinoma Carcinoid/GI NET-

Neuroendocrine Tumour
MetastaticLymphoma

Carcinoid Syndrome SymptomsUsually SO- TO yr Mostcommon site of Gl
mclastases in patients
with metastatic melanoma

Epidemiology Highest incidence in
70sM>F
Usually non-Hodgkin’s
lymphoma

Crohn’s.celiac disease,
autoimmune disease,
immunosuppression,
radiation therapy,
and nodular lymphoid
hyperplasia

Classified based on embryologica! origin Usually distal ileum
(foregut.midgut, and hindgut)
Originate from gut cnlciochtomaffin cell patients with celiac
Appendix 46%,distal ileum 28%.
rectum 17%

Increased incidence 50-60 yr
M>F

FDR
Flushing
Diarrhea
Right-sided heart failureCrohn’s. FAP, history

of CRC.HNPCC
Risk Factors Melanoma,breast, lung,

ovary,colon, andcervical
cancer

Originlocalion Usually in proximal
small bowel,
incidence decreases
distally

Hematogenous spread
from breast,lung, and
kidney
Direct extension from
cervix,ovaries,and colon

Proximal jejunum in

disease

ClinicalFeatures Early metastasis to
lymph nodes
80% metaslalic at
time of operation
Abdominal pain
(common)

K/V.anemia,Gl bleeding, jaundice,and Fatigue,weight loss,fever Obstruction and bleeding
malabsorption,abdominalweight loss (less common)

Often slow-growing
Usually asymptomatic, incidental finding constipation, and mass
Obstruction, bleeding,crampy
abdominal pain,and intussusception
Carcinoid syndrome (<10%)

Hot flashes,hypotension, diarrhea,
bronchoconslriction.and right heart
failure
Requires liver Involvement: lesion
secretes serotonin,kinins,and
vasoactive peptides directly to
systemic circulation (normally
inactivated by liver)

pain, anorexia, vomiting.
Rarely perforation,
obstruction,bleeding,and
intussusception

Cl abdomen/pclvisInvestigations Cl abdomcn/pelvis
Endoscopy

Most found incidentally at surgery for Cl abdomcn/pelvis
obstruction or appendectomy
Cl thorax/abdomen/pelvis
Consider small bowel enterodysis to
look for primary
Serum chromograninAas a tumour
marker
Elevated 5-HIAA (breakdown product
of serotonin) In urine or increased 5-HT
in blood
Some nuclear medicine testing available
but should be done by endocrine
oncologist. Testing includes Galium
D01AIAIE and octreotidescans
Surgical resection'chemotherapy
Carcinoid syndrome treated with
octreotide
Metastatic risk 2% if sixe<1cm,90%
if>2 cm

low- grade: chemotherapy Palliation
with cyclophosphamide
High-grade: surgical
resection,and radiation
Palliative: somatostatin,
doxorubicin
5 yr survival 40%

Treatment Surgical resections
chemotherapy

Syr survival 25% (if
node positive)

5 yr survival 70%:20% with liver
melastases
Based on the Ki67 index

Prognosis Poor r T
L J

Indirect Inguinal Hernias:Rule of 5sStaging System THM TNM Ann Arbor

5%lifetime incidence in males
5x more common than direct Inguinal
hernias
5-10x more common in males than
females
Generally occur by 5th decade of life
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Short Gut Syndrome
Inguinal HerniasDefinition

• reduced surface area (length) of small bowel causing insufficient intestinal absorption leading to
diarrhea, malnutrition, and dehydration

Etiology
• due to surgical resection

• large amount of bowel at once (acute mesenteric ischemia, trauma, malignancies)
• cumulative resections (Crohn’s disease)

• in infant and paediatric patients, the most common causes are necrotizing enterocolitis, abdominal
wall defects, jejunal ileal atresia, and midgut volvulus

MO's don't Lie
MD: Medial to the inferior epigastric a.
- Directinguinal hernia
U:Lateral to the inferior epigastric a. *

Indirect inguinal hernia
Inguinal Canal Walls - MALT x 2
2 MRoof 2 muscles (internal

oblique, transversus
abdominis)

2 A Ant wall 2 aponeuroses (external
and internal oblique)

2 L Floor 2 ligaments (inguinal
and lacunar)

2 T Post wall 2T (transversalis fascia,
conjoint tendon)

Prognostic Factors
• residual small bowel length, residual colon length ( reabsorption of water and electrolytes and some

reabsorption of nutrients),condition of the remnant small bowel (healthier bowel facilitate better
reabsorption ), presence of ileocecal valve (delay transition into colon leading to more reabsorption )

• resection of ileum is less tolerated than resection of jejunum (ileum reabsorbs bile salt and vitamin
Bl2) o

Borders of Hesselbach's Triangle
• Lateral: inferior epigastric artery
• Inferior: inguinal ligament
• Medial: lateral margin of rectus

sheath

Therapy
• medical

• IV fluids in acute management (initial 3-4 wk following resection) and TPN once stabilized to
replenish lost fluid and electrolytes in diarrhea
histamine 2-receptor antagonist or PP1 to prevent gastric acid secretion
antimotility agent to prolong transit time in the small intestine
consider octreotide to decrease G1 secretion and cholestyramine for bile acid absorption

• surgical: non-transplant
• to slow transit time: small bowel segmental reversal, intestinal valve construction, or electrical

pacing of small bowel
• to increase intestinal length:

• LILT' ( longitudinal intestinal lengthening and tailoring) procedure
• ST EP (serial transverse enteroplasty procedure) in dilated small bowels

• surgical: small bowel transplant
indication: life-threatening complication from intestinal failure or long-term T PN, including liver
failure, thrombosis of major central veins, recurrent catheter-related sepsis, and recurrent severe
dehydration

Shotrldice Technique vs. Other Open Techniques
for Inguinal Hernia Repair
Cochrane 08 Syst Rev 2012:4:10001543
Purpose:1o evaluate the efficacy and safety of
the Shouldxe technique compared lo other non -
laparoscopic techniques.
Results Conclusions: 16 RCTsor quasi-ratidomued
Mis with 2566 hecnias|U21 mesh:1608 norr-mesh ).
The recurrence rate with Shonldxe was lagher
than mesh (08 3.80, 95% Cl 1.99-7.26) but lower
than non-mesh (OR 0.62, 95% Cl 0.45-0.85).There
was co difference in chronic pain or complications.
In conclusion,with respect tn recurrence rates.
Shouldice herniorrhaphy is the best non-mesh
technique, although infetiot to mesh . However, it
vsatso Roretime consuming andresultsiai slightly
longer postoperative hospital stays.

Abdominal Hernia
•see HM I us Hernia , ( iS23

Definition
•defect in abdominal wall causing abnormal protrusion of intra-abdominal contents long-term Results of a Randomiied Controlled

Trial of a Honoperative Strategy (Watchful
W ailing ) for Men with Minimally Symptomatic
Inguinal Hernias
inn Sorg 2013:258:508-514
Purpose: Ascertain ng the long-term crossover (00)
rate in patients with asymptomatic or minimally
symptomatic inguinal hernias undergoing watchful -
wait«g (WW|at their primary treatment modality.
Background : i 2006 RCf comparing WIff with
routine inguinal heima icpoir, concluded that
WW was an acceptable option in the management
of male patients with minimal symptoms (JAMA
200629S(3)28S-292|.This study analyzes the WW
group after 7 years of follow-up.
Conclusions:The estimated CO rale far the WW
cohort was 68%, while men older than 65 had a rate
of 79%.Therefore, while WW is a safe strategy, it is.1 I -Kent!v. : ! progress, ridelr : ve
surgical management will be indicated.

Epidemiology
•M:l’=9:l
•lifetime risk of developing a hernia: males 20-25%, females 2%
•frequency of occurrence:50% indirect inguinal, 25% direct inguinal, 8-10% incisional (ventral ), 5%

femoral, and 3-8% umbilical
•most common surgical disease in males

Risk Factors
•activities which increase intra-abdominal pressure

obesity, chronic cough, asthma, COPD, pregnancy, constipation, bladder outlet obstruction,
ascites, and heavy lifting

•congenita] abnormality (e.g. patent processus vaginalis and indirect inguinal hernia)
•previous hernia repair, especially if complicated by wound infection
•loss of tissue strength and elasticity (e.g. hiatal hernia, aging, and repetitive stress)
•family history

Clinical Features
•mass of variable size
• tenderness worse at end of day, relieved with supine position or with reduction
•abdominal fullness, vomiting, constipation
•transmits palpable impulse with coughing or straining

Investigations
•physical examination usually sufficient
•U/S ± CT (CT required for obturator hernias, internal abdominal hernias, and Spigelian and/or

femoral hernias in obese patients)

# L J
Outcomes of laparoscopic vs. Open Repair o!
Primary Ventral Hernias
JAMA Ssrg 2013:148:1043-1048
See LaTidmerk Genera I and thoracic Surgery Inals
table (or more information on outcomes of patents
electiWly cmfcrgo. ng laparoscopic ventral Hernia
repair (U7HR) vs. open ventral hernia repair (0VHR|

+
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Classification
• complete: hernia sac and contents protrude through defect
• incomplete: partial protrusion through the defect
• internal hernia: sac herniating into or involving intra-abdominal structure
• external hernia: sac protrudes completely through abdominal wall
• strangulated hernia: vascular supply of protruded viscus is compromised (ischemia)

• requires emergency repair
• incarcerated hernia: irreducible hernia, not necessarily strangulated
• Richter’s hernia:only part of bowel circumference (usually anti-mesenteric border) is incarcerated or

strangulated so may not be obstructed
a strangulated Richter's hernia may self-reduce and thus be overlooked, leaving a gangrenous
segment at risk of perforation in the absence of obstructive symptoms

• sliding hernia: part of wall of hernia sac formed by retroperitoneal structure (usually colon )

Inguinal Region (Male)
(eternal interior epigastricinguinal artery and veinnng V Rectus

abdominis
muscle\

Hesselbach's
L triangle.

Ingu
gen

IIIHI External
inguinalmen)
ringFemoral

artery

FemoralFemoral
ringAnatomical Types

• groin
indirect and direct inguinal, femoral

• pantaloon: combined direct and indirect hernias, peritoneum draped over inferior epigastric
vessels

• epigastric:defect in linea alba above umbilicus
• incisional: ventral hernia at site of wound closure, may be secondary to wound infection
• other: Littre’s (involving Meckel's), Amyand's (containing appendix), lumbar, obturator, peristomal,

umbilical,Spigelian (ventral hernia through linea semilunaris)

Spermatic
cord

Normal Anatomy

Complications
• incarceration
• strangulation

small, new hernias more likely to strangulate
• femoral > indirect inguinal > direct inguinal

intense pain followed by tenderness
intestinal obstruction, gangrenous bowel, sepsis
surgical emergency
DO NOT attempt to manually reduce hernia if septic or if contents of hernial sac gangrenous. This
will result in reduction of gangrenous contents and subsequent need for laparotomy Indimcl Hernia

Treatment
• surgical treatment ( herniorrhaphy) is only to prevent strangulation and evisceration, for symptomatic

relief, for cosmesis; if asymptomatic can delay surgery. Data has shown that prophylactic surgery does
not affect rate of strangulation in ASYMPTOMATIC patients.

• repair may be done open or laparoscopic and may use mesh for tension-free closure
• most repairs are now done using tension free techniques - a plug in the hernial defect and a patch over

it or patch alone
• observation is acceptable for small asymptomatic inguinal hernias

Postoperative Complications
• recurrence (15-20%)

risk factors: recurrent hernia, ages >50, smoking, BMI >25, poor preoperative functional
status (ASA 23- see Anesthesia. A4), associated medical conditions:T2DM, hyperlipidemia,
immunosuppression, and any comorbid conditions increasing intra-abdominal pressure
less common with mesh/“tension-free” repair

• scrotal hematoma (3%)
painful scrotal swelling from compromised venous return of testes
deep bleeding:may enter retroperitoneal space and not be initially apparent
difficulty voiding

• nerve entrapment
ilioinguinal (causes numbness of inner thigh or lateral scrotum)

« genital branch of genitofemoral (in spermatic cord)
• stenosis/occlusion of femoral vein

acute leg swelling
• ischemic colitis
• minimally invasive repair for ventral and umbilical hernia

r

Figure 11. Schematic of inguinal
(direct and indirect) and femoral
hernias +
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Groin Hernias
Robotic Inguinal vs. Transebdominal
Laparoscopic Inguinal Hernia Repair: the RIVAL
Randomired Clinical trial
JAMA Surg.2O20;1SS(5|:3B0- 3fi 7
Purpose:To deter- me whether a robotic approach
to inguinal hernia repair results m improved
postoperative outcomes compared with the
traditional laparoscopic inguinal hernia repairs.
Results: ttpieopeiatnre. t nreekand 30- day
assessments there wtre no differences between
the groups on wound events, readmissions, pain, or
quahty ollife. However, the robotic appioach was
associated with increased cost, operative time, and
surgeon frustration compared to the laparoscopic
approach.
Conclusions: there is no benefit ol the robotic
appioach compared with the laparoscopic approach.

Table 16. Groin Hernias
Direct Inguinal Indirect Inguinal Femoral

Epidemiology 1% of all men Most common hernia in men and women Affects mostly females
M t

Etiology Acquired weakness of transvcrsalrs
fascia
"Wear and tear"
Increased intra abdominal pressure

Congenital persislenccof processus
vaginalis in 20% of adults

Pregnancy weakness of pelvic floor
musculature
Increased intra -abdominal pressure

Ihrough Hesselbach's triangle
Medial to inferior epigastric artery

Anatomy Originates in deep inguinal ring
lateral to inferior epigaslricartery

Usually does not descend into scrolal Often descends into scrotal sac (or labia
majora)

Into femoral canal, below inguinal
ligament but may override it
Medial to lemotal vein within femoral
canal
Surgical repair

sac
Surgical repair

3- 4% risk of recurrence
Surgical repair

«1% risk of recurrence
treatment
Prognosis

Table 17, Superficial Inguinal Ring vs. Deep Inguinal Ring*
Superficial Inguinal Ring Deep Inguinal Ring

Opening in external abdominal aponeurosis: palpable superior and
lateral to pubic tubercle
Medial border:medial crus of enter nal oblique aponeurosis

lateral border:lateral crusof external oblique aponeurosrs

Opening in transversalis fascia:palpable superior tomid-inguinal
ligament
Medial border: inferior epigastric vessels
Superior- lateral bolder:internal oblique and transversus abdominis
muscles
Inferior border:inguinal ligamentRoof: intercrural fibres

'see BasicAnatomy Review.Figure 2.63

Appendix

Appendicitis
Epidemiology
• 6% of population, M>I: (1.4:1)
• 80% between ages 5-35

Psoas
/yfe major

1! _!L :

Pathogenesis
• luminal obstruction -> bacterial overgrowth -> inflammation/swelling -> increased pressure ->

localized ischemia •-> gangrene/perforation -> localized abscess (walled off by omentum) or peritonitis
• etiology

children or young adult: hyperplasia of lymphoid follicles, initiated by infection
adult: fibrosis/stricture, fecalith, or obstructing neoplasm
other causes: parasites or foreign body

L A
V

/
Retrocecal'164%) V Ileal'sub-ileal

<1% )
t 1—"Inferior (1%)

Pelvic (32%)
Paracolic

I2%r ~
liiacus muscle L

Obturator
internus
muscle

^
g Natalie Cormier 2015, after Wensi Shcng 2010,
oClinical Features

• most reliable feature is progression of signs and symptoms
• low-grade fever (38‘G ), rises if perforation
• abdominal pain then anorexia, N/V
• classic pattern: pain initially periumbilical; constant, dull, poorly localized, then well-localized pain

over McBurney’s point
• due to progression of disease from visceral irritation (causing referred pain from structures of the

embryonic midgut, including the appendix) to irritation of parietal structures

Figure 12. Appendix anatomy

• signs
inferior appendix: McBurney's sign (see sidebar), Rin sing's sign (palpation pressure to left
abdomen causes McBurney's point tenderness). McBurney’s sign is present whenever the opening
of the appendix at the cecum is directly under McBurney's point; therefore McBurney's sign is
present even when the appendix is in different locations
retrocecal appendix: psoas sign ( pain on flexion of hip against resistance or passive
hyperextension of hip)

• pelvic appendix: obturator sign (flexion then external or internal rotation about right hip causes
pain )

McBurney's Sign
Tenderness 1/3 the distance from the
ASIS to the umbilicus on the right side

r i
L.J

+Complications
• perforation (especially if >24 h duration )
• abscess, phlegmon
• sepsis
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Investigations
• laboratory

mild leukocytosis with left shift (may have normal WBC counts)
higher leukocyte count with perforationp-hCG to rule out ectopic pregnancy
urinalysis

• imaging
U/S: may visualize appendix, but also helps rule out gynaecological causes - overall accuracy 90-
94%, can rule in but CANNOT rule out appendicitis (if >6 mm, SENS/SEEC/NEV/PFV 98%)

• CT scan: thick wall, enlarged (>6 mm), wall enhancement, appendicolith, and inflammatory
changes - overall accuracy 94-100%, optimal investigation

AntibioticsversusAppendectomyfor Acnte
Appendicitis - Longer-Term Ontcomes
N Engl J Ued 202T;38S|25|:2395. Epub 2021Oct 25
Purpose:Compare Ibe efficacy of antibiotics is.an
appendectomy for acute appendicitis wild respect to
long-term outcomes.
Method: Pe'domned trial comparing antibiotic
treatment mth appendectomy in patients with
appendicitis.
Results: he 30-day general health status of
patients treated with antibiotics was comparable to
the appendectomy group.However, 29 percentof
medially-treated patients required appendectomy by
90 days, longer-term data from this trial now confirm
h gi rates of subsequent appendectomy after indial
medical therapy:40 percent at one year, 46 percental
two years,and 49 percent at threeand foot years.
Conclusions: Sutgery should continue to be
recommended foi uncomplicated appendicrtisand
antibiotic therapy should be reserved for those who
are medially unfit for or decline surgery.

Treatment
• hydrate, correct electrolyte abnormalities
• appendectomy (gold standard)

laparoscopic is standard
complications: intra-abdominal abscess, appendiceal stump leak
perioperative antibiotics: cefazolin + metronidazole, if uncomplicated perioperative dose is
adequate

• consider treatment with postoperative antibiotics for perforated appendicitis
• for patients who present with an abscess (palpable mass or phlegmon on imaging and often delayed

diagnosis with symptoms for >4-5 d), consider radiologic drainage + antibiotics xl4 d ± interval
appendectomy once inflammation has resolved = (controversial)

• medical management with antibiotic therapy should be reserved for those who are unfit for or refuse
surgery

• colonoscopy in those >50 yr to rule out concurrent etiology (neoplasm )

Prognosis
• mortality rate: 0.09-0.24%

Inflammatory Bowel Disease
• see Gastroenterology', G22

Principles of Surgical Management
• medical management remains first line, but surgery can alleviate symptoms, address complications,

and improve quality of life
• conserve bowel: resect as little as possible to avoid short gut syndrome
• perioperative management

optimize medical status: may require TEN (especially if >7 d NEC)) and bowel rest
hold immunosuppressive therapy preoperative, provide preoperative stress dose of corticosteroid;
if patient had recent steroid therapy, taper steroids postoperative
VTE prophylaxis:LMWH or heparin (IBD patients at increased risk of thromboembolic events)

Crohn’s Disease
•see Gastroenterology. G23

Treatment
•surgery is for symptom management; it is NOT curative, but over lifetime -70% of Crohn's patients

will have surgery
•indications for surgical management

failure of medical management
SBO (due to stricture/inflammation): indication in 50% of surgical cases
abscess, fistula (enterocolic, vesicular, vaginal, cutaneous abscess), quality of life, perforation,
hemorrhage, chronic disability, failure to thrive (children), and perianal disease

•surgical procedures
resection and anastomosis/stoma if active or subacute inflammation, perforation, or fistula

• surgery should be attempted in the elective setting ideally off steroids
•resection margin only has to be free of gross disease (microscopic disease irrelevant to prognosis)

stricturoplasty - widens lumen in chronically scarred bowel: relieves obstruction without
resecting bowel (contraindicated in acute inflammation )

Complications of Treatment
•anastomotic leak
•dehydration
•short gut syndrome (diarrhea, steatorrhea, malnutrition)
•fistulas
•gallstones (if terminal ileum resected, decreased bile salt resorption > increased cholesterol

precipitation)
•kidney stones (loss of calcium in diarrhea -> increased oxalate absorption and hyperoxaluria > stones)

m
Crohn's 3 Major Patterns

• Ileocecal 40% (RIO pain, fever,
weight loss)

• Small intestine 30% (especially
terminal ileum). Colon 25% (diarrhea)

Findings in Crohn’s
• "Cobblestoning” on mucosal surface

due to edema and linear ulcerations
• “Skip lesions": normal mucosa in

between
• "Creeping fat":mesentery infiltrated

by fat
• Granulomas:25-30%

r -t
L J
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Prognosis
• recurrence rate at 10 yr: ileocolic (25-50%),small bowel (50%), colonic (40-50%)
• re-operation at 5 yr: primary resection (20%), bypass (50%), strictureplasty (10% at 1 yr)
• 80-85% of patients who need surgery lead normal lives. mortality: 15% at 30 yr

Ulcerative Colitis
•see Gastroenterology.G25

Treatment
•indications for surgical management

failure of medical management (including inability to taper steroids)
complications: hemorrhage, obstruction, perforation, toxic megacolon (emergency), failure to
thrive (children)
reduce cancer risk (1-2% risk per yr after 10 yr of disease)

•surgical procedures
proctocolectomy and ileal pouch-anal anastomosis (1PAA) ± rectal mucosectomy (operation of
choice)
proctocolectomy with permanent end ileostomy (if not a candidate for ileoanal procedures)
colectomy and 1FAA ± rectal mucosectomy
in emergency: total colectomy and ileostomy with Hartmann closure of the rectum, rectal
preservation

Complications of Treatment
•early:bowel obstruction, transient urinary dysfunction,dehydration (high stoma output),

anastomotic leak
•late:stricture, anal fistula/abscess, pouchitis, poor anorectal function, reduced fertility

Prognosis
•mortality: 5% over 10 yr
•total proctocolectomy will eliminate risk of cancer
•perforation of the colon is the leading cause of death from UC

LARGE INTESTINE

Large Bowel Obstruction

Mechanical Large Bowel Obstruction
Etiology

Top 3Causes of LBO (in order)
• Cancer (>60%). Volvulus (10-15%). Diverticulitis (10%)

Table 18. Common Causes of LBO
Intraluminal Intramural Extramural
Constipation
Foreign bodies

Adenocarcinoma
Diverticulitis (edema, stricture)
IBD stricture
Radiation stricture

Volvulus
Adhesions
Hernias (sigmoid colonin a large groin hernia)

In a patient with a clinical LBO consider
impending perforation when:

• Cecum i12 cm in diameter
• Tenderness present over cecum

Clinical Features (unique to LBO)
• open loop (10-20%)

• incompetent ileocecal valve allows relief of colonic pressure as contents reflux into ileum,
therefore clinical features similar to SBO

• closed loop (80-90%) (dangerous)
competent ileocecal valve, resulting in proximal and distal occlusions
massive colonic distention -» increased pressure in cecum -» bowel wall ischemia -> necrosis ->
perforation n

L
Investigations
• GBG with differential, BUN, electrolyte panel, creatinine, CEA if patient is suspected to have

malignancy, and lactate for level of ischemia
• imaging: AXK and CT scan +
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Treatment
• supportive management: IV fluids, gastrointestinal decompression
• surgical intervention (75% of cases)

volvulus: initial decompression with flexible sigmoidoscopy, operative reduction or sigmoid
resection dependent on severity
colorectal obstruction:ostomy alone (fecal diversion), colectomy with primary anastomosis, or
Hartmann procedure

• may pursue stenting as a bridge to surgery or palliation

Prognosis
• overall mortality: 10%
• cecal perforation t feculent peritonitis: 20% mortality

Table 19. Bowel Obstruction vs. Paralytic Ileus
SBO LBO Paralytic Ileus
Early,may be bilious

Colicky
Abdominal Distention (pros SBO).** (distal SBO)
Constipation

Bowel Sounds

N/V Late, may be feculent

Colicky
Present

Abdominal Pain Minimal or absent

Normal. Increased
Absent if secondary ileus
(delayed presentation)

Ait - fluid lewis
“ladder" pattern (plicae
circulares)
Proximal distention (>3 cm)

no colonic gas

Normal, increased (borborygmi)
Absent il secondary ileus (delayed presentation)

Decreased.absent

AXR Findings Air -fluid levels
“Picture frame"appearance
Proximal distention distal decompression
No small bowel air if competent ileocecal valve
Coffee bean sign (sigmoid volvulus)

Air throughout small bowel
and colon

Functional Large Bowel Obstruction:Colonic Pseudo-
Obstruction (Ogilvie’s Syndrome)

Definition
• acute pseudo-obstruction
• distention of colon without mechanical obstruction in distal colon
• exact mechanism unknown, likely autonomic motor dysrcgulation

Associations
• most common: trauma, infection, and cardiac (MI, CHI')
• disability (long-term debilitation, chronic disease, bed-bound nursing home patients, and

paraplegia), drugs (narcotic use, laxative abuse, and polypharmacy), and other (recent orthopaedic
or neurosurgery, post-partum, electrolyte abnormalities including hypokalemia, retroperitoneal
hematoma, and diffuse carcinomatosis)

Clinical Features
• classically presents with abdominal distention (acute or gradual over 3-7 d)
• abdominal pain, N/V, constipation or diarrhea
• watch out for fever, leukocytosis, and presence of peritoneal signs (suggestive of colonic ischemia or

perforation)

Investigations
• AXR:cecal dilatation (if diameter £12 cm, increased risk of perforation)

Treatment
• treat underlying cause
• NFC), NG tube
• decompression: rectal tube, colonoscopy, neostigmine (cholinergic drug), or surgical (ostomy/

resection)
• surgery (extremely rare): if perforation, ischemia, or failure of conservative management

Prognosis
• most resolve with conservative management

r -i
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Diverticular Disease
Definitions
• diverticulum:abnormal outpouching from the wall of a hollow organ
• diverticulosis: presence of multiple diverticula
• diverticulitis: inflammation of diverticula
• true (congenital) diverticuli:contain all layers of colonic wall, often right-sided
• false (acquired) diverticuli: contain mucosa and submucosa, often left-sided

FALSE DIVERTICULUM ,
(mucosal herniations) V

TRUE DIVERTICULUM
(full wall thickness) 11

Y,
Mucosa' x— Antimesentenc

tenia /
Circular muscle

IMesocolon-

Mesenteric tenia- SBR I
Figure 13.Diverticular disease- cross-sections of true and false diverticula

Diverticulosis
Epidemiology
• 5-50% of Western population, lower incidence in non-Western countries, M=F
• prevalence is age dependent: <5% by age 40, 30% by age 60, 65% by age 85
• 95% involve sigmoid colon (site of highest pressure)

Pathogenesis
• risk factors

lifestyle: diet (low-fibre, high fat, red meat), inactivity, and obesity
muscle wall weakness from aging and illness (e.g. Ehlers-Danlos, Marfan’s)

• high intraluminal pressures cause outpouching to occur at points of greatest weakness, most
commonly where vasa recta penetrate the circular muscle layer leading to an increased risk of
hemorrhage

Clinical Features
• uncomplicated diverticulosis:asymptomatic (70-80%)
• episodic abdominal pain (often LLQ), bloating, flatulence, constipation,diarrhea
• absence of fever/leukocytosis
• no physical exam findings or poorly localized LLQ tenderness
• complications:

diverticulitis (15-25%):25% of which are complicated (i.e. abscess, obstruction, perforation,
fistula)
bleeding (5-15%): PAINLESS rectal bleeding, 30-50% of massive LGIB
diverticular colitis (rare):diarrhea,hematochezia, tenesmus,and abdominal pain

Diverticulosis vs.Diverticulitis
Diverticulosis represents the presence of
diverticuli (bulging pouches) within the
colonic wall, whereas diverticulitis is the
inflammation of one or more diverticuli

Treatment
• uncomplicated diverticulosis: high fibre, education
• diverticular bleed

initially workup and treat as any LGIB
if hemorrhage does not stop, resect involved region

Diverticulitis
Epidemiology
• 95% left-sided in patients of Western countries, 75% right-sided in Asian populations

Pathogenesis
• erosion of the wall by increased intraluminal pressure or inspissated food particles -> inflammation

and focal necrosis -> micro or macroscopic perforation
• usually mild inflammation with perforation walled offby pericolic fat and mesentery; abscess, fistula,

or obstruction can ensue
• poor containment results in free perforation and peritonitis

r -t
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Clinical Features
• depend on severity of inflammation and whether or not complications are present; hence ranges from

asymptomatic to generalized peritonitis
• LLQ pain/ tenderness (2/3 of patients) often for several days before admission
• constipation, diarrhea, N / V, and urinary symptoms (with adjacent inflammation)
• low-grade fever, mild leukocytosis, and occult or gross blood in stool rarely coexist with acute

diverticulitis
• complications (25% of cases)

• abscess: palpable, tender abdominal mass
fistula: colovesical (most common), coloenteric, colovaginal, and colocutaneous
colonic obstruction:due to scarring from repeated inflammation
perforation: generalized peritonitis (feculent vs. purulent)

• recurrent attacks rarely lead to peritonitis

Efficacy and Safety of Monantibiotic Outpatient
Treatment in M lid Acute Diverticulitis (DINAMO
study): A Multicentre, landomised , Open-label.
Noninferiority Trial
Ann Surg 2021;274(5):e435.
Background: In recent years, it has shown no benefit
olantrkotntjAl!) in the treatrnentof uncomptcated
AD mhospitalited patients.
Methods:Prospective, nnlticentre. open-label,
noninferiority, randomized controlled trial.
Desalts: Differences in hospitaliiation rates, revisits,
and poor par n controlat 2 days follow- up were within
the non-inferiority margin.
Conclusions lit
of mild AD issafe and effectneand is not inferior to
current standard treatment

Investigations
• CT scan (test of choice)

very useful for assessment of severity and prognosis (97% sensitive, 99% specific)
• usually done with rectal contrast

increased soft tissue density within pericolic fat secondary- to inflammation, diverticula
secondary to inflammation, bowel wall thickening, soft tissue mass (pericolic fluid, abscesses),
and fistula
10% of diverticulitis cannot be distinguished from carcinoma. AXR, upright CXR

• localized diverticulitis (ileus, thickened wall, SBO, and partial colonic obstruction)
free air may be seen in 30% with perforation and generalized peritonitis

• colonoscopy or barium enema and flexible sigmoidoscopy (elective evaluation)
establish extent of disease and rule out other diagnoses (polyps and malignancy) AFTER
resolution of acute episode

Treatment
• uncomplicated: conservative management
• outpatient: clear fluids only until improvement. Avoid treatment with antibiotics for those with

uncomplicated acute diverticulitis
• hospitalize: if severe presentation, inability to tolerate oral intake, significant comorbidities, or fail to

improve with outpatient management
treat with NPO, IV fluids, and IV antibiotics (e.g. IV ceftriaxone + metronidazole)

• image-guided (CT) percutaneous drainage of abscesses reduces the urgency of surgical resection in
most patients

• surgery:
indications:

diverticulitis and
inflammation

Colostomy
unstable patient with peritonitis
Hinchey stage 3-4 (see Table 19)
after 1 attack if immunosuppressed
consider if recurrent episodes of diverticulitis (S3); recent trend is toward conservative
management of recurrent mild/moderate attacks

Resection of
diseasedarea
and closure
of distal
rectal stump

• procedures:
Hartmann resection (for unstable or complex cases)

• colon resection + colostomy and rectal stump > colostomy reversal in 3-6 mo
• for more stable patients with Hinchey stage 3 and 4 acute diverticulitis: colonic resection, primary

anastomosis + diverting loop ileostomy is becoming more common, with benefits for mortality
and morbidity
for Hinchey stage 3: laparoscopic peritoneal lavage with drain placement near the affected colon,
in addition to 4 antibiotics (NO resection ), has been proposed

• complications:perforation, abscess, fistula, obstruction, hemorrhage, inability to rule out colon
cancer on endoscopy, or failure of medical management

-Anastomosis
in approximately s

: -3mo „

Figure 14.Hartmann procedure

Prognosis
• mortality rates:6% for purulent peritonitis,35% for feculent peritonitis
• recurrence rates:13-30% after first attack, 30-50% after second attack

Table 20. Hinchey Staging and Treatment for Diverticulitis
Hinchey Stage Description Acute Treatment r i

L J1 Phlegmonfsmall pericolic abscess
large abscess/fistula
Purulent peritonitis (ruptured abscess)

Feculent peritonitis

Medical
Medical, abscess drainage t resection with primary anastomosis

Resection or Hartmann procedure
Hartmann procedure

2
3
4 +
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Colorectal Neoplasms

Colorectal Polyps
Definition
• polyp: protuberance into the lumen of normally Hat colonic mucosa

sessile (flat) or pedunculated (on a stalk)

Epidemiology
• 30% of the population have polyps by age 50,40% by age 60, 50% by age 70;M>F

Clinical Features
• 50% in the rectosigmoid region, 50% are multiple
• usually asymptomatic, do not typically bleed, tenesmus, intestinal obstruction, and mucus
• usually detected during routine endoscopy or familial/high-risk screening

Bowel lumen
-Bowel wall

v

Pathology
• non-neoplastic/non-adenomatous

hyperplastic: most common non-neoplastic polyp
mucosal polyps:small <5 mm, no clinical significance
hamartomas: juvenile polyps (large bowel), Peutz-|egher syndrome (small bowel)

malignant risk due to associated adenomas ( large bowel)
low malignant potential -> most spontaneously regress or autoamputate

inflammatory pseudopolyps:associated with IBD, no malignant potential
• submucosal polyps: lymphoid aggregates, lipomas, leiomyomas, and carcinoids

• neoplastic/adenomatous
adenomas: premalignant, considered carcinoma in situ if high-grade dysplasia

may contain invasive carcinoma (“malignant polyp” - 3-9%): invasion into submucosa
malignant potential related to histological type:villous > tubulovillous > tubular

Table 21. Characteristics of Tubular vs. Villous Polyps

O Janlea Wong 2003 J

Figure 15. Sessile and pedunculated
polyps

Tubular Villous
Comraon (60-80%)
Small (<2cm)

Pedunculated

less common(10%)
Large (usually>2 cm)
Sessile
Higher
tell sided predominance

Incidence
Size
Attachment
Malignant Potential
Distribution

Lower
(ven

Investigations
• colonoscopy with biopsy/ resection (gold standard)
• CT colonography: increasing in availability;patients still require bowel prep and will require

colonoscopy if polyps are identified
• other: flexible sigmoidoscopy (if polyps are detected, proceed to colonoscopy for examination of entire

bosvel and biopsy)

Treatment
• indications:symptoms, malignancy or risk of malignancy (i.e. adenomatous polyps)
• endoscopic removal of entire growth
• indications for segmental resection for malignant polyps: 1) lymphovascular invasion; 2) tumour

budding; 3) positive resection margin; 4) poorly differentiated cells; 5) evidence of regional or distant
metastases on staging

most of these cases are usually discussed at multi-disciplinary’tumour boards
• follow-up endoscopy:

• every 5 yr: if low-risk polyp (<10 mm tubular adenoma or <10 mm sessile serrated without
dysplasia)
every 3 yr: if high-risk polyp (3-10 tubular adenomas, >10 mm tubular or serrated polyp,
adenoma with villous features or high grade dysplasia, or sessile serrated with dysplasia)

i. J
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Familial Colon Cancer Syndromes
FAMILIAL ADENOMATOUS POLYPOSIS

Epidemiology
• accounts for <1% of colorectal cancers, affects males and females equally Referral Criteria for Genetic Screening

for APC
• To confirm the diagnosis of FAP

(in patients with >100 colorectal
adenomas)

• To provide pre-symptomatic testing
for individuals at risk for FAP (1st
degree relatives who are >10 yr)

• To confirm the diagnosis of
attenuated FAP (in patients with >20
colorectal adenomas)

Pathogenesis
• autosomal dominant inheritance, mutation in adenomatous polyposis coli (APC) gene

Clinical Features
• hundreds to thousands of colorectal adenomas usually by age 20 (by 40’s in attenuated TAP)
• virtually 100% lifetime risk of colon cancer (due to number of polyps)
• extracolonic manifestations

bile duct, pancreas, stomach, thyroid (large benign multinodular goitre), adrenal glands, and
small bowel
congenital hypertrophy of retinal pigment epithelium presents early in life in 2/3 of patients; 97%
sensitivity

• variants
Gardner’s syndrome: FAP + extra-intestinal lesions (sebaceous cysts, osteomas, desmoid
tumours)

• Turcot syndrome: FAP f CNS tumours (childhood cerebellar medulloblastoma)

Revised Bethesda Criteria for HNPCC
and Microsatellite Instability (MSI)
T umours from individuals should be
tested for MSI in the following situations:
• Colorectal cancer diagnosed in a

patient who is <50 yr
• Presence of synchronous,

metachronous, colorectal, or
other HNPCC-associated tumours,
regardless of age

• Colorectal cancer with the MSI-H
histology diagnosed in a patient who
is <60 yr

• Colorectal cancer diagnosed in one
or more first-degree relatives with an
HNPCC-related tumour, with one of
the cancers being diagnosed <50 yr

• Colorectal cancer diagnosed in two
or more first- or second-degree
relatives with FIN PCC-related
tumours, regardless of age

Investigations
• genetic testing (80-95% sensitive, 99-100% specific)
• if no polyposis found: annual flexible sigmoidoscopy from puberty to age 50, then routine screening
• if polyposis or APC gene mutation found: annual colonoscopy, consider surgery, and consider upper

endoscopy to evaluate for periampullary tumours

Treatment
• surgery indicated by ages 17-20
• total proctocolectomy with ileostomy or total colectomy with ileorectal anastomosis
• doxorubicin-based chemotherapy
• NSAIDs for intra-abdominal desmoids

HEREDITARY NON-POLYPOSIS COLORECTAL CANCER - LYNCH SYNDROME

Epidemiology
• most common inherited colorectal cancer susceptibility syndrome and accounts for 3% of colorectal

cancer diagnoses

Pathogenesis
• autosomal dominant inheritance, mutation in a DNA mismatch repair gene (MSH 2, MSH6, MLH 1,

PMS2) resulting in microsatellite genomic instability and subsequent mutations
• microsatellite instability account for approximately 15% of all CRCs

Elderly persons who present with
iron -deficiency anemia should be
investigated for colon cancer

Clinical Features
• early age of onset, right > left colon, synchronous and metachronous lesions
• mean age of cancer presentation is 44 yr, lifetime risk 70-80%; M>F

HNPGG 1: hereditary site-specific colon cancer
HNPGG II: cancer family syndrome > high rates of extracolonic tumours (endometrial, ovarian,
hepatobiliary, small bowel, adrenal )

Diagnosis
• Amsterdam Criteria (“3-2-1 rule")

• 3 or more relatives with verified Lynch syndrome associated cancers, and I must be 1 st degree
relative of the other 2

• 2 or more generations involved
• I case must be diagnosed before 50 yr
• FAP is excluded

• genetic testing (80% sensitive)
• refer individuals for genetic screening if they fulfill either the Amsterdam Criteria or the revised

Bethesda Criteria
• colonoscopy (starting age 20) annually
• surveillance for extracolonic lesions

APR removes distal sigmoid colon,
rectum, and anus: permanent end
colostomy required
LAR removes distal sigmoid and rectum
with anastomosis of distal colon to distal
roctum/anus

j

Treatment
• total colectomy and ileorectal anastomosis with annual proctoscopy +
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IRemovedColorectal Carcinoma
Epidemiology
• 3rd most common cancer (lung>breast >colon), 2nd most common cause of cancer death

Risk Factors
• most patients have no specific risk factors
• ages >50 (dominant risk factor in sporadic cases), mean age is 70
• genetic: FAP, HNPCC,or family history of CRC
• colonic conditions

adenomatous polyps (especially if >1 cm, villous, multiple)
• IBD (especially UC: risk is 1-2%/yr if UC >10 yr)

previous colorectal, gonadal, or breast cancer
• diet (increased fat, red meat, decreased fibre) and smoking
• DM and acromegaly (insulin and IGF-1 are growth factors for colonic mucosal cells)

Pathogenesis
• adenoma-carcinoma sequence; rarely arise de novo

Clinical Features
• often asymptomatic
• hematochezia/melena, abdominal pain, and change in bowel habits
• others: weakness, anemia, weight loss, palpable mass, and obstruction
• 20% patients have distant metastatic disease at time of presentation
• spread

direct extension, lymphatic, and hematogenous (liver most common, lung, bone, and brain;
tumour of distal rectum -> I VC -> lungs)

• peritoneal seeding: ovary and Blumer’s shelf (pelvic cul-de-sac)

Figure 16. APR vs. LAR

Table 22. Clinical Features of CRC 5 Year Survival Rates for CRC
Stage 20-64 yr >65 yr

95.2% 89.1%
89.6% 84.4%
67.6% 55%
91.3% 851%
76.9%
61.8%
14.2%

Right Colon Left Colon Rectum
I25% 35% 30%Frequency

Pathology
IIA

Exophytic lesions with occult
bleeding
Weight loss, weakness, rarely
obstruction

IIBAnnular, invasive lesions Ulcerating
IIIA

64.6%
45.5%

IIIBSymptoms Constipation ± overflow (alternatingbowel
patterns), abdominal pain, decreased stool
calibre, rectal bleeding
BRBPR. LBO

Obstruction, tenesmus, rectal
bleeding INC

7.4%IV

Signs Fe-deficiency anemia,RLQ mass
(10%)

Palpable mass on ONE.BRBPR

Preoperative vs.Postoperative
Chemoradiotberapyior Locally Advanced Rectal
Cancer:Results of tbeCerman CAQ AR0 A10-
94 RandamiiedPhaseIIITrial after a Median
Follow-Up of TIFr
J Clin OncDl 2012;30:1925-1933
Background: fhe CAO ARO AI0-94 trial
(pub listed2004) recommeriedpreoperative
chemoradiofieiapy (CR1) as standard treatment for
localcy advanced rectal cancer.Hnwever,no survival
benefit was shown after median follow-upoUEno.
and this study reports long-term effects.
Methods:Patients with stageII toill recal cancer
(n-799) were randomiy assigned tu preoperative
(r404|or postoperative CRI|n-395) with
ftuorouracil|FU|.rada’Jon.and adjuvant FU
chemotherapy,in addition to total mesorectel
excision surgery,follow-up was designed to assess
long-term overallsumalasthe primary andp omt
and emulative incidence of localand distant
relapses as well as disease-free survival assecondary
endpoints.
Results:‘0 yr incidence of local relapse was
significantly lower inthe preoperative CRI group
than in the postoperative group (11% vs.10.1%.
R*0.048).Overall survival at10 yr was similar a:
“60% for patents treated ruts preoperatve or
postoperative CRI (P*0.85|.Disease-free sovival
rates at 10 yr wassimilar a:-68% for patentineared
with preoperatve or postoperative CRT (P'0.54).No
significant difference was detected for10 yr incidence
of distant metastases (preoperatve CRI 29.8% is.
postoperative CRI 29.6%.R'0.9).
Conclusion laereis long-term reduction in local
recunence of stageI! to INrectal cancel wits
pieoperatve chemotherapy,hut no improvement in
overall survival or distant recunence of disease.

Investigations
• colonoscopy (gold standard): look for synchronous lesions (3-5% of patients)- if a patient is FOB!positive, has microcytic anemia, or has a change in bowel habits -»

colonoscopy
alternative: air contrast barium enema (“apple core" lesion) + sigmoidoscopy

• laboratory: CBC, U/A, LFTs, CEA (preoperative for baseline, >5 ng/mL have worse prognosis)
• staging:CT chest /abdomen/pelvis; bone scan and CT head only if lesions suspected
• rectal cancer: pelvic MRI or endorectal U/S to determine T and N stage

Table 23. TNM Classification System for Staging of Colorectal Carcinoma (AJCC/UICC 8th
edition)
Primary Tumour (T) Regional Lymph Nodes (N) Distant Metastasis (M)

Tx Primary tumour cannothe assessed Nx

TO No primary tumour found
Regional nodes cannot be assessed
No regional node metastasisand no tumour M1a
deposits
Metastasis In1regional node

M0 No distant metastasis
Distant metastasis to 1organ or
site and no peritoneal metastasis
Distant metastasis to >1(2
or more organs sites) and no
peritoneal metastasis

Metastasis to peritoneal surface

NO

Tis Carcinoma vns/fer, limited to
intraepitbelial or invasive lamina
propria

T1 Invasion inlosubmucosa
12 Invasion into muscularis propria

N1a M1b

Metastasis in 2-3 regional nodes
No regional node metastasis: tumour
deposits were submucosal, mesangial or
peritoneum-covered para- colorectal tissue
Metastasis in 4- 6 regional nodes

N1b Mic
H1c

r >T3 Invasion through muscularis propria N2a
and intopericolorectal tissues

T4a Invasion through visceral peritoneum N2b

T4b Invasion or adhorenl to other organs
or structures

i. J

Metastasis in >7 regional nodes
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Treatment
• colon cancer

• wide surgical resection of lesion according to vascular distribution and regional lymphatic
drainage; usually colectomy with primary anastomosis
curative: wide resection of lesion (5 cm margins) with nodes (>12) and mesentery
care is taken to not spread tumour by unnecessary palpation
adjuvant chemotherapy (oxaliplatin-based) for stage 111 and is considered in select stage II
patients
palliative:if distant spread, local control for hemorrhage or obstruction

• metastatic lesions confined to the liver can be resected with curative intent
• rectal cancer

• choice of operation depends on individual case
LAR:curative procedure of choice if adequate distal margins (~2 cm);uses technique of total
mesorectal excision

- APR: if adequate distal margins cannot be obtained; involves the removal of distal
sigmoid colon, rectum, and anus permanent end colostomy required

transanal minimally invasive surgery (TAM1S)- local excision for select T1 lesions only
palliative procedures involve proximal diversion with an ostomy for obstruction and radiation for
bleeding or pain
combined neoadjuvant chemoradiation therapy followed by postoperative adjuvant chemotherapy
for stages 11 and 111

Follow-Up
• stage 1: mixed recommendations; either routine colonoscopy or screening like stage 11 & ill
• stage 11 & 111: regular follow-up q3-6 mo for 3 yr, then q6 mo until 5 yr, with regular measurement of

serum (.'HA for at least 3 yr;annual CT chest/abdo/pelvis for at least 3 yr; colonoscopy at 1,3,and 5yr
• stage IV: no data on surveillance strategy

Other Conditions of the Large Intestine

Angiodysplasia
Definition
• vascular malformation:focal submucosal venous dilatation and tortuosity

Clinical Features
• most frequently in right colon of patients >60 yr
• predisposition in end-stage renal disease, and VWD,and aortic stenosis
• bleeding typically intermittent, rarely massive, and not usually hypotensive (melena, anemia, and

occult blood positive stools)
• >90% of cases cease bleeding spontaneously

Investigations
• colonoscopy:cherry red spots, branching pattern from central vessel
• angiography: early-filling vein, vascular tuft, and delayed emptying vein; rarely active bleeding
• RBC technetium-99 scan
• barium enema is contraindicated (obscures other x-rays, i.e. angiogram)

Treatment
• none if asymptomatic
• cautery, embolization, vasopressin infusion, sclerotherapy, band ligation, laser,octreotide, and rarely

segmental resection if other treatments fail

Volvulus
Definition
• rotation of segment of bowel about its mesenteric axis
• sigmoid (65%), cecum (30%), transverse colon (3%),and splenic flexure (2%)

elderly >70 yr (sigmoid), adult 40-60yr (cecal), and neonates and infants (midgut)
• 5-10% of large bowel obstructions; 25% of intestinal obstructions during pregnancy

Risk Factors
• age (50% of patients >70 yr:stretching/elongation of bowel with age)
• high fibre diet (can cause elongated/redundant colon),chronic constipation, laxative abuse,

pregnancy, bedridden, and institutionalization (less frequent evacuation of bowels)
• megacolon
• intestinal bands/adhesions

Cecal Volvulus
AXR:Central cleft of “coffee bean" sign
points to RLO

r -<
L J

Sigmoid Volvulus
AXR:Central cleft of‘coffee bean " sign
points to LLO
Barium enema:“ace of spades"or
“bird's beak” sign
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Clinical Features
• symptoms due to bowel obstruction (see Large Bowel Obstruction, GS37) or intestinal ischemia (see

Intestinal Ischemia,GS31)
• colicky abdominal pain, persistence of pain between spasms, abdominal distention, and vomiting

Investigations
• AXR (classic findings): “omega,” “bent inner-tube," “coffee-bean" signs, multiple air-lluid levels
• barium /Gastrografin’enema:"ace of spades” (or “bird's beak") appearance due to funnel-like luminal

tapering of lower segment towards volvulus
• sigmoidoscopy or colonoscopy as appropriate
• CT:“whirl pattern” of mesenteric vessels twisting about the volvulus axis

barium contrast and colonoscopy are contraindicated due to risk of perforation

Treatment
• initial supportive management same as initial management for bowel obstruction (see Large Bowel

Obstruction, GS37 )
• cecum

• colonoscopic detorsion and decompression; successful 15-20% of cases
surgical

right colectomy + ileotransverse colonic anastomosis
• sigmoid

decompression by flexible sigmoidoscopy and insertion of rectal tube past obstruction
subsequent elective surgery’ recommended (50-70% recurrence)
surgical

surgical resection with or without primary anastomosis
» indications for urgent surgical management: strangulation, perforation, or unsuccessful

endoscopic decompression

Toxic Megacolon
Pathogenesis
• extension of inflammation into smooth muscle layer causing paralysis and leading to non-obstructive

colonic dilatation
• damage to myenteric plexus and electrolyte abnormalities are not consistently found

Etiology
• IBD ( UC > Crohn’s disease)
• infectious colitis: bacterial (C. difficile, Salmonella, Shigella,and Campylobacter ),viral

(cytomegalovirus), and parasitic (H.histolytica)

Clinical Features
• infectious colitis usually presents for >1 wk before colonic dilatation
• diarrhea ± blood (sudden improvement of diarrhea may signify onset of megacolon )
• abdominal distention, tenderness, ± local/general peritoneal signs (suggests perforation)
• triggers: hypokalemia, constipating agents (opioids, antidepressants, loperamide, and

anticholinergics), barium enema, and colonoscopy

Diagnostic Criteria
• must have both colitis and systemic manifestations for diagnosis
• radiologic evidence of dilated colon >6 cm, and
• three of: fever, HR >120, WBC >10.5, anemia and. one of:dehydration, electrolyte disturbances, hypotension, or altered LOG

Investigations
• CBC (leukocytosis with left shift and anemia from bloody diarrhea), electrolytes, elevated GRP, and

HSR
metabolic alkalosis (volume contraction and hypokalemia) and hypoalbuminemia are late
findings

• AXR:dilated colon >6 cm (right > transverse > left), loss of haustra
• CT: useful to assess underlying disease severity and possible complications (i.e. abscess, perforation,

ascending pylephlebitis)

+
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Treatment
• NPO, NG tube, stop constipating agents, correct fluid and electrolyte abnormalities, and transfusion
• serial A XRs
• broad-spectrum antibiotics (reduce sepsis and anticipate perforation)
• aggressive treatment of underlying disease (e.g. steroids in 1BD and metronidazole for C.difficile)
• indications for surgery (50% improve on medical management)

worsening or persisting toxicity or dilation after 48-72 h
severe hemorrhage, perforation
high lactate and WBC, especially for C. difficile

• procedure:subtotal colectomy + end ileostomy (possible re-anastomosis later)

o
Use caution when giving antidiarrheal
agents, especially with bloody diarrhea

Prognosis
• 2540% mortality

Fistula

*Definition
• abnormal communication between two epithelialized surfaces (e.g. enterocutaneous, colovesical,

aortoenteric, and entero-enteric) Why Fistulae Stay Open

FRIENDO
Foreign body
Radiation
Infection
Epithelialization
Neoplasm
Distal obstruction (most common )
Others: increased flow;steroids (may
Inhibit closure, usually will not maintain
fistula)

Etiology
• foreign object erosion (e.g. drainage tube, gallstone, graft)
• inflammatory states (e.g. infection, IBD (Crohn’s > UC), and diverticular disease)
• iatrogenic/surgery (e.g. postoperative anastomotic leak and radiation)
• congenital, trauma
• neoplastic

Investigations
• U/S, CT scan, fistulogram
• measure amount of drainage from ftstula

Treatment
• decrease secretion:octreotide/somatostatin/omeprazole
• surgical intervention:dependent upon etiology (for non-closing fistulas)

Colostomy/I leostomy. Connection of proximal limb of colon
or ileum to abdominal wall skin

• Mucous fistula
• Connection of distal limb of resection

margin to abdominal wall skin
• Ileal Conduit
• Connection of bowel to ureter

proximally and abdominal wall
distally to drain urine

Stomas
Definition
• an opening of the Cil tract onto the surface of the abdomen wall

end stomas: the proximal end of the Gl tract forms the stoma and the distal end of the G1 tract is
not part of the stoma
loop stomas: a loop of the Gl tract is brought up to the skin and the anti-mesenteric surface of the
bowel is matured as a stoma

Ileostomy
• usually positioned in RLQ; ileum is brought through rectus abdominis muscles
• indications:after proctocolectomy for UC, some cases of Crohn’s disease or familial polyposis
• conventional ileostomy:discharges small quantities of liquid material continuously, appliance (plastic

bag attached to a sheet of protective material) required at all times
• continent ileostomy: reservoir is constructed from distal ileum (ileal pouch anal anastomosis)

Loop Colostomy

Colostomy
• indications: to decompress an obstructed colon, to protect a distal anastomosis after resection, or to

evacuate stool after distal colon or rectum is removed
• colostomies can be done by making an opening In a loop of colon (loop colostomy) or by dividing the

colon and bringing out one end (end colostomy)
• most common permanent colostomy is a sigmoid colostomy (expels stool/digital removal of feces)
• chronic paracolostomy hernia is a common complication

(Proximal) (Distal)
End Colostomy Mucous Fistula

Complications (10%)
• obstruction:herniation, stenosis (skin and abdominal wall), adhesive bands, volvulus
• peri-Ueostomy abscess and fistula
• skin irritation
• prolapse or retraction
• diarrhea (excessive output), which may lead to fluid, electrolyte, and nutritional imbalances

r
L J

® JoaoYi ' Chun Lin 2014>
+Figure 17.End vs. loop colostomy
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Removed
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Loop Colostomy Loop Ostomy (Side View)Loop Ileostomy

Figure 18. Ostomies

Anorectum

Hemorrhoids
Etiology
• vascular and connective tissue complexes form a plexus of dilated veins (cushion)
• internal: superior hemorrhoidal veins,above dentate line, portal circulation
• external: inferior hemorrhoidal veins, below dentate line, systemic circulation

Risk Factors
• increased intra-abdominal pressure: chronic constipation, pregnancy, obesity, portal Hl'N, heavy-

lifting

. Internal
hemorrhoid

liddlel rectal
win

//
Inferior
rectal 1lentate Ime

=--External ^,:is _—Clinical Features and Treatment
• internal hemorrhoids

• engorged vascular cushions usually at 3,7, 11 o'clock positions (patient in lithotomy position)
• painless rectal bleeding, anemia, prolapse, mucus discharge, pruritus, burning pain, and rectal

fullness

1
Figure 19. Hemorrhoids

1st degree: bleed but do not prolapse through the anus
- treatment: high fibre/bulk diet, sitz baths, steroid cream (short course), pramoxine

(Annsol*), phlebotonics, rubber band ligation, sclerotherapy-, and photocoagulation
2nd degree:bleed, prolapse with straining,and spontaneous reduction

- treatment: rubber band ligation,and photocoagulation
3rd degree:bleed, prolapse, and require manual reduction

- treatment:same as 2nd degree, but may require closed hemorrhoidectomy
4th degree: bleed, permanently prolapsed, and cannot be manually reduced

- treatment:closed hemorrhoidectomy

Always rule out moreserious causes
(e.g. colon cancer or anal canal cancer)
in a person with hemorrhoids and rectal
bleeding

• external hemorrhoids
• dilated venules usually* mildly- symptomatic

pain after bowel movement, associated with poor hygiene
medical treatment dietary fibre, stool softeners, steroid cream (short course), pramoxine
(AnusoP), phlebotonics, and avoid prolonged straining

• thrombosed hemorrhoids are very painful
resolve within 2 wk, may leave excess skin = perianal skin tag
treatment:consider surgical decompression within first 48 h of thrombosis, otherwise
medical treatment

• indications for referral for endoscopic evaluation:history of rnelena, postural vital sign abnormalities,
constitutional symptoms suggestive of malignancy, and family history of inherited colorectal
syndromes

Prevention
• high fibre diets, present constipation, stool softeners

Band ligation can be doneas outpatient

External hemorrhoids wil often recur
LJ
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Table 24. Signs and Symptoms of Internal vs. External Hemorrhoids
Internal Hemorrhoids External Hemorrhoids
Painless BRBPR
Rectal fullness or discomfort
Mucus discharge

Sudden severe perianal pain
Perianal mass

Anal Fissures
Definition
• tear of anal canal below dentate line (very sensitive squamous epithelium)
• 90% posterior midline because posteromedial area is poorly perfused, 10% anterior midline
• if off midline: consider other possible causes such as 1BD, ST Is, TB, leukemia, or anal carcinoma
• repetitive injury cycle after first tear

sphincter spasm occurs preventing edges from healing and leads to further tearing
• ischemia may ensue and contribute to chronicity

Etiology
• local trauma: constipation, irritation, diarrhea, vaginal delivery, anal intercourse
• secondary to: Crohn's disease, granulomatous diseases, malignancy, communicable diseases
• further tearing by internal anal sphincter spasm and hypertonicity

Clinical Features
• acute fissure

very painful bright red bleeding especially after bowel movement, sphincter spasm on limited
DRE
treatment is conservative: stool softeners, bulking agents, and sitz baths (heals 90%)

• chronic fissure (anal ulcer)
• triad: fissure, sentinel skin tags, and hypertrophied papillae

treatment
* stool softeners, increased fibre intake, and sitz baths

topical nitroglycerin or calcium channel blocker (nifedipine or diltiazem): increases local
blood flow, promotes healing, and relieves sphincter spasm

lateral internal anal sphincterotomy (most effective): relieves sphincter spasm to increase
blood flow and promote healing: reserved for medically-refractory cases due to 5% chance of
fecal incontinence

* alternative treatment: botulinum toxin A; inhibits release of acetylcholine ( ACh ), reducing
sphincter spasm

Prevention
• avoid diarrhea or constipation, avoid straining during defecation, high fibre diet, adequate fluids

Anorectal Abscess
Definition
• infection typically originating within an obstructed anal crypt which forms an abscess
• common bacterial: E.coli, Proteus, Streptococci, Staphylococci, Bacteroides,and anaerobes

Supralovator space

Supralovator abscess

Levator muscle

Column of Morgagni

Internal sphincter

Deep externalsphincter

incteric abscess

r TIschiorectal abscess
L J

External sphincter

IPerianal nbsccss +Io
Figure 20. Different types of perianal abscesses
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Clinical Features
• throbbing pain that may worsen with straining and ambulation
• abscess can spread vertically downward (perianal), vertically upward (supralevator), or horizontally

(ischiorectal)
• tender perianal/rectal mass on exam

Recurrent perianal abscesses is
associated with Crohn's disease

ftTreatment. I& L)
Antibiotics arc not typically helpful In the
treatment of perianal abscesses

curative in 50% of cases
• 50% develop anorectal fistulas

• may require antibiotics if patient has DM, a heart murmur, or cellulitis

Fistula-ln-Ano
Definition
• fistula from anal canal to perianal skin
• an inflammatory tract with internal os at dentate line, external os on skin

Anterior

Secondary
opening-

Transverse

/7 A
Etiology
• see Vistula,US-16
• same processes that lead to the formation of an anal abscess
• other causes: postoperative, trauma, anal fissure, malignancy, and radiation proctitis

Clinical Features
• intermittent or constant purulent discharge from perianal opening
• pain
• palpable cord-like tract
• inflamed or excoriated perianal skin

Posteiior
Figure 21. Goodsall’s rule

Treatment
• identification

• internal opening
Goodsall’s rule: fistulas originating anterior to a transverse line through the anus will have a
straight course and exit anteriorly,whereas those originating posterior to the transverse line
will begin in the midline and have a curved tract

fistulous tract
probing or fistulographv under anesthesia

Rectum

• surgery
primary fistulotomy: unroof tract from external to internal opening, allows drainage, heals by
secondary intention

best treatment for low lying fistula (does not involve external sphincter)
staged fistulotomy with Seton ( rubber band or suture) placed through tract

used for high lying fistula (involves external sphincter)
promotes drainage, fibrosis, and decreases incidence of incontinence
delineates anatomy and usually done to spare muscle

ligation of intersphincteric fistula tract (Lll-'T) procedure
access fistula between sphincter muscles, sparing them

• endoanal advancement flaps

Internal 1
sphincter

hstUa
External.
sphincter

Anus —
/ V Drainage

© Agnes Chan 2013
^

Figure 22. Fistulotomy with Seton
suturePostoperative

• sitz baths, irrigation, and packing to ensure healing proceeds from inside to outside

Complications
• recurrence
• rarely fecal incontinence

Pilonidal Disease
Definition
• pilo = hair, nidal = nest; cyst or abscess near or on the intergluteal cleft of the sacrococcygeal area

containing hair and skin debris

Epidemiology
• occurs most frequently in young men ages 15-35; rare in >50 yr

Etiology
• obstruction of the hair follicles in this area -> formation of cysts, sinuses, or abscesses
• associated with occupations that require prolonged sitting, obesity,and high amounts of body hair

r T
L J
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Clinical Features
• asymptomatic or chronically itchy until acutely infected, then pain/tenderness, purulent discharge,

and increased moisture near the tailbone

Treatment
• acute abscess

• l&D (often performed by primary care physicians)
wound packed open
40% develop chronic pilonidal sinuses

• surgery
indication: failure of healing after l&D, recurrent disease, or complex disease
pilonidal cystotomy: excision of sinus tract and cyst; wound closed by secondary intention (vac
dressing), primary closure with tissue flap, or marsupialization (cyst edge sewn to surrounding
tissue to leave sinus tract open)

Rectal Prolapse
Definition
• protrusion of some or all of rectal mucosa through external anal sphincter

Epidemiology
• extremes of ages: <5 yr and >50 yr
• 85% women

Etiology
• lengthened attachment of rectum secondary to constant straining
• 2 types

1. false/partial/mucosal: protrusion of mucosa only, radial furrows at junction with anal skin;
most common type of rectal prolapse in childhood

2. true/complete (most common): full-thickness extrusion of rectal wall, concentric folds in:
- 1st degree: prolapse includes mucocutaneous junction- 2nd degree: without involvement of mucocutaneous junction- 3rd degree (internal intussusception ): prolapse is internal, concealed, or occult

True rectal prolapse

Risk Factors
• gynaecological surgery
• chronic neurologic/psychiatric disorders affecting motility e.g. chronic constipation
• multiparity
• weak pelvic floor

Clinical Features
• extrusion of mass with increased intra-abdominal pressure
• difficulty in bowel regulation

tenesmus, constipation, fecal incontinence
• permanently extruded rectum with excoriation, ulceration, and constant soiling
• may be associated with urinary incontinenceor uterine prolapse
• pain is not common

\
JiExtornal hemorrhoids

Figure 23. Rectal prolapse (true vs.
false)

Treatment
• type I

conservative: gentle manual reduction of prolapsed area, especially in children
mucosectomy with excision of redundant mucosa, mostly in adults

• type 11
conservative: reduce if possible

« surgery:abdominal, perineal, and trans-sacral approaches

Anal Neoplasms
ANAL CANAL

Squamous Cell Carcinoma of Anal Canal (Distal to Dentate Line)
• most common tumour of anal canal (75%)
• anus prone to human papillomavirus ( HPV) infection, therefore at risk for anal squamous intra-

epithelial lesions (ASIL)
high-grade squamous intra-epithelial lesion (HSIL) and low-grade squamous intra-epithelial
lesion (LSIL) terminology used

• clinical features: anal bleeding, pain, mass, ulceration, and pruritus; 25% asymptomatic
• treatment: chemotherapy ± radiation ± surgery
• prognosis:80% 5 yr survival

r *i
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Malignant Melanoma of Anal Canal
• 3rd most common site for primary malignant melanoma after skin, eyes
• aggressive, distant inetastases common at time of diagnosis
• occasionally an incidental finding in pathological evaluation of an anal specimen
• clinical features: bleeding, mass anorectal pain, change in bowel habits, pigmented in one third cases,

regional lymph node involvement
• treatment: wide excision or APR ± chemoradiation
• prognosis: <5% 5 vr survival

ANAL MARGIN
• clinical features and treatment as for skin tumours elsewhere
• squamous and basal cell carcinoma, Bowen's disease (SCC in situ), and Paget's disease

Liver
Inferior vena cava Inferior vena cava

Middle hepatic vein
/ Left hepatic vein

Middle hepatic veinRight hepatic vein
eft hepatic vein Right hepatic vein

Hepatic artery proper
Portal vein Portal vein

k. Bile ductBile duct hepatic artery
proper

I
CN
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II. Lateral segment I lateral superior area) IVb. Medial segment ( medial inferior area) VII. Posterior lateralsegrnentlposterior superior area) “
III. Left anterior lateral segment V. Anterior medial segment VIII. Posterior medial segmentianterior superior area)

(lateral inferior area) Ianterior inferior area)
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Figure 24. Anatomy of liver

Liver Cysts

Table 25.Characteristics of Liver Cysts
Simple Cysts Polycystic Liver Disease Choledochal Cysts Hydatid (Cystic

Echinococcosis)
Cystadenoma
(Premalignant)/
Cystadenocarcinoma

Description form from biliary ducts that
do not communicate with the
inlrahepatic biliary tree and
contain clear fluid
Most common
May have multiple cysts
Always benign
Eiamples include congenital
cysts.Catoli disease, biliary
hamartomas, and polycystic liver
disease IPCtO)

Clinical Features Usually asymptomatic
Mass died can cause: dull RUO
pain. N / V. bloabng, and/or early
satiety

Several (>20) cysts that replace
much of the liver parenchyma
Autosomal dominant condition
More common in females

Congenital malformations ol the Infection with parasite
Echinococcus granulosus
Associated with exposure to

Cysladenomas ate rare cystic
neoplasms arising trom the
bile ducts

dogs, sheep, horses, pigs, goats. Cystadenoma is the most common
camels, and cattle in Southern premalignant liver lesion
Europe.Middle East, Australasia. Cystadenocarcinoma isan
South America
Ingested parasitic eggs hatch in
the small intestine, where larvae
enter blood and lymph

bile ducts
High-risk of malignancy
Majority present before age10
Todani classification based on
anatomical characteristics within
biliary tree invasive carcinoma

Minority present with acute
complications due to cyst
rupture, hemorrhage, infection,
and compression of adjacent
structures
Progressive
50% associated with polycystic
kidney disease (if ove r age GO)

U/S:cysts are well circumscribed
and nonenhancing
MRI:more sensitive and specific,

used for preoperative planning

Recurrent abdominal pain
Intermittent jaundice
RUO mass
Cholangitis
Symptomatic gallstones
Pancreatitis
Portal HIN

Upper abdominal mass
May have palpable RUO mass or Abdominal pain

Anorexia

Usually asymptomatic

hepatomegaly
Chronic RUO pain when
symptomatic
Nausea, lever, and dyspepsia are
non-specific symptoms

Labs: LfT abnormalities Labs: anti-Echinococcusab Labs:cystadenocarcinoma may
have elevated LFIs.CEA, or
CA19-9
UIS:anccholc mass with internal
septations that are highly
cchogcnic

Investigations Labs:some have elevated GOT,
CEA.CA19-9
U/S: Used for diagnosis and
followup
Cl: well demarcated lesion lhal
does notcnhancc with contrast

r tU /S U/S lJct CT: calcified cystic walls
Needle biopsyIranshcpalic cholangiography

ERCP
MRCP

Cl +MRI
MRCP
ERCP
Need histology (or definite
diagnosis
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Table 25. Characteristics of Liver Cysts
Simple Cysts Polycystic Liver Disease Choledochal Cysts Hydatid (Cystic

Echinococcosis)
Cystadenoma
(Premalignant)/
Cystadenocarcinoma

Symptomatic patients: cyst
aspiration with sclerosis, cyst
fenestration, hepatic resection. if cystic dilatation involves
transarterial emboliiation. and
transplantation

Complete excision of cysts Systemic chemothera py:
Liver resection or transplantation Albendazole (anti-helminthic

drug) cure up to 30%
Surgical: radical (total
pcricystectomy, partial
hepatectomy, or lobectomy) vs.
conservative (drainage or open/
closed cystectomy)
Percutaneous: PAIR Ipuncture,
aspiration, injection, re-
aspiration)

Biliary cirrhosis, portal KIN.cyst IVC compression
rupture, or citolangiocarcinoma Cyst rupture which can cause
Increased risk of biliary fever, pruritis. eosinophilia.
malignancy biliary colic, jaundice.

cholangitis, pancreatitis, or
anaphylaxis

All complex, multiloculated cysls
(exceptechinococcal) should be
excised because of malignancy

Treatment Not required unless very large
and/or symptomatic
Monitor if >4 cm
laparoscopic or open cyst
wall removal (unroofing) is
established treatment and is
usually curative
Percutaneous aspiration and
ethanol sclerotherapy also an
option, butnot curative

inlrahepalic bile ducts (Caroli’s
disease)

lisk

Cystadenocarcinoma can invade
adjacent tissues and metastasize

Complications Hemorrhage, rupture, infection.
and biliary obstruction more
likely in larger cysts
Intracystic hemorrhage is
rare and presents with severe
abdominal pain

Liver Abscesses
Etiology. types

pyogenic (bacterial): most common etiology; most often polymicrobial - Klebsiella, E. coli,
Proteus, Streptococcus, Staphylococcus,and anaerobes
parasitic (amoebic): Entamoeba histolytica,Hchinococcal cyst
fungal: Candida
sources: direct spread from biliary tract infection, portal spread from G1 infection, systemic
infection (e.g. endocarditis)

Clinical Features
• fever, malaise, chills, anorexia, weight loss, abdominal pain, and nausea
• RUQ tenderness, hepatomegaly, and jaundice

Investigations
• CBC (leukocytosis, anemia), Ll-Ts (elevated ALP and hypoalbuminemia common; elevated

transaminases and bilirubin variable), blood cultures, INR/PTT, stool cultures, and serology ( E.
histolytica and Echinococcus )

• CT or VIS are the imaging modalities used for diagnosis with abscess drainage for C&S to confirm
diagnosis; MRI can also be used.

Treatment
• treat underlying cause
• pyogenic abscesses generally treated with antibiotic therapy (e.g. ceftriaxone and metronidazole or

piperacillin-tazobactam) and VIS- or CT-guided percutaneous drainage or surgical drainage
• consider potential source of sepsis (e.g. biliary source, infected tumour)

Differential Diagnosis of Metastatic
Liver Mass

Some GU Cancers Produce Bumpy
Lumps

Stomach
Genitourinary cancers (kidney, ovary,
uterus)
Colon
Pancreas
Breast
LungPrognosis

• overall mortality 15% - higher rate if delay in diagnosis, multiple abscesses, malnutrition, elderly, KiU
admissions, shock, cancer, cirrhosis, GKD, acute respiratory failure, and biliary origin of abscess

Neoplasms
BENIGN LIVER NEOPLASMS

Hemangioma (cavernous)
• pathogenesis: most common benign hepatic tumour; results from malformation and proliferation of

vascular endothelial cells
• risk factors: M:l'=3:1
• clinical features

• usually small and asymptomatic, those greater than 10 cm are considered giant and may cause
abdominal pain or discomfort

• consumptive coagulopathy if giant ( in children )
• investigations

contrast CT (well-demarcated hypodense mass with peripheral enhancement on arterial phase
with centripetal filling on delayed phases), VIS (homogeneous hyperechoic mass),MR1
avoid biopsy: may result in hemorrhage

+
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•treatment
none if asymptomatic

• in symptomatic patients or those with hemangiomas large enough causing mass effect, surgical
resection should be considered after other causes of pain are excluded

• surgical resection options: liver resection, hepatic artery ligation, enucleation, and in severe cases
liver transplantation.
non-surgical treatment: hepatic artery embolization and radiotherapy

Focal Nodular Hyperplasia
•pathogenesis: unclear, hyperplastic response to vascular anomaly leading to disorganized growth of

hepatocytes and bile ducts
•risk factors: female, reproductive age
•clinical features: usually asymptomatic, rarely grows or bleeds, and no malignant potential
•investigations: central stellate scar surrounded by homogenous lesion on CT scan; MRI, biopsy may be

required
•treatment: may be difficult to distinguish from adenoma/ffbrolamellar HCC (malignant potential)

• if confirmed to be l-'NH -> no treatment required

Liver Transplantation Criteria for
Hepatocellular Carcinoma
Milan Criteria* 1tumour <5an

Up to 3 tumours each
<3cm

UCSF Criteria* 1lumour <6.5 cm
Up 10 3 Innours each
s4.5cm, total diameter
s8cm

Toronto Criteria’ No tumour sire or number
restrictions
No systemk symptoms
Not poorly differentiated

Adenoma
•pathogenesis: benign abnormal growth of glandular epithelium
•risk factors: female, ages 20-50, estrogen (OCP, pregnancy), obesity, anabolic androgen use, and type 1

glycogen storage disease
•clinical features: asymptomatic, 25% present with RUQ pain or mass, may present with bleeding
•investigations: CT (well-demarcated masses, often heterogeneous enhancement on arterial phase,

isodense on venous phase without washout of contrast), U/S, MRI, biopsy can be considered, with
bleeding risk taken into account

•treatment
stop anabolic steroids or OCP
excise, especially if large (>5 cm), due to risk of transformation to HCC and spontaneous rupture/
hemorrhage

'Euihctilerla auunanouMityjtk mino
nucravaMuldrlmeiofl

Child- Turcotte-Pugh Score (Prognosis
of Chronic Liver Disease/Cirrhosis,
including Postoperatively)

MALIGNANT LIVER NEOPLASMS

Primary
•most commonly HCC and cholangiocarcinoma
•others include angiosarcoma, hepatoblastoma, and hemangioendothelioma
•risk factors

chronic liver inflammation: cirrhosis from any cause, chronic hepatitis B ( inherently oncogenic)
and hepatitis C, hemochromatosis, al -antitrypsin deficiency, and non-alcoholic steatohepatitis
medications: OCPs (3x increased risk), steroids

• smoking, alcohol, betel nuts chewing
chemical carcinogens: aflatoxin, microcvstin, and vinyl chloride (associated with angiosarcoma)

•clinical features
RUQ discomfort and right shoulder pain
jaundice, weakness, weight loss, and ± fever (if central tumour necrosis)
hepatomegaly, bruit, and hepatic friction rub

• ascites with blood (sudden intra-abdominal hemorrhage)
paraneoplastic syndromes: hypoglycemia, hypercalcemia, erythrocytosis, and watery diarrhea
metastasis: lung, intra-abdominal lymph nodes, bone, adrenal gland, brain, and peritoneal
seeding

•investigations
• INR and LFTs: AST, ALT, ALP, bilirubin, and albumin

1Point 2 Points 3PolnU
Albumin (g'L) »35 28-35 *2!

Absent Easily Poorty
cootrdM (or*olid

Biluutn <34 34-51 >51
(limolil)

Ascites

<2.0 20-3.0 >10
Coagulation <1.7 1J-23 >23
(mgfdll

in -1
Hepatic Hone Unriial
Encephalopathy
(Grade Ml) Mranced
(Grade III

Points Class OneYr IwoYr
Survival Survival

54 m isv
on 57%

45% 35%

A
7-9 1elevated ALP, bilirubin, and a-fetoprotein (80% of patients)

U/S (poorly-defined margins with internal echoes), triphasic CT (enhancement on arterial phase
and washout on portal venous phase), and MRI

1015 C

•treatment
cirrhosis is a relative contraindication to tumour resection due to decreased hepatic reserve
surgical: resection (10% of patients have resectable tumours)
liver transplant; may use bridging therapy while awaiting transplant

absolute contraindications: extrahepatic disease and vascular invasion
relative contraindications: dependent on liver transplant protocol based on staging criteria
followed by transplant centre

non-surgical: radiofrequency ablation, percutaneous ethanol injection, transcatheter arterial
chemoembolization (TACE), chemotherapy (consider sorafenib for HCC; preoperative
chemotherapy for hepatoblastoma is standard of care), and radiotherapy

r t
L J

•prognosis
• 5 yr survival : 18% of all patients; 40-70% of patients undergoing complete resection
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Secondary
• metastases to the liver are the most common malignant tumours found in the liver
• etiology

G1 (colorectal most common), lung, breast, pancreas, GI NET, stomach, melanoma,ovary, uterus,
kidney, gallbladder, and prostate

Secondary liver metastases are common
inmany cancers, with some studies
showing a prevalence of 40-50%
amongst patients with oitrahepatic
cancers. They commonly arise from
colorectal, lung, and breast cancers.
For metastases secondary to colorectal
cancer, surgical resection offers the
greatest likelihood of cure

• treatment
depends on the primary cancer site and prognosis

often liver metastases are a manifestation of Stage IV disease and chemotherapy is indicated
metastasectomy may be appropriate for cancers either through surgical resection or local
treatment (i.e. embolization )

hepatic resection of metastatic colorectal liver metastases is standard of care as part of multi-
modality treatment that includes chemotherapy if complete resection of the primary cancer
and metastases is possible
transplant also a new and emerging alternative for metastatic disease in the liver.

• prognosis
• following liver resection for colorectal metastases is an overall survival of 30-60% at 5 yr

Liver Transplantation

Table 26. Conditions Leading to Transplantation Living Liver Donors vs. Deceased Liver
Donors
The right lobe of a living donor liver is
transplanted into the recipient whereas
whole livers from deceased donors are
transplanted orthotopically into the
recipient

Parenchymal Disease Cholestatic Disease Inborn Errors Tumours
Chronic hepatitis B or C *
Alcoholic cirrhosis
Acute liver failure
Budd-Chiari syndrome
Congcnilal hepatic fibrosis

Biliary atresia"
Primary biliary cirrhosis
Sclerosing cholangitis

atantilrypsin deficiency
Wilson's disease
Hemochromatosis

Hepatocellular carcinoma
Hepatoblastoma
Metastatic NETs
Coloredal cancer

Li
Autoimmune hepatitis
Cryptogenic cirrhosis
Drug induced hepabtoxicity
Non-alcoholic sleatohepatitis
'leading cause in adults:"leading cause in children

Clinical Indications
• early referral for transplant should be considered for all patients with progressive liver disease not

responsive to medical therapy, especially:
decompensated cirrhosis (ascites, esophageal variceal hemorrhage, spontaneous hepatic
encephalopathy, coagulopathy, progressive jaundice, severe fatigue)
unresectable primary liver cancers
unresectable but localized liver metastasis of colorectal cancer - new emerging indication

• acute liver failure
liver-based metabolic conditions including a- l-antitrypsin deficiency

• end-stage liver disease with life expectancy <1 yr and if no other therapy is appropriate
• suitable HCC not amenable to liver resection

Criteria for Transplantation
• Model for End-Stage Liver Disease (MELD): prognostic model to estimate 3 mo survival following

transjugular intrahepatic portosystemic shunt (TIPS) procedure and to prioritize patients awaiting
liver transplant;based on creatinine, bilirubin, IN R, sodium (MELD-Na), female sex, and serum
albumin;MELD scores used to prioritize liver allocation

• Child-Turcotte-Pugh Score:classification system to assess the prognosis and the abdominal surgery
perioperative mortality of chronic liver disease and cirrhosis; patient must have 7 points (Class B) for
transplant evaluation

Contraindications
• active alcohol/substance use
• extrahepatic malignancy within 5 yr
• advanced cardiopulmonary dis
• active uncontrolled infection

ease

Postoperative Complications
• primary non-function (graft failure): urgent re-transplantation is indicated
• acute and chronic rejection, ischemia-reperfusion injury
• vascular: hepatic artery or portal vein thrombosis, IVC obstruction
• biliary complications: fever, increasing bilirubin
• complications related to immunosuppression: HTN, renal disease, DM, obesity, hyperlipidemia,

osteoporosis, malignancy, neurologic complications, infection (leading cause of mortality following
transplant)

Prognosis
• patient survival at 1 yr: 85%
• graft survival at 1 yr: >80%, at 5 yr:60-70%

r t
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Biliary Tract

Cholelithiasis

<§>Definition
• the presence of stones in the gallbladder

Risk Factors for Cholesterol Stones

Pathogenesis
• imbalance of cholesterol and its solubilizing agents ( bile salts and lecithin)
• excess hepatic cholesterol secretion relative to bile salts and lecithin > supersaturated cholesterol

which precipitates as gallstones
• North America:cholesterol stones (80%), pigment stones (20%)

Risk Factors
• cholesterol stones

• obesity
• increasing age

prevalence higher in females (especially females <50 y r)
• estrogens: female, multiparity, OCPs
• impaired gallbladder emptying: starvation, T'PN, DM

rapid weight loss: rapid cholesterol mobilization and biliary stasis
• pigment stones (contain calcium bilirubinate)

cirrhosis
chronic hemolysis
biliary stasis (strictures, dilation, biliary infection)
terminal ileal resection or disease (e.g. Crohn's disease)

• protective factors
• statins, physical activity, vitamin C, poly- and monounsaturated fats and nuts, coffee

4Fs
Fat
Female
Fertile
Forties

Summary of Biliary Tract Conditions
Gallbladder Asympto- Pain Infection -

matk Only Pain
Cholelithiasis •

Nionlr)

Biliary Celle
Cholecystitis V
Common Bile Asympto- Pah Infection*

matk Only PainDuct

Uioledoclm-
lilhiaiis (napAyl

Cholangitis

J

J

(majority)

Cholelilliiasis /Cholecvslitis

Common hepatic duct
Cystic duct
Gallbladder

Ligament olTreitz

Pancreas
Pancreatic duct Choledocholllhiasis/Cholangitis

Sphincter of Oddi
Ampulla of Veter Duodenum

Cliolecystoenleric fistula may
lead to gallstone ileus© Morry Shiyu Wang 2012

Figure 25. Gallstone disease

Clinical Features
• asymptomatic (80%): found incidentally

18% risk of progression to symptomatic gallstone disease within 20 yr
most do NOT require treatment

• consider cholecystectomy if: increased risk of malignancy (choledochal cysts, Caroli’s disease,
porcelain or calcified gallbladder), sickle cell disease, paediatric patient, bariatric surgery, and
immunosuppression. biliary colic (10-25%)

Investigations
• normal Woodwork: CBC, electrolytes, Gr, LITs, bilirubin, lipase
• U/S:diagnostic procedure of choice

image for signs of inflammation, obstruction, and localization of stones
• 95% specific for detecting stones

r I
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Biliary Colic
Pathogenesis
• gallstone transiently impacted in cystic duct, no infection

Clinical Features
• an episode of steady, severe dull pain in the epigastrium or RUQ lasting minutes to hours (<6 h),

crescendo-decrescendo pattern
• can present with chest pain, right shoulder tip pain, scapular pain. N/V
• frequently occurs at night or after fatty meal, not after fasting
• no peritoneal findings, no systemic signs

Biliary colic is a pain that comes and
goes, but cholecystitis is a pain which is
constant and usually increasing

2 Most Important Lab Tests lor Biliary
1' I I I!

• Lipase: to determine if element of
pancreatitis

• Bilirubin: to determine if bile duct
obstructionInvestigations

• normal blood work:CBC, electrolytes,Cr, LFTs, bilirubin, lipase
* U/S shows cholelithiasis, may show stone in cystic duct o
Treatment
• analgesia, rehydration during colic episode
• elective cholecystectomy (95% success)

complications:CBD injury (0.3-0.5%), hollow viscus injury, bile peritonitis, and vessel injury
leading to liver damage
laparoscopic cholecystectomy is the standard of care, no benefit to delayingsurgery

Biliary colic is treated with analgesia and
elective cholecystectomy
Acute cholecystitis is treated with
antibiotics and early cholecystectomy if
surgical risk appropriate

Acute Cholecystitis Toronto Video Atlas of Surgery:
Standard Laparoscopic
Cholecystectomy
TV Asurg is an open access library of
animation enhanced surgical videos
created by surgeons in Toronto. For
a videosimulation of a standard
laparoscopic cholecystectomy,see
pie.med.utoronto.ca/TVASurqfproiect/

Pathogenesis
• inflammation of gallbladder resulting from sustained gallstone impaction in cystic duct or

Hartmanns pouch
• no cholelithiasis in 5-10% (see Acalculous Cholecystitis,GS57)

Clinical Features
• often have history of biliary colic
• severe constant (>6 h ) epigastric or RUQ pain, anorexia, N/V, and low grade fever (<38.5"C)
• focal peritoneal findings: Murphy's sign, palpable, and tender gallbladder (in 33%)
• Boas' sign: right subscapular pain

Investigations
• blood work: elevated WBC and left shift, mildly elevated bilirubin concerning for bile duct obstruction

(either stones or Mirizzi syndrome)
• U/S:98% sensitive, consider HI DA scan if U/S negative

• signs: gallbladder wall thickening >4 mm, edema (double-wall sign ), gallbladder sludge,
cholelithiasis, pericholecystic fluid, and sonographic Murphy's sign

Mirizzi Syndrome
Extrinsic compression of the CHD
by a gallstone in the cystic duct
or Hartmann 's pouch. Impacted
gallstone may erode into the CHD or
CBD, creating a cholccystohepatic or
cholecystocholedochal fistula: Mirizzi
syndrome has an association with
gallbladder cancer

Complications
• gangrenous gallbladder (20%) most common complication
• perforation (10%): result in abscess formation or rarely local peritonitis
• Mirizzi syndrome:extra-luminal compression of CBD/CHD due to large stone in cystic duct
• empyema of gallbladder: suppurative cholecystitis (pus in gallbladder) and sick patient
• emphysematous cholecystitis: bacterial gas present in gallbladder lumen, wall, or pericholecystic space

(risk in diabetic patient); organisms involved in secondary infection:C. welchii, E.coll, Klebsiella,
anaerobic streptococci, Enterococcus

• cholecystoenteric fistula (from repeated attacks of cholecystitis) can lead to gallstone ileus

Rouviere's Sulcus
Fissure between right lobe and caudate
process (segment I) of liver; keeping
dissection anterior to this landmark can
minimize bile duct injury

Treatment
• admit, hydrate, NPO, NG tube (if persistent vomiting from associated ileus), analgesics
• antibiotics

• cefazolin if uncomplicated cholecystitis
• ERCP prior to surgery if CBD stones are present on US

MRCP ± ERCP if CBD is markedly dilated or CBD stones suspected
• cholecystectomy

early (within 72 h) vs.delayed (after 6 wk)
equal morbidity and mortality
early cholecystectomy preferred:shorter hospitalization and recovery time, no benefit to
delaying surgery
emergent OR indicated if high-risk, e.g. emphysematous

• laparoscopic is standard of care (convert to open for complications or difficult case)
reduced risk of wound infections, shorter hospital stay, reduced postoperative pain, and
increased risk of bile duct injury

• intraoperative cholangiography (IOC)
indications:clarify bile duct anatomy, history of biliary pancreatitis, small stones in gallbladder
with a wide cystic duct (>15 mm), and jaundice

Critical View of Safety (CVS)
Decreases risk of injury to CBD during
laparoscopic cholecystectomy . 3 criteria
are required to achieve the CVS:
1. The hepatocystic triangle (formed

by the cystic duct,CHD, and inferior
edge of the liver) is cleared of fat and
fibrous tissue

2.The lower one third of the gallbladder
is separated from the liver to expose
the cystic plate

3.Two and only two structures should be
seen entering the gallbladder (cystic
duct and artery)

r i
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has been mostly replaced by preoperative MRCP
• percutaneous cholecystostonty tube:critically ill or if general anesthetic contraindicated
• some centres can perform percutaneous stone extraction to avoid cholecystectomy

Acalculous Cholecystitis
Definition
• acute or chronic cholecystitis in the absence of stones

Pathogenesis
• typically due to gallbladder ischemia and stasis

Risk Factors
• ICU admission (most common ), DM, immunosuppression, trauma patient, TPN, and sepsis

Clinical Features
• see AcuteCholecystitis,GS56
• occurs in 10% of cases of acute cholecystitis

Investigations
• Woodwork:CBC, electrolytes,Cr, LFl's, liver enzymes, bilirubin, and lipase
• U/S:shows sludge in gallbladder, other U/S features of cholecystitis (see Acute Cholecystitis,GS56). CT or H IDA scan

Treatment
• NPO, IV fluids, and pain management
• IV broad-spectrum antibiotics, cholecystectomy
• if patient unstable -> percutaneous cholecystostomy

Choledocholithiasis
Definition. stones in CBD

Clinical Features
• often have history of biliary colic
• tenderness in RUQ or epigastrium
• acholic stool, dark urine, and fluctuating jaundice
• primary vs.secondary stones

primary: formed in bile duct, indicates bile duct pathology (e.g. benign biliary stricture,
sclerosing cholangitis, choledochal cyst, and CP)

• secondary: formed in gallbladder (85% of cases in the U.S.)
Investigations
• CBC: usually normal; leukocytosis suggests cholangitis
• LI- Ts: increased AST, ALT early in disease, increased bilirubin (more sensitive), ALP, GGT later
• lipase: to rule out gallstone pancreatitis
• U/S: intra-/extra-hepatic duct dilatation; differential diagnosis is choledochal cyst. MRCP (90% sensitive)

visualization of ampullar)' region, biliar)’,and pancreatic anatomy
non-invasive diagnostic test of choice. ERCP
CBD stones in periampullary region
diagnostic and therapeutic; removal of stones and sphincterotomy possible
complications: retained stones, ERCP pancreatitis (1-2%), pancreatic or biliary sepsis

• Percutaneous Transhepatic Cholangiography
percutaneous approach to the proximal biliary tree (i.e. intrahepatic biliary system) via the
hepatic parenchyma
useful for proximal bile duct obstruction or when ERCP fails or not available

• contraindications:ascites, peri/intrahepatic sepsis, and disease of right lower lung or pleura
complications:bile peritonitis, chylothorax, pneumothorax, biliary sepsis, and hemobilia

• Intraoperative Cholangiography (IOC)
« intraoperative injection of radiographic contrast into the cystic duct to evaluate CBD during

laparoscopic cholecystectomy
useful for identifying CBD stones, clarifying biliary anatomy, and preventing CBD injury during
cholecystectomy

American Society of Gastrointestinal
Endoscopy 2019 Guideline on
Ible of Endoscopy in Evaluating
Choledocolithiasis

Proceed directly to ERCP
• CBD stone on U/S
• Clinical ascending cholangitis. Bilirubin >4mg/dL (>347umol/L) &

dilated CBD on U/S
Perform U/S, MRCP, Laparoscopic IOC
or Intraoperative US. Abnormal liver tests

• Age >55 yr. Dilated CBD on U/S

r •»u
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Complications
• cholangitis, pancreatitis, biliary stricture, and biliary cirrhosis
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Treatment
• treat with ERCP for CBD stone extraction possibly followed by elective cholecystectomy in 25% of

patients
• biliary tree flushing with laparoscopic cholecystectomy:

during a laparoscopic cholecystectomy ± cholangiogram, the cystic duct can be flushed to the
CBD with the use of glucagon to relax the sphincter between the CBD and duodenum.Can also
use cholangiogram to confirm stones flushed into duodenum

Acute Cholangitis
Pathogenesis
• obstruction of CBD leading to biliary stasis, bacterial overgrowth, suppuration, and biliary sepsis -

may be life-threatening, especially in elderly

Etiology
• choledocholithiasis (60%), stricture, neoplasm ( pancreatic or biliary), extrinsic compression

(pancreatic pseudocyst or pancreatitis), instrumentation of bile ducts (PTC, ERCP), and biliary stent
• organisms: E. coli,Klebsiella, Enterobacter, Pseudomonas, Enterococcus, B. fragilis,and Proteus

Clinical Features
• Charcot’s triad:fever, RUQ pain, and jaundice
• Reynold’s pentad:Charcot’s triad,hypotension, and altered mental status
• may have N/V,abdominal distention, ileus, acholic stools, and tea-coloured urine (elevated direct

bilirubin)

Charcot’s Triad
Fever.RUO pain, jaundice

Investigations
• GBC:elevated WBC i left shift
• may have positive blood cultures
• LITs:obstructive picture (elevated ALP, GGT, and conjugated bilirubin, possible mild increase in AST,

ALT )
• lipase: rule out pancreatitis
• U/S: intra-/extra-hepatic duct dilatation
• CT: bile duct dilatation and can identify biliary stenosis
• MRCP when diagnosis is unclear

Reynolds' Pentad
Fever.RUO pain, jaundice, shock, and
altered mental status

Common Bacteria in Biliary Tract

KEEPS
Klebsiella
Enterococcus
F.coli, Enterobacter
Proteus. Pseudomonas
Serrotia

Treatment
• initial: NPO, fluid and electrolyte resuscitation, ± NG tube, IV antibiotics (treats 80%). biliary decompression

ERCP t sphincterotomy:diagnostic and therapeutic
PTC with catheter drainage: if ERCP not available or unsuccessful
open or laparoscopic CBD exploration and I -tube placement if above fails

• in addition to biliary decompression, the underlying cause should be addressed. In the case of
patients with choledocholithiasis, elective cholecystectomy is recommended after resolution of acute
cholangitis to prevent re-occurrence

Prognosis
• suppurative cholangitis mortality rate:20-30%

Gallstone Ileus
Pathogenesis
• repeated inflammation causes a cholecystoenteric fistula (usually duodenal) -> large gallstone enters

the G1 tract (impacting near the ileocecal valve) causing a mechanical bowel obstruction (note: ileus is
a misnomer in this context)

Rigler's Triad of Gallstone Ileus
Pneumobllia
Small bowd obstruction
Gallstone

Clinical Features
• crantpy abdominal pain, N/V, constipation/obstipation (see Large Bowel Obstruction, ( IS37)

Investigations
• AXR: dilated small intestine, air fluid levels, may reveal radiopaque gallstone, and air in biliary tree

(pneumobilia) (40%)
• CT: biliary tract air, obstruction, and gallstone in intestine
• Rigler’s triad: pneumobilia,SBO (partial or complete), and gallstone (usually in right iliac fossa)

ft)

Bouveret'sSyndrome
Gastric outlet/duodenal obstruction
caused by a large gallstone passing
through a cholecystogastric or
cholecystoduodenal fistula

n
LJ

Treatment
• fluid resuscitation, NG tube decompression
• surgery: enterolithotomy and removal of stone, inspect small and large bowel for additional proximal

stones
• may close fistula surgically or manage expectantly (can resolve spontaneously)
• cholecystectomy is generally not performed

+
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Carcinoma of the Gallbladder
Risk Factors
• chronic symptomatic gallstones (70% of eases), old age, female, gallbladder polvps, porcelain

gallbladder, chronic infection (Salmonella, Helicobacter), primary sclerosing cholangitis, and
abnormal pancreaticobiliary duct junction

Clinical Features
• majority are adenocarcinoma
• may be incidental finding on elective cholecystectomy (~1% of open cholecystectomies OR 0.1% in

laparoscopic cholecystectomies)
• many patients are asymptomatic until late
• local: non-specific RUQ pain ± palpable RUQ mass
• Courvoisier’s gallbladder sign: enlarged gallbladder and painless jaundice due to obstruction of CBD,

suggestive of gallbladder or pancreatic malignancy'
• systemic: jaundice (50%) due to invasion of CBD or compression of CBD by pericholedochal nodes,

anorexia, N/V,weight loss, and malaise
• early local extension to liver, peritoneum, may extend to stomach, duodenum
• early metastasis common to lung, pleura, liver bone

Investigations
• U/S:mural thickening, calcification, loss of interface between gallbladder and liver, and fixed mass
• endoscopic U/S (BUS): good for distinguishing carcinomas from other diagnoses such as, polyps,

staging, allows sampling of bile for cytology
• abdominal CT: polypoid mass, mural thickening, liver invasion, nodal involvement, and distant

metastases
• MRI /MRCP: good for distinguishing benign and malignant polyps

Treatment
• if carcinoma of the gallbladder is suspected preoperativcly, an open cholecystectomy should be

considered to avoid tumour seeding of the peritoneal cavity
• confined to mucosa ( rare): cholecystectomy
• beyond mucosa: cholecystectomy, en bloc wedge resection of 3-5 cm underlying liver, and dissection

of hepatoduodenal lymph nodes

Prognosis
• poor 5 yr survival (20%) as gallbladder carcinoma is often detected late
• better outcomes when detected incidentally following cholecystectomy

Cholangiocarcinoma
Definition
• malignancy of the epithelial cells of extra- or intrahepatic bile ducts

Risk Factors
• ages 50-70, gallstones, UC, primary sclerosing cholangitis, choledochal cyst, Clonorchis sinensis

infection (liver fluke), chronic intrahepatic stones (hepatolithiasis), genetic disorders (Lynch
syndrome, Cl;, multiple biliary papillomatosis, BARI tumour predisposition syndrome)

Clinical Features
• majority are adenocarcinomas
• gradual signs of biliary obstruction: jaundice, pruritus, dark urine, and pale stools
• anorexia, weight loss, RUQ pain, Courvoisicr’s sign (if CBD obstructed), hepatomegaly
• early metastases are uncommon, but commonly tumour grows into portal vein or hepatic artery,

peritoneum, lungs, pleura, liver
• Klatskin tumour: cholangiocarcinoma located at bifurcation of CHD

Obstructive jaundice Is the most
common presenting symptom for
cholangiocarcinoma

Investigations
• Ll'T's show obstructive picture, carbohydrate antigen 19-9 (CA 19-9), CEA may be elevated
• U/S,CT:bile ducts usually dilated, but not necessarily
• ERCP or PTC: to determine resectability, for biopsies
• CXR,bone scan: for metastatic w orkup

Treatment
• if resectable: biliary drainage and wide excision margin
• intrahepatic lesions:liver resection after clear discussion at multidisciplinary tumour boards and

prognosis understood
upper third lesions:duct resection + Roux-en-Y hepaticojejunostomy, ± liver resection
middle third lesions (uncommon):duct resection + Roux-en-Y hepaticojejunostomy
lower third lesions: Whipple procedure

n
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•unresectablc lesions: stent or choledochojejunostomy (surgical bypass)
•chemotherapy ± radiotherapy
•role for transplantation in select patients with Klatskin tumours or NET with no evidence of

extrahepatic disease and relative stability

Prognosis
•overall 5 yr survival: localized 30%, regional 24%, distant 2%

Pancreas

Acute Pancreatitis
• see <i \troi iiternh >g\ , ti IS

GALLSTONE PANCREATITIS (45% of Acute Pancreatitis)

Pathogenesis
• obstruction of pancreatic duct by large or small gallstones and biliary sludge
• backup of pancreatic enzymes can cause autodigestion of the pancreas

Clinical Features (Pancreatitis of Any Etiology)
• pain (epigastric pain radiating to back), N/V, ileus, peritoneal signs, jaundice, and fever
• Inglefinger’s sign: pain worse when supine, and better when sitting forward
• may have coexistent cholangitis or pancreatic necrosis
• Kanson's criteria for determining prognosis of acute pancreatitis (see sidebar)

• APACHE 11 score for determining prognosis of severe acute pancreatitis
• physical exam may show tachypnea, tachycardia, hypotension,abdominal distention and tenderness,

Cullen’s sign, and Grey Turner’s sign

Investigations
• lipase (most sensitive and specific), elevated amylase (higher than alcoholic pancreatitis), and

leukocytosis
• elevated ALT (>I50 1U/L), AST strongly suggest gallstone etiology of pancreatitis
• U/S may show multiple stones (may have passed spontaneously), and edematous pancreas
• CXK, AXR, and CT (if severe to evaluate for complications)

Ranson's Criteria
A.At admission

1.Ages >55yr
2. WBC >16* tO’/L
3. Glucose >11 mmol/L
4. LDH >3S0 IU/l
5.AST >250 IU/L

B. During initial 48 h
1. Hct drop >10%
2. BUN rise >1.8 mmol/l
3. Arterial POJ <60 mmHg
4. Base deficit >4 mmol/L
5.Calcium <2 mmol/L
6. Fluid sequestration >6 L

C. Interpretation
<3- severe pancreatitis unlikely (2%

mortality)
23- high mortality (218%)

Treatment
• supportive: e.g. NPO, hydration, analgesia, and early enteral nutrition
• antibiotics are not indicated for initial diagnosis.This is reserved for clear signs of infection on

imaging
• stone often passes spontaneously (—90%); usually no surgical management in uncomplicated acute

pancreatitis
• cholecystectomy during same admission (25-60% recurrence if no surgery). may need urgent ERCP + sphincterotomy if CBD stone impacted or cholangitis
• surgical indications in acute pancreatitis (rare):

drain placement and debridement for necrotizing pancreatitis if refractory to medical
management, if septic, or in 1CU without other sources of sepsis

Complications
• local complications

acute lluid collections
walled-off pancreatic fluid collection/pseudocyst (>4 wk old)
abscess/infection, necrosis

• systemic complications
splenic/mesenteric/portal vessel thrombosis
pancreatic ascites/pancreatic pleural effusion
DM (b/c pancreatic & insulin insufficiency)
ARDS/sepsis/multiorgan failure
coagulopathy/DIC
severe hypocalcemia r i
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Chronic Pancreatitis
• SCC (iastroenUToIouv. (i50

Surgical Treatment
• treatment is generally medical
• indications for surgery

failure of medical treatment
debilitating abdominal pain

• pseudocyst complications: persistence, hemorrhage, infection, and rupture
CBD obstruction (e.g. strictures) and duodenal obstruction

• pancreatic fistula, variceal hemorrhage secondary to splenic vein obstruction
• rule out pancreatic cancer (present in 15% of chronic pancreatitis treated surgically)

anatomical abnormality causing recurrent pancreatitis
preoperative CT and/or ERCP are mandatory to delineate anatomy

• minimally invasive options
endoscopic pancreatic duct decompression: less effective than surgery’
extracorporeal shockwave lithotripsy: if pancreatic duct stones
celiac plexus block: lasting benefit in 30% patients, less effective in those <45 yr or with prior
pancreatic surgery

• surgical options
drainage procedures: only effective if ductal system is dilated
Puestow procedure (lateral pancreaticojejunostomy): improves pain in 80% of patients
pancreatectomy:best option in absence of dilated duct
Whipple procedure (pancreaticoduodenectomy): proximal disease
distal pancreatectomy ± Koux-en-Y pancreaticojejunostomy: distal disease
total pancreatectomy: refractory disease

• islet cells autotransplantation can be used to control insulin-related morbidity
denervation of celiac ganglion and splanchnic nerves

WALLED-OFF PANCREATIC FLUID COLLECTIONS (PSEUDOCYSTS)
• localized fluid collections rich in pancreatic enzymes, with a non-epithelialized wall consisting of

fibrous and granulation tissue
• complication of chronic and/or acute pancreatitis
• up to 40% resolve spontaneously
• cyst wall must be mature prior to drainage (4-6 wk)
• pseudoaneurysm an absolute contraindication to endoscopic drainage, must embolize first

Pseudocyst Management
• if asymptomatic: expectant management
• if symptomatic: choice of drainage procedure depends on location of fluid collection

endoscopic drainage: transmural vs. transpapillary (pseudoaneurysm an absolute
contraindication, must embolize first)
surgical drainage: cystogastrostomy vs. cystoduodenostomy vs. cystojejunostomy
percutaneous catheter drainage
resection
if draining,attempt to biopsy cyst wall to rule out cystadenocarcinoma

The hallmark of chronic pancreatitis is
epigastric pain radiating to the back

Total Panutattctuay and Islet
Autotransplantation:A Decade Nationwide
Analysis
World J transplant 2016.6|T):233’238
Purpose: to investigate outcomes and predictors
of in-hosprtal mortmAty and mortality alter total
pancreatectomy (TP) and islet autotransplantation.
Results:A total of 923 patients underwent IAT after
pancreatectomy during 2002-2012. Tire most common
indication of surgery was chronic pancreatitis
(!6%|followed try acute pancreatitis (12%). Overall
morlality and morhdity ol patients weie 0% and
57.8 %. respectively. Post surgical hypolnsulioemia
was reported m 42.3% of patients. Indicating that
57.1% of patients were insulin independent during
hospitalization.Predictors of in-hospital morbidity
were obesity.fluid and electrolyte disorders,alcohol
use,and weight loss.
Conclusion:Total pancreatectomy islet
autotransplantaboo isa safe procedure with no
mortality, acceptable morbidity, and achieved high
rale of early insul>n independence.Obesity is the most
significant predictor of in-hospital morbidity.

Pancreatic Cancer
Epidemiology
• 4th most common cause of cancer-related mortality in both men and women in Canada
• M:F=1.3:1, average ages:50-70

Risk Factors
• increased age
• smoking: 2-5x increased risk, most dearly established risk factor
• high fat/low fibre diets
• heavy alcohol use
• obesity
• DM, chronic pancreatitis
• partial gastrectomy
• cholecystectomy
• chemicals: p-naphthylamine, benzidine
• African descent

r "s
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Clinical Features
• the most common presenting symptoms are abdominal pain, jaundice, and weight loss
• head of the pancreas (70%)

pancreatic head tumours typically present with jaundice, steatorrhea, and weight loss
other features include anorexia, dark urine, hepatomegaly, cachexia, Courvoisier’s sign, recent
onset DM

• body or tail of pancreas (30%)
tends to present later and usually inoperable (80% are unresectable at diagnosis)

• weight loss, vague mid-epigastric pain
• <10% jaundiced

Trousseau's Sign
Spontaneous peripheral venous
thrombosis, often associated with
pancreatic and other cancers

Vague abdominal pain with weight loss
Z jaundice in a patient over SO yr is
pancreatic cancer until proven otherwise

Investigations
• serum chemistry is non-specific, LFTs may show obstructive jaundice (elevated ALP and bilirubin )
• CA 19-9 most useful serum marker of pancreatic cancer
• U/S, CT (also evaluates metastasis and resectability) ± LRC.P, MR1, EUS Courvoisier's Sign

Palpable, nontender, distended
gallbladder due to CBD obstruction.
Present in 33% of patients with
pancreatic carcinoma. The distended
gallbladder could not be due to acute
cholecystitis or stone disease because
the gallbladder would actually be
scarred and smaller, not larger

Pathology
• ductal adenocarcinoma: most common type (75-80%); exocrine pancreas
• intraductal papillary mucinous neoplasm (1PMN )
• other: pancreatic NETs (non-functional, insulinoma, gastrinoma, VIPoma, glucagonoma,

somatostatinoma), mucinous cystic neoplasm (MCN ), acinar cell carcinoma
• see Surgical tndocrinology, ( IS7I for functional pancreatic NETs

Treatment
• resectable (10-20% of pancreatic cancer)

• no involvement of liver, peritoneum, or vasculature (hepatic artery, SMA, SM V, portal vein, 1VC,
aorta), no distant metastasis
Whipple procedure (pancreaticoduodenectomy) for cure <5% mortality
distal pancreatectomy ± splenectomy, lymphadenectomy if carcinoma of midbody and tail of
pancreas
adjuvant chemotherapy recommended (gemcitabinc i capecitabine, 5-I U/leucovorin)

• locally advanced, borderline resectable
tumours that abut the SMA, SM V, portal vein, hepatic artery, or celiac artery

• locally advanced, non-resectable (palliative -> relieve pain, obstruction)
• encasement of major vascular structures including arteries

most body/tail tumours are not resectable (due to late presentation)
• relieve biliary/duodenal obstruction with endoscopic stenting or double bypass procedure

(choledochoenterostomy i gastroenterostomy)
• palliative chemotherapy (gemcitabine + nab-paclitaxel, EOLEIRINOX) ± radiotherapy

Prognosis
• most important poor prognostic indicators are lymph node status, margin status, size >3 cm,

perineural invasion (invasion of tumour into microscopic nerves of pancreas)
• overall 5 yr survival for all patients with pancreas cancer is 1%; following surgical resection 5 yr

survival is 20%
• median survival for unresectable disease: 3-6 mo if metastatic, 8-12 mo if locally advanced at

presentation

Steps of a Whipple Resection
(Pancreaticoduodenectomy)
1. Assessment of metastatic disease (all

peritoneal surfaces)
2. Mobilization of the hepatic flexure of

the colon
3. Mobilization of the duodenum

(Kochcr maneuver) and head of the
pancreas

4. Identification of the superior
mesenteric vein and mobilization of
the pancreatic neck

5. Mobilization of the stomach:
dissection of the hepatoduodenal
ligament and cholecystectomy

6. Division of the stomach, proximal
jejunum, and CBD

7. Transection of the pancreatic neck
and dissection of the uncinate
process from the retroperitoneum

8. Restoration of gastrointestinal
continuity:construction of
a pancreaticojejunostomy,
hepaticojejunostomy,
gastrojejunostomy using a
neoduodenum

Remove. CBD
• Gallbladder
• Duodenum
• Pancreatic head
• Distal stomach (sometimes)

Table 27. TNM Classification System for Exocrine Tumours of the Pancreas (AJCC 8th edition)
Primary Tumour (T ) Regional Lymph Nodes ( N) Distant Metastasis (M)

TX Primary tumour cannot be assessed
TO No evidence ol primary tumour
Tis Carcinoma in situ

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in one to three regional lymph nodes

M0 No distant metastasis
Ml Distant metastasis

Oncological Benefits of Neoadjuvant
Chemoradiation with Gemcitabine vs. Upfront
S urgery in Patients with Borderline Resectable
Pancreatic Cancer:t Prospective, Randomised,
Open-label.Mullicenler Phase 2/3 Trial
Ann Surg 2018:268:215-222
Purpose: lo deter — r e whether neoadjinant
treatment increases survival in patients with
borderline resectable pancreatic cancer (BRPC).
Methods:A total of SO patients were randomized to
neoadjuvant gemutabine-based chemoradiotherapy
or upfront surgery.
Results: Ihe 2 yr survival rate|2YSR|and median
survival of patients tieated with ncoadiuvant
chemoradiation wassignificantly improved (40.7%
2YSR. 21 mo median suivival) compared to upfront
surgery (26.1% 2YSR.12 mo median survival).Ihe RO
resection rate was also significantly increased in the
neoadjuvant chemoradiation group.
Conclusion: Neoadjuvant chemoradiation provides
survival and surgical benefits in patients with BRPC.

T1 Tumour -:2 cm in greatest dimension

N2 Metastasis in four or more regional lymph
nodes

T 2 Tumour »2 cm and s4 cm in greatest
dimension

T3 Tumour >4 cm in greatest dimension

T4 Tumour involves celiac axis.SMA. or common
hepatic artery r -i

t. J
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Table 28. Staging and Treatment of Pancreatic Cancer
Stage Classification 5 Yr Survival Treatment

Tis, NO. MO
11, NO. MO
12, NO. MO
13,NO. MO
T1-3, N1. M0
11-3.N2.MO
14, any N,MO
anyI.anyN.M1

Surgical resection t chemotherapy

Same as above
Same as above
Same as above
Same as above
Borderline resectable, trial ol chemotherapy and radiation

0

mIA
IB 12%
IIA 7%
I IB 5%

3%III

IV 1% Mon-resectable, palliative treatments

Lett and right hepatic ducts
ontmon hepatic

duct
Stomach

Liver

Gastrojejunostomy

Gallbladder
-Tail of pancreas

Cystic duct
HepaticojejunostomyPancreasCBD
PancreaticojejunostomyPancreatic ductAmpulla of Vater

Duodenum
Jejunum

Resected portion

© Natalie Comiier 2015.after Caitlin O'Connell

Figure 26. Schematic of Whipple resection showing the resected components

Spleen

Splenic Trauma
Clinical Features
• most common intra-abdominal organ injury in blunt trauma (especially can occur in people with

splenomegaly)
• may have Kenr’s sign- patients may be hemodynamically unstable with altered mental status
• initial presentation may be masked by other injuries and contained ruptures may have few symptoms

Kehr’s Sign
Left shoulder pain due to diaphragmatic
irritation from splenic rupture, worsens
with inspiration

Investigations
• FAST' (used in trauma with hemodynamically unstable patients)
• CT with oral or IV contrast (once stable or when l-'AST negative)

Treatment
• non-operative

in stable patients: extended bed rest with serial hematocrit levels, close monitoring for 3-5 d;
paediatric guidelines for days of bed rest is grade plus 1 (i.e.grade 3 splenic laceration requires 4
d of bed rest)
hemostatic control

• splenic artery embolization if patient stable and one of: active contrast extravasation, splenic
pseudoaneurysm, hemoperitoneum

• operative
hemodynamically unstable patients with positive FAST will undergo emergent operative surgical
exploration

• splenorrhaphy (suture of spleen) ± splenic wrapping with hemostatic mesh (if patient is
hemodynamically stable)
splenectomy if patient unstable or high-grade injury or ongoing bleeding with hemodynamic
instability

• packing the spleen with temporary abdominal closure and relook laparotomy in 48 h

+
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Splenectomy
Indications
• splenic trauma ( most common reason for splenectomy), hereditary spherocytosis, primary

hypersplenism, chronic immune thrombocytopenic purpura (1TP), splenic vein thrombosis causing
esophageal varices,splenic abscess, thrombotic thrombocytopenic purpura (TI P), and sickle cell
disease

• does not benefit all thrombocytopenic states (e.g. infection, most malignancies involving the bone
marrow, drugs/toxins)

• probability of cure of IIP by splenectomy is 60-70%, maybe predicted by response to 1VIG

Indication of Splenectomy

SHIRTS
Splenic abscess/splenomegaly
Hereditary spherocytosis
Immune thrombocytopenic purpura
Rupture of spleen
Thrombotic thrombocytopenic purpura
Splenic vein thrombosis

Complications
• short-term

injury to surrounding structures (e.g.gastric wall, tail of pancreas) and their vascular supply
postoperative thrombocytosis, leukocytosis
thrombosis of portal, splenic, or mesenteric veins
subphrenic abscess

• long-term
post-splenectomy sepsis (encapsulated organisms): 4% of splenectomized patients (highest risk
<16 yr)

splenosis: intra-abdominal “seeding"of splenic tissue during removal
increased risk of malignancy, DVT,and PH

• 50% mortality

Prophylaxis
• vaccinations, ideally 2 wk pre- or postoperative (pneumococcal, H. influenzae,and meningococcus)
• liberal use of penicillin especially in children <6 yr

Splenic Infarct
Pathophysiology
• splenic artery occlusion or oxygen-delivery insufficiency leading to parenchymal ischemia and

necrosis
• can occur in sickle cell disease, thromboembolism, myelofibrosis, CML, and hypercoagulable states

Clinical Features
• patient can be asymptomatic or can have LUQ pain (70%), N/V, fever, chills, and Kehr’s sign

Investigations. CT with contrast;MRI
• peripheral blood smear abnormalities

Treatment
• non-operative:close follow-up, analgesia
• indications for splenectomy: complications such as rupture, abscess, persistent pseudocyst, bleeding,

or sepsis

r n
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Breast
Apical

Deltopectoral
Internal jugular v.

Thoracic duct Lateral
Axillary a./Lett bronchomediastinal —trunk Axillary v.
Subscapular a.- Posterior

Levels of Axillary Lymph Nodes
LevelI: lateral to pectoralis minor
Level II:deep to pectoralis minor
Level III:medial to pectoralis minor
(higher level of nodal involvement *
worse prognosis)

Interpectoral
Pectoralis minor m.
Pectoralis major m.

/
Central

7s Anterior
v— Lateral tlioracic a.

/

Internal thoracic

JL J

Level3 Level 2 LevelI

Medial to Deep to Lateralto
pectoralis pectoralis pectoralis

minor minor

DDx for Breast Mass
Benign

Fibrocystic changes
Fibroepithelial lesions (fibroadenoma
most common: benign phyllodes)
Fat necrosis
Papilloma/papillomatosis
Galactocele
Duct ectasia
Ductal/lobular hyperplasia
Sclerosing adenosis
Lipoma
Neurofibroma
Granulomatous mastitis (e.g. TB.
granulomatosis with polyangiitis,
sarcoidosis)
Abscess
Silicone implant

Malignant
Breast cancer (likely invasive, DCIS
rarely forms a breast mass)
Malignant phyllodes
Angiosarcoma (rare)

1 rur © Merry Shiyu Wang 2012

Figure 27. Anatomy of the breast

Benign Breast Lesions
Three Categories
1. non-prolifcrative
2. proliferative without atypia
3. atypical hyperplasia

NON-PROLIFERATIVE LESIONS
• benign breast condition characterized by fibrous and cystic changes in the breast ( fibrocystic changes/

disease)
• most common: breast cysts
• other lesions include papillary apocrine change, epithelial- related calcifications, and mild hyperplasia

of the usual type
• no increased risk of breast cancer
• age 30 to menopause (and after if hormone replacement therapy (HRT) used)

clinical features
• breast pain, focal areas of nodularity or cysts often in the upper outer quadrant, frequently

bilateral, mobile, varies with menstrual cycle, and nipple discharge (straw-like, brown, or green )
• treatment

» evaluation of breast mass (U/S, mammography as indicated) and reassurance
analgesia (e.g. ibuprofen, ASA)

• for severe symptoms: DCF, danazol, bromocriptine

PROLIFERATIVE LESIONS- WITHOUT ATYPIA

Table 29. Proliferative Lesions - Without Atypia
Clinical Features Diagnosis Risk of Breast CancerTreatment

Fibroadenoma Most common breast
tumour in women
<30 yr

Modules:lirm,rubbery,discrete,
well-circumscribed,non-tender,mobile.

Core or excisional biopsy Generally conservative serial observation Increased if complex,
sometimes required if concerned Consider excision if size 2-3 cm and growing adjacent atypia or strong

on serial U/S (q6 mo x 2 yr is usual follow-up), family history olbreast
U/S and FNA alone cannot IIsymptomatic, formed alter age 35.patient cancer
differentiate fibroadenoma from preference or features on corebiopsy

suggestive of a phyllodes tumour
Surgical excisionol involved duct to ensure
no atypia

hormone-dependent (unlike cysts), needle about malignancy
aspiration yields no fluid

phyllodes tumour
Solitary intraductal
benign polyp

Can presentas nipple discharge (most
common cause olspontaneous,unilateral,
bloody nipple discharge ~ pathologic nipple
discharge),breast mass,nodule on U/S
Incidental finding on biopsy of
mammogiaphic abnormalities or breast
masses
Mass or mammogiaphic abnormality

Can harbour areas of
atypia or DCIS

Intraductal
Papilloma r T

L J

Usual Ductal
Hyperplasia

Increased number of
cells within the ductal
space
lobular lesion with
increased librous tissue
and glandular cells

Generally low-risk,slightly
increased if moderate or
florid hyperplasia
low-risk

None required

+Sclerosing
Adenosis

None required
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ATYPICAL HYPERPLASIA
• can involve ducts (atypical ductal hyperplasia) or lobules (atypical lobular hyperplasia )
• cells lose apical-basal orientation
• increased risk of breast cancer
• diagnosis: core or excisional biopsy
• treatment: complete resection, risk modification (avoid exogenous hormones), close follow-up

OTHER LESIONS

Fat Necrosis
• uncommon, result of trauma (may be minor, positive history in only 50%), after breast surgery (i.e.

reduction )
• firm, ill-defined mass with skin or nipple retraction, ± tenderness, ± ecchymosis
• regress spontaneously, but complete imaging ± biopsy to rule out carcinoma
• oil cysts on mammography are pathognomonic for fat necrosis

Mammary Duct Ectasia
• obstruction of a subareolar duct (see Obstetrics. Mastitis, OB48)

Abscess
• lactational vs. non-lactational (periductal/subareolar) (see Obstetrics. Mastitis,UB48)

Breast Cancer
Epidemiology
• leading cancer diagnosis in women in North America, 2nd leading cause of cancer mortality in

women
• 1 in 8 (12.9% lifetime risk) women in Canada will be diagnosed with breast cancer in their lifetime
• I in 31 women in Canada will die from breast cancer
• all age relative survival is 87% Female sex. followed by age. are the two

greatest risk factors for breast cancer

Risk Factors
• sex (99% female). age (83% >50 yr)
• personal history of breast cancer and/or prior breast biopsy (regardless of pathology)
• family history of breast cancer (greater risk if relative was first degree and premenopausal )
• estrogen exposure

nulliparity, first pregnancy >30 yr, menarche <12 yr,or menopause >55 yr
decreased risk with lactation, early menopause, and early childbirth
>5 yrHRTuse, >IOyrOCPuse

• high breast density
• radiation exposure (e.g. mantle radiation for Hodgkin’s disease)
• BRCA 1 and BKCA2 gene mutations
• alcohol use, obesity, and sedentary lifestyle

Male Breast Cancer (<1%)
• most commonly invasive ductal carcinoma
• often diagnosed at later stages
• stage-for-stage similar prognosis to breast cancer in females
• consider genetic testing: most often hormone receptor positive

Any palpable dominant breast mass
requires further investigation

Breast Lymphatic Drainage:
Axillary lymph nodes
Internal mammary lymph nodes
lnfra-/supra-davicular lymph nodes

Investigations
• see margin for physical exam findings
• mammography

indications:screening guidelines (see f amily Medicine, l'MT)
findings indicative of higher risk of malignancy

mass that is poorly defined, spiculated border
» microcalcifications

architectural distortion
interval mammographic changes

normal mammogram does not rule out suspicion of cancer based on clinical findings
• other radiographic studies

U/S:differentiate between cystic and solid
• MR I : high sensitivity, low specificity. Use annual MRI and mammography for patients with 25%

lifetime risk of breast cancer
Digital Breast Tomosynthesis (DBT): improved lesion localization and characterization in
noncalcified lesions

• galactogram/ductogram (for nipple discharge): identifies lesions in ducts
metastatic workup indicated in Stage 11-1V disease: bone scan,abdominal U/S,CXR (or CT chest/
abdomen/pelvis), CT head (if specific neurological symptoms)

Physical Exam Findings in Breast
Cancer:
Lump/mass:Often firm, irregular, non-
mobile, unilateral
Pain: Usually thought of as painless,
however pain may be present
with rapidly expanding tumours or
inflammatory cancer
Inflammation (and peau d’orange):
There are many benign causes of
inflammation, however inflammatory
cancer can present similarly
Nipple or skin retractions/changes:
Nipple or skin retractions/changes:
Attachment of the tumour to skin/nipple
may cause retraction/distortion
Nipple discharge:Majority due to
benign causes, bloody spontaneous
discharge should be investigated for
malignancy
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Diagnostic Procedures
• "triple test" for diagnosis of breast cancer:

• clinical breast exam
imaging

>30 yr: mammography and U/S
<30 yr or lactating or pregnant: U/S (high breast density)

pathology ( biopsy)
U/S or mammography guided core needle biopsy: most common
needle aspiration: for palpable cystic lesions; send fluid for cytology if blood or cyst does not
completely resolve
excisional biopsy: only performed as second choice to core needle biopsy; should not be done
for diagnosis if possible

Genetic Screening
• consider testing for BKCAI /2 if:

• young patient (<35 yr)
bilateral breast cancer in patients <50 yr
patient diagnosed with breast AND ovarian cancer

• strong family history of breast/ovarian cancer
family history of male breast cancer

Staging
patients are assigned a clinical stage preoperatively (cl'NM); following surgery the pathologic stage is
determined (plNM)

• clinical
tumour size by palpation, mammogram, U/S, and/or MR1
nodal involvement by palpation, imaging
metastasis by physical exam, CXR, abdominal U/S (or O' chest/abdomen/ pelvis), and bone scan
(usually done postoperative if node-positive disease)

• pathological
• tumour size and type

grade: modified Bloom and Richardson score (1 to 111) - histologic, nuclear, and mitotic g
• number of axillary nodes positive for malignancy out of total nodes resected, extranodal

extension, and SLNB positive/negative
tumour biology: estrogen receptor ( ER), progesterone receptor ( HR), and HER2/neu oncogene
status
margins: for invasive breast cancer, negative margin is sufficient; for DC1S prefer 2 mm margin
lymphovascular invasion (LV1)
extensive in situ component (E1C):DC1S in surrounding tissue
involvement of dermal lymphatics (inflammatory) - automatically Stage Illb

Phyllodes tumours are rare
flbroepithelial breast tumouis that can
be benign or malignant that mostly
affect women from 35-55 yr

rade

Table 30. TNM Classification System for Staging of Breast Cancer (AJCC 2017)
Unfavourable
Features

Favourable
Features

Regional Lymph Nodes ( N) Distant Metastasis ( M )Primary Tumour (T)

TX Primary lumout cannot be assessed
10 No evidence of primary tumour
tis Ductal carcinoma insitu

NX Regional lymph nodes cannot be assessed MO Ho dislanl metastasis
NO No regional lymph node metastasis
HI Involvement ol 1-3 axillary lymph nodes

and/or clinically negative internal
mammary nodes on sentinel node biopsy

• "2 cm
• Grade I (low

grade)
• Node

negative
• ER positive
• Mucinous

pattern

• »5 cm
• Grade III (high grade)
• Node positive
• ER negative
• Inflammatory cancer
• Her2i'Neu positive
• Positive maigins
• lymphovascular
invasion
• Epidermal indusion

Ml Distant metastasis

11 Tumour s2 cm in greatest dimension
N 2 Involvement ol 4 -9 axillary lymph nodes or clinically

positive ipsilateral internal mammary lymph node

12 Tumour >2cm but <5 cm in greatest dimension
T3 tumour >5 cm in greatest dimention
T4 Tumour of any size with direct extension to chest wall

and/or skin

cyst
• Dermal lymphatics

involved

Pathology
Analysis of Circulating Tumour DNAto Monitor
Metastatic Breast Cancer
NEJM 2013:368:1199 1209
Study : i i : in • : ok , . . '

ONA, lancer anbgei 15- 3 (CA 15 3).and circulating
tumour cels in 30 women with metastatic breast
cancel leceiving systemic therapy. Ihe results were
compaied with radiographic imaging of tumours.
Results /Conclusions:Circulating tumour DNA was
detected in 97% ot women and showed greater
correlation with changes in tumour burden than did CA
15-3 nr circulating tumourcells. proving the earliest
measure of treatment response in 53 » of women.
CA15-3 and circidatng tumourcells were detected
in 78% and 81% at women, respectively.Circulating
tumour ONA may therefore he an informative
biomarker for metastatic breast cancer.

NON-INVASIVE

Ductal Carcinoma in situ (DCIS)
• proliferation of malignant ductal epithelial cells completely contained within breast ducts, often

multifocal
• 80% non-palpable; detected by screening mammogram as microcalcifications
• risk of invasive ductal carcinoma in same breast up to 35% in 10 yr
• treatment

lumpectomy with wide excision margins + radiation (5-10% risk of invasive cancer)
mastectomy if large area of disease, high grade, or multifocal (risk of invasive cancer reduced to
1%)
possibly tamoxifen as an adjuvant treatment
99% 5 vr survival
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Lobular Carcinoma in situ (LCIS)
• neoplastic cells completely contained within breast lobule
• no palpable mass and no mammographic findings; usually incidental finding on breast biopsy for

another indication
• LCIS is a risk factor for invasive carcinoma (approximately 1%/yr)
• treatment

if diagnosed on core biopsy, excisional biopsy necessary to rule out malignancy
• if diagnosed on excisional biopsy, wide excision not needed since LCIS is often multicentric and

not managed as precursor lesion
clinical follow-up and surveillance; consider chemoprevention (e.g. tamoxifen)

10 Year Survival after ItmlConstning Surgery
Plus Radiotherapy Comparrdwith Mastectomy
i it tally Breast Cancer in hit Metherlaads: A
Population-Based Study
Lancet Oncol 201G;17(8|:11S8
See landmark General and Thoracic Surgery Trials
table for mnre Wormation on tie10-year sanriral
alter breast-conserving surgery plus rai otherapy
compa red with mastectomy in early breast cancer.

INVASIVE

Invasive Ductal Carcinoma (most common 80%)
• originates from ductal epithelium and infiltrates supporting stroma
• four types: tubular, mucinous, medullary, and inflammatory
• characteristics: hard, scirrhous, inliltrating tentacles, and gritty on cross-section

• divided into three grades based on cytologic and architectural features: well differentiated (grade
1), moderately differentiated (grade 2), poorly differentiated (grade 3)

Invasive Lobular Carcinoma (8-10%)
• originates from lobular epithelium, 20% bilateral
• subtle thickening originating from lobes/lobules; usually positive for estrogen and progesterone

receptors
• harder to detect on mammography due to lack of microcalcifications (may benefit from MR1)

Paget’s Disease of the Breast (1-3%)
• ductal carcinoma that invades nipple with scaling, ulceration, erythema, and eczematous lesion

Inflammatory Carcinoma (1-3%)
• most aggressive form of breast cancer
• ductal carcinoma that grows in nests (vs. solid tumour); invades and blocks dermal lymphatics
• clinical features: erythema, skin edema, warm, swollen, and tender breast ± lump, nipple changes
• peau d orange indicates advanced disease (Illb-IV)

Sarcomas: rare
• most commonly phyllodes tumour, a variant of fibroadenoma with potential for malignancy
• can also be angiosarcomas - after previous radiation

Lymphoma: rare

Other
• papillary', medullary, mucinous, and tubular cancers
• generally better prognosis
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Treatment

Table 31. Breast Cancer Treatment by Stage
Primary Treatment Options Adjuvant Systemic TherapyStage

BCS * radiotherapy
BCS alone il margins >1cm and low nuclear grade
Mastectomy * » SLMB
8CS * axillary node dissection •radiotherapy
Mastectomy*’axillary node dissection /SIN 6

Consider postoperative tamosilen lor ER*. Iraslurumab lor
HER 2-*0 [in situ)

lis. NO, MO

May not be needed; discuss rislrs/benelits of chemotherapy
and tamoxifen

I
IA: T1. MO. MO
IB:11, N1ml , MO

BCS > axillary node dissection * radiotherapy
Mastectomy* axillary node dissection /SLNB

Chemotherapy lor premenopausal women or
postmenopausal and ER negative, followed by tamoxifen
if ER-

II
A:10. N1. M0
11. N1, MO
12. NO. MO
8:12. N1, MO
13. NO. MO
III likely mastectomy- axillary node dissection +

radiotherapy after chemotherapy (neoadjuvanl)
Neoadjuvant therapy should be considered ( i.e. preoperative)
especially if not resectable chemotherapy and/or hormone
therapy.Adjuvant radiation and chemotherapy may also be
appropriate ( i.e. postoperative)

A:10. N2.M0
11. N2, MO
12. N 2. M 0
13. N1. M0
13. N 2. MO
6:14, NO, MO
14. N1. M0
I4. N 2. M0
Inflammatory Mastectomy * axillary node dissection radiotherapy

Surgery as appropriate lor local control
Neoadjuvant therapy
Primary treatment Is systemic therapy (i.e.chemotherapy)
and/or hormone therapy

IV
any 1, any N. Ml
BCS - breast conserving surgery: SLNB •sentinel lymph node biopsy
'll no reason to select mastectomy,the choice betwvcn BCS •radiotherapy andmastectomy can be made according to paUenl s preference since
choice ol local treatment does not significantly affect survival If local control Is achieved

PRIMARY SURGICAL TREATMENT

Breast Conservation Surgery (BCS)
• lumpectomy must be combined with radiation for survival equivalent to mastectomy
• contraindications include

• high-risk of local recurrence (e.g. extensive malignant-type calcifications on mammogram ), and
multifocal primary tumours
failure to obtain tumour-free margins after re-excision
not suitable for radiation therapy (pregnancy, previous radiation, and collagen vascular disease)

• large tumour size relative to breast

BCS can be offered to most women with
stageI/ll disease

There is no survival benefit of
mastectomy over lumpectomy plus
radiation for stageIand II disease

Mastectomy
• radical mastectomy (rare): removes all breast tissue, skin, pectoralis muscle, and axillary nodes
• modified radical mastectomy (MRM):removes all breast tissue, skin, and axillary nodes
• simple mastectomy: removes all breast tissue and skin
• see Plastic Surgery. PL38 for breast reconstruction

Sentinel Lymph Node Biopsy (SLNB)
• performed in women with clinically node-negative invasive breast cancer and those with extensive

DGIS who are undergoing mastectomy
• patients with clinically suspicious nodes should get U/S i I 'NA prior to decision to proceed with SLNB
• technetium-99 ± blue dye injected at tumour site prior to surgery to identify sentinel node(s)
• intraoperative frozen section evaluated can be considered
• proceed with A1.N 1) if >3 positive nodes, with 1 -3 nodes whole breast radiation therapy maybe an

alternative
• 5% false negative rate

Axillary Lymph Node Dissection (ALND)
• perform in patients with:

locally advanced (T4a, b, c) or inflammatory breast cancer
clinically node-positive axilla, confirmed by INA or core biopsy, in a patient for whom
neoadjuvant chemotherapy is not planned

• several other specific cases (sentinel or axillary nodes, which remain positive after neoadjuvant
chemotherapy, axillary recurrence following previous breast cancer treatment, among others)

• side effects: risk of arm lymphedema (10-15%), especially if getting radiation therapy, decreased arm
sensation, and shoulder pain

Effect of Radiotherapy after Mastectomy and
Axillary Surgery on 10 Tear Rccurience aad 20
Yeai Breast Cancer Mortality: Meta -Analysis ol
Individual Patient Data for 8135 Women in 22
Randomised Trials
EBCICG ( Early Breast Cancel lilalists' Collaborative
Group)
lancet 2014; 383|993S|:2127-2135
Study:Assessed the elied of radiotherapy <t
women with one to three positive lymph node alter
mastectomy and an lary dissection ina meta - analysis
o!8135 women in 22 trials.
Results:for 300 women with axillary detection
and no positive nodes, radiotherapy had no
significant effect on local tegional recurrence, overall
recurrence, or breast cancer mortality. For 1314
women with axillary dissection and one to three
positive nodes, radiotherapy reduced local regional,
overall recurrence, and breast cancer mortality.1133
of these 1314 women were in trials in which systemic
therapy (cyclophosphamide, methotrexate, and
fluorpjtacj . ot tamoxifen) was given in both tiial
groups and radiotherapy again reduced local regional
recurrence, overall recurrence, and breast cancer
mortality, for1732 women with axillary dissection
and four ocmoie positive nodes, radiotherapy
reduced local regional recurrence, overall recurrence,
and breast cancer mortality.
Conclusion: Post mastectomy and axillary
dissection, radiotherapy reduced both recurrence
and bieast cancer mortality in the women with one to
three positive lymph nodes in these trials even when
systemic therapy was given.

r *s
i j

+

Activate Windows
Go to Settings to activate Window



GS70 General and Thoracic Surgery Toronto Notes 2023

ADJUVANT/NEOADJUVANT

Radiation
• indications

decrease risk of local recurrence; almost always used after BCS, sometimes after mastectomy
• inoperable locally advanced cancer
• axillary nodal radiation may be added if nodal involvement

Effect of Axillary Dissection vs. No Axillary
Dissection on 10-Year Overall Survival Among
Women With Invasive Breast Cancer and Sentinel
Node Metastasis:The ACOSOG 20011 (Alliance)
Randomized Clinical Trial
JAMA 2017;318(10):918-926
Purpose:Assessed whether the10 yr overall survival
of patients with sentinel lymph node metastases
treated with breast-corserr ng therapy and sentinel
lymph node dissection (SIND) alone without axillary
lymph node dissection (AUDI is non inferior to that of
women treated with axillary dissection.
Results: The 10 yr overall survival was 86.3% in
the SLND alone group and 83.6% in the ALNO group.
The 10 yr disease-free survival was 80.2% in the
SUD alone group and 28.2% in the ALNO group.10
yr regional recurrence did not differ significantly
between the 2 groups.
Conclusion:Among women with T1or12 invasive
primary breast cancer, no palpable aitllary
adenopathy,and 1or 2 sentinel lymph nodes
containing metastases.10-yr overall survival foe
patients treated with SIND alone was noninferiot to
oveiall survival for those treated with ALNO.

Hormonal
• indications

• ER positive plus node-positive or high-risk node-negative
selective estrogen receptor modulators (SERM) if premenopausal (e.g. tamoxifen) or aromatase
inhibitors if postmenopausal (e.g. anastrozole); optimal duration 5-10 yr

• other options include ovarian ablation (e.g. goserelin/GnRH agonist, oophorectomy), progestins
(e.g. megestrol acetate), and androgens (e.g. fluoxymesterone)

• palliation for metastatic disease

Chemotherapy
• indications

ER negative plus node-positive or high-risk node-negative
• triple-negative disease (ER/ PR and HER2-negative) - more common in younger and African-

American women
• ER positive and young age

stage 1 disease at high-risk of recurrence ( high grade, lymphovascular invasion )
• palliation for metastatic disease
• for HER2 positive breast cancer, add trastuzumab ± pertuzumab to the chemotherapy regimen

FOLLOW-UP

Post-Treatment Follow-Up
• assessment and physical exam q3-6 mo x 3 yr, q6-12 mo x 2 yr, and annually thereafter
• following BCS mammography q6- 12 mo; can reduce to annual once stable, no other routine imaging

unless clinically indicated
• women who receive tamoxifen should have regular gvnaecologic follow-up (increased risk of

endometrial cancer)

Local/Regional Recurrence
• recurrence in treated breast or ipsilateral axilla
• 1% per yr up to maximum of 15% risk of developing contralateral malignancy
• 5x increased risk of developing metastases

Metastasis
• bone > lungs > pleura > liver > brain
• treatment is palliative: hormone therapy, chemotherapy, radiation
• overall survival of metastatic breast cancer is 36-60 mo
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Surgical Endocrinology

Thyroid and Parathyroid
• see Endocrinology. E24

Thyroidectomy
• indications:some thyroid cancers or suspicious thyroid nodules, metastases to thyroid, large

(substernal) or symptomatic thyroid goitre, toxic nodules, or some patients with Graves’ disease (not
candidates for RA1)

• preoperative workup: thyroid U/S for thyroid nodules, ENA for nodules >1 cm with suspicious U/S
features or for most nodules >1.5 cm with low suspicion U/S features, and Cl' neck for preoperative
staging when advanced disease is suspected

• complications
• lobectomy: recurrent laryngeal nerve palsy (hoarseness or swallowing issues), neck hematoma

total thyroidectomy: same as above plus hypoparathyroidism/hypocalcemia, bilateral RLN palsy
(requiring tracheostomy)
20-75% of patients need thyroxine after lobectomy and 100% need thyroxine after total
thyroidectomy

Parathyroidectomy
• elevated calcium found for any reason as an outpatient (but also incidental finding as inpatient) is

likely primary hyperparathyroidism and should be investigated further
• indications: symptomatic primary hyperparathyroidism (osteoporosis/stones), asymptomatic

primary hyperparathyroidism with specific laboratory criteria (profoundly elevated serum Ca2+,
hypercalciuria/asymptomatic kidney stones, Cr clearance <30% normal, <50 yr)

• contraindications: familial hypocalciuric hypercalcemia
• preoperative localization to find parathyroid adenoma. Localizing studies include:99mTc sestamibi

scanning with ± SPLCT, U/S, contrast CT
• complications: recurrent/superior laryngeal nerve injury, postoperative hypocalcemia, infection, and

bleeding

Adrenal Gland
•see Endocrinology, E35 and E40
•functional anatomy

• cortex:glomerulosa (mineralocorticoids), fasciculata (glucocorticoids), and reticularis (sex
steroids)
medulla:catecholamines (epinephrine, norepinephrine)

•types of adrenal tumours: functional (e.g. Cushing’s syndrome, Conn’s syndrome,

pheochromocvtoma) or non-functional

INCIDENTALOMA
•adrenal mass discovered by investigation of unrelated symptoms/issues

Epidemiology
•benign adenoma (70-80%) > metastases to adrenal (22%) » cyst carcinoma, pheochromocvtoma,

neuroblastoma
•metastasis to adrenal gland from: lung > breast, colon, lymphoma, melanoma, and kidney
•peak incidence of carcinoma: females ages 50-60, risk decreases with increasing age and male gender

Investigations
•CT:size >4-6 cm is best predictor of primary adrenal carcinoma (92% are >6 cm), MRI is not as good

as CT and does NOT need to be done after CT
•functional studies

pheochromocvtoma: plasma metanephrines (highly specific and sensitive). If not available, 24 h
urine catecholamines
Cushing’s:24 h urine cortisol or 1 mg overnight dexamethasone suppression test

• aldosteronoma:electrolytes, AM aldosterone, AM plasma renin activity level, ARR (Aldosterone-
Renin-Ratio). If inconclusive, saline suppression test if appropriate
not routinely - only if clinical suspicion: adrenal androgens: 17-OH progesterone and
dehydroepiandrosterone ( DHEAS)

•ENA biopsy: NO T APPROPRIATE in most cases. Diagnostic adrenalectomy by high volume endocrine
surgeon ideal if diagnostic uncertainty
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Treatment
• functional tumour: resect
• non-functional tumour

>4 cm:consider resection
• <4 cm: follow-up imaging in 6-12 mo, resect if >1 cm enlargement

genetic testing important for ALL Pheochromocytoma/paragangliomas as >30% are related to
genetic syndrome

Pancreas
INSULINOMA
• tumour that secretes insulin
• most common pancreatic endocrine neoplasm; 10% associated with MENI syndrome

Clinical Features
• Whipple's triad
• palpitations, trembling, diaphoresis, confusion, seizure, and personality changes o
Investigations
• blood work: decreased scrum glucose and increased serum insulin and (.'-peptide, pro-insulin
• CT, HUS, MKI: insulinomas evenly distributed throughout head, body, tail of pancreas

Whipple's Triad
• Symptomatic fasting hypoglycemia
• Serum glucose <2-8 mmol/l
• Relief of symptoms when glucose is

administeredTreatment
• only 10% are malignant
• enucleation of solitary insulinomas may be done endoscopically
• tumours >2 cm located close to the pancreatic duct may require pancreatectomy or

pancreaticoduodenectomy Zollinger-Ellison Syndrome
Characterized by gastric acid
hypersecretion caused by secretion
of gastrin from gastrinomas: patient
experiences diarrhea and abdominal
pain, as well as peptic disease and reflux
disease

GASTRINOMA
• tumour secreting gastrin;cause of Zollinger-Ellison syndrome,associated with MEN1

Clinical Features
• abdominal pain, PUD,severe esophagitis
• multiple ulcers in atypical locations refractory to antacid therapy

Investigations
• blood work:serum gastrin levels (usually >1000 pg/mL), secretin stimulation test
• endoscopy:90% of patients develop peptic ulcers
• CT, EUS, MRI:70-90% found in Passaro’s triangle (head of pancreas medially, 2nd portion of

duodenum inferiorly, and the confluence of the cystic and CBD superiorly)
• somatostatin receptor scintigraphy scan

Hypertrophic Pyloric Stenosis
Non-bilious emesis in infants is the
classic presentation

Treatment
• 50% are malignant
• surgical resection of tumour dependent on location
• non-surgical treatment: high dose PPI, octreotide (somatostatin analogs)
• radiation therapy may be considered for nonsurgical candidates

Rule of 2s for Meckel's Diverticulum
• 2% of the population
• 2:1 male-tofemale ratio
• Symptomatic in 2% of cases. Found within 2 feet (10-90 cm) of the

ileocecal (1C) valve
• 2 inches in length
• 2 inches in diameter
• 2 types of tissue (ileal or ectopic

gastric, pancreatic)
• Often present by 2 y/o

VASOACTIVE INTESTINAL PEPTIDE-SECRETING TUMOUR
• tumour secreting VIP; commonly located in the distal pancreas and most are malignant when

diagnosed

Clinical Features
• severe watery diarrhea causing dehydration , anorexia, weakness, and electrolyte imbalance

(hypokalemia)

Investigations
• blood work: serum VIP levels. CT, MRI, EUS

Treatment
• repletion of fluid and electrolytes
• somatostatin analogues
• surgical resection/palliative debulking LJ
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Paediatric Surgery
Clinical Features Physical Exam Investigations Treatment
and History

Condition Epidemiology and Pathophysiology
Risk Factors

Prognosis

U/S if suspect
pathology

t-2%of livebvths
Majority resolve
spontaneousbylyr
MF-61
Prematurity

Communicating hydroceles: Painless scrotaI mass Transiilummalion
processus vaginalis connects Communicating suggests
peritoneumwithtunica hydroceles increase hydrocele
vaginalis, so peritoneal fluid in sire with standing Silk glovesign:
flows freety between the two or valsalva,may be gentlypupating
with potential for abdominal absent in the morning hydroceiesac
contents to enter groin (Le. and large in the overpubic
inguinal hernia) evening tubercle feels
Noncommunicatinghydroceles:
processus vaginalis isclosed
and more fluid produced
than absorbed in tunica
vaginalis: inolder children,
may be secondary to testicular
pathology (e.g.reactors
hydrocele)

Most resolve spontaneously *2% recurrence
bylyr
Surgical repair if:
Persistence »2 yr

Hydrocele
(seetl'ology.U32)

Pain
Fluctuating in sire which
suggests communication
Cosmetic reasons
Infectionlike rubbingsilk

on silk

Hypertrophic
Pyloric Stenosis

0.031.Che of live Acquired pyloric circular Projectile non-bilious Smooth oblong
muscle hypertrophy results in vomiting T2cm“olive"
gastric outlet obstruction Vomiting 30 -60 min mass palpable
Hypovolemia causedby emesis after feeds above umbilicus

Electrolytes (assess Fluid resuscitate with NS. Pytoromyotomy
hypochloremia. correct electrolyteand acid,1 curative
dehydration) base abnormalities with
U/S showspyloric OS.V2MS * 20mEqilKCI at
length 17 mm.musde maintenance rate
thickness >4 mm NG lube decompression
UpperGI series
(necessary only when
U/S is unavailable or
non-diagnostic)will
show“stringsip"

births
Can present at
I20 wk.most
commonly at 6 8 wk ol gastric contents causes

hypochloremic,hypokalemic
metabolic alkalosis
Electrolyte exchangebased
volume retention in kidneys
results In paradoxical acitfciria

Hungry after vomiting intheSUQ
Dehydration (variable Visible left to-
severity)

M:F-4:1
Early erythromytin
exposure (*13 d old)

right gastric
contraction

unnecessary
Pyloromyotomy,open
(Ramstedt vs. tiansumbilical or
laparoscopic approach) is the
definitive treatment
Alternative therapies such as
IPR wait or atropine impractical
due to long time course of effect

“waves" after
feeding

Congenital
Diaphragmatic
Hernias
3 types:
Posterolateral
(Bochdalek)
Left-sided (85%)
Right-sided (13%)
Bilateral, rare,
often fatal

1in 2000 to 5000 live Combinations of smal bowel.
large bowel,stomach,and

Presents vnthn hours solid viscera (spleen,liver)may Cyanosis
of life althoughsome herniate into thorax
cases of delayed
presentation

Early respiratory
distress

Decreasedair
entry r bowel
soundsinthe

Scaphoid abdomen chest
Prenatal diagnosis (hsp’acedheart

sounds

Prenatal USMRI Intubatei'ventilate
Orogastric suction
Period of respiratory

Better outcomes in
later presentations
Neurodevelopmental

stabilization due to associated impairment
pulmonary hypoplasia (may
require extracorporeal
membrane oxygenation)
Scxgical repair after stable by andscoliotic defects as
hernia reduction and closure ol potenbal complications
diaphragmatic defect open vs. of thoracotomy
thoracoscopic vs. laparoscopic long-term surveillance
nth or without prosthetic or for potential recurrence

muscular patch
depending on sice of defect

ABObirths
CXR (bowel loopsin
hemithorax.shifted
heart)
Echocardiography
Genetic consultation
if warranted

Hearing defrat(40%)
Assocated GERDVarying degrees of puhnonary

hypoplasia and pulmonary
»10= are associated hypertension possible
with other congenital
anomalies

MSKdefects chest wallM-F

Prenatal diagnosis
commonAnterior IMorgagm)

Fibre to thrive
Chronic lung disease if
severe hypoplasia

Hiatus

1-3%of population
M:F-3:1Present most

Failure of vitelline duetto
regress 5-7 wkrncrfero:
50% containheterotopic

Tenderness and
distension (lower
abdomen) near
umbilicus

Stabilize,resectionby
laparotomy or laparoscopy t
incidental appendectomy

Meckel's
Diverticulum
Most common
remnant ol vitelline
duct that connects
yolk sac with
primitive midgut

BRBPR (heterotopic
gastric mucosa in
Meckel'scausing

frequently during first tissue (e.g. gastric mucosa. mucosal ulceration
5 yr of kfe ectopic pancreas):other andbleedingin
Symptomatic m 2% associated anomalies include adjacent small bowel
of cases omphalomesenteric fistula. mucosa)

umbilical sinus,umbilical cyst Abdominal
sepsis (Meckel’s

AXR Resection curative
Meckel scan:scan
for ectopicgastric
mucosa with
technetium Tc99m
pertechnctate IV
(sensitivity 85%.
specificity 95%)

and fibrous band
diverticulitis ±
perforation)
Small bowel volvulus
around fibrous band
Intestinal obstruction
symptoms

1:500 live txrttisMatrotation failure of gut lo normally
1/3 present byInk rotatearound SMA with
ofage.34by1mo associated abnormal intestinal rlabdomen
of age.90%bylyr attachments and anatom*positions

Represent a spectrum of
Higher incidence rotational abnormalities
among patients with including complete non-
cardiac anomalies or rotation (which Isnot at
heterotaxy syndromes high-risk (or volvulus)

Cardinal sign:bilious Bilious drainage
emesis (especially from NG tube

Tachycatdic.pale
nondistended) Diaphoretic
If bilious emesis with Flat abdomen
distended abdomen. Tenderness
consider surgical
exploration to raleout
volvulus
Rectal bleed (late/
ominous signs)
Intermittent
symptoms

AXR: obstruction
of proximal S80.
double-bubble
sign,intestinal wall
thickened
Immediate UGt
dilated duodenum,
duodenojejunal
segment (Ligament
of Treitz) right of
midline and not
fixed posteriorly
over spinalcolumn,
“corkscrew"sign
indicating volvulus
U/S:“whirlpool"
sign,abnormal SMA
SMV relationship
indicates UGI to
rule out rotational
anomalies

tv antibiotics
Fluid resuscitation
EMERGENUAPAROfOMYLadd
procedure:counterclockwise
reduction of midgut volvulus,
division of Ladd's bands,
division of peritoneal
attachments between cecum
and abdominal wall that
obstruct duodenum,broadening
of themesentery (open folded
mesentery likea book and
dhnde congenital adhesions),r
appendectomy
Positioning the bowel into non-
rotation(SB0 in right abdomen.
LS0inleft abdomen)

Mortality related to
length of bowel loss:
W% necrosis 100%
survival rale.75%
necrosis 35%survivalof age

M:F-1:1 rate
Recurrence2-6%

r m
u J

+

Activate Windows
Go- to Settings taactivateWindows.



GS7‘IGeneral and Thoracic Surgery Toronto Notes 2023

Condition Epidemiology and Pathophysiology
Risk Factors

Clinical Features Physical Exam Investigations
and History

Treatment Prognosis

Gastroschisis 1:2000 live births Delect of abdominal wall near Hot associated with Hollow viscera Prenatal U/S
Antenatal diagnosis umbilicus,with free extrusion genetic syndromes |slomach.small Elevated MS AFP
common of intestine intoamniotic cavity 10% with intestinal and large bowels)

No specific environmental atresia Delect lateral
factor identified Some cases
Defect in embryogenesis associated with short right)
unclear bowel syndrome due Bowel may

be inflamed,
thickened.

NG lube decompression
IV fluids
IVanlibiotics
Keep viscera moist and
protected until surgical
reduction with primary
abdominal closure or staged
closure with silo
May have bowel dysmotility
requiring motility medications

>90% survival rale

Increased risk with
younger maternal
age andassodated
withIUGR
Rate slightly higher in
male infants
Smoking

to cord (usually

to antenatal volvulus
andnecrosisof
herniated bowel mailed,

foreshortened
Defect siie
variable

1:5000 live births
Antenatal diagnosis
common

Defect of abdominal wall and 30-70% associated
umbilical ring,with extrusion with genetic
of sac-covered viscera (amnion, syndromes (e.g.

Lower gestational age Wharton’s jelly,peritoneum) Pentalogy of
Increased maternal through the umbilical ring Cantrell,congenital

Duhamel's theory failure of heart disease,
body wall morphogenesis
Commonly associated with
rotational abnormalities of the Associated pulmonary

hypoplasia

Hollow viscera Prenatal Ur’S
(stomach,small Elevated MS AFP
and large bowels,
often liver)
Sac present with
cord attached

40-70%survival rate
Higher survival rales
most likely related to
antenatal mortality
of fetuses with giant
omphaloceles

Omphalocele NG tube decompression
IV fluids,IVanlibiotics
Small defect [<2cm):
Primary closure
Medium (2-4 cm) and large
(>4 cm) defects:silver
sulfadianne coupled with
compression dressing (toallow
eptlhelialitation and gradual
reduction) or Silon Silo Pouch,
followed by future repair tmesh

Repair if not spontaneously
closed by age 5
Earlier repair of large
“ptoboscoid"hernias with
extensive skin stretching may
be warranted lor cosmetic
reasons
Simple primary closure of
fascial defect

III
MF-1 5:1 Beckwith Wiedemann

syndrome, fnsomy 18)

intestine

Incidence 2-14%
Increases with
prematurity
Decreases with
Increasing age

UmbilicalHernias Majority
peritoneal and fascial layers asymptomatic
within umbilicus by 4 yr Majority (95%)
Hernia isperitoneum-lined and spontaneously resolve less common

abdominal wall
Incarccralionpriorlo herniasthaldo
ageSveryrarc not spontaneously
Mostsymptomsoccur resolve (e.g.
in late adolescence or epigastric

hernias)
Most defects >1.5
cm in infancy
will not dose
spontaneously

Incidence 2-14% Duodenal failure ol bowel to Gastric distension Complete physical Conlrasl enema $ NP0
May be antenatally recanabre after endodermal and vomiting (usually Special attention UGI with small bowel NG tube decompression
diagnosed by dilated epithelium proliferation (wk bilious) to abdominal follow through(S8FI) Fluid resuscitation
bowelloopsor 8-10) Duodenal maybe exam,perineum. Group and screen IPN
‘‘double-bubble"sign Jejunal/ileal acquired as a associated with andanus
on x-ray for duodenal result of vascular disruption » other anomalies Include evaluation surgery
atresia ischemic necrosis * resorption (tracheoesophageal of respiratory

of necrotic tissue -•blind distal fistula,cardiac. distressand
renal,and vertebral signs ol volume

Colonic mechanism unknown, anomalies).24-28% depiction
Ihoughl lobesimilar to small have Down syndrome Congenital

Jejunal/ileal within anomalies
2 d of birth,may be Jaundice
associated with CF
Colonic within3 d
of birth

Incomplete closure of Protrusion from
umbilicus
Different from

None if
uncomplicated

Rarely become
incarcerated
Low risk of recurrence

skin- covered by age 4
Sire of fascial defect
determines chances ol
spontaneous closure

adulthood

Long-term survival:
Duodenal 86%
Jejunal/ileal 84%
Colonic100%

Intestinal Atresia

INR and PIT if for Broad spectrum antibiotics
Duodenal
duodenoduodenostomy or
duodenojejunostomy
Jejunal/ileal primary
anastomosis:or if atresia
associated with short bowel
then may createend stoma
or defer surgery for bowel
lengthening procedures
Colonic primary anastomosis

Decreased with
increasing age and proximal ends

bowel atresia

1:5000births
M:F-3:1 to 4:1.
approaches1:1when resulting in aganghomc bowel spontaneously within Squirt/blast sign aganglionosisand
whole colon involved that (ails to perislalseand 48 h of life (95% pass
Canhave internal sphincter that fails to meconium within 24
aganglionosis of small relax (internal anal sphincter h,5% within 48 h)
bowel as well achalasia) causing functional Symptoms of
Familial and partial mechanical
Hirschsprung's in <5% obstruction, respectively
of cases

Deled in migrationof
neurocrcst cells to intestine

Congenital
Aganglionic
Meirschsprung's
Disease

Failure to pass
meconium

t Abdominal Rectal biopsy (gold
standard) look for

Duhamel pull- through
procedure: surgical resectionol near -normal anorectal
aganglionic intestinal segment function
and anastomosis of remaining
intestine to anus
Either innewborn period
or staged if extensive
aganglionosis

Mosl have normal/
distension

neural hypertrophy Complications:
fecal incontinence
and constipation,
postoperative
enterocolitis (medical
emergency if
progresses to sepsis)

Contrast enema to
find narrowrectum
and transition cone
Anal manometry
unreliable ininfants
classic finding is
absence of redoanal
inhibitory reflex

bovrel obstruction:
abdominal distension,
constipation,bilious
emesis

Starts in the rectum and
variable involvement
proximally:REI mutation Enterocolitis/sepsis

failure lothrive
Cryptorchidism Most common

congenital
abnormality of the
GU tract
2-5%of termmales
moslol these descend
spontaneously by 6
moolage
1% ol males do
not spontaneously
descend
Suspect in
prematurity

Palpable testicle Scrotal
Descent is mediated by INSL3 within inguinal canal asymmetry

ortestidewhichcan Bi-annual
be milked down into testicular exam

hCG to stimulate testosterone
production and descent
Orchidopexy especially if
undescended byage
6 mo-2 yr

Orchidopexy
Decreasedrisk of
torsion and blunt
trauma to testicle
No effect on malignant
potential of testicle
Descent can preserve
spermatogenesis rl
performed by1y»

Idiopathic Depends onageof
presentation
Older child:LH.FSH.
Mullerian inhibiting

the scrotum (called with palpation substance. hCG
retractile testis) Distinguish truly stimulation test
Occasionally no undescendcd lor gonadotropin
palpable testis as it is testis Irom production
intra abdominal retractile testis Infant:U/S.FSH.
Consider other (which is “high" LH,karyotype,
congenital testis dueto MIS.17-hydrojcy-
abnormalities hyperactive progesterone

cremasteric If non-palpable:
muscles) exam under

and testosterone
Descent usually begins at
28 wk

i. J
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Condition Epidemiology and Pathophysiology
Risk Factors

Clinical Features Physical Exam Investigations
and History

Treatment Prognosis

Intussusception Most common cause Usually idiopathic
of bowel obstruction Usually startsat Ileocecal
between 6-36 mo junction
26:100.000 newborns Telescoping ol bowel into itsell pain

causing an obstruction and
Pathologic lead vascular compromise
points:enlarged
Payer 's patches due
to viral infections of
the Gl tract,polyps.
Meckel's diverticulum
CF. lymphoma andI8D
may increase risk

Abdominal exam AXR for signs of
Palpate
1«masses
(especially
sausage shaped
upper abdommal
mass) and
tenderness
Signs ol bowel
obstruction:
distended
abdomen
Look for localized
peritonitis
which suggests
transmural
ischemia
Abdominal
distention

If peritonitis,consider operative 10% recurrence rale
If recurent - more
likely nonidiopathic
If successfully reduced
by enema in older
childrenallow 2 wk
resolution of edema
before performing SBFT
to ruleout pathologic
lead points

Acute onset
abdominal pain
Episodic "colicky"

bowel obstruction or management
perforation
U/S if suspect
pathology

Hon operative management
involves reduction via air

M:F-3:2 Vomitingt bilious
Abdominalmass
Currant- jelly stool
suggests mucosal
neuosisand

contrast enema
Operativeiedudion (open or
laparoscopically)
Resection of involved colon
if failure to leduce or bowel
appears compromisedsloughing

Tracheoesophageal 1:3000 1:4600 Defect in the lateral seplatron Varies with type of
Fistula (TEF) Typically occurs with ol live foregut into the

esophageal atresia esophagus and trachea causing May have history
connection between the of maternal

polyhydramnios
May present after
several months
(if no associated
esophageal atresia)
of non-bilious
vomiting, coughing,
cyanosis withreeds,
respiratory distress,
recurrent pneumonia,
frothy bubbles of
mucus in mouth,and
nose that return after
suctioning

X-ray: anatomic Investigate for other congenital Complications:
abnormalities.HG anomalies
tube curled in pouch Early repair by surgical ligation reaebseaitways

lo prevent lung damage and disease
maintain nutrition and growth Following repair:

esophageal stenosis
andstricturesat
repair site.GERD,
and poor swallowing
(i.e.dysphagia,
regurgitation)

Ml pneumonia,sepsis.
esophagus and trachea
Associated anomalies in 50%:
VACTERL association

Inguinal Hernias 5%of all term
newborns

All infant hernias are indirect:
descent of intra-abdominal

2x risk andmore likely contents through the internal
bilateral if pre-term
M:F-4:1
low birth weight
increases risk
1/5 inguinal hernias
will become
incarcerated if patient
is «1yr
Incarceration is more
common in females
Associated with other
conditions: androgen
insensitivity,
connective tissue
diseases

Palpate far
presentation:painless “bag of worms" standard
intermiltent mass
in groin,may also
note extension into varicocele
scrotum (scrotalmass Biannual
in absence of inguinal testicular exam• difficult)
massisa hydrocele) palpation along
II incarcerated:
tender,vomiting, firm evaluate for any
mass,erythema then masses
cyanosis of mass may "Silk sign"

palpable
thickening of cord
Mass palpated
alexternal
inguinal ring and
reducible through
inguinal canalinto
abdomen
Must always
try reduction
to confirm that
hernia is not
incarcerated

Physical exam isgold Manual reduction in the ER lo Risk of recurrence after
relieve acutesymptoms

suggests U/S only if physical For reducible hernia:repair
possible testicular exam uncertain within a few wk (if «1yr) vs.

(e.g. in small infants elective repair (rl >1yr)
where exam can be For incarcerated hernia: repair was incarcerated/

immediately (emergency) strangulated
Herniorrhaphy (laparoscopic or
open) definitive treatment by
reduction of herniated contents
and high ligation of sac for
indirect hernias

Most common
surgical reduction
<3%.higher if repair
done in premature
infants or if hernia

inguinal ring Ihrougha patent
tunica vaginalis
Inguinal hernia can be
reducible,incarcerated
lunreducible).or strangulated

inguinal canal to

be noted

Skin Lesions All inguinal hernias of infancy and
childhood require repair at the earliest
convenience: emergent repair if
incarcerated/strangulated• tee Perinatology.08;Emergency Medicine.EK43;Plastic Surgery. PL5
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Common Medications
Drugs and DosingTypes

Antiemetics dimenhydrinate (Gravol - ) 25- 50 mg P0/IV/IMq4 -6hprn
prochlorperazine (Stemetil ®) 5-10 mg POT'/.'IM BID-TID prn
metodopramide [Maxeran - ) 10 mg IV,'IM q2-3 h prn.10-15 mg P0 010 (30 min before meals and OHS)
ondansetron (Zofran 5) 4 8 mg P0 q8 h prn
granisetron (Kytril:)1mg P0 810 (for nausea from chemolherapy/radiation)

acetaminophen t codeine (Tylenol 43/plain)12 labsq4 - 6 h P0/PR pin

hydromoiphonc1-2 tabs P0 q4 h prn.0.5-2 mg IV q3- 4 h prn
ibupiofcn 200 400 mg P0 q4 -6 h prn
morphine 2.5 -10 mg IM/SC <|4 6 li pm »12 mg IVglhprn for breakthrough
ketorolac (loradol ' ) 30 60 mg IM/IV q6 h prn
acclammophcn/oxycodone (Percocet 1325/5mg.12 labs P0 q4 6 h pin

heparin 5000 units SC BID. it cancel patient thenhepaiin 5000units SC TI0/ BID
daltepaim fFiagmin - ) 5000 units SC daily
enoxapann (Lovenox;) 40 mg SC daily

loperamide (Imodium!) 4mg P0initially,then 2mg P0 after each loose stool up to 16 mg/d
diphenoxylate -' atropine (Lomotil - ) 2 tabs/10 mLPO 0ID
sennosides (Senokol - ) 12 tabs OHS
docusate sodium (Colace - )100 mg P0 8ID
glycerine suppository 1 tab I’ll pin

lactulose 15 -30ml P0 010 pin

milk olmagnesia (MOM) 30 - 00 ini P0 010 prn
bisacodyl IDulcolax ' 110 -15 mg P0 pin

zopidone (Imovane ' ) 5- 7.5 rng P0 OHS prn
loiaicpam (Alivan ' ) 0.5-2 mg P0/SL OHS prn

celatobn (Ancef )1g IV/IM on call to OR or q8 h - CP except Interococcus.GN only f.call , Klebsiello, and Pioteus
cefalexm (Keflex’) 250-500 mg P0 0ID - listeria.GP except Interococcus, GN only l, cob.Klebsiella,and Pioteus
ceftriaxone1-2 g IM/IV q24 h broad coverage including Pseudomonos
ampicillin1-2 g IV q4 -6h- listeria,GP [ Interococcus) except Streptococcusmb 6.coli,oral anaerobes except

gentamicin 3-5 mg/kg/d IM/IV divided q8 h:monitor creatinine,gentamicin levels GN including Pseudomonas
ciprofloxacin 400 mg IV g12 h. 500 mg P0 810 -Gil including Pseudomonas
metronidazole (Flagyl - ) 500 mg PO/IV BIO (500 mg P0 TID lor C.difficile) - anaerobes
clindamycin 600-900 mg IV qS h.150 400 mg PO 0ID - GP except Interococcas.anaerobes
pipcracillin/lazobadam 3.375 g IV qG h - GP.GK.and anaerobes
vancomycin 1g IV q12 h - GP and MRSA
sulfamclhoxazoleftiimdhoprliri OS ISeptra ' ) PO 810 - GP.GN including Hocoidia
bismuth subsalicylate (I’cplo- Bismol ) 2 tubs or 30mlPO q30 mm 1 h up to 8 doses /d
side effects:black stools, risk of Reye's syndrome in children
ASA •citrate * bicarbonate (Alka -Seltzer ' ) 2 labs in 4 oz wafer P0 q4 h prn, max 8 labs
aluminum hydroxide « magnesium hydroxide (Maalox ) 10 20 ml or 1- 4 tabs P0 prn
calcium carbonate (Turns - )1-3 g P0 q2 h prn
calcium carbonate and magnesium hydroxide (Rolaids'-) 2 4 tabs P0 q1h prn. max 12 tabs /d

Analgesics

DVT Prophylaxis

Anlidiarrheals

Laxatives

Sedatives

Antibiotics

Bacteroides

Over -the-Counter
Medications
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Landmark General and Thoracic Surgery Trials
Clinical Trial DetailsTrial Name Reference

GROIN HERNIAS
Outcomes of
Laparoscopicvs.Open
Repair of Primary
Ventral Hernias

JAMA Surg 2013;148:1043-1048 Title:Outcomes of Laparoscopic vs.Open Repair of Primary Ventral Hernias
Purpose:To compare outcomes olpatients undergoing laparoscopic ventralhernia repair (LVHR) vs. open ventral hernia repair (OVHR).
Methods:Single centre,retrospective study of S32 consecutive patients who underwent an elective PVH repair.The outcomes of the LVHR
and OVHR were compared in terms of the primary outcomes olinterest SSI.hernia recurrence,and bulging.
Results: T9 patients with LVHR matched lo 79 patients with OVHR with mesh with a median follow-up of 56 mo.LVHR was associated with
fewer SSIs (7.6 o vs.34.1%) but mote cases of bulging (21.5% vs.1.3%) and port-site hernia (2.5% vs.0.0%).No differences in recurrence
were observed.
Conclusions:LVHR is associated with fewer SSIs bulmore clinical cases ol bulging and risk of developing a port-site hernia, compared to
OVHR.

ACUTE CHOLECYSTITIS
Title: laparoscopic cholecystectomy versus percutaneous catheter drainage for acute cholecystitis inhighrisk patients (CH0C0LA1E):
multicentrc randomised clinical trial
Purpose:To assess whether laparoscopic cholecystectomy issuperior to peicutaneous catheter drainage in high risk patients with acute
calculous cholecystitis.
Methods:142patients were randomiced to either the laparoscopic cholecystectomy group or to the percutaneous catheter drainage group.
Results:Although rate of death did not differ significantly between the laparoscopic cholecystectomy and percutaneouscatheter drainage
group,the complication rate in the laparoscopic cholecystectomy was significantly lower than that of the percutaneous catheter drainage
(12% vs.65%).The drainage group compared to thecholecystectomy group required reintervention ata higher rate,had recurrent biliary
disease more frequently.and had longer lengths of stay.
Conclusions: Laparoscopic cholecystectomy comparedwith percutaneous catheter drainage reduced the rale of ma|or complications in high
risk patients with acutecholecystitis.

CHOCOLATE BMJ 2018:363:1(3965

BREAST CANCER
Title:10 Year Survival aftci Breast-Conserving Surgery Plus Radiotherapy Compared with Mastectomy in Early 8reast Cancer in The
Netherlands: A Population-Based Study
Purpose:To evaluate10 yr overall and bieasl cancer -specific survival after breast conserving surgery plus radiotherapy compared with
mastectomy in Dutch women withearly breast cancer.
Methods:Population study of women from the Netherlands Cancer Regisliy diagnosed with primary,invasive,stage 11-2,NO 1,MO breast
cancer,undergoingeither breast-conserving surgery plus radiotherapy or undergoing mastectomy.
Results:Breast -conserving surgery plus radiotherapy showedimproved10 yr overall and relative survival compared with mastectomy in
early breast cancer,but 10 yr distant metastasis-free survival was improved with breast -conserving surgery plus radiotherapy compared
with mastectomy in theUNO subgroup only, indicating a possible role of confounding by severity.
Conclusions:Breast -conserving surgery plus radiotherapy is al least equivalent to mastectomy with respect to suvrval and may influence
treatment decisions for patients.

10 Year Survival
alter Breast
Conserving Surgery
Plus Radiotherapy
Compared with
Mastectomy in Early
Breast Cancer in
The Netherlands:A
Population-Based
Study

lancet Oncol 2016;17(8):1158
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Acronyms
ACEl angiotensin converting enzyme ESAS

inhibitor
activities of daily living
adverse drug reaction
benign prostatic hypertrophy GCA
blood urea nitrogen
cognitive behavioural therapy GFR
comprehensive geriatric
assessment
chronic kidney disease
central nervous system

cardiac output
creatinine clearance

Edmonton Symptom Assessment MMSE Mini Mental Status Examination PPS
MS multiple sclerosis

musculoskeletal
NE norepinephrine

Palliative Performance Scale
per rectal
parathyroid hormone
personal support worker
peptic ulcer disease
peripheral vascular disease
rheumatoid arthritis
serotonin-norepinephrine

reuptake inhibitor
selective serotonin reuptake
inhibitor
transient ischemic attack
tricyclic antidepressant
urinary incontinence

Scale PR
ADL ESR erythrocyte sedimentation rate MSK

gamma-aminobutryic acid
giant cell arteritis

PTH
PSWADR GABA

BPH NP nurse practitioner
gastroesophageal reflux disease NPIAP National Pressure Injury

Advisory Panel
NSTEMI non SI elevation myocardial

infarction

PUD
GtIJUBUN PVD

CBT glomerular filtration rate
instrumental activities of daily
living
inflammatory bowel disease NYD
irritable bov/el syndrome
international normalized ratio PCI

RA
CGA SNRIIAUL

SSRICKD IBD not yet diagnosed
over the counter
percutaneous coronary
intervention
power of attorney

CNS IBS OTC
CO INR TIA
CrCI LOC level of consciousness

left ventricle
TCA

POALV Ul

Physiology and Pathology of Aging
Holistic Considerations for Aging
• aging is a loss of homeostasis relating to a breakdown in maintenance of specific molecular and

cellular structures and pathways
• some of these changes are specific to the tissues of certain organs, whereas others occur over a number

of organ systems
• normal age-related changes represent biologic processes common to everyone as they age; however,

the rate and extent is extremely heterogeneous; thus, for the same chronological age, individuals may
present with a different biological age or frailty level

• major categories of impairment develop with old age and affect the physical, mental, and social
domains of older adults, usually due to many predisposing and precipitating factors rather than a
single cause

The table below outlines the physiological changes that occur with aging and their organ specific
impacts. In addition, it outlines pathological conditions occurring in greater frequency in older adults.
Physiological changes may predispose older adults to pathological conditions; however, unlike normal
changes of aging, not all older adults will develop pathological changes associated with aging

Functional Assessment
(ADLs and lADLs)

ADls: ABODE TT lADls: SHAFT TT

Ambulating
Bathing

Continence

Shopping
H ousework

Accounting.'Managing
finances
Foodpiepaiation

Tianspwtation
Telephone

Taking medications

Diessmg
Eating
Tansfenmg
Toileting
Can use lorrn.ilassessment took such as
the Lavrton-Brody Instrumental Activities ot
Daily Living Scale to assess functioning

Table 1. A Systems-Based Analysis of Potential Changes That Can Occur with Aging
System Physiological Changes Impact of Physiologic Changes Pathological Changes

Occurring Frequently with
Older Adults

Comprehensive Geriatric Assessment foi Older
Adults Admitted to Hospital
Cochrane OB Syst Rev 2017;CD0062t1
Purpose fo deteimire whether CGAuo improve cue
provided toolder adults admittedlo hospital.
Results Conclusions Inpatient CGA increases
kkefihood that patients will be alive in then own
homes at 3-12 mo follow-up frisk ratio (KB) 1.06.95%
Cl1.01-1.10|.decreases the likelihood that patients
will be admitted to a nursing home at 3-12 mo (BB
0.80.95% Cl 0.72-0.89),and results isktlle oino
difference in dependence (BB 0.97.95% Cl0.89101),
Evidence lor cost reflectiveness of performing a CGA in
older adults admitted to hospitalIs inconclusive due
to imprecision and inconsistency among studies.

Neurologic Mild Impact on woiking memory and
processing speed
Deduced sleep lime
Reduced fine-motor control
Reducedreflex response

Eyes:thickened lenses, reduced pupil Eyes:reduced visual acuity,dark
diameter.Increased lipid infillrates, adaptation
decreased lacrimal gland secretion ENI: teduced sense of smell and lasle.
ENT: reduced saliva,atrophied hair
cells,reduced cochlear and inner
ear neurons,reduced ossicular
articulation

Increased left ventricular thickness
and stiffness
Increased vascular resistance
Reduced pacemaker cells
Decreased barorcllex and autonomic
reflexes
Decreased vessel elasticity,
cardiac myocyte size and number,
8-adrenergic responsiveness

Increased tracheal cartilage
calcification,mucous gland
hypertrophy
Decreased elastic recoil,increased
residual volume,reduced vital
capacity, forced expiratory volume
Reduced chest wall compliance

Increased Intestinal villous atrophy
Decreased esophageal peristalsis,
gastric acid secretion, liver mass,
hepatic blood flow, calcium, and iron
absorption

Decreased brain mass and cerebral
blood flow
Increased white mailer changes
Reduced number of neuions
Reduced action potential speed

Increased insomnia,
neurodegcneiative disease (e.g.
Vascular dementia.Alzheimer's
disease),stroke

Increased glaucoma,cataracts,
macular degeneration,presbycusis,
presbyopia, tinnitus, vertigo, oral
dryness

Senses

reduced detection olhigher frequency
sounds, reduced vestibular function

Cardiovascular Increased sBP, decreased dBP.HR,CO,
wide pulse pressure
Heart and blood vessels less responsive
to physiological stress

Increased atherosclerosis.CAD.Ml,
CHT.HTN,arrhythmias,orthostatic
hypotension

Comprehensive Geriatric Assessment loi
Community-Dwelling,High-Risk.And frail Older
People
Cochrane D8 Syst Rev 2022:000012705
Purpose: Appraisal of the effectiveness olusing
the CGA for community -dwelling, high-risk, and frail
older adults.
Results Conclusions CGA resultednnodiflerenre
m mortality duringmedian follow -upat 12 months
(BB 0.88 95% Cl 0.76-1.02),and concurrently no
difference innursing home admission|RB 0.93,
95% Cl 0.76 to1.14|.CGA may decrease therisk of
unplanned hospital admission overUmonths of
Mow-up (Rfi 0.83 95% Cl 0.70 to 0.99).

Increased COPD.pneumonia,
pulmonary embolism

Respiratory Decreased arterial partial pressure ol
oxygen, decreased exercise tolerance,
decreased pulmonary reserve

rn
L J

Gastrointestinal Reduced Bl2, calcium andiron absorption Increased dysphagia,cancer.
diverticulitis,constipation, fecal
incontinence, hemorrhoids, intestinal
obstruction,malnutrition,weigh! loss +
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Table 1. A Systems-Based Analysis of Potential Changes That Can Occur with Aging
System Physiological Changes Impact of Physiologic Changes Pathological Changes

Occurring Frequently with
Older Adults

Renal and Urologic Decreased renal mass and number of Decreased cGFR and concentration ability Increased urinary incontinence
renal tubules andglomcruli, reduced ol kidney
renal blood flow

and urgency, nocturia , BPH.
proslate cancel, pyelonephritis,
nephrolithiasis. Utl. testicular atrophy,
proslate enlargement

Increased urine pH
Reduce nerve density and diminished Reduced hydroiylation ol vitamin D
detrusor function in bladder Proteinuria
Reduced diurnal anlidiurelic hormone Urinary frequency and urgency

Hocturia
Reproductive Decreased androgen, estrogen,

sperm count,vaginal secretion
Decreased ovary, uterus, vagina, and
breast sire
Increased Nt. PIN. insulin,
vasopressin
Decreased thyroid and adrenal
corticosteroid secretion

Increased breast and endometrial
cancer, cystocele, rectocele.atrophic
vaginitis

Endocrine Increased DM. hypothyroidismImpaired stress response

MSK Increased calcium lossfrom bone Decreased strength (note: reduced motor Increased arthritis, bursitis.
Decreased muscle massisaicopenia, strength on neurological examination is osteoporosis, muscle weakness with
cartilage, synovial fluid lubrication not expected) gait abnormalities, polymyalgia

Joint stiffness and reduced joint capsule rheumatica
flexibility

Atrophy of sebaceous and sweat
glands
Decreased epidermal and dermal
thickness, dermal vascularity,
melanocytes, collagen synthesis,
elaslin synthesis
Increased skin laxity, wrinkles, and
skin stiffness

Integumentary Increased skin laxity, wrinkles, and skin Increased lentigo, cherry
stiffness, and easy bruising hemangiomas, pruritus, seborrheic

keratosis, herpes roster, decubitus
ulcers, skin cancer, easy bruising,
onychomycosis.senile purpura.
xerosis cutis

Decreased antigen-antibody affinity, Reduced response to new pathogens. Increased susceptibility to
decreased efficacy of neutrophils and reduced response to immunizations and malignancies, infections, and
macrophages,decreased numbers need for boosters autoimmune conditions
of B and T cells (excluding memory B Blunted fever response and atypical

presentation of infections which may
lead to delayed care

Immunologic

and memory I cells)

Psychiatric Decreased processing speed,
cognitive flexibility.visuospalial
perception , working memory.and
divided attention
loss of synaptic plasticity

Increased depression, dementia,

delirium, suicidahty, anxiety, sleep
disruption

Framework for the Approach to the Older Adult
History: A Brief Geriatric Screen Using “The 5 M’s Framework”
• mind: consider mentation, dementia, delirium, and depression

• consider more validated screening when concerns are raised from family members
• consider asking if patients suffer from chronic pain

• mobility: observe for impaired gait and balance and consider fall injury prevention strategies
consider evidenced-based ways to reduce injuries: exercise, vision evaluation and treatment,
home safety assessment, occupational therapy support, calcium and vitamin D supplementation

• medications: monitor for polypharmacy, consider de-prescribing where possible, check adherence,
check medication understanding from patient perspective, be cautious of adverse medication effects

• multimorbidity: use a bio-psycho-social approach to assess a patient’s comorbidities
• matters most: explore values and priorities (maintaining independence, preventing adverse events,

optimizing comfort, prioritizing prolonged life)

Focused Geriatric Physical Exam
• general and vital signs: weight (signs of cachexia, unintentional weight loss), height (reduction may

indicate vertebral compression fractures or osteoporosis), blood pressure, and orthostatic vitals
• head and neck: test visual acuity, in-office hearing screen (whisper test), dentition, denture fit,

lymphadenopathv, and neck masses
• cardiac: auscultate for arrhythmias, murmurs, extra heart sounds
• respiratory: auscultate, observe for SOB
• peripheral vascular exam: assess for arterial or venous insufficiency, inspect for edema and ulcers,

palpate for diminished peripheral pulses
• dermatologic: look for premalignant /malignant lesions especially on sun-exposed areas, examine for

pressure sores in patients with diabetes, especially those who are immobile, examine for unexplained
bruises or signs of elder abuse

• MSK: determine range of motion of all joints, based on history and focused joint exam for arthritic
features

• gait: check footwear and fit of gait aids, assess gait, Romberg for balance, and 30 s sit-to-stand test
• neurologic: examine cranial nerves, examine tone, reflexes, sensation, upper motor signs, and power

in upper and lower extremities

r n
L
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Presentations in Older Adults

Constipation
•see Gastroenterology, G27

Definition
•Rome IV Diagnostic Criteria (£2 must be present in 1/4 of bowel movements for S3 mo with

symptom onset 6 mo prior):
straining

« hard stools
sensation of incomplete evacuation
use of manual maneuvers to facilitate defecation
sensation of anorectal obstruction/blockage
<3 bowel movements per wk

• patients must meet both of the following criteria:
loose stool rarely present without the use of laxatives
does not meet Rome IV criteria for IBS

Epidemiology
•chronic constipation increases with age (up to 1/3of patients >65 yr experience constipation and 1/2

of patients >80 yr)
•in the elderly, chronic constipation may present as fecal impaction and overflow diarrhea

Etiology
•neurological: dementia
•metabolic: hypercalcemia, hypothyroidism, hypokalemia
•nutritional: low dietary fibre, dehydration
•drugs association with constipation:

• OiC
opioids
psychotropics (e.g.antipsychotics, TCAs)
anticholinergics (e.g.dimenhydrinate, diphenhydramine, TCAs, antimuscarinics for urinary
incontinence)
calcium channel blockers
diuretics
supplements (e.g. iron, calcium)

Pathophysiology
•impaired rectal sensation (increased rectal distention required to stimulate the urge to defecate)
•colorectal dysmotility

Alarm Symptoms
•fever
•blood in stool
•severe nausea/vomiting, severe abdominal pain
•abdominal/rectal mass
•unintentional weight loss
•obstipation
•new changes in bowel habits when age >50 yr
•unexplained anemia or iron deficiency on blood work

Treatment
•non-pharmacological

bowel training
» increase fibre intake (note:bulking agents, e.g. psyllium,Metamucil*, may worsen constipation in

some)
• ensure adequate fluid intake
• increase physical activity

•pharmacological
• see f igure I
• discourage chronic laxative use

review medication regime, reduce dosages or substitute
•see Common Medications,GM17

+
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Chronic Constipation j
A Double-Blind. Placebo-Controlled Study of
Prucaloprido in ildorly PatientswithChronic
Constipation
Neurogastioenteiol Hotil 2010:22(91991 98
Purpose: lo assess the efficacy, safety,and
tolerability of prucalopride in chronically constipated
elder ty patients.
lesults/Conclusions Ire prucalopnde dose range
tested(1-4 mg duly) is effective at promoting bowel
movements,nunmiiiingconstipation- associated
symptoms,and nptonng quality of life.It Is safe
and well-tolerated in elderly patients wtb chronic
constipation.

{ Fecal ImpactionNO YES
4

Remove constipating medications (if possible)
Increase fluid intake

Increase activity or exercise
Increase fibre intake (20-30 gfd)

Start Urned toilet training

Perform manual disimpaction
Use enemas and/or suppositories
Start bowel regimen to prevent

recurrence
4

Milk of magnesia
Lactulose
Peg-Lyte

Senna compounds
Bisacodyl

YES Effective NO the Effect of Probiotics as a Treatment for
Constipation in the Elderly:ASystematic Review
Arch GerontolGeriatr 2017:71:142 49
Purpose: Evaluate the effectiveness of probiotxs
m treating elderly constipation, as an alternative to
traditional dug based tieatments.
Results Conclusions Analysis of placebo controlled
RCIs suggested that administration ol probiotics
significantly impioved constipation in the elderly
by 10 AO1icompared toplacebo,further trialsare
requited to elucidate optimalprotocols of probiotic
treatment regimens.

i i
polyethylene glycol (PEG3350 high dose)Continue regimen j

YES NOEffective
4

^ Continue regimen j In ’
Lubiprotone Biofeedback therapy

Idyssynergic defecation)
Alvimopan

Methylnaltrexone
opioid-induced constipahon)

Figure1.Treatment algorithm for the management of chronic constipation in older adults
Adapted from:Clin Interv Aging 2010:5:163-171

Delirium
•see Psychiatry. PS23 and Neurology. N21

Definition
•acute and potentially reversible disturbance in cognition, attention, or level of consciousness

Epidemiology
•delirium is especially common among patients in the 1CU setting, postsurgical setting, and general

medical setting
• up to 25% of patients after elective surgery

50% of patients after high-risk procedures (e.g. cardiac surgery, hip-fracture repair)
up to 75% of mechanically ventilated patients in the1CU

•can affect all ages but is especially common in hospitalized older adults
one-third of general medical patients >70 yr have delirium

Screening/Diagnostic Tools
•screened using the Confusion Assessment Method: delirium likely if 1 + 2 and either 3 or 4 are present

1. acute onset and fluctuating course
2. inattention
3. disorganized thinking
4. altered level of consciousness

•classified as: hyperactive, hvpoactive, or mixed

Differential Diagnosis
•3Ds (dementia, delirium, depression) can present with overlapping cognitive changes

An Approach to Delirium: “DIMS-R”
•D: drugs (consider prescribed, over the counter, overdose, intoxication, and withdrawal)
•I: infection (consider urinary tract, lungs, skin, bacteremia)
•M: metabolic disturbances (consider fluid imbalances, electrolyte abnormalities, nutritional

deficiencies)
•S: structural insults (cardiovascular, CNS,pulmonary, Gl)
•R: retention (urinary retention, constipation)

Work-Up
•work-up is not universal and depends on possible causes based on history and physical exam:

drugs, toxins, withdrawal: medication review, substance use history
• infection, infarction, inflammation: CBC, urinalysis,urine culture,blood culture, CXR, EGG,

troponin, creatinine kinase

Delirium inOlder Persons:Advances inDiagnosis
and treatment
JAMA 2017:318(12):1161-74
Purpose:To provide overview of current state of
diagnosis andtreatment of delirium andidentify
prom sing areas for future research
Methods:Controlled vocabulary and keyword terms
were seaabed in Ovid MEDLINE Embase and the
CochraneLibrary with focus cn studies conducted In
elderly populations.
Results:127articles met inclusion criteria.High
sensitnrity and specificity brief screening tools and
measures of delirium sererity contribute to ability
foif agnose.Heat risk stratify,and prognosticate
patents.Honphatmacologic approaches are
effective for delirium preventionand retommeeded
for dehriumtreatment. Pharmacologic treatment
(antipsycbotics.other sedatives) for agitation
shouldonly be used if the patient is at safety risk
fo thniselnsoiothers or is impeding medical
treatment oltbe underlying cause.
Condusioa:Better screening and diagnosis
of dehrium leads to bettei nsk stratification.
Nonphamucotogic approaches of delirium prevention
are effect.re.whereas pharmacological management
o!delmum is controversial.

+

Activate Windows
Go to Settings to activate Windows.



GM6 Geriatric Medicine Toronto Notes 2023

metabolic: basic and extended electrolytes, vitamin Bt ’, TSH, LI T, toxicology screen, glucose,
arterial blood gas/venous blood gas, creatinine
structural: neurologic exam, CT head Antipsychotics for Treating Delirium in

HospitalizedAdults:A Systematic Review
A nn Intern Med 2019:1)1:435-95
Purpose Eviluile willi current literature the
risks and benefits of antipsyctiotics in delirium
management hosp.tal zed adults.
Study Selection: KIs of antipsychoticvs. placebo
01 another antipsychotic,iswell as prospective
observational studies that report barms, ate selected
through searches on PuSMed.Embase,CENlltAl,
CINAHL. and PsytIHFO from inceptron to July 2019.
the review selected 16 RCtsard 10 observat onal
studies ofhospitalired adults.
Data Synthesis: No significant difference m sedation,

delirium,hospital length-of-stay. or mortality
between haloperidol and second-generation
antipsychotics vs. placebo. No difference Inmodality
m direct comparisons between second-generation
antipsychotics.While shortterm use ofantipsychotics
lor delirium managementdoes not appear to pose
neiiiotogicalhatm, it posesa risk of 01 protongalion.
Conclusion . Ire current evidence does not suppoit
the routine use ol haloper dot or second-generation
antipsychotics in delirium management for adult
inpatients.

Delirium Prevention in Older Adults
•ensure optimal vision and hearing to support orientation (e.g. appropriate eyewear and hearing aids)
•frequent reorientation techniques
•family visitation
•maintaining a routine in prolonged hospital stays
•ensure adequate dentition
•adequate pain management
•provide adequate nutrition and hydration (up in chair to eat and drink whenever feasible)
•encourage regular mobilization to build and maintain strength, balance, and endurance
•avoid unnecessary medications and monitor for drug interactions
•avoid bladder catheterization
•ensure adequate sleep at night and wakefulness during the day

Table 2. Differentiating the Three Ds of Cognitive Impairment
Dementia Delirium Depression
Gradual or step - wise decline
Months to years

Progressive, usually irreversible

Aculc (hours todays)

Days to weeks
Fluctuating, reversible
High morbidily/morlalityin
very old
Fluctuating
Impaired, difficulty concentrating
Impaired, fluctuating
Severe agitation/retardation

Subacule (weeks to months)

Variable
Recurrent, usually reversible

Onset
Duration
Natural History

Level of Consciousness NormalNormal
Intact initially
Intact initially
Oisinhibition. loss of ADlitADLs.
personality change
Normal
Fragmented sleep at night
Labile, flattened, apathetic

Chronic,gradually progressive
decline in cognilion
Domains impacted depend on
dementia subtype
Short term memory impairment
is predominate in Alzheimer's
dementia

Attention
Orientation tldcr Abuse Prevalence inCommunity Settings: A

Systematic Review and Meta -Analysis
lancet Glob Health 2017:5:117-56
Purpose: Snce quantitative syntheses of elder abuse
prevalence are raie. the study aimed to quantity
and understand prevalence variation at global and
regional levels.
Methods: A comprehensive search strategy from
M databases was employed to identity elder abuse
prevalence studies in the community, published from
inception toJune 2015. Subgroupanalysis and meta-

regression were used to eiptore heterogeneity.
Results: 52 of the 38544 in t ally identified studies
were eligble loi inclusion,all of wh ich were
geographically diverse (28 countries). The pooled
prevalence estimates werelt.6% for psychological
abuse. 6.8% for financial abuse. 4.2% lor neglect.
2.6% lor physical abose. and 0.9% lorseiual abuse.
Significant heterogeneity was found in associations
with overall prevalence estimates, including sample
size, income classification, and method of data
collection, but not with gender.
Conclusion tldei abuse isa neglected pubk health
priority,especially compared with other types of
violence. Elcder abuse seems to affect1in 6older
adults worldwide, a figure totaling 141million people.

Intact
Importuning, self-harm/suicideBehaviour

Slowing
Early morning awakening
Depressed. stable
Impdired concentration

Psychomotor
Sleep-Wake Cycle
Mood and Affect
Cognition

Fluctuates between eitremcs
Reversed sleep-wake cycle
Anxious,irritable, fluctuating
Fluctuation precededby mood
changes
Inattention

May have impaired short- term
memory

Possible impairment in episodic
memory

Memory Loss

Evidence on Management of Delirium:
• see “Antipsychotics for Treating Delirium in Hospitalized Adults: A Systematic Review”

• see “Delirium in Older Persons: Advances in Diagnosis and Treatment"

Elder Abuse
Definition
• includes physical abuse, sexual abuse, emotional /psychological abuse, financial exploitation, and

neglect
• elder abuse is a criminal offence under the Criminal Code of Canada and in most EJ .S. states

Elder Abuse Screening tools: A Systematic Review
J Adult Prot 2017:19:368 )9
C ontext and Purpose: Wrth high rates of morbidity
and mortality,along with deleter bos psychological
harms,elder abuse is often difficult to detect, this
study seeks to review currently available elder abuse
screening tools.
Results:11of 34 full text studies met inclusion
criteria and weie included« the final analysis.
01 these, three studies reported sensitivity and
specificity while the remainder reported validty and
reliability testing.Ultimately, the dinical environment
will dictate the choice ol screening tool,
limitations Ydiiatior.s n tool qualitiesand
characteristics led to challenges in data synthesis.
A further challenge was the lack of a gold standard
screening tool(or elder abuse, for evaluation of
heterogeneity.
Conclusion Research on screening tools remains
hard-pressed in distinguishing those assessing
suspected or actual elder abuseard those assessing
risk lactorsfor abuse. Allhough screening tools cany
inherent Imitations, they can be used to guide luithei
assessments lor an object,-* diagnosis.

Epidemiology
• in Canada in 2019, almost 4518 seniors were victims of police-reported family violence
• the perpetrators of family violence against seniors were identified to be their grown child (34% of

cases) and their spouses ( 26% of the cases)
• in older adults >60 yr, elder abuse is estimated to occur in 10% of patients
• insufficient evidence to include/exclude screening in the Periodic Health Exam

Risk Factors

Table 3. Risk Factors for Elder Abuse
Situational Factors
Victim Characteristics

Social
Physical or emotional dependenceon caregiver
lack of close family lies
History ol family violence
Dementia or recent deterioration in health
Related to victim
Dependency on older adult (e.g. financial dependency)

+
Perpetrator Characteristics
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Screening Tools
• Elder Abuse Suspicion Index© (EASI©): a six-item questionnaire to raise a physicians level of

suspicion for elder abuse and promote referral of possible victims for further assessment by social
services

EASI
For each of the 6 Items below, indicate
“yes."“no." or “did not answer." A response
of “yes" on1+ of questions 2-6 is concerning
for elder abuse
010.S asked of patient;0.6 answered by
doctor (Within the last 12 months)

Management
• assess patient’s decision-making capacity regarding any proposed intervention
• address imminent safety
• consider referral to local resources ( home care, respite agencies, shelters, legal services, police

services, government-supported elder abuse consultants)
• create emergency safety plan
• offer assistance with reporting abuse
• in Ontario, reporting elder abuse is mandatory when an older adult resides in a Long-term Care Home

or a Retirement Home

1 Have you relied on people for any of the
following:bathing, dressing, shopping,
banking, or meals?

2 Has anyone prevented you from getting
food, clothes, medication, glasses,
hearing aids or medical care, or from
being with people you wanted to be with?

3 Have you been upset because someone
talked to you in a way that made you feel
shamed or threatened?

4 Has anyone tried to force you to sign
papers or to use your money against your
will?

6 Has anyone made you afraid, touched
you in ways that you did not
you physically?

6 Doctor;Elder abuse may be associated
with findings such as:poor eye contact,
withdrawn nature, malnourishment.
hygiene issues, cuts, bruises,
inappropriate clothing,or medication
compliance issues. Did you notice any of
these today or in the last 12 months?

MkHJ.NlunC.URiwick M.eU.fcwkprent and
nMdioo ola tool to assist ptry*cats'ajenbliuljon ol elder
abuse Tie Elder torse Suspicion tnta(EIS! ;|.J Elder Abuse
«ed»O8:2O(3i:276 3O0.
Mips '«ww.rricgill.tJiTjmlyir«'4re»*ch,projettslelder

Falls
Definition
• an event resulting in a person coming to rest inadvertently on a lower level, other than as a

consequence of sudden paralysis, epileptic seizure, or overwhelming external force

Epidemiology
• approximately 20-30% of older adults >65 yr fall each year in Canada, prevalence increases with age

falls resulting in injury (e.g. broken/fractured bones, sprain/strain, concussion ) were more likely
to occur in women than men
25% associated with serious and 1/3 of hospitalizations were associated with hip fractures
more than 1/3 of older adults are admitted to long-term care after hospitalization

Etiology
• intrinsic factors

age-related changes and diseases associated with aging: MSK (arthritis, muscle weakness),
sensory (visual, proprioceptive, vestibular), cognitive (depression, dementia, delirium, anxiety),
cardiovascular (CAD,arrhythmia, Ml, low BP), neurologic (stroke, decreased LOC, gait
disturbances/ataxia), and metabolic (glucose, electrolytes)
orthostatic/syncopal
acute illness, exacerbation of chronic illness

• extrinsic factors
environmental (e.g. home layout, slippery surfaces, overcrowding, new environments)
side effects of medications, polypharmacy (>4 medications), and substance misuse (e.g. alcohol
misuse)

• situational factors
activities (e.g. rushing to the toilet, walking while distracted)

want, or hurt

o
Additional Canadian Resources for
Management of Suspected Elder Abuse
Older A dults Safety Line: 24/7
confidential phone line providing
Information and referrals for older adults
experiencing abuse
Advocacy Centre for the Elderly
Canadian Network for Prevention of
Elder Abuse

History and Physical Exam
• falls history:pre-fall symptoms (chest pain, syncope, presyncope, palpitations), infectious symptoms,

mechanisms, loss of consciousness, head trauma, neck/cervical spine trauma, post-fall (how long were

Key Clinical History Findings in Falls
Evaluation

they on the ground, who helped them up, post-fall confusion or amnesia)
• extended history: previous falls and/or gait instability, intrinsic, extrinsic and situational factors,

associated symptoms, medication and alcohol use, change in medications
• have a witness present, if possible, for interview
• physical exam:orthostatic BP, injury screen,cardiac, visual acuity, examination of feet and footwear,

gait assessment, Timed Up-and-Go Test, MSK, neurologic

SPLATT
Symptoms
Previous falls
Location of falls
Activity at the time of fal I
Time of fall
Trauma

Investigations
• CGA to identify potential causes
• investigations should be tailored based on history and physical examination. Ihey might consist of:

CBC, electrolytes, BUN,creatinine, glucose, Ca 2+, TSH, vitamin B12, urinalysis, cardiac enzymes,
ECG,CT head (as directed by history and physical), coagulation profile

• bone densitometry (dual-energy X-ray absorptiometry) for osteoporosis screening in all women and
men >65 yr

Interventions
• interventions depend on the identified intrinsic and extrinsic risk factors.First address any acute

illness that precipitated the fall and treat any injuries or complications
• muscle strengthening, balance retraining (e.g.Tai Chi) with appropriate assistive devices, and group

exercise programs
• hip protectors
• fitted gait aid
• multidisciplinary, multifactorial, health and environmental risk factor assessment, and intervention

programs in the community

Impact of Medication Classes on Falls
Risk in Geriatrics (Odds Ratios)
• Antidepressants (1.68)
• Neuroleptics/antipsychotics (1.59)
• Benzodiazepines (1.57)
• Sedatives/hypnotics (1.47). Antihypertensive agents (1.24). NSAIDs (1.21). Diuretics (1.07). fl-blockers (1.01)
MeManalpkol the impact <49oaSutrai
clamonMlt in eWerly persons.IntiMemMed
20O9:l69f2t):t952-1960

n
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• home hazard assessment and modification with potential for collaboration with occupational therapy
(e.g. remove loose rugs and tripping hazards, add shower bars and stair railing, improve lighting)

• prescription of vitamin D 1000 1U daily if vitamin D stores are low
• optimization of calcium in diet with 1200 mg of supplemental calcium advised if osteoporosis is a risk
• tapering or gradual discontinuation of psychotropic medication
• postural hypotension, heart rate, and rhythm abnormalities management
• eyesight (cataract surgery) and footwear optimization
• compression socks if venous stasis edema

Will My Patient Fall ?
JAMA 2007;197:77-86
P urpoic Ip identify the prognostic Hint of mk
farlors lor future falls amoirqolder patients.
Study Selection: Meta anaiysisot prnspectnae cohort
studies of list factors lor falls.
Results It studies were included. Clin calif
identiliable risk factors were identified across 6
domains:oitliostatic hypotenvon, visual impairment,
impairment of gait or balance, medication
use. limitations in DDLs or UDls.and cognitive
impairment. Ihe estimated pretest probebilitr ol
falling at least once in any g .ven yr lor individuals »6b
yr was 2J% (95% Cl19-36% ).Patients who have fallen
m the past year are more likely to falI aga n (182.3•

2.8). Best predictors of future falls were dislorbances
n gait or balarce|lR 1.7-2.4).while visual
impairment impaired cognition, and medication were
not reliable predittors.
Conclusions Screening for nsk ot fallingdliragthe
cluneal examination begins with determining if the
patient has fa lien in the past yr.For patentswho
have not previously fallen, screening consists of an
assessment of g ai t and balance. Patients who have
fallen or who have a gaitor balance problem are at
higher risk of future falls.

Frailty
Definition
• frailty:clinicallv-recognizable state of decreased reserve in older adults with increased vulnerability

to acute stressors resulting from functional decline across multiple physiologic systems
• functional decline: progressive limitation in the ability to carry out basic functional activities
• frailty is associated with higher risk of in-hospital death, adverse events, length of stay, hospital re-

admission, and newly dependent at discharge following critical illness

Dulhousie University Clinical Frailty Scale

Severe Frailty
Completely dependent on others
for personol cine, from whatever
cause Iphysical or cognitive I.
Even so.they seem stable and
not at high risk of dying (within-6 mol

1 Very Fit
People who are robust, active,
enorgotlc.and inotnrotod.
They tend to exorclso regularly
and are among the fittest for
their ege.

4 Very Mild Fraility
Previously "vulnerable'Eoily
transition from complete
Independence. While not dependent
on others for dally help, often
symptoms limit activities- A common
complaint is being "slowed up"

onCkor bump bred during the day

i
Very Severe Frailly
Completely dependent for
personal cato and
approaching tho end of fafo.
Typically, they could not
recover even from a minor

Fit 5 Mild Frailty
A More evident slowing and need

help with high ordoi lADLs
(finances, transportation, heavy

J/A housework).Mild frailty
4 PfW^ssivaly impairs shopping,

walking alone outside, moal prop. illness,

medications and bogins 1o restrict
light housework.

People who have no active
disoaso symptoms, but are less fit
than category 1. Ofton, they
exercise or are very active
occasionally (e g. seasonally).

Moderate Frailty
Need help with all outsido activities
and housekeeping. Ofton have
problems with stairs, need help
bathing, and might need minimal
assistance with dressing (cuing.

Terminally III
Approaching tho end ol life
Poople w ill a life expectancy ol
<6 mo, who are not otherwise
living with severe frailty. (Many
terminally ill people can still
exorcise until very close to death).

( Managing Well
Poople whoso medical problems
aie well controlled, ovoti if
occasionally symptomatic, but are
not regularly active beyond

routine walking

Scoring Frailty in People with Dementia
Degree of frailty generally corresponds to degree of dementia

Mild Dementia
Common symptoms include forgetting tho
details of a recent event, though still
remembering the event itself. Repeating the
samo question/story and social withdrawal

Severe Dementia
They cannot do personal caro without holp.

Very Severe Dementia
They are often bedfast Many are
virtually muto.

Moderate Dementia
Rocont memory is vary impair od. even
though they seemingly can remember
past life events well. Can do personal
care with prompting.

Figure 2. Rockwood Clinical Frailty Scale
Adapted from and reprinted with permission:Geriatric Medicine Research,Dalhousie University.Halifax,Canada. :2005-2020 Version 2.0.All rights
reserved.

MODELS OF FRAILTY

Physical Frailty (PF) Phenotype (Fried et al.)
•Frail: >3 criteria; at-risk or pre-frail = 1 or 2 criteria

1. shrinking: unintentional weight loss (baseline: >10 lbs or 5% total body weight lost in prior
yr)

2. weakness: grip strength in lowest 20% (by gender, BMl)
3. poor endurance: as indicated by self-report of exhaustion
4. slowness:walking time/15 feet in slowest 20% (by gender, height)
5. low activity: keals/wk in lowest 20% ( males: <383 keals/wk, females: <270 keals/wk)

Cumulative Deficit Approach (Rockwood et al.)
•balance between assets (e.g. health, attitudes, resources, caregiver) and deficits (e.g. illness, disability,

dependence, caregiver burden ) that determines whether a person can maintain independence in the
community

•frailty index: number of deficits present /number of deficits possible

Etiology
•multifactorial:dvsregulated immune, endocrine, stress, and energy response systems lead to

development of clinical frailty

ri
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Table 4. Etiologies of Frailty
MechanismEtiology

Physiologic Changes with Aging Saicopenia (age- related loss of skeletal muscle and strength),
decreased mass and increased stiffness of organs, decreased reserve
capacity of systems
Elevated levelsof circulating interleukin-6, C-readive protein,white
blood cells.and monocytes associated with skeletal muscle decline
Elevaled dotting markers (factor VIII, fibrinogen, D-dimer) upregulates
dolling cascade
Chronic inflammation
Sarcopenia via:

Decreased growth hormone and IGF-1
Increased cortisol levels
Decreased 0HEAS
Decreased 25 (OH) vitamin D

Immune System

Endocrine System

Stress dysregulation of autonomic nervous system
Age- related changes in renin-angiotensin system and mitochondria likely impact sarcopenia and inflammation

Evidence-based Approach to the Frail Older Patient. CGA
• includes: past medical history, medications, allergies, social history, function, and geriatric

review of systems (cognition, mood, sleep, pain, nutrition, falls, continence, vision/hearing,skin,
and safety)

• physical exam
investigations:CBC, electrolytes, TSH, vitamin Bi’, vitamin D, LFTs, extended electrolytes

• management
CGA to tailor management of geriatric syndromes (e.g. falls,cognitive impairment, incontinence)

• physical activity programs, nutritional optimization, multicomponent interventions
interdisciplinary primary care
referral to Acute Care for Elders (ACE) unit for inpatients who are living with frailty

• medication optimization
• caregiver support

Immobility
Definition
• limitation in independent and voluntary physical movement of the body or one or more lower

extremities
• associated with disability, increased frailty and risk of falls, decreased quality of life

Etiology and Risk Factors
• multifactorial; functional assessment in addition to comprehensive history-taking and

interdisciplinary approach to care is crucial
• psychological

• fear of falling, motivation, depression
• physical changes

MSK disorders: history of hip or leg fractures,osteoporosis,arthritis
• neurologic disorders:stroke, Parkinson's disease, severe dementia, neuropathies
• cardiovascular: CHE, angina secondary to CAD, claudication secondary to PVD
• sensory:poor vision,decreased peripheral sensation/proprioception

• interpersonal/social factors
• environmental changes

• iatrogenic ( healthcare facilities)
deconditioning secondary to prolonged bed rest
inadequate mobility aids

• poorly controlled chronic and acute pain

Complications
• cardiovascular: orthostatic hypotension, venous thrombosis, embolism
• respiratory:decreased ventilation, atelectasis, pneumonia
• gastrointestinal:anorexia, constipation, incontinence, dehydration, malnutrition
• genitourinary:infection, urinary retention, bladder calculi, incontinence
• MSK: atrophy, contractures, bone loss
• skin: pressure injuries
• psychological:sensory deprivation, delirium, depression

ri
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Incontinence
Fecal Incontinence

Definition
• involuntary or inappropriate passing of feces that impacts social functioning or hygiene
• severity can range from unintentional flatus to the complete evacuation of bowel contents
• there are three subtypes:

1. passive incontinence: involuntary discharge of stool or gas without awareness
2. urge incontinence: discharge of fecal matter in spite of active attempts to retain bowel

contents
3. fecal seepage: leakage of stool following otherwise normal evacuation

Epidemiology
• the incidence of fecal incontinence differs by setting:community (17-36%), hospital (16%), and nursing

home (33-65%)
• risk factors: constipation, age >80 yr, female sex, UJ, impaired mobility, dementia, neurologic disease

Etiology
• physiological changes with age >80 yr (e.g. decreased external sphincter strength, decreased resting

tone of internal sphincter, weakened anal squeeze, increased rectal compliance, and impaired anal
sensation)

• trauma (e.g. vaginal delivery, pudendal nerve damage, cauda equina)
• iatrogenic

• surgical (e.g. anorectal surgery, lateral internal sphincterotomy, hemorrhoidectomy, colorectal
resection)

• radiation (e.g. pelvic radiation)
• neurogenic (e.g. neuropathy, stroke, MS, diabetic neuropathy)
• anorectal/colorectal diseases (e.g. rectal prolapse, hemorrhoids,1BD, rectocele, cancer)
• medication (e.g. laxative, anticholinergics, antidep
• cognitive (e.g. dementia, willful soiling with psychosis)
• constipation/fecal impaction

ressants, caffeine, muscle relaxants)

Investigations (if cause not apparent from history and physical)
• differentiate true incontinence from frequency and urgency
• stool studies
• endorectal ultrasound
• colonoscopy, sigmoidoscopy, anoscopy
• anorectal manometry/functional testing

Management
• physiological changes with age: medication management (antimotility agents (e.g. loperamide), diet/

bulking agents forloose stool ), increase fluid intake, biofeedback, retraining of pelvic floor muscles,
surgery

• trauma:direct surgical repair or augmentation of the sphincters
• iatrogenic: surgical repair, artificial sphincters
• neurogenic: medication management, abdominal massage, digital stimulation for dysfunction,

biofeedback and behavioural training, prevent autonomic dysreflexia in spinal injury
• anorectal/colorectal diseases: treat underlying cause (optimize IBD medications), surgical (e.g. mass

removal, prolapse repair, hemorrhoid removal, colostomy)
• medication-related causes: stop laxatives, lower dose, or discontinue any other offending agents. cognitive: regular defecation program in patients with dementia, psychiatric consult (optimize

medications and cognitive function )
• constipation/fecal impaction: disimpaction, prevent impaction, enema, or rectal irrigation
• safety assessment:assess bathroom distance, fall prevention strategies, need for a bedside commode,

liaise with occupational therapy if necessary

Urinary Incontinence
• see Urology, U6

Definition
• complaint of any involuntary loss of urine
• there are 4 subtypes:

1. stress incontinence: leakage associated with physical strain
2. urge incontinence: leakage associated with strong urge to urinate
3. overflow incontinence: leakage associated with poor bladder emptying
4. functional incontinence:leakage due to illness or disability not related to the urinary tract

r iTransient Causes of Incontinence cJ

DIAPERS
De lirium
Infection
Atrophic urethritis/vaginitis
Pharmaceuticals
Excessive urine output
Restricted mobility
Stool impaction

+
Epidemiology
• 15-30% prevalence dwelling in community and at least 50% of institutionalized older adults
• morbidity:cellulitis, pressure injuries, urinary tract infections, falls with fractures, sleep deprivation,

social withdrawal, depression, sexual dysfunction
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• not associated with increased mortality
• risk factors: impaired mobility, falls, medications, depression, TIA/stroke, dementia, CHI', obesity

Etiology
• physiologic changes with age: (e.g. decreased bladder capacity)
• genitourinary diseases (e.g.cystitis, urethritis, BPH)
• neurogenic (e.g. cauda equina syndrome, stroke, MS)
• iatrogenic: (e.g. prostate surgery)
• trauma: (e.g. pelvic trauma, traumatic spinal cord injury)
• drugs (e.g. alcohol, loop diuretics, sedative hypnotics, GABAergic agents)
• cognitive (e.g. dementia, depression)
• functional impairment (e.g. arthritis, poor vision)

Investigations
• laboratory tests: urinalysis and urine culture, serum creatinine, BUN
• imaging: post-void residual, renal ultrasound
• other: voiding diary, pad test

Management
• lifestyle modification:avoid excessive fluid intake and alcohol
• pharmacologic: (J-adrenergic agonists to reduce involuntary bladder contractions
• physiologic changes with age: pelvic muscle exercises, bladder training, biofeedback
• genitourinary diseases: treat underlying cause (empiric antimicrobial treatment for cystitis, a

blockers/5-a reductase inhibitors for BPH )
• functional impairment: incontinence pads, environmental modification, personal assistance
• cognitive: referral to incontinence program if needed
• safety assessment: assess bathroom distance, fall prevention strategies, need for a bedside commode,

liaise with occupational therapy if necessary

Malnutrition
Definition

• no uniformly accepted definition of malnutrition in older adults. One definition provided by the
2018 Global Leadership Initiative on Malnutrition requires a combination of one phenotypic and one
etiologic finding:
• phenotype

involuntary weight loss (community: >2% over 1 mo, >10 lbs over 6 mo,or >4% over 1 yr; nursing
home:>5% over 1 mo,>10% over 180 d)
loss of muscle mass- low BM1

• etiology
• decreased food intake/absorption

inflammation
• chronic disease

• other definitions include:hypocholesterolemia (<4.1 mmol/L), hypoalbuminemia (community:
538 g/ L; hospital:535 g/L), insufficient energy intake, fluid accumulation (e.g. edema), loss of
subcutaneous fat, decreased hand-grip function

Etiology
• nutritional

• decreased assimilation: impaired transit, maldigestion, malabsorp
decreased intake: financial, psychiatric (depression), cognitive deficits, anorexia associated with
chronic disease, functional deficits (e.g.difficulty shopping, preparing meals, or feeding oneself
due to functional impairment), substance use

• stress: acute or chronic illness/infection, chronic inflammation, abdominal pain
• mechanical: dental problems, dysphagia
• age-related changes: appetite dysregulation, decreased thirst, decreased smell and taste
• mixed: increased energy demands (e.g. hyperthyroidism), abnormal metabolism, protein-losing

enteropathy

Clinical Features
• history

weight loss in 6 mo prior to examination
recent or chronic illness
constitutional symptoms (e.g. recent weight loss)

• dietary intake in relation to usual pattern
depression, Gl symptoms (e.g. anorexia, nausea, vomiting, diarrhea)

• functional disability: impaired ADLs and lADLs
• social factors: economic barriers, dental problems, and living situation (e.g. living alone)
• substance use (e.g.alcohol, smoking, IV or recreational drug use)

Etiology of Malnutrition in Older Adults

MEALS ON WHEELS
Medications
Emotional problems
Anorexia
Late-life paranoia
Swallowing disorders
Oral problems
Nosocomial infections
Wandering/dementia related activity
Hyperthyroid/hypercalcemiaf
hypoadrenalism
Enteric disorders
Eating problems
Low-salt /low-fat diet
Stones

tion
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•physical exam
• BMI <23.5 in males and <22.0 in females should raise concern
• muscle wasting, temporal wasting, presence of triceps skin fold

loss of subcutaneous fat
ankle or sacral edema, ascites

• assess cognition

Investigations
•CBC, electrolytes, Ca ^/albumin. Mg PO+J-, creatinine, LFTs (INR, bilirubin ), vitamin B12, folate,

TSH, lipid profile
•if indicated by assessment, can consider urinalysis, ESR, CXR

Treatment
•direct treatment of underlying causes
•dietary modification: high calorie foods, oral nutritional supplementation: patient specific meal

replacement products (e.g. Ensure', Glucerna ', Nepro'), vitamins/minerals (e.g. vitamin Bit, calcium,
vitamin D, thiamine)

• referral: speech language pathologist, nutritionist

Presbycusis
• see

Presbyopia
• see Ophthalmology. OPS

Pressure Injuries
•see Plastic Surgery, Pressure Ulcers, PL18

Definition
•previously termed pressure ulcers, also termed decubitus ulcers
•any lesion caused by unrelieved pressure resulting in damage of underlying tissue; usually develops

over bony prominences

Risk Factors
•extrinsic: friction, pressure, shear force, moisture
• intrinsic: immobility, malnutrition, comorbidities (e.g. DM, PVD, vasculitis, immunodeficiency),

sensory loss
•geriatric: age-related skin changes, hedbound, cognitive impairment, chronic illness

Risk Assessment and Prevention of Pressure
Ulcers
Ann Intern Med 2015:162:359 - 369
lire American College of Physicians (ACP) strongly
recommends advanced state mattressesor advanced
static overlays for patients who aie at an increased
risk oldevelopng pressure injuries, the ACPalso
recommends agamst using alterlutmgair mattresses
oi alternating air overlays.

Table 5. NPIAP Staging System for Pressure Injuries
Stage1 Localized area of nonblanchableerythema of intact skin (appearance may vary in darkly pigmented skin)

Changes in sensation, temperature, or firmness may precede visual changes
Colour changes do not include purple or maroon discolouration (may indicate deep tissue penetration injury)
Partial thickness loss of skin with exposed dermis
Wound bed is viable, pink or red. moist, and may present as a serum -filled blister
Adipose and deeper tissue not visible

full thickness loss of skin; adipose tissue visible
Granulation tissue and epibole (rolled wound edges) often present
Full thickness skin and tissue loss
Exposed or directly palpable fascia, muscle, tendon, ligament, cartilage, or bone
Epibole. undeimining.and/or tunneling often present

Full - thickness skin and tissue loss;extent of tissue damage cannot be determined due to obstruction by
slough or eschar
Intact or noninlact skin with localized nonbtanchable maroon or purple discolouration, or epidermal
separation revealing dark wound bed or blood -filled blister
Pam and temperature changes may precede skin colour changes
Injury results (rom intense and/or prolonged pressure and shear forces at the bone-muscle interface

Stage 2

Stage 3

Stage 4

Jnstagcablc Pressure Injury

Deep Tissue Pressure Injury

Source: Edvberg LE. Black JM. Goldberg M.et al. Revised National Pressure Ulcer Advisory Panel Pressure Injury Staging System:Revised Pressure
Injury Staging System. J Wound OstomyContlnonce Nurs 201G:43{6);585-597.
Complications
• noninfectious: amyloidosis, heterotopic bone formation, perineal urethral fistula, pseudoaneurvsm,

Marjolin ulcer, systemic complications of topical treatment, complications of oral/ I V treatments
• infectious: bacteremia /sepsis, cellulitis, osteomyelitis, septic arthritis, sinus tracts, abscess,

endocarditis, meningitis
+
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Prevention
• pressure reduction

frequent repositioning (q2 h )
pressure-reducing devices (static,dynamic)

• maintaining nutrition, encouraging mobility, and managing incontinence
• use validated pressure injury risk assessment tools on admission for those identified to be at risk for

skin breakdown

Treatment
• optimize nutritional status
• minimize pressure on wound
• analgesia
• all ulcers with necrosis warrant debridement (mechanical,enzymatic, and autolytic are non-urgent

forms of debridement, whereas sharp debridement is performed urgently due to risk of sepsis or
cellulitis)

• dressing application (exudate absorbing, barrier products to reduce friction)
• maintain moist wound environment to enable re-epithelialization
• treatment of wound infections (topical gentamicin, silver sulfadiazine, mupirocin)
• swab wounds not demonstrating clinical improvement for C&S; biopsy chronic wounds to rule out

malignancy
• referral to Wound Care or Plastic Surgery
• consider other treatment options:

negative pressure wound therapy/vacuum-assisted closure
• biological agents: application of fibroblast growth factor or platelet-derived growth factor to

wound
non-contact normothermic wound therapy

• electrotherapy

Driving Competency

Reporting Requirements
• physician-reporting to the Ministry of Transportation is mandatory in all provinces and territories

except in Quebec, Nova Scotia, and Alberta, where it is discretionary
• British Columbia, Ontario: must refer for re-test at >80 yr
• in the U.S., varies by state

Key Factors to Consider in Older
Drivers
SAFEDRIVE
Safety record
Attention (e.g. concentration lapses,

episodes of disorientation)
Family observations
Ethanol use
Drugs
Reaction time
Intellectual impairment
Vision/Visuospatial function
Executive functions (e g. planning.
decision-making, self-monitoring
behaviours)
farlatrkslWt.SIM-K

Conditions That May Impair Driving

Table 6. Conditions That Impair Driving
Patients v/ilh history ol impaired driving and those with a high probability of future impaired
driving should notdrive until further assessed
Alcohol dependence or alcohol use disorder:if suspected, should be advised not lo drive

Alcohol withdrawal seizure: must (1|receive favourable report Irom addictions counsellor post
treatment and|2) be in remission .md oi remained abstinent lor 12 mo
HTN:sustained BP >170/110 should be evalualed carefully
Hypotension:sustained BP <90/60:if syncopal, discontinue driving until syncope is treated and
preventable

Suspected asymplomalic CA0 or stable angina: no restrictions
StEMI. NSIEMI with significant IV damage, coronary artery bypass surgery: no driving lor 1 mo
following hospital discharge

NSIEMI with minor LV damage, unstable angina: no driving for 48 h if PCI or 7 d it no PCI performed

IIA:should not be allowed lo drive untila medical assessment is completed

Stroke:should not drive for alleasl1 mo:may resume driving if functionally able:no clinically
significant motor, cognitive, perceptual, or vision deficits: no obvious risk of sudden recurrence:
underlying cause appropriately treated:no post stroke seiture
Mlld/modcratc impairment : no restrictions
Moderate or severe impairment requiring supplemental oxygen: load test with supplemental
oxygen

Alcohol

Blood Pressure Abnormalities

Cognitive Tests and Determining Fitness to Drive
in Dementia: ASystcmatic Review
JAm Genatr Soc 2016:M(9|:1904-191T
Purpose: lo ctamine Hie relationship between
cognitive tests and driving to determine vrtethei a
cognitive assessment can be implemented as a tool to
examine driver safety.
Methods:Systematic review of 28studes
investigating the relationship between cognitive
functiom -g and driving in individuals with dementia.
Results: Composite batteries comprising m. tiple
individual tests Irom different cognitive domains
consistently predicted driving performance lor
individuals with dementia. Scoies on individual tests
or tests of a single cognitive domain did not predxt
driver safety.
Conclusions: Khi le studies consistently found
composite batteries predicted driving performance,
these tests were not clinically usable as they lacked
the ability to discriminate between sale and unsale
drivers. Heed development ola reliable, valid
composite battery that can correctly determine driver
safety in patients w th dementia.

Cardiovascular Disease

Cerebrovascular Conditions

C0PD

N.B.guidelines included refer specifically to private driving: please seeCMA guidelines for commercial driving

+
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Table 6. Conditions That Impair Driving
Cognitive Impairment/Dementia Moderate to severe dementia is a contraindication to driving, defined as the “inability to

independently perform 2 Dr more lADLs or any basic ADL"
Patients withmild dementia should be assessed;if indicated, refer to specialized driving testing
centre;if deemed fit to drive, re-evaluate patient every 6-12 mo

Poor performance on MMSE,clock drawing,or frails B suggests a need to investigate driving
ability further
MMSE score alone (whether normal or low) is insufficientto determine fitness to drive
Diet controlled or oral hypoglycemic agents: norestrictions in absence of diabetes complications
that may impair ability to drive (e.g.retinopathy,nephropathy,neuropathy,cardiovascular, or
cerebrovascular disease)
Insulin use:may drive if no complications (as above) and no severe hypoglycemic episode in the
last 6 mo

Be aware ol:analgesics, anticholinergics, anticonvulsants, antidepressants, antipsychotics,
opiates,sedatives,stimulants
Degree of impairment varies: patients should be warned of the medicat ion/withdrawal effect on
driving
Eflect of impaired hearing on ability to drive safely is controversial
Acute labyrinthitis,positional vertigo with horizontal head movement,recurrent vertigo: advise
not to drive until condition resolves

Diabetes

Drugs

Hearing Loss

Physician's role is to report etiology,prognosis,and extent of disability (pain,range of motion,
coordination,musclestrength)
Outpatient, conscious sedation:nodriving lor 24 h
Outpatient, general anesthesia:no driving for >24 h
First, single,unprovoked:nodliving for 3 mountil complete neurologic assessment.EES.Cl head
Epilepsy: can drive it seizure-free lor 6 mo. on medication that docs not impair ability to drive, and
physician has insight into patient compliance (Ontario guideline)

If patient is believed to be at risk due to a symptomatic sleep disorder but refuses investigation
with a sleep study or refuses appropriate treatment, the patient should notdrive
Visual acuity: contraindicated to drive if '20/50 with both eyes examined simultaneously

Visual field: contraindicated to drive if <120'along horizontal meridian and15'continuous above
and below fixation with both eyes examined simultaneously

Musculoskeletal Disorders

Postoperative

Seizures

Sleep Disorders

Visual Impairment

N B. guidelines included rclcr specillcully to privatedriving:please seeCMA guidelines lor commercial dilvlng

Hazards of Hospitalization
Table 7. Recommendations for Sequelae of Hospitalization in Older Patients
Sequelae Recommendations

No dietary restrictions (except diabetes and salt restriction If applicable),
assistance, dentures if necessary,silting in a chair to eat

Medication review,icmove environmental barriers,discontinue use of catheter
Routine screening

Medication review
Orientation,visuatand hearing aids, volume repletion,noise reduction,early
mobilization,medication review,remove restraints

Low-resistance mattress, daily inspection,repositioning every 2 h.nutrition
Early mobilization, removeunnecessary IV lines,catheters, NG tubes

Appropriate footwear, assistive devices, early mobilization, remove restraints,
medication review
Early recognition and repletion (ideally oral rehydralion,if possible), access to
water

Early mobilization

Malnutrition

Urinary Incontinence
Depression

Adverse Drug Event
Confusion/Delirium

Pressure Injuries
Infection
Falls

HypotensionfDehydration

Diminished Aerobic Capacity/Loss ol Muscle Strength/
Contractures

Decreased Respiratory Function
Functional Decline

Incentive spirometry, physiotherapy
Structured exercise,progressive resistance training,walking programs

Bell SP.Vasilevskis EE.Sarat AA.et al.Geriatric Syndromes inHospitalized Oldet Adults Discharged to Skilled Nursing Facilities.J Am Geriatr Soc
2016;64(4):?15-722. r *1
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Healthcare Institutions
Table 8. Classification of Healthcare Services and Institutions
Institution/Service Description
Home and Community Support Services At home support services ottered to patients living at home

independently or under the care ol family members. These include
professional healthcare services, personal care and support (ADI
assistance), homemaking (IADL assistance), community support
services (c.g. transportation , meal delivery, day programs, caregiver
relief , security checks)

Healthcare services ottered in an institution lo oplimite patients'
function. Independence,and gualily ol life
Divided into short ('60-90 d/yr ) and long (indefinite) stay
Seniors who live independently and manage their own care, but prefer
lo live near other older adults; usually has accessibility features: rent is
ad|usted based on income

Residents are fairly independentand require minimal support with AOLs
and lADLs; often privately owned
Residents require minimal lo moderate assistance vrith daily activities
while living independently; often rental units in an apartment; may
offer physiotherapy and rehabilitation services
Around the clock nursing care and on-call physician coverage; often
offers occupational therapy, physiotherapy, respiratory therapy, and
rehabilitation services; may be used short-term for caregiver respite
or for supportive patient care to regain strength and confidence after
leaving the hospital
Free-standing facility or designated floor in a hospital or nursing home
(or care of terminally ill patients and their families; focus is on quality of
life and often requires prognosiss3 mo

Rehabilitation

Residential
a) Older adults Affordable Housing

b) Retirement Home

c) Supportive Housing

d) Long-term Care/Skilled Nursing facility

e) Hospice

• names of community healthcare institutions, types of facilities, and services offered vary between
geographical locations

• factors to consider when referring to community services and institutions: level and type of support
required, income/socioeconomic status, social supports and/or degree of social isolation, other social
determinants of health creating potential harriers to care

Geriatric Pharmacology

Pharmacokinetics

Table 9. Age-Associated Pharmacokinetics
ImplicationsParameter Age Effect

Increased gastric pH.decreased splanchnic bipod flow. Comorbidities, drug - drug, and drug -lood interactions are
Gl absorptive surface and dermal vascularity, delayed mote likely lo aflect absorption
gastric emptying. However, appropriate absorption
of most oral drugs is seen in healthy older-aged
patients: reduced absorption may be related to patient
comorbidilies

Absorption
(less significant)

Distribution Increased total body tat
Increased al-glycoprotein
Decreased lean body mass and total body water
Decreased albumin

Lipophilic drugs have a larger volume ol distribution
Increased binding of basic drugs
Decreased volume of distribution of hydrophilic drugs
Decreased binding of acidic drugs

Decreased hepatic mass and hepatic blood flow; impaired Lower doses may be therapeutic
phase I reactions (oxidative system )

Decreased renal blood flow, glomerular filtration rate. Lower doses may be therapeutic
tubular secretion
Overall reduction in renal function by 30-50%

Metabolism
(less significant)

Elimination

Pharmacodynamics
Drug Sensitivity
• changes in pharmacokinetics as well as intrinsic sensitivity lead to altered drug responses
• increased sensitivity to warfarin, sedatives, antipsychotics, anticholinergics, digoxin, and narcotics
• decreased sensitivity to (3-blockers and ^-adrenergic stimulants, though may have increased

sensitivity
+
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Decreased Homeostasis
• poorer compensatory mechanisms leading to more adverse reactions (e.g. bleeding with NSAlDs/

anticoagulants, altered mental status with anticholinergic/sympathomimetic/anti-Parkinsonian
drugs)

Polypharmacy
ftDefinition

• prescription, administration,or use of more medications than are clinically indicated

Epidemiology
• in Canada, >60% of older adults reported using >5 medications
• hospitalized older adults are given an average of 10 medications during admission

New medications:Start Low, Go Slow!
Avoid starting 2 drugs at the same time.

Risk Factors for Polypharmacy
• patient-level risk factors: age, female sex, cognitive impairment, frailty, mental health conditions,

multiple chronic conditions, lack of primary care physician, residing in LTC, multiple pharmacies
• systems-level risk factors: multiple prescribers, poor documentation systems, automated refill

systems, lack of systematic medication review

Risk Factors for Non-Compliance
• greater number of medications (compliance with 1 medication is 80%, but drops to 25% with £6

medications)
• increased dosing frequency, complicated container design, financial constraints, and cognitive

impairment

Adverse Drug Reactions (ADRs)
• any noxious or unintended response to a drug that occurs at doses used for prophylaxis or therapy
• risk factors in older adults

intrinsic: comorbidities (>5), age >85, low BM1,age-related changes in pharmacokinetics and
pharmacodynamics, CrCl <50 mL/min
extrinsic: number of medications (>9 medications, >12 doses/d), multiple prescribers, unreliable
drug history, prior ADR

• prescribing cascade: process whereby an ADR is misinterpreted as a new medical condition, and a
subsequent drug is prescribed to treat the initial drug-induced event. Providers should ask themselves:

is the new drug being prescribed to address an adverse event from a previously prescribed drug
therapy?

• is the initial drug therapy really needed, especially if leading to a drug cascade?
do the benefits of the initial drug therapy outweigh the harms?

Adverse drug reactions In older adults
may present as delirium, falls, fractures,
urinary incontinence/retention, or fecal
incontinence/impaction.

Preventing Polypharmacy
• consider drug: safer side effect profiles, convenient dosing schedules, convenient route, efficacy
• consider patient: other medications, clinical indications, medical comorbidities
• consider patient-drug interaction risk factors for ADRs
• review drug list regularly to eliminate medications with no clinical indication or with evidence of

toxicity
• avoid treating an ADR with another medication

Principles for Prescribing in Older
Adults

CARED
Caution/Compliance
Age (adjust dosage for age)
Review regimen regularly
Educate
Discontinue unnecessary medications
Geriatric Peals.PMadelpMa FA Dans Company.1999Inappropriate Prescribing in Older Adults

Epidemiology
• the estimated prevalence of potentially inappropriate prescribing ranges from 12-40%

Inappropriate prescribing in older persons:A
systematic review of medications availablein
d ifferenl criteria
Arcli Gerontol Geriatr 2017:68:55-61
Purpose: Comprehensive review ol all potentially
inappropriate medicationsfor older persons, included

! : trla of the last decade.
Results: Iron 118ankles, 14 criteria were
minded in l he boilanalysis, including a total ol
J28 med iation classes among all analyted criteria.
Dratepam was included In all 14criteria, followed by
amitriptyline in 13criteria and donepin In 12criteria.
Seniodiaiepmes.antihistamines, and antipsyclrolics
wrerethe moot common drugs reported as potenlially
inappropriate for older adults, among final criteria.
Cone lesion:Seniodiaiepmes, HSAIDs.
antihistamines, and antipsycholics were the most
common drugs reported as potentially inappropriate
for older persons.

Beers Criteria
• a list of medications to avoid in adults >65 yr due to safety concerns
• 2019 update lists drugs that are inappropriate in most older adults, those that should typically be

avoided with certain conditions, drugs to use with caution, drug-drug interactions, and drug dose
adjustment based on kidney function

• examples include long-acting benzodiazepines, strong anticholinergics, high-dose sedatives
• older adults are often under-treated (ACEI.ASA, p-blockers, thrombolytic*, oral anticoagulants)

STOPP/START Criteria
• another screening tool for potentially inappropriate prescribing in older adults
• STOPP:Screening Tool of Older Persons Prescriptions

• systems-based list of medications contraindicated in adults £65 yr in the context of their
diagnoses

• START: Screening Tool to Alert physicians to Right T reatment
systems-based list of medications indicated in adults >65 yr in the context of their diagnoses
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Common Medications
Table 10. Common Medications

Brand Name Dosing Schedule Indications Contraindications Side Effects Mechanism of ActionDrug Name

Cognitive Enhancers
donepezil AricepG 5-10 mg PO once Known hypersensitivity,caution

inuntreated obstructive airway
disease,cardiac conduction
abnormalities,active PUD or occult Gl (uncommon),heart block
bleed,seizuredisorder,syncope NYD (uncommon)
Known hypersensitivity,caution
inuntreatedobstructive airway
disease,cardiac conduction
abnormalities,active PUD or occult Gl block (rare),seizure (rare),
bleed, seizuredisorder,syncope NYD delirium (rate)

Known hypersensitivity,severe
hepatic disease,caution m untreated dizziness, anorezia.insomnia,
obstructive auway disease,cardiac weight loss, delirium,heart
conduction abnormalities,active PUD block (rare)
or occultGl bleed,seizure disorder,
syncope NYD
Known hypersensitivity,conditions Dizziness,headache,
that alkalinizeurine,caution inrenal hypertension,constipation.

confusion,hallucinations

N/ V,diarrhea,anoreiia. Reversible inhibition of
acetylcholinesterase

Moderate to severe
dementia of Alzheimer 'sdaily insomnia, fatigue,muscle

cramps, syncope,bradycardiatype

galantamine RemmyP 8-12 mg PO BID HIV.diarrhea,anorexia,
weight loss,headache,
dizziness, syncope,heart

Reversible inhibition of
acetylcholinesterase

Mild to moderate
dementia of Alzheimer's
type

rhrastigniine Exelon' 1.5 mg POBID
(starting) up to 6-12
mg POBID

Acetylcholinesterase inhibition
(reversible but very slow)

Mild to moderate
dementia ol Alzheimer's

N/ V.diarrhea,headache.
type

memantine Ebixa" Hemenda' 5mg PO once daily Mild to moderate
(Can)/|U.S.) (starting) up to10mg dementia of Alzheimer's

POBID

NMDA-receptor antagonist

failure,seizurestype

Laxatives
All -Bran1 1cup PO once daily Constipation

Constipation,
hypercholesterolemia

Bloating, flatus
Bloating, flatus

Bulk -forming laxative

Bulk - forming laxative

bran

Metamucil1 3.4 gPO once daily
Prodiem' Plain® totID

psyllium N.'V.abdominal pain,obstruction
if another medication is taken
within 2 h
Patients on low galactose diets,
abdominal pam.NY

Chronulac' 15-30 ccPO once Constipation,hepatic
Cephulac - daily 'BID and 5-10 encephalopathy, bowel
Krislalose 1 (U.S.) mlPOBID for 2-4wk evacuation following
Acilac;:Apo- for bowel evacuation barium exam
Lactulose s; after barium
Laxilose';PMS-
Lactulose' (Can)

lax-A-Day ®,
RestoraLAX
Pegalax - (Can)
Gavilax ®,
Healthylax -' (U.S.)
SenokoG /Ex-lax" 2-4 tablets P0 once Constipation

daily or 10-15 ml
syrup once dahy BID.
Dosing should be the
smallest required to
passsoft stool

Flatus, cramps,nausea,
diarrhea

Osmotic laiatrvelactulose

PEG 3350
(polyethylene
glycol)

17 gPO once daily (-1 Constipation,bowel prep Known/suspected bowel obstruction. Abdominal cramps,bloating
heaping tablespoon) (different dosing schedule) known hypersensitivity,renal

impairment

Osmotic laxative
of the stomach,diarrhea,
flatulence,nauseadissolved in1cup

(250ml) of beverage

Stimulant laxativeKnown/suspected bowel obstruction Abdominal cramps.N/V.
or abnormalconstriction,atonic
bowel. IBD.abdominal pain NYD.
rectal bleeding NYD.severe
dehydration

senna
diarrhea,urine and/or fecal
discolouration

Dulcolax ® 5-15 mg P0 (10
mg PR)

Constipation Acute Gl diseases (e.g.appendicitis. Abdominal cramps,pain,
diarrhea),ileus,obstruction,
abdominal pain.HY.severe
dehydration,and ulcerative proctitis
and.or anal fissures if PR

Stimulant laxativebisacodyl
diarrhea, dehydration,
dizziness,N/V

Parkinsonian Agents - see Neurology, table 26.N57
Note Docusate has been shown to be ineffective for theprevention treatment of constipation in older adults
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Landmark Geriatric Medicine Trials
Trial Name Reference Clinical Trial Details
FRAILTY
Gail Speed and Survival in Older
Adults.Studenskietal. 2011

JAMA 2011;305:50-58 Title:Gail Speed and Survival in Older Adults
Purpose:Evaluate the relationship between gait speed and survival.
Methods:Pooled analysis ol 9 cohort studies of adults >65 yr with baseline gait speed data,followed up for 6 - 21yr. The
main outcomes weic survival and life expectancy.
Results: lire overall 5-yt survival was 84.8% and 10-yr survival was 59.7%.Gait speed was associated with survival in all
studies (pooled hazard ratio per 0.1m/s.0.88;95% Cl 0.87 to 0.90:P‘0.001).Survival increased across the range of gait
speeds with significant increments at 0.1mis.
Conclusions:Gait speed was associated with 10-yr survival in all studies,with considerable variability in predicted 10-yr
survival across the range of gait speeds,at 75 yr.
Title: frailty in Oldei Adults:Evidence for a Phenotype
Purpose: Develop phenotype of frailty as a clinical syndrome.
Methods: Saselme and annual follow up for outcomes of incident disease, hospitalization, falls, disability,and mortality in
an oiiginal cohort of 4735 participants and later-recruited cohort of 582 African American participants.All participant data
from the prospective observational Cardiovascular Health Study.
Results:Frailty may be defined as the presence of three or more of:unintentional weight loss (10 lbs in pastyr).self -
reported exhaustion,weakness (grip strength).slow walking speed, low physical activity, frailty is associated with
increased risk of comorbidity and disability.
Conclusions: frailly m community dwelling older adults may be defined as above.While comorbidity is a risk factor for
Irailty and disability is an outcome of frailly,frailty itself does nol equal comoibidily or disability. Assessment loi frailly is
vital in identifying patients at increased risk for comorbidity and disability.

frailty inOlder Adults: Evidence for a J Gerontol A Biol Sci Med Sci
Phenotype. Fried elal. 2001 2001:56(3): M146 56

NEJM 2021:385:203-216 Title:Physical Rehabilitation for Older Patients Hospitalized for Heart Failure
Purpose:Investigate interventions to address physical frailly in older patients hospitalized for acute decompensated heart
failure.
Methods:Multicentci.randomized,controlled trial to evaluate transitional, tailored,progressive rehabilitation
inlervention.including four physical - function domains initiated dunng or soon after heart failure hospitalization and
continued post discharge for 36 sessions.Piimary outcome was Short PhysicalPerformance Battery score, and secondary
outcome was 6 monthichospitalizalionrale.
Results:Older adults hospitalized for acute decompensated heait failure produce improved clinical outcomes when treated
with this rehabilitation intervention program.

REHAB-AF

DELIRIUM

Delirium is a Strong Risk Factor Brain 2012:135|9):2809 16
loi Dementia in the Oldest Old: A
Population Based Cohort Study, Oavis
etal. 2012

Title:Delirium is a Strong Risk Factor lor Dementia in the Oldest - Old:A Population- Based Cohort Study
Purpose: Use a Irue population sample to determine if delirium is an incident risk factor for incident dementia and cognitive
decline.
Methods: 553 individuals aged *85 yr were used to assess associations between delirium and incident dementia,as well
as decline in MMSE scores. The relationship between dementia common neuropathological maikers was modelled and
stratified.
Results:Delirium increased the risk of incident dementia (OR 8.7;95% Cl 2.1to 35).worsened dementia severity (OR 3.1;
95% Cl1.S to 6.3) and deterioration in global function score|0R 2.8;95% Cl1.4 to 5.5).Delirium was associated with a loss
of 1.0more MMSE points per yr (95% Cl 0.11 to 1.89) than those with no history of delirium.
Conclusions: Delirium is a stiong risk faclor for incident dementia and cognitive decline in elderly patients

Title: A Multicomponent Inlervention toPrevent Delirium in Hospitalized Older Patients
Purpose:Evaluate the effectiveness of a multicomponent strategy foi delirium prevention among older inpatients.
Methods:A total of 852 inpatients >70 yr were included in the study. In lieu of randomization,prospective individual
matching was used to compare patients admitted to an intervention unit vs.one of two usual care units.In the intervention
unit, the multicomponent approach sought to address cognitive impairment,sleep deprivation,immobility,visual
impairment,hearing impairment, and dehydration.
Results: Delirium developed in 9.9% of patients in the intervention unit.vs. 15% in the usual careunit|95% Cl0.39 to 0.92).
Iota! number of days with delirium(105 d vs.161d. P'0.02!and tolal number of delirium episodes (62 vs.90.P'0.03) were
both lower in the inteiventionunit.
Conclusions:A multicomponent intervention model aimed ataddressing risk factors for delirium in hospitalized older
adults is effective at reducing delirium incidenceand delirium duration.

A Multicomponent Intervention to HEJM 1999:340:669 676
Prevent Oelirium in Hospitalized Older
Patients.Inouye etal.1999

FALLS

lancet 1999:353:93 97 Title:Prevention ol falls in the Elderly Irial fProlct): A Randomised Controlled Trial
Purpose: Assess the benclit ola structured interdisciplinary assessment ol people who have fallen.
Methods:Patients >65 yr presenting to ED with a fall were randomized to Ihc intervention group (detailed medical and
OT-lherapy assessment with referral if indicated) or to a control group (usual care only).
Results: Ihe risk of falling was significantly lower in the intervention group compared to the control group (OR 0.39;95% Cl
0.23 ID 0.66) as was the risk of fall recurrence (OR 0.33:95% Cl 0.16 to 0.68).
Conclusions:Demonstrates that an interdisciplinary approach to elderly adults with a previous history of falls can
significantly decrease the risk of further falls and limit functional impairment.

PR0FET

NEUR0C0GNITIVE DISORDERS
HEJM 2012:366:893 903 Title:Doncpezil andMemantine for Moderate- to-Severe Alzheimer's Disease

Purpose:Assess the benefits of cholinesterase inhibitorsfor the long-term treatment olmoderate-severe Alzheimer's
disease.
Methods:295 community-dwelling patients with moderate-severe Alzheimer's disease treated with donepezilwere
randomized to either continue donepezil.discontinue donepezil and start memantine,or continue donepezil and start
memantine.Ihe piimary outcomes were SMMSE scores and Bristol Activities of Daily living (BADLS) scores.
Results: Patients assigned to continuedonepezil.compared to those who discontinued, had a 1.9 higher average SMMSE
score 195% Cl1.3 to 2.5). Ihc score onIhc 8ADLS was lower (less impairment) by 3.0 points (95% Cl1.8 lo 4.3) IP- 0.001 for
both comparisons).Patients who received memantine, compaied with placebo, had a 1.2 higher average SMMSE score (95%
Cl 0.6 to 1.8.P <0.001) and BA0LS score that was 1.5 points lower (95% Cl 0.3 to 2.8:P'0.02).
Conclusions:Continued treatment with donepezil was associated with cognitive benefits over the course of 12 mo in
patients with moderate or severe Alzheimer 's disease.

Donepezil and Memantine for
Moderate-to-
Severe Alzheimer's Disease.Howard
etal.2012 ri
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Trial Name Clinical TrialDetailsReference

HYPERTENSION IN THE ELDERLY
Syst -Eur Lancet1997:350:757-64 Title:RandomisedDouble-blindComparison of Placebo and Active Treatment for Older Patients with Isolated Systolic

Hypertension.The Systolic Hypertension in Europe (Syst-eur) Trial Investigators
Purpose:imresbgate whether active treatment couldreduce CV complications of isolated systolic HIN.
Methods:Patients »60 yr were randomly assigned to nitrendipine 10 - 40 mg daily with the possible addition of enalapril
5-20 mg daily and hydrochlorothiazide12.5 25 mg daily,or to matching placebos.Combined fatal and nonfatal stroke was
the primary endpoint.
Results: Active treament reduced the total rate ol stroke from13.7 to 7.9 endpoints per 1000 patient-years (43% reduction:
P'0.003)- Nonfatal stroke reducedby 44'-.|P-0.007) and nonfatal cardiac endpoints decreased by 33%(P'0.03).All- cause
mortality wasnot influenced.
Conclusions: Among elderly patients with isolated systolic hypertension,antihypertensive drug
treatment starting withnitrendipine reduces therate of cardiovascular complications.
Title:Treatment of Hypertension inPatients 80 Years of Age or Older
Purpose:Determine whether treatment of hypertension is beneficial in patients »80 yr.
Methods 384$patents >80 yr and a sustained s8P >160 mmHg were randomized lo receive indapamide SR 1.5 mg or
matching placebo.Ihe ACEI perindopril 2 or 4mg was added if necessary, to achieve the target BP of 150/80 mmHg. The
primaryendpoint was fatal or nonfatal stroke.
Results: The mean BP at 2 yr was 15.0 6.1mmHg lower in the active-treatment group than in the placebo group. Active
treatment was associated witha 30%reduction in the rate of death from stroke (95% Cl1to 62;P'0.05).a 21% reduction in
all-causemortality (95%0:4 to 35:P - 0.02), fewer adverse events were reported in the active-treatment group.
Conclusions: Antihypertensive treatment with indapamide (sustained release),with or without perindopril. in adults »80
yr is beneficial.

HYVET NEJM 2008:358:1887 98

INAPPROPRIATE PRESCRIBING IN THE ELDERLY

EMPOWER JAMA Intern Med 2014:174:890-98 Title:Reduction ot Inappropriate Benzodiazepine Prescriptions Among Older Adults Through Direct Patient Education:The
Empower Ouster Randomized Trial
Purpose: Compare the effect of direct-to-consumer education against usual care on benzodiazepine discontinuation in
older adults.
Methods:303 long-term users of benzodiazepines aged 65-95 were randomized to the educational intervention
(depvescnbingpatientempowerment intervention explaining risks of benzodiazepine use and a stepwise taper protocol) or
the'wait list’ control.Primary outcomes were benzodiazepinediscontinuation after 6 mo.
Results:At 6mo.27% of patients in the intervention group had discontinued benzodiazepines,compared with 5% in the
control group (risk difference 23%:95% G14% to 32%).
Conclusions:OiTect-to-consumer education describing the risks of benzodiazepine use and a stepwise tapering protocol
effectively elicitsshared decision making and discontinuation of medications that increase the risk of harm in older adults.

Title:ST0PP (Screening Tool of Older Person's Prescriptions) and START (Screening Tool to Alert doctors to Right Treatment).
Consensus validation
Purpose:Validateanewscreening toolof older persons'prescriptions,incorporatingcriteria for potentially inaccurate
prescriptions (called ST0PP).andcriteria for appropriate prescriptions (called START).
Methods:A Delphiconsensus technique was used to obtainvalidity from an18-member expert panel.Inter-rater reliability
was assessed by determining the kappa-statistic on100 datasets.
Results:ST0PP consists of 65 clinically significant criteria for potentially inappropriate prescriptions;START consists of 22
evidence-based prescribing indicators.
Conclusions:STOP?;START is a valid,reliable,and comprehensive screening tool that enables the prescribing physician to
apprase an older patient's prescription drugs in thecontext of his/her concurrent diagnoses.

ST0PP and START IntJ Clin Pharmacol Ther
2008:46:72-83
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Acronyms
ACEI angiotensin converting enzyme GA

inhibitors
AFP afetoprotein
AIS androgen insensitivity syndrome
AMH anti - mullerian hormone
ARB angiotensin II receptor blockers
ASCUS atypical squamous cells of

undetermined significance
AUB abnormal uterine bleeding
BMD bone mineral density
BSO bilateral salpingo-oophorectomy HMG
BUC buccal administration
BV bacterial vaginosis
CA-125 cancer antigen 125
CAH congenital adrenal hyperplasia HRT
CHC combined hormonal

contraception
CMV cytomegalovirus
CRP C-reactive protein
DES diethylstilbestrol
DHEA dehydroepiandrosterone
DMPA depot medroxyprogesterone ITP

acetate or Depo-Provera’
DUB dysfunctional uterine bleeding IUD
DVT deep venous thrombosis
EPC emergency postcoital

contraception
ESR erythrocyte sedimentation rate IVF

gestational age
gamete intrafallopian transfer JRA
gonadotropin- releasing
hormone
gestational trophoblastic
disease
gestational trophoblastic
neoplasia
heart and estrogen/progestin LNMP
replacement study
human menopausal
gonadotropin
hypothalamic-pituitary-ovarian
human papillomavirus
hormone replacement therapy MRKFI
hysterosalpingography
high grade squamous
intraepithelial lesion
herpes simplex virus
inflammatory bowel disease OGTT
intracytoplasmic sperm injection PCOS
immune thrombocytopenic
purpura
intrauterine device
intrauterine insemination
intrauterine system
intravenous drug use
in vitro fertilization

quantification
per the vagina administration
rapid plasma reagin
risk ratio
squamous cell carcinoma
selective estrogen receptor
modulator

sex hormone binding globulin
sonohysterography
selective progesterone receptor
modulator
selective serotonin reuptake
inhibitor
total abdominal hysterectomy
tubal embryo transfer
total hysterectomy
tension-free transobturator tape
tension-free vaginal tape
transformation zone
uterine artery embolization
vulvar intraepithelial neoplasia
venous thromboembolism
von Willebrand disease
withdrawal
Women's Health Initiative
zygote intrafallopian transfer

in vitro maturation
juvenile rheumatoid arthritis PV
loop electrosurgical excision RPR
procedure
luteinizing hormone-releasing SCO
hormone
last menstrual period
lymph node
last normal menstrual period SHG
low grade squamous
intraepithelial lesion
lymphovascular space
involvement
menopause hormone therapy TAH
Mayer-Rokita nsky-Kiister-
Hauser
methotrexate
natural killer
oral contraceptive pill
oral glucose tolerance test
polycystic ovarian syndrome
prostaglandin
pelvic inflammatory disease
postmenopausal bleeding
premenstrual dysphoric disorder WHI
polymorphonuclear neutrophils 2IFT
premenstrual syndrome
pelvic organ prolapse

IVM
GIFT
GnRH LEEP

RR
GTD LHRH

SERM
GTN IMP

SHEGIN
HERS

LSIL SPRM

LVSI SSRIs
HPO

MHTHPV
Itl

HSG TH
HSIL TOT

NK TVT
HSV OCP TZ
IBD UAE
ICSI VIN

PG VTE
P1D VWD
PMB W/D

IUI PMDD
IUS PMN
IVDU PMS

POPO

Basic Anatomy Review
Anterior labial
commissure Ischiocavemosus muscle

Bulbospongiosus muscle
Prepuce

ClitorisLabium msjus

Paraurethral duct
orifice

External urinary
meatus Superficial transverse

perineal muscle
Labium minus Vestibule

Vaginalorifice
Levator ani muscle

External anal sphincter
Anus

Greater vestibular
glands of Bar tholm

Anus Posterior fourchette
Ifrenulum of labia)

© Marina Chang 2013

Figure 1.Vulva and perineum

A. External Genitalia
• blood supply: internal pudendal artery, superficial external pudendal artery ( labia maiora)
• sensory innervation: pudendal nerve
• lymphatic drainage: superficial inguinal lymph nodes, deep inguinal lymph nodes (clitoris)

B. Vagina
• muscular canal extending from cervix to vulva, anterior to rectum, and posterior to bladder
• lined by rugated, stratified squamous epithelium
• upper vagina separated by cervix into anterior, posterior, and lateral fornices
• blood supply: vaginal branch of internal pudendal artery with anastomoses from uterine, inferior

vesical, and middle rectal arteries

C. Uterus
• thick walled, muscular organ between bladder and rectum , consisting of two major parts:

• uterine corpus, made up of the isthmus, fundus, and body
blood supply: uterine artery (branch of the internal iliac artery, anterior division )

cervix
blood supply: cervical branch of uterine artery

• supported by the pelvic diaphragm, the pelvic organs, and four paired sets of ligaments
• round ligaments: travel from anterior surface of uterus, through broad ligaments, and inguinal

canals (canal of Nuck) then terminate in the labia majora
function: anteversion/suspension
blood supply: Sampson’s artery (branch of uterine artery running through round ligament)

uterosacral ligaments: arise from sacral fascia and insert into posterior inferior uterus
function: mechanical support for uterus, prevent prolapse, and contain autonomic nerve
fibres
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cardinal ligaments: extend from lateral pelvic walls and insert into lateral cervix and vagina
function: mechanical support, prevent prolapse

• broad ligaments: pass from lateral pelvic wall to sides of uterus; contain fallopian tube, round
ligament, ovarian ligament, nerves, vessels, and lymphatics. Within the broad ligament, the
uterine artery anastomoses with the ovarian artery

• infundibulopelvic ligament (suspensory' ligament of the ovary'):continuous tissue that connects ovary
to pelvic wall
• contains the ovarian artery, ovarian vein, ovarian plexus, and lymphatic vessels

• position of the uterus
anteverted (majority), retroverted, neutral
anteflexed ( more common), retroflexed

.Round ligament

spensory
ligament olovary

undibulopelvic
ligament!

Posterior viow

Broad ligament

1. Anteverted anteflexed
2. Retroverted retroflexed
3. Retroverted anteflexed
©Kateryna Procunier 2016 after Marina Chang 2013

Cardinal ligam
Anterior viow Uterosacral ligament © Desmond Ballance 2006

Figure 2. Genital organs and positioning of the uterus

D. Fallopian Tubes
•8-14 cm muscular tubes extending laterally from the uterus to the ovary
•interstitial, isthmic, ampullary, and infundibular segments; terminates at fimbriae
•mesosalpinx: peritoneal fold that attaches fallopian tube to broad ligament
•blood supply: uterine and ovarian arteries

Determination of Uterine Position by
Clinical Exam
• If cervix faces anteriorly (under the

urethra and less easily accessible).
i.e.toward vaginal orifice,more likely
RETROVERTED UTERUS

• If cervix faces posteriorly (easily
accessible),i.e. toward sacrum or
tectum,more likely ANTEVERTED
UTERUS

• If uterus palpable on bimanual exam,
more likely ANTEVERTED UTERUS

• If uterus palpable behind the cervix
in the posterior fornix,more likely
RETROVERTED UTERUS

E. Ovaries
•consist of cortex with ova and medulla with blood supply
•supported by infundibulopelvic ligament (suspensory ligament of ovary)
•mesovarium:peritoneal fold that attaches ovary to broad ligament
•blood supply: ovarian arteries (branches off of aorta), left ovarian vein (drains into left renal vein),

right ovarian vein (drains into inferior vena cava )

"Water Under the Bridge”
The ureters run posterior to the uterine
arteries

Abdominal aorta

Ureter

Ovarian artery

Internal iliac artery Common Anatomy Questions in the OR

External iliac aitery What is the origin of the left and right
ovarian arteries
Descending aorta
What are the drainage sites for the left
and right ovarian veins?
Left to left renal vein,right to inferior
vena cava
What is the most common place to
locate the ureter?
In the pelvic brim, the ureter passes over
the iliac vessels.The ureter can also be
found near the medial leaf of the broad
ligament where the ureter runs under
the uterine artery
Which artery runs under the round
ligament?
Sampson's artery

Ovarian and tubal branches
of uterine artery
Sampson’s arteryIwilhin
round ligament)
Uterine aitery

Vaginal artery

=
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Menstruation
Menstrual Cycle
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PROGESTERONE
PROGESTERONE is the main hormone in the luteal'secretory
phase and is stimulated by LH.Increased progesterone
acts negatively on LH and is secreted by the corpus luteum
(remnant of dominant follicle)

ESTROGEN
ESTROGEN is the main hormone in the follicular/
proliferative phase and is stimulated by FSH.As the
level increases it acts negatively on FSH. The majority
of estrogen is secreted by the dominant follicle

CHARACTERISTICS
• Menarche10-15 yr
• Average 12.2 yr
• Entire cycle 28 ± 7 d with bleeding for 1-6 d
• 25-80 mL blood loss per cycle

Progesterone effects
• On the endometrium:cessation of mitoses (stops

building endometrium up),"organization" of glands
(initiates secretions from glands). (Inhibits macrophages.
intcrlcukin-8. and enzymes from degrading endometrium

• On all target tissues: decrease estrogen receptors (the
"anti-estrogen" effect),decrease progesterone receptors

Estrogen effects
• On the follicles in the ovaries: reduces atresia
• On the endometrium: proliferation of glandular

and stromal tissue
• On all target tissues:decreases estrogen

receptors

Figure 4. Events of the normal menstrual cycle
E = estrogen; FSH = follicle-stimulating hormone; GnRH = gonadotropin-releasing hormone;HPO = hypothalamic-pituitary-ovarian; LH = luteinizing
hormone;P = progesterone

r T
ij

+

Activate Windows
Go to Settings to activate Windows.



GY5 Gynaecology Toronto Notes 2023

<§Stages of Puberty
Stages of Puberty• see Paediatrics. P36

• adrenarche: increased secretion of adrenal androgens; usually precedes gonadarche by 2 yr
• gonadarche: increased secretion of gonadal sex steroids;-age 8 yr
• thelarche:breast development
• pubarche:pubic and axillary hair development
• menarche: onset of menses, usually following peak height velocity and/or 2 yr following breast

budding

“Boobs. Pubes.Grow. Flow”
Thelarche. Pubarche.Growth spurt,
Menarche

Tanner Stage

Premenstrual Syndrome Thelarche
1. None
2. Breast bud
3. Further enlargement of areolae and

breasts with no separation of contours
4.2° mound of areolae and papilla
5.Areolae recessed to general contour

of breast

• physiological and emotional disturbances that occur I -2 wk prior to menses and last until a few days
after onset of menses; common symptoms include depression, irritability, tearfulness, and mood swings

• synonyms: “ovarian cycle syndrome," “menstrual molimina" (moodiness)

Etiology
• multifactorial: not completely understood; genetics likely play a role
• CNS-mediated neurotransmitter (serotonin, dopamine, GABA ) interactions with sex steroids

(progesterone, estrogen, and testosterone)
• serotonergic dysregulation - currently most plausible theory'

Pubarche
1. None
2. Downy hair along labia only
3. Darker/coarse hair extends over pubis
4. Adult -type hair with no thigh

involvement
5. Adult hair in distribution and type;

extends over thighs. Not all patients
achieve Tanner Stage 5. For image
see Paediatrics. P37

Diagnostic Criteria for Premenstrual Syndrome
• at least one affective and one somatic symptom during the 5 d before menses in each of the three prior

menstrual cycles
affective: depression, angry outbursts, irritability, anxiety, confusion, social withdrawal

• somatic: breast tenderness or swelling, abdominal bloating, headache, swelling of extremities,
joint or muscle pain, weight gain, fatigue

• symptoms relieved within 4 d of onset of menses and do not recur until at least day 13 of cycle
• symptoms present in the absence of any pharmacologic therapy, hormone ingestion, drug, or alcohol

use
• symptoms occur reproducibly during 2 cycles of prospective recording
• patient suffers from identifiable dysfunction in social or occupational performance
• consider a PRISM (Prospective Record of the Impact and Severity of Menstrual symptoms) calendar to

monitor symptoms and confirm diagnosis particularly with 3rd line treatment

Promonstrual Syndrome Treatmont
Exercise, cognitive behavioural therapy, vitamin B » Vitex agnus castus (chasteberry)

First Line CMC
Continuous or luteal phase (day 15-28) low dose SSRIs (e.g. citalopram/escitalopram 10 mg )

Estradiol patches1100 pg) + micronised progesterone (100 mg or 200 mg [day 17-281,orally or
vaginally) or levonorgestrel-releasing intrauterine system ( LNG-IUS) 52 mg
Higher dose selective serotonin reuptake inhibitors (SSRIs) continuously or in luteal phase
(e.g. citalopram/escitalopram 20-40 mg)

Second Line

f GnRH analogues add-back hormone replacementtherapy ( HRT)Third Line

f Surgical treatment •HRTFourth Line

Figure 5. Royal College of Obstetricians and Gynaecologists (RCOG) guidelines for treatment of premenstrual
syndrome
Adapted from source: Managementol Premenstrual Syndrome.Brit J ObstetGynaec 2016:48:1-33.

Premenstrual Dysphoric Disorder
Definition
• PMDD is similar to PMS but causes more severe symptoms and impairment of functioning

Clinical Features
• irritability and depressed mood
• breast pain and abdominal bloating

Diagnostic Criteria for Premenstrual Dysphoric Disorder
• at least 5 of the following 11 symptoms during most menstrual cycles of the last year (with at least I of

the first 4)
depressed mood or hopelessness

• anxiety or tension
• affective instability
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anger or irritability'
decreased interest in activities
difficulty concentrating

• lethargy
change in appetite
hypersomnia or insomnia

» feeling overwhelmed
physical symptoms: breast tenderness/swelling, headaches, joint/muscle pain, bloating, or weight
gain

• symptoms cause significant distress and/or interfere with social or occupational functioning
• symptoms must be present during the week prior to menses and resolve within a few days after onset

of menses
• may be superimposed on other psychiatric disorders, provided it is not merely an exacerbation of

another disorder

Common Investigations and Procedures

Imaging
Ultrasound
• transabdominal or transvaginal U/S is the imaging modality of choice for pelvic structures
• transvaginal U/S provides better resolution of uterus and adnexal structures

detects early pregnancy if (5-hCG >1500 (|5-hCG must be >6500 for transabdominal U/S)
• may be used to identify pelvic pathology'

identify ectopic pregnancy, intrauterine pregnancy
assess uterine, adnexal, cul-de-sac, and ovarian masses (e.g. solid or cystic)

» determine endometrial thickness, locate/characterize fibroids
• detection of deep infiltrating endometriosis
• monitor follicles during assisted reproduction

assess endometrial lining in postmenopausal women

Endometrial Biopsy
• performed in the office using an endometrial suction curette (pipelle) guided through the cervix to

aspirate fragments of endometrium
• pre-treatment with misoprostol (Cytotec*) is optional (works better in premenopausal patients)
• more invasive procedure (i.e. D&C ) may be done in the office or operating room ± hysteroscopy (this

may be required if endometrial biopsy is not possible in the office setting or if there is suspicion for an
endometrial polyp)

• indications- AUB/PMB
age >40
risk factors for or history of endometrial cancer
failure of medical treatment
significant intermenstrual bleeding
consider in women with infrequent menses suggesting anovulatory cycles

Hysterectomy No.377-Hysterectomy for Benig n
Gyoaecological Indications
J Obstet Cyraecol Can 2019:41|4|:543-SS7
Summary:
1. Hysterectomy should be approached by either

vaginal, laparoscopic,oc open routes.
2.Correction of preoperatiieaaemia ( hemi>globhi

(Hb <120 gfl). preoperatnre antibiotic prophylaxis,
and measures to decrease risk of venous
thromboembolism are recommended.

3.In patients with endometriosis,full excision
of local endometriosis should be performed
(Oiarnvl v .

4.Opportunistic salpingectomy can be considered al
the time ol hysterectomy, but the planned surgical
approach should not be changed lor this sole
purpose.

5.Urinary tract injury is a known complication of
hysterectomy and there should be a low threshold
for further investigation in cases where injury is
suspected - consider routine cystoscopy.

6.Women should be counselled about the benefits
and risks of removing the ovaries, the risk
ol ovarian cancer vs.the long term health
Impllcotions ol earlier menopause.

Indications
• uterine fibroids
• endometriosis, adenomyosis
• uterine prolapse
• pelvic pain
• AUB
• cancer (endometrium, ovaries, fallopian tubes,cervix)

Complications
• general anesthetic
• bleeding
• infection
• injury to other organs (ureter, bladder, rectum)
• loss of ovarian function (if ovaries removed, iatrogenic menopause)
• venous thromboembolism +
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Approaches
1 . open (abdominal approach): uterus removed via transverse (Pfannenstiel) or midline laparotomy
2. minimally invasive approaches

vaginal hysterectomy:entire procedure performed through the vagina; no abdominal incisions
laparoscopic-assisted vaginal hysterectomy: vascular pedicles are divided by a combination of
laparoscopic and vaginal approaches
total laparoscopic hysterectomy: all vascular pedicles including the colpotomy approached
laparoscopically and removed through the vagina
robotic:a type of laparoscopic approach; may be advantageous in patients with a high BM1, but
more costly

Table 1. Classification of Hysterectomy
Classification Tissues Removed Indications

Subtotal Hysterectomy Inaccessible cervix (e.g.adhesions)
Patient choice/prelerence

Uterus, cervix,uterine artery ligated atuterus Uterine fibroids
Endometriosis
Adcnomyosis
Heavy menstrual bleeding

Uterus

TotalHysterectomy (TH)
(cxtralascial simple hystercctomy/type1)

DUB
TotalHysterectomy (TH)
(cxtralascial simple hystercctomy/type1)
and BilateralSalpingo-Oophorcctomy (BSO)

Modified Radical Hysterectomy(type 2) Uterus, cervix,proximal1/3 parametria. Cervical cancer (up tostage1B1)
uterine artery ligated medial tothe ureter,
midpoint of ulerosacral ligaments, and upper
1-2 cm vagina
Uterus, cervix,entire parametria,uterine Cervical cancer
artery ligated at its origin from internal iliac
artery,ulerosacral ligament at most distal
attachment (rectum),and upper 1/3-1/2 vagina

Uterus, cervix,uterine artery ligated at uterus. Endometrial cancer
lallopian lubes, ovaries Malignant adnexal masses

Consider lor endometriosis

Radical Hysterectomy (type 3)

Disorders of Menstruation
Amenorrhea

Differential Diagnosis of Amenorrhea Primary Amenorrhea
No menses by age13 in absence of 2°
sexual characteristics,or no menses by
age 15 with 2” sexual characteristics, or
no menses 2 yr after thelarche

Table 2. Differential Diagnosis of Primary Amenorrhea
With Secondary Sexual Development Without Secondary Sexual Development

Normal Breast and Pelvic
Development

Normal 8reast, Abnormal
Uterine Development

High FSH
(Hypergonadotropic
Hypogonadism)

Low FSH
(Hypogonadotropic
Hypogonadism)

Secondary Amenorrhea
No menses for >6 mo or 3 cycles after
documented menarcheHypothyroidism

Hyperprolactinemia
PCOS
Hypothalamic dysfunction

Androgen insensitivity
Anatomic abnormalities

Mullerian agenesis,
uterovaginal septum,
impeilorate hymen

Gonadal dysgenesis
Abnormal sex chromosomes
(Turner's XO)
Normal sex chromosomes
(46XX. 4GXY)

Constitutional delay (rare in girls)
Congenital abnormalities
Isolated GnRH deficiency
Pituitary failure (Kallmann
syndrome,head injury,pituitary
adenoma,etc.)
Acquired endocrine disorders
(type 1DM)
Pituitary tumours
Systemic disorders (IBD.JRA.
chronic infections, etc.)
Functional hypothalamic
amenorrhea
Asherman's Syndrome/uterine
defect

Most Common Causes of Primary
Amenorrhea
1 Gonadal dysgenesis (e.g.Turner's

Syndrome)
2. Functional hypothalamic amenorrhea
3. Mullerian agenesis
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Table 3. Differential Diagnosis of Secondary Amenorrhea
With Hyperandrogenism Without Hyperandrogenism

PCOS
Autonomous hyperandrogenism (androgen secretion independent of
the HPO axis)
Ovarian: tumour,hypcilhccosis
Adrenal androgen-secreting tumour
Late onset or mild congenital adrenal hyperplasia (rare)

Pregnancy
Hypergonadotropic hypogonadism (i.e.primary ovarian
insufficiency:high FSH, low estradiol)
Idiopathic
Autoimmune: type 1DM, autoimmune thyroid disease.Addison's
disease,celiac disease
Iatrogenic:cyclophosphamide drugs,radiation

Hyperprolactinemia
Endocrinopathies:most commonlyhyper or hypothyroidism
Hypogonadotropic hypogonadism(low ESH):

Pituitary compression or dcslrudron:pituitary adenoma,
craniopharyngioma,lymphocytic hypophysitis, infiltration
(sarcoidosis),head injury,Sheehan'ssyndrome

Functional hypothalamic amenorrhea (often related to stress,excessive
exercise and/or anorexia)

Functional hypothalamic amenorrhea is
the most common cause of secondary
amenorrhea

Amenorrhea
i

History and Physical Exam
I;

1' Amenorrhea 2 'Amenorrhea

I I
(3-hCG2sexual characteristics

^Nol Negative^Prolactin
1Yes Positive

FSH/IH PregnancyKarotypc
1 t1

I |XY High^Hypergonadotropic Hypogonadotropic
• Gonadal agenesis/ •Constitutional delay

* HPO axis abnormality

iXX NormalLots Abnormal

Imperforate hymen AIS
Transverse vaginal septum

Cervical agenesis
MOIIcrian agenesis

Prolactin t
(normal <20 ng/dl)
• CT head if >100 ng/dl
• TSHtoscroon

for hypothyroidism

Progesbn challenge
Withdrawal No withdrawal

bleed
idysgenesis bleed. 1
Primary ovarian insufficiency

Uterine defect
Asherman’s syndrome

or HPO axis dysfunction

LH/FSH

I JHigh Normal/Low

PCOS -hyperandrogenism HPO axis dysfunction
•MRI hypothalamus, pituitary
•Measure other pituitary hormones
•Common etiology:

•Weight loss
• Excessive exercise
• Systemic diseases

Figure 6. Diagnostic approach to amenorrhea

Investigations
• P-hCG, hormonal workup (1SH, prolactin, FSH, LH, androgens, estradiol)
• progesterone challenge to assess estrogen status

• medroxyprogesterone acetate (Provera*) 10 mg PO once daily for 10-14 d
• any uterine bleed within 2-7 d after completion of Frovera* is considered to be a positive W/ L> test

• W/ D bleed suggests presence of adequate estrogen to thicken the endometrium; thus W/D of
progesterone results in bleeding
if no bleeding occurs, this may be secondary to inadequate estrogen (hypoestrogenism),
excessive androgens or progesterones (decidualization), pregnancy, obstructive causes (e.g.
cervical stenosis), or structural causes (e.g. uterine adhesions)

• karyotype: indicated if primary ovarian insufficiency or absent puberty
• U/S to confirm normal anatomy, identify PCOS (in adult population only)

Prolactinoma Symptoms
Galactorrhea, visual changes,headache

r 1
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Treatment

Table 4. Management of Amenorrhea
Etiology Management
1° AMENORRHEA

Gonadal resection alter puberty

Psychological counselling
Creation ol neo- vagina with dilation

AIS

Anatomical
Imperforate hymen

Transverse vaginal septum
Cervical agenesis
Mullerian dysgenesis [MRKH syndrome)

Surgical management
Surgical management
Suppression and ultimately hysterectomy
Psychological counselling
Creation of neo vagina with dilation

Diagnostic study to confirm normal urinary system and spine

2« AMENORRHEA

HPO axis dysfunction Identify modifiable underlying cause
Combined OCP to decrease risk ol osteoporosis, maintain normal vaginal and breast development
( NOT proven to work)

MRI/CT head to rule out lesion
If no demonstrable lesions by MRI:

Bromocriptine, cabergoline if fertility desired
Combined OCPs il no fertility desired

Demonstrable lesions by MRI: surgical management
See PolycysticOvarian Syndiome, CY 24
Screen foi DM , hypothyroidism, hypoparathyroidism, hypocortisolism

Hormonal therapy with estrogen and progestin to decrease risk of osteoporosis: can use OCP
after induction of puberty
Evaluation with hysterosalpingography or sonohysterography

Hysteroscopy:excision ofsynechiae

Hyperprolactinemia

2° amenorrhea is pregnancy until proven
otherwise

Polycystic ovarian syndrome

Premature ovarian failure

Uterine defect
Asherman's syndrome

Abnormal Uterine Bleeding

AUB
i

T
Regular

( predictable cycle)
Irregular

(unpredictable cycle)

AUB and/or
unpredictable AUBHeavy Intermenstrual Bleeding

AUB-0
AUB-M

AUB-A
AUB-Uv
AUB-C
AUB-E

AUB-P

Figure 7. Diagnostic approach to abnormal uterine bleeding

Approach
•menstrual bleeding should be evaluated by ascertaining: frequency/regularity of menses, duration,

volume of flow, impact on quality of life, and timing ( inter- or premenstrual, or breakthrough)
•is it regular?

regular: cycle to cycle variability of <20 d - “Can you predict your menses within 20 days?"
irregular: cycle to cycle variability of >20 d

•is it heavy?
questions: How frequently do pads/tampons need to be changed? How saturated? Any clots?
S80 cc of blood loss per cycle or

• S8 d of bleeding per cycle or
bleeding that significantly affects quality of life

Postmenopausal bleeding Is endometrial
cancer until proven otherwise

r “i
L J

Abnormal Uterine Bleeding
Change in frequency, duration, or
amount of menstrual flow that affects
quality of life
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• is it structural?
• PALM (see Table 5)

• is it non-structural?
COLIN (see Table5 )

Table 5. Abnormal Uterine Bleeding- Etiologies, Investigations, and Management
Etiology Investigations Management

STRUCTURAL
Transvaginal sonography
Saline infusion sonohysterograpny

Transvaginal sonography

Polyps (AUB-P) Polypectomy (triage based on symptoms,
polyp sire, histopathology, and patient age)

See Adenomyosis, 6H3Adenomyosis ( AUB - A )
MRI

leiomyoma ( AUB- L)
Submucosal (AUB-Lsm)
Other (AUB - Lo)

Transvaginal sonography
Saline inlusion sonohysterography
Diagnostic hysteroscopy

See fibraidi , 014

MRI
Malignancy and Hyperplasia (AUB- M ) Transvaginal sonography

Endometrial biopsy (or all women > 40 yr with
AUB. lor women *40 yt with persistent AUB. or
endometrial cancer nsh factors

Dependent on diagnosis

NON -STRUCTURAl

CBC, coagulation profile (especially in
adolescents), VWF. Ristocetin cofactor,
factor VII
Bloodwotk: p hCG. ferritin, prolactin, FSH. IH.
serum androgens (free testosterone, DHEA).
progesterone,17-hydroxy progesterone. ISH,
free T4
Pelvic ultrasound

Endometrial biopsy

Coagulopathy (AUB-C) Dependent on diagnosis (hormonal modulation
(e.g. OOP).Mirena IUS. endometrial ablation)

Ovulatory Dysfunction (AUB 0) See Inltthlilf,6K23

Endometrial (AUB E) Traneramicacrd
Hormonal modulation (e.g, OCP)
Mirena IUS
Endometrial ablation
Remove offending agentIatrogenic (AUB-I ) Transvaginal sonography (rule out forgotten

IUD)
Review OCPfHRT use
Review medications (especially neuroleptic
use)

Not Vet Classified (AUB N )

Treatment
• resuscitate patient if hemodynamically unstable
• treat underlying disorders

• if anatomic lesions and systemic disease have been ruled out, consider AUB
• medical

mild AUB
NSAIDs
anti-fibrinolytic (e.g. Cyklokapron*) at time of menses
combined hormonal contraceptive
progestins (Provera*) on first 10-14 d of each month or every 3 mo if AUB-0
Mirena* IUD
correct anemia - iron

acute, severe AUB
replace fluid losses, consider admission

a) estrogen ( Premarin*) 25 mg IV q4 h x 24 h with Gravol* 50 mg IV/PO c|4 h or anti-
fibrinolytic (e.g. Cyklokapron") 10 mg/kg IV q8 h (rarely used)

b) tapering OCP regimen, 35 pg pill T1D x 7 d then taper to 1 pill/d for 3 wk with Gravol* 50
pg IV/PO q4 h
- or taper to 1 tab T1D x 2 d •> BID x 2 d -> once daily (more commonly used)

after (a) or (b), maintain patient on monophasic OCP for next several months or consider
alternative medical treatment- medical (can also consider):

- high dose progestins
- danazol (Danocrine*)
- GnRH agonists (e.g. Lupron * ) with add-back if taken for >6- ulipristal acetate

r mmo
l i-J

• surgical
polypectomy
myomectomy

* uterine artery embolization
endometrial ablation

+
• if finished childbearing
• repeat procedure may be required if symptoms recur, especially If <40 yr

• hysterectomy: definitive treatment
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Dysmenorrhea
Etiology
• primary/idiopathic
• secondary (acquired)

• endometriosis
adenomyosis
uterine polyps
uterine anomalies (e.g. non-communicating uterine horn)
leiomyoma

• intrauterine synechiae
• ovarian cysts
• cervical stenosis

Primary Dysmenorrhea
Recurrent,crampy lower abdominal
pain during menses in the absence of
demonstrable disease

Secondary Dysmenorrhea
Pain during menses that can be
attributed to an underlying disorder (i.e.
endometriosis,adenomyosis.fibroids)

imperforate hymen, transverse vaginal septum
rlD
IUD (copper)
foreign body

Table 6. Comparison of Primary and Secondary Dysmenorrhea
Primary Dysmenorrhea Secondary Dysmenorrhea
Recurrent, crampy lower abdominal pain that occurs Similar features as primary dysmenorrhea but with an
during menses in the absence ol demonstrable disease underlying disorder that can account for the symptoms.

such as endometriosis,adenomyosis.or uterine fibroids
Colicky pain in abdomen,radiating to the lower back. Same symptoms as primary dysmenorrhea
labia,and inner thighs beginning hoursbefore onset of Associated symptoms:dyspareunia,abnormal bleeding.
bleeding and persisting for hours or days (48-72 h) infertilily
Associated symptoms:N/V, altered bowel habits,
headaches, fatigue (prostaglandin-associated)

Assess for associated dyspareunia.abnormal bleeding. Bimanual exam:uterine or adnexal tenderness, fixed
infertility (signs of 2’dysmenorrhea)
Buie out underlying pelvic pathology and confirm cyclic or enlargedirregular uterus (findings are rare in women
nature of pain
Pelvic examination not required; indicated for patients U/ S. laparoscopy,end hysleroscopy may benecessary to
not responding to therapy or with signsof organic establish the diagnosis
pathology Vaginal andcervical cultures may be required
Regular exercise,local heat
NSAIDs:should be started before onset of pain
CHCs with continuous or extended use: suppress
ovulation/reduce menstrual flow

Features

Signs andSymptoms

Diagnosis
uterine retroflexion,uterosacral nodularity,pelvic mass.
<20 yr)

Treatunderlying causeTreatment

Endometriosis
Definition
• the presence of endometrial tissue (glands and stroma) outside of the uterine cavity
• chronic condition, resolving only with menopause

Etiology
• not fully understood; proposed mechanisms include (combination likely involved):

• retrograde menstruation (Sampson’s theory)
immunologic:decreased N K cell activity limiting clearance of transplanted endometrial cells
from pelvic cavity (may be due to decreased N K cell activity)
metaplasia of coelomic epithelium

• extra- pelvic disease may he due to aberrant vascular or lymphatic dissemination of cells
• e.g. ovarian endometriosis may be due to direct lymphatic flow from uterus to ovaries

Epidemiology
• incidence: 15-30% of premenopausal women
• mean age at presentation: 25-30 yr
• regresses after menopause

Risk Factors
• family history (7-10x increased risk if affected 1st degree relative)
• obstructive anomalies of the genital tract (earlier onset) - resolves with treatment of anomaly
• nulliparity
• age >25 yr
• early menarche (<11-13 years old), shorter menstrual cycles (defined as <27 days)

Differential Diagnoses
• Chronic PID,recurrent acute

salpingitis. Hemorrhagic corpus luteum
• Bcnign/malignant ovarian neoplasm
• Ectopic pregnancy

4 “Dys" of Endometriosis
• Dysmenorrhea
• Dyspareunia (cul-de-sac,uterosacral

ligament)
• Dyschezia (uterosacral ligament cul-

de-sac.rectosigmoid attachment)
• Dysuria (bladder involvement)

r i
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Sites of Occurrence
• ovaries: 60% of patients have ovarian involvement
• broad ligament, vesicoperitoneal fold
• peritoneal surface of the cul-de-sac, uterosacral ligaments
• rectosigmoid colon, appendix
• rarely may occur in sites outside abdomen/pelvis, including lungs and diaphragm

Long-Term Outcomes of Elagolix in Women with
Endometriosis:Results from Two Extension
Studies
Obstet Gynecol 2018:132.147-160
Purpose: An evaluation of the safety and efficacy of
elagolix (a GnRH agonist)orer 12 mo in women wdh
endometriosis-associated pain.
Methods A repwlof 2. double - blind. Phase III.
placebo-controlled Mis to evaluate (wo doses
ol elagolix over 12 mo of continuous treatment m
patients with moderate lo severe endometriosis-
associated pain.
Results: In the lint trial.S2.1lol women receiving
ISO mg elagot'ionce daily had a dincal response
with regards lo dysmenorrhea and 67.8% had a
response with regards lo coo-menstrual pelvic pain.
In tine h gher dose group (200 mg q12 h), the response
rate was 78.1% and 69.1%.respectively, these
response rateswere comparable in the second trial.
Women who received elagb ix had higher rates of hot
flushes, higher serum I puts, and deueases in hone
mineral density.
Conclusion : Both h gb and low doses of elagolix
were effective m improving dysmenorrhea and non -
menstrual pelvic pain in women with endometriosis-
associated pain.

Clinical Features
• may be asymptomatic and can occur with one of 3 presentations
I. pain (80%)

• menstrual symptoms
cyclic symptoms due to growth and bleeding of ectopic endometrium, usually precede
(24-48 h ) and continue throughout and after flow

menses

secondary dysmenorrhea
sacral backache with menses
pain may eventually become chronic, worsening perimenstrually
deep dyspareunia

bowel and bladder symptoms
frequency, dysuria, hematuria
cyclic diarrhea /constipation, hematochezia, dyschezia (suggestive of deeply infiltrating
disease)

2. infertility (25%)
30-40% of patients with endometriosis will be infertile

• 15-30% of those who are infertile will have endometriosis
3. mass (endometrioma) (20%)

• endometrioma:an endometriotic cyst encompassing ovary
ovarian mass can present with any of above symptoms or be asymptomatic
physical examination:

tender nodularity of uterine ligaments and cul-de-sac felt on rectovaginal exam
fixed retroversion of uterus
firm, fixed adnexal mass

Investigations
• definitive diagnosis can be made based on:

direct visualization of lesions typical of endometriosis at laparoscopy ( gold standard )
• biopsy and histologic exam of specimens 2 or more of: endometrial epithelium, glands, stroma,

hemosiderin-laden macrophages
• laparoscopy

mulberry spots:dark blue or brownish-black implants on the uterosacral ligaments, cul-de-sac, or
anywhere in the pelvis
endometrioma: “chocolate" cysts on the ovaries
“powder-burn" lesions on the peritoneal surface
early white lesions and clear blebs
peritoneal “pockets"

• CA-125
maybe elevated in patients with endometriosis but should NOT be used as a diagnostic test

Endometriosis-Take Home Points
• Suggestive history even with a

negative exam should be considered
adequate for a presumptive
diagnosis

• Pelvic pain that is not primary
dysmenorrhea should be considered
endometriosis until proven otherwise

• Medical management is the mainstay
of endometriosis

Suspocted Endometriosis

V ’
First Line

CHC therapy ( ideally continuous!
Progestin alone (oral. IM, SC)

Failure of first line therapy
I; T

Second Line
1. GnRH agonist with addback

2. Progestin IUS
Laparoscopy for u.

diagnosis and treatment Failure of surgical or
medical therapy

r1
L J1. Reconsider diagnosis additional testing

- i and/or non-gynaecologic referrals
2. Chronic pain management and

multidisciplinary support
4

+
Figure 8. Society of Obstetricians and Gynaecologists of Canada (SOGC) guidelines for treatment of
endometriosis
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Treatment
• surgical confirmation of disease is NOT required prior to starting medical management.

Asymptomatic endometriosis does not require treatment.Management depends on certainty of the
diagnosis, severity of symptoms,extent of disease, desire for future fertility, and impact to Gl/GU
systems (e.g. intestinal obstruction)

• medical
NSAlDs (e.g. naproxen sodium -Anaprox*).Avoid selective COX-2 inhibitors (celecoxib,
rofecoxib, valdecoxib) in those who are attempting conception as some studies indicate these
drugs can prevent or delay ovulation

• 1st line
cyclic/continuous estrogen-progestin (OCP)
progestin (1M medroxyprogesterone (Depo-Provera*) or oral dienogest (Visanne’)). Mirena'lUS

• 2nd line
GnRH agonist (e.g. leuprolide (Lupron*)): suppresses pituitary glands

- side effects:hot flashes, vaginal dryness, reduced libido
- use >6 mo: include add-back progestin or estrogen to prevent decreased BMD,

reduce vasomotor side effects
danazol (Danocrine*): weak androgen

- side effects: weight gain, fluid retention, acne, hirsutism, voice change (not
commonly used due to side effects)

• surgical
conservative laparoscopy using laser, electrocautery ± laparotomy

ablation/resection of implants, lysis of adhesions, ovarian cystectomy of endometriomas
definitive:hysterectomy ± bilateral salpingo-oophorectomy
best time to become pregnant is immediately after conservative surgery
if patient is not planning to become pregnant postoperatively, suppress ovulation medically to
prevent recurrence (not proven)

• above treatments are for the pain, not for the infertility associated with endometriosis, which usually
involves surgery + assisted reproductive technologies. Also, management for endometriomas is
surgical for symptomatic and expanding masses, but this can decrease ovarian reserve, so if it is
asymptomatic and small (<5 cm), then no surgery is necessary

E®Adenomyosis
•synonym:“endometriosis interna” (uterine wall may be diffusely involved)

Epidemiology
•15% of females >35 y/o; found in 20-40% of hysterectomy specimens
•mean age at presentation: 40-50 y/o (older age group than seen in endometriosis)
•adenomyosis is a common histologic finding in asymptomatic patients

Clinical Features
•often asymptomatic
•heavy menstrual bleeding, secondary dysmenorrhea, pelvic discomfort
•dyspareunia, dyschezia
•uterus symmetrically bulky, usually <14 cm
•Halban’s sign: tender, softened uterus on premenstrual bimanual exam

Investigations
•clinical diagnosis
•U/S or MR1 can be helpful
•endometrial sampling to rule out other pathology

Treatment
•medical

• iron supplements for anemia
• analgesics, NSAlDs. Mirena'1US
• CHC,medroxyprogesterone (Depo-Provera*) - limited evidence for efficacy
• GnRH agonists (e.g. leuprolide (Lupron * ))

danazol 100-200 mg PO once daily (trial x 4 mo)
•surgical

definitive: hysterectomy - treatment of choice in women who have completed childbearing

Adenomyosis
Extension of areas of endometrial glands
and stroma into the myometrium

Final diagnosis of adenomyosis is based
on pathologic findings, but predictably
identified on MRI

r n
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Fibroids
Leiomyomata/Fibroids
Benign smooth muscle tumour ol the
uterus (most common gynaecological
tumour)

Epidemiology
• diagnosed in approximately 40-50% of premenopausal women >35 yr
• more common in Black women, where they are also larger and occur at earlier age
• common indication for major surgery in females
• minimal malignant potential (1 in 1000)
• typically regress after menopause

Pathogenesis
• estrogen stimulates monoclonal smooth muscle proliferation
• progesterone stimulates production of proteins that inhibit apoptosis
• degenerative changes (occur when tumour outgrows blood supply)

fibroids can painfully degenerate, become calcified, develop sarcomatous component, or obtain
parasitic blood supply

Classification
• intramural: most common, grow within the muscular wall of the uterus
• submucosal: grow within myometrium, can grow into endometrial cavity
• subscrosal: grow from the serosa
• fibroids can also grow in the cervix and vagina

Submucosal leiomyomata are most
symptomatic (bleeding,infertility)

Large fibroids can cause distressing bulk
symptoms

The effect of pregnancy on fibroid siie
is variable

'Pedunculated iubserosalClinical Features
• majority asymptomatic (60%), often discovered as incidental finding on pelvic exam or U/S (occur in

50% of ALL women )
• abnormal uterine bleeding (30%):dysmenorrhea, heavy menstrual bleeding
• pressure/bulk symptoms (20-50%)

pelvic pressure/heaviness
• increased abdominal girth

urinary' frequency and urgency
constipation, bloating (rare)
acute urinary retention (extremely rare, but surgical emergency!)

• acute pelvic pain
fibroid degeneration
fibroid torsion (if pedunculated subserosal)

• infertility, recurrent pregnancy loss
• pregnancy complications (potential enlargement and Increased pain, obstructed labour,

malprcsentation, difficult cesarean delivery)

Investigations
• bimanual exam: uterus asymmetrically enlarged, usually mobile
• CBC:anemia (only found if associated with AUB/heavy menstrual bleeding)
• pelvic and/or transvaginal U/S: to confirm diagnosis and assess location of fibroids
• sonohvsterogram: useful for differentiating endometrial polyps from submucosal fibroids, for

assessing intracavitary growth or for assessing potential risks with fertility associated with the fibroid
(submucosal only)

• endometrial biopsy to rule out uterine cancer for abnormal uterine bleeding (especially if age >40 yr)
• occasionally MRI is used for preoperative planning (e.g.before myomectomy)

Treatment
• only if symptomatic (heavy menstrual bleeding, bulk symptoms), rapidly enlarging or intracavitary
• treat anemia if present
• conservative approach (watch and wait) if:

• symptoms absent or minimal
fibroids <6-8cm or stable In size
not submucosal (submucosal fibroids are more likely to be symptomatic)
currently pregnant due to increased risk of bleeding (follow-up U/S if symptoms progress)

• medical approach to treat AUB-L
antiprostaglandins (ibuprofen, other NSAIDs)
tranexamic acid (Cyklokapron*)

• CHC,1US,or Depo-Provera*

GnKH agonist: leuprolide (Lupron*)
often used for 3 mo preoperatively to increase Hb and reduce fibroid size
reduces bleeding, shrinks fibroids, and corrects anemia
can be used long-term to bridge to menopause in combination with add-back progestin or
estrogen

• interventional radiology approach: UAE occludes both uterine arteries, shrinks fibroids by 50% at 6
mo; improves heavy bleeding in 90% of patients within 1-2 mo; not an option in women considering
childbearing

higher risk of surgical re-intervention than with surgical approaches

bubskir usdl

Intramura
' Cervical

Pedunculated
submucosal

g) Camilla Matuk ^Figure 9. Possible anatomic
locations of uterine leiomyomata

Uterine Artery Embolization let Symptomatic
Uterine Fibroids
C ochrane OB Syst See 2014:12^0005073
Purpose:lo compare outcomes of UAE to otter
medical or surgical therapies for symptomatic uterine
fibroids. Primary outcomes were pabeotsatisfactirm
and live birth rate
Results:Seven RCTs with 793women were included.
There was noevidence ola difference in the primary
outcomes or risk of major com plications between the
interventions.UAE was associated with a higher risk
of minor complications and the need for adddional
surgical intervention within 2 yr
Conclusions: No significant differences m patent
satisfaction or major complications m UAE complied
losu rgrcal intervention. UAC is associated wrtk an
increased riskof surgical ri-mterrenboa
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• surgical approach
myomectomy (hysteroscopic, transabdominal, or laparoscopic)
hysteroscopic resection of fibroid and endometrial ablation for AUB-Lsm

• hysterectomy (see Hysterectomy, G'1'6)
• note: avoid operating on fibroids during pregnancy (due to vascularity and potential pregnancy

loss); expectant management is usually best

Contraception
• see Family Medicine, TM23

Table 7. Classification of Contraceptive Methods
Effectiveness (Perfect Use, Typical Use')Type

Physiological

Withdrawalicoitus interruptus

Rhythm

Method calendar/mucuslsymptothermal
Lactational amenorrhea

Counselling the Adolescent about
Contraception
More than90% of adolescent
pregnancies are unintended,and"50%
of all pregnancies occur within the
first 6 mo of initiating sexual activity:
in addition.85% of sexually active
women become pregnant within1yr
if no contraception is used and even
some of the least effective contraceptive
methods markedly decrease the risk of
pregnancy

96%.77%
76%
93% (first 6mo postpartum)
15%

Abstinence of all sexual activity 100%

Barrier Methods

Condom alone

Spermicide alone

Sponge

Parous
Multiparous

Diaphragm with spermicide

Female condom
Cenhcal cap

Parous

Nulliparous

98%.82%
82%.72%

80%.76%
91%.88%

94%.88%
95%.79%

If -..68%

91%.84%
Hormonal
Combined (Estrogen and Progesterone)

0CP 99.7%.92%
99.7%.92%

99.7%.92%
MuvaRing:

Iransdermal(Ortho Evra*)
Progesterone-Only

Progestin-only injection (Depo-Provera-)

MiTena: IUS
99.7%.97%
99.9%

Etonogestrel implant (NEXPLAN0NT ) 99%
Copper IUD 99.3%

Surgical
Tubal ligation

Vasectomy

99.65%

99.9%

Emergency Postcoital Contraception (EPC)

Ywpe:method
"Plan 8'levonorgestrel only

Postcoital IUD

98%(within 24 h). decreases by 30% at 72 h

98% (within 24h).decreases by 70% at 72 h

99.9% (within 7 d)

99.9%(within7 d)Ella
’EPediveress:percentage ot womenreporting no pregrancy after 1yr of use

r
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Hormonal Methods
Combined Oral Contraceptive Pills
• daily pill with a 4-7 d placebo or pill free break to allow for menstruation
• estrogen:suppresses 1 SH and follicular development
• progestin: prevents LH surge, suppresses ovulation, thickens cervical mucus, decreases tubal motility,

decidualizesendometrium
• most contain low dose ethinyl estradiol (20-35 pg) plus progestin ( norethindrone, norgestrel,

levonorgestrei, desogestrel, norgestimate, drospirenone)
• failure rate (0.3-8.0%) depending on compliance
• monophasic formulations have the same amount of progestin throughout cycle while triphasic

formulations have a varying amount of progestin throughout cycle

Transdermal (Ortho Evra 1)
• patch that is changed every week for 3 consecutive weeks then left off for a week to allow for

menstruation
• continuous release of 6 mg norelgestromin and 0.60 mg ethinyl estradiol into bloodstream
• applied to lower abdomen, back, upper arm, buttocks, NOT breasts
• as effective as OCP in preventing pregnancy (>99% with perfect use)
• may be less effective in women >90 kg

Contraceptive Ring (Nuva Ring;)
• thin flexible plastic ring that is inserted into the vagina by the patient and left there for 3 wk then

removed for a week to allow for menstruation; releases etonogestrel 120 pg/d and estradiol 15 pg/d
• as effective as (KIP in preventing pregnancy (98%)
• side effects: vaginal infections/irritation, vaginal discharge
• associated with less breakthrough bleeding than other methods

Starting Hormonal Contraceptives
• thorough history and BP measurement (post-pandemic SOGC guidelines do not require BP reading

anymore to allow for virtual appointments)
• pelvic exam not required as ST1 screening can be done by urine, and pap smear screening does not

start until >25 yr
• can start at any time during cycle but ideally within 5 d of LMP
• follow-up visit 3 mo after hormonal contraceptives prescribed
• generally recommended to use back-up contraception for 7 days, particularly if initiated >5 days front

LMP

Table 8. Combined Estrogen and Progestin Contraceptive Methods
Side Effects ContraindicationsAdvantages

Highly effective
Reversible
Cycle regulation
Decreased dysmenorrhea andheavy menslrual Fluid retention,1bloating/edema

Weight gain (rare)
Decreasedbenign breast disease and ovarian Migraine,headaches
cyst development
Decreased risk of ovarian and endometrial
cancer
Increased cervical mucuswhich may lower
risk ofSTIs
Decreased PMS symptoms
Less acne
Osteoporosis protection (possibly)
Patient controlled

Estrogen-related
Nausea
Breast changes (tenderness,enlargement)

Absolute
4 wk postpartum(breastfeeding) or <21 d
postpartum (not breastfeeding)
Major surgery with prolonged immobilication
ttnown/suspectedpregnancy
Undiagnosed abnormal vaginalbleeding
Prior thromboembolic events, thromboembolic
disorders (FactorIf Leiden mutation;protein

bleeding|1ess anemia)

Thromboembolic events
Liver adenoma (rare)
Breakthrough bleeding (low estradiol levels) Cor S.or anbthrombin III deficiency), active

thrombophlebitis
Cerebrovascular or coronary artery disease
Estrogen-dependent tumours (breast,uterus)
Impaired liver function associatedwith acute
liver disease

Progestin-related
Amenorrhea!breakthrough bleeding
Headaches
Breast tenderness
Increased appetite
Decreased libido
Mood changes

Congenital hypertriglyceridemia
Smoker age>35 yr
Migraines with focal neurological symptoms
(eidudingaura)
Uncontrolled HTN

H1N
Acnefoilyskin*
Hirsutism*

Relative
'Androgenic side effects may beminimiced Migraines (non-local with aura <1h)
by prescribing formulations containing DM complicated by vascular disease
desogestrel,norgestimate.drospvenone. or SIE
cyprolerone acetate Controlled HI*Hyperlipidemia

Sickle cell anemia
Gallbladder disease r m

L J

Drug Interactions' Risks
Rifampin,phenobarbital.phenytoin.griseofulvin.
primidone,and St.John's wort can decrease
efficacy of CHC requiring use of back-up method
Ko evidence of fetal abnormalities if conceived
on OCP
No evidence that OCP is harmful to nursing infant
but may decrease milk production

+
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Table 9. Selected Examples of OCPs
Type Active Compounds

(estradiol and progestin
derivative)

DisadvantagesAdvantages
Missed Combined OCPs
Miss1pill in <24 h

• Take1 pil ASAP, and the next pill at
the usual time

Miss >1pill in a row in 1st wk
• Take1ptH ASAP, and continue taking

1 pttl daily until the end of the pack
• Use back up contraception for 7 d:

EPC may be necessary
Miss <3 pills in 2nd or 3rd wk of cycle

• Take 1 pi0 ASAP, and continue taking
1 pdf daily until the end of the pack

• Do not take placebo (28-d packs) or
do not take a hormone free interval
(21-d packs)

• Start the next pack immediately after
finishing the previous one

• No need for back up contraception
Mss >3 pills during the 2nd or 3rd wk

• Take1pil ASAP, and continue taking
1pill daily until the end of the pack

• Do not take placebo (28-d packs) or
do not take a hormone free interval
(21-d packs)

• Start the next pack immediately after
finishing the previous one

• Use back up contraception for 7 d;
EPC may be necessary

S0K CaunOtt Opnon on Messed Hor monj!
Cnctuuptnv »r» hKorarwiidibwis.
jMcnosjottso-tott.

Alesse 20|ig ethinyl estradiol and 0.5 mg Low dose (20 pg) OCP
Less estrogen side effects

Low-dose pills can often result in
breakthrough bleeding
If this persists for longer than 3
mo. patient should be switched
to an OCP with higher estrogen
content
Unlike monophasic OCP. triphasic
OCPs can not be used for
continuous menstrual suppression

levonorgestrel

Tri-cytlen' 35 pg ethinyl estradiol and
0.180(0.215/0.250 mg
norgestimate
Triphasic oral contraceptive
(graduated levels of progesterone)

Low androgenic activity can help
with acne

Yasmin: and Yaz Yasmin-:30 pg ethinyl estradiol Decreased perception of cyclic
n 3mg drospirenone (a new weight gaivtiloating
progestin) Fewer PUSsymptoms
Yaz5: 20 pg ethinyl estradiol -3 Improved acne
mg drospirenone- 24/4-d pill (4 d
pill free interval)
Drospirenone has
antimineralocorticoid activity and
antiandrogenic effects

Hyperkalemia (rare,
contraindicated in renal and
adrenal insufficiency)
Check potassium if patient also
on ACEI.ARB. K-*-sparing diuretic,
heparin

PROGESTIN-ONLY METHOD

Progestin-Only Pill
• progestcrone-onlv pill taken daily with no pill free interval
• advantages: patient controlled, does not impact breast milk supply
• disadvantages: must take at exactly the same time every day so compliance can be challenging

Progesterone Intrauterine System (IUS)
• small device left inside uterus for a maximum of 5 yr
• Mirena IL'S:52 pg lev onorgestrel - better for women with very heavy" or painful periods, 20%

amenorrhea rate
• Kyleena IUS:19.5 pg levonorgestrel - best for people who want a light period every mo and are mainly

looking for birth control
• advantages:convenient, low hormone dose, minimal side effects, no effect on breast milk, quick

return to fertility once removed
• disadvantages: uncomfortable to put in, must be inserted and removed by a doctor, rarely can have

uterine perforation or IUS expulsion
• very- effective reversible contraception; more likely to be an ectopic pregnancy if conception occurs.

Lower absolute risk of ectopic pregnancy compared to other contraceptive methods

Irregular breakthrough bleeding often
occurs ui the first few mo after starting
OCP:usually resolves after three cycles

Progestin-only contraceptives must be
taken at the same time every day

Coatiaioas«Extended Cycle vs. Cyclic Use
of Coabiaed Hormonal Contraceptives lor
Contraception
Cochrane 03Systker 2014:)
Purpose Systematic men of RCIs assessing (lie
eScecyeedsdeeSectsof cyclic administration
vs.titeded ose (oc-ger periods of acbve pills
and or shorter penods placebo) or continuous
use (a uterrupted active pdladministration) of
coaptation oral contraceptives (C0C).
Base its The r ta: -eve*published in 2012
berried 12 KCTs that.bmately showed no
ddfeterce tehreen groups with regards to efficacy
pregzaecy rated,safety, and compiiaice rates.
Contoneusor eiterded COCs were shown to reduce
menstrual symptoms (headaches, tiredness, bloating ,

and nenstizai pan),baddition.11 of 12 studies-ercmecls mrbar or rmproved bleeding patterns with
cottmsous or eiten ded cycles.
CoKhsiots: Its recently published updated
systesatc renew dettfieda further 4 RCIs,

hawever.results rtid not change.

Depo-Provera
• injectable depot medroxyprogesterone acetate 150 mg 1M every 12 wk (convenient dosing)
• advantages: suppresses ovulation, complete amenorrhea in 70% of women after 1 -2 yr of use, does not

affect breast milk, effective for dysmenorrhea
• disadvantages:breakthrough bleeding, iveight gain, decreased bone density (may be reversible),

restoration of fertility may take up to 1-2 yr

Nexplanotv
• 4 cm long 60 mg etonogestrel implant that is placed in the inner arm and lasts for a maximum of 3 yr
• advantages:does not affect breast milk, do not have to put something in uterus, good bleeding and

pain control, no change in bone density, quick return to fertility once removed
• disadvantages:breakthrough bleeding, weight gain

Table 10. Progestin-Only Contraceptive Methods
Indications Mechanism of Action Side Effects Contraindications
Does not affect breast milk supply Progestin prevents IH surge
Women with contraindications
to combined OCP (e.g.
thromboembolic or myocardial
disease)
Women intolerant ot estrogenic
side effects of combined OCPs

Irregular menstrual bleeding
Weight gam
Headache
Breast tenderness
Mood changes
Functional ovarian cysts
Acne/oityskin
Hirsutism

Absolute
Current breast cancer
Known/suspected pregnancy
Undiagnosed vaginal bleeding
Benign or malignant liver tumours,
severe cirrhosis,or acute liver
disease

Thickening ol cervical mucus
Decreases tubal motility
Endometrial decidualization
Ovulation suppression - oral
progestins do notconsistently
suppress ovulation
compared to combined OCPs

r i
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Intrauterine Device

Table 11. IUS Contraceptive Methods
Mechanism of Action Benefits of all IUS Risks of all IUS Side Effects Contraindications
Copper -Containing IUS
(Nova-T ):mild foreign body removal is very fast
reactionIn endometrium,toxic No estrogen (doesn't alfed
lo sperm and alters sperm motility breastfeeding,can use il

Return to baseline fertility after Insertion is uncomfortable
Must be inserted and removed by
a doctor
Infection (especially ilmultiple

smoker,hypertension,previous partners and within lirsl 10 d ol
insertion)
Uterine wall perforation on Insertion
(1/10000)
Expulsion (5% in the 1st yr, greatest
in the 1st mo)
Chance ol pregnancy very low, but if
piegnant,higher relative risk ol an
ectopic pregnancy or miscarriage
IUS do not protect agamstSlls’

Copper IUS: increased blood
loss and duration of menses,
dysmenorrhea, increased vaginal
discharge

Absolute
Both Copper andProgesterone IUS
Known or suspectedpregnancy
Undiagnosed genital Had bleeding
Acute or chronic PIP
lifestyle risk foi Slls
Known distorted uterinccavity
Immediately post -septic abortion

Progesterone IUS:spotting,
bloating,headache,acne,breast
tenderness,nausea.headaches,
ovarian cyst formation, vaginal
discharge,and/or mood changes.
Usually very mild.

Progcstcrone-Reteasing VII)
IUS (Mircna',Kylccna ): lasts Syr but can be removed
decidualiialion of endometrium before that it desired
and thickening ol cervical mucus: Can insert immediately alter
minimal effect on ovulation placental delivery and post

abortion
CopperIUS
Known allergy lo copper or Wilson's disease

Relative:
Both Copper andProgesterone IUS
Valvular heart disease
PMHx of PIP or edopic pregnancy
Presence of prosthesis
Abnormalities of uterine cavity
Intracavitary fibroids
Cervical stenosis
Immunosuppressed individuals (e.g.HIV)
Abnormalities of uterinecavity (excluding
distorted uterine cavity)
Copper IUS- Severe dysmenorrhea or heavy
menstrual bleeding

'Cervical swabs lor gonorrhea and chlamydia should be done prior loinsertion

Emergency Postcoital Contraception

Table 12. Emergency Postcoital Contraceptive (EPC) Methods
Side EffectsMethod Mechanism of Action Contraindications

HORMONAL

Yuzpe Method
Ovral5 2 tablets then repeat in12 h(100 pg ethinyl
estradiol 500 pglevonorgestrel)
Can substitute vnth any OCP as long as it contains100
pg ethinyl estradiol
2% overall risk of pregnancy
Used within 72 holunprotected intercourse,limited
evidence of benefit up to 5 d
Efficacy decreased with lime
(e.g. less effective at 72 h than 24 h)

“PlanB '"
Use within 72 ft of unprotected intercourse,can use
up to 5 d alter
750 pg levonorgestrel q12 h for 2 doses (can also take
2 doses together)
Creater efficacy (75 -95%ilused within 24h) and
better side effect profile than Yurpe method
No estrogen thus wry few conlraindications/side
effects (less nausea)
less eflectivc if >75 kg.not recommendedil>80 kg

Ulipristal (Ella )
30 mg P0 within 5 d ol unprotected intercourse

Unknown:theories include:
Suppresses ovulation or causes deficient luteal Irregular spotting
phase
Alters endometrium to prevent implantation
Affects spetm/ova transport

Nausea (due to estrogen:treat with Gravol ' ) Pre-existing pregnancy (although not
teratogenic)
Caution in women with contraindications
to OCP (although no absolute
contraindications)

Samcasabovc Same as above Same as above but no caution in women
with contraindications lo OCP

Selective Progesterone Receptor Modulator
(SPRM) with primarily antiprogestin activity:
may delay ovulation by up to 5 d

Headache,hot Hashes, constipation.vertigo,
endometrial thickening

Same as above but no caution in women
with contraindications lo OCP

N0N-H0HM0NAI
Postcoital IUD(Copper)
Insert up to 7 d postcoitus
Prevents implantation
1% failure rate
Can use (or short duration in higher risk individuals

See fable 11 See table11 See labfe 11

r -i
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Termination of Pregnancy
Indications
• patient desires an end to pregnancy
• may be for medical reasons (health of mother or fetal anomaly) or social reasons, including patient

request

Legal Considerations
• no current law in Canada concerning abortion, therefore considered legal at any GA, however GA

limits and access vary significantly by region
• CPSO:a physician must provide a referral for abortion services regardless of personal beliefs, but not

compelled to personally perform procedure

Rates
• 13.1 abortions in 1000 women 15-44 yr in Canada (2017 CIH1 data)
• worldwide: 56 million induced abortions per yr; half are unsafe (WHO data)
• maternal mortality almost zero where induced abortion is safe and legal; rises to 100 maternal deaths

in 100000 live births in sub-Saharan Africa and other countries where abortion is illegal and unsafe
• in Canada, 91% of induced abortions occur <12 wk GA; much less common after 24 wk GA (usually

only for maternal/fetal reasons)

Methods of Induced Abortion
• medical

gold standard up to 9 wk GA
• mifepristone and misoprostol 95-98% effective up to 49 d after LMP

mifepristone (200 mg PO on 1st d) blocks the progesterone receptor (progesterone required in
early pregnancy), alters the endometrium, induces bleeding and causes the cervix to soften
misoprostol (800 mg PV/BUC on 2nd or 3rd d) is a synthetic prostaglandin that stimulates uterine
contractions and expulsion of the products of conception

• can also use misoprostol alone or methotrexate and misoprostol (with lower success rates of 90-
95%)

• good follow-up and back-up access to D&C required if medical abortion fails
• side effects: bleeding (self-limited) and pain (while tissue passes) are expected side effects, as well

as nausea, diarrhea, and chills/fever due to prostaglandin effects
contraindications:

absolute: ectopic pregnancy, chronic adrenal failure, ambivalence
relative: unconfirmed GA, IUD in situ, long term steroid therapy, bleeding disorder/
anticoagulation, porphyria

• between 14-24 wk GA medical induction of labour (misoprostol followed by oxytocin ) is an
option, whereas after 24 wk GA induction of labour is the only option

• surgical
• <14 wk GA:

manual vacuum aspiration - up to 12 wk GA with handheld aspiration device
suction dilatation + aspiration ± curettage- may involve presurgical preparation of cervix
with laminaria tents and/or misoprostol

14-24 wk GA:dilatation and evacuation; presurgical preparation of cervix required with
laminaria tents
pain or discomfort during procedure mitigated by use of appropriate analgesia /sedation/
anesthesia ( including paracervical blocks)
rare complications ( l-5%): laceration of cervix, infection/endometritis, retained products of
conception, ongoing pregnancy
very rare complications (0.1-2%): hemorrhage, perforation of uterus, Asherman’s syndrome
(adhesions within the endometrial cavity causing amenorrhea/infertility), future preterm birth
(controversial and likely only with repeated abortion)

• counselling
counselling options always provided including possibility of carrying pregnancy with/without
adoption
offer future contraception (most effective way to prevent unintended pregnancies) and family
planning services
ensure follow-up

r T
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Pregnancy-Related Complications

First and Second Trimester Bleeding
Approach to the Patient with Bleeding in First Trimester (T1)/ Second Trimester (T2)

History
risk factors for ectopic pregnancy (see Ectopic Pregnancy, GY21)
previous spontaneous abortion
recent trauma
characteristics of the bleeding (including any tissue passed)
characteristics of the pain (cramping pain suggests spontaneous abortion )
history of coagulopathy
gynaecological/obstetric history
fatigue, dizziness, syncopal episodes due to hypovolemia, fever (may be associated with septic
abortion)

Bleeding in Pregnancy Definitions
• First trimester bleeding:vagina!

bleeding within the first 12 wk
• Second trimester bleeding:12-20 wk

Differential Diagnosis
• Physiologic bleeding:spotting,due to

implantation of placenta - reassure
and check serialp-hCGs

• Abortion (threatened, Inevitable,
incomplete,complete)

• Abnormal pregnancy (ectopic,molar)
fxeHydatidiform Mole.GV53)

• Trauma (post-coital or after pelvic
exam)

• Genital lesion (e.g. cervical polyp,
neoplasms)

• Subchorionic hematoma
• NonOB'GYN related cause of

bleeding (e.g.hemorrhoids)

Physical
• vitals (including orthostatic changes)
• abdomen (symphysis fundal height, tenderness, presence of contractions)
• perineum (signs of trauma, genital lesions)
• speculum exam (cervical os open or closed, presence of active bleeding/dots/tissue)
• pelvic exam (uterine size, adnexal mass, uterine/adnexal tenderness, cervical motion tenderness)

Investigations
• (5-hCG
• U/S (confirm intrauterine pregnancy and fetal viability). CBC
• group and screen

Treatment
• IV resuscitation for hemorrhagic shock
• treat the underlying cause

m
Every woman of childbearing age
presenting to ER with abdominal or
pelvic pain should have p-hCG measured

Spontaneous Abortions
• see Termination of Pregnancy, GY19 for therapeutic abortions

Table 13. Classification of Spontaneous Abortions
Management of Abortions
• Always rule out an ectopic pregnancy. Always check Rh; if negative,give

Rhogam'

• Always ensure patient is
hemodynamically stable

History Clinical and Ultrasound Findings Management ( Rhogam )Type

live fetus on ultrasound
Cervix closed

Threatened Bleeding * cramping Watch and wait
<5%will goon to abort

a) Watch and wail
b) Misoprostol 800 pg PV now and 800 pg

PV 24h later
c) OK
a) Watch and wait
b) Misoprostol 800 pg PV now and 800 pg

PV 24h later
c) OK

Inevitable Fetus low in uterus onultrasound
Cervix open

Bleeding and cramping
* rupture of membranes

Incomplete Bleeding and cramps t passage of
tissue noticed

Residual tissue in uterus on ultrasound
Cervix open Embryonic demise can be diagnosed

by ultrasound based on an intrauterine
gestational sac.embryonic crown-rump
length il mm, and no cardiac activityComplete Bleeding and complete passage ol sac

and placental tissue
No bleeding (letal death inutero)

Empty uterus on ultrasound
Cervix closed,no bleeding

No (etui heart rate on ultrasound, fetus
and sac still in uterus
Cervix closed,no bleeding

No management needed

Missed a) Watch and wail
b) Mifepristone 200 mg P0 followed by

misoprostol 800 pg PV 24 h later
c) OK
Evaluate mechanical,genetic,
environmental,and other risk factors

a) IV broad specimen antibiotics
b) DK 24 h after antibiotics
c) Misoprostol 800pg PV 24 h later

>3 consecutive spontaneousabortionsRecurrent

Septic Contents of uterus infected- very rare Tissue in uterus onultrasound
Foul discharge

r i
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Ectopic Pregnancy
Definition
• embryo implants outside of the endometrial cavity

Ovarian artery

Fallopian
Uterine
cavity

Sitesot ectopic pregnancy and
blood supplyto the uterus,
ovary,and tallopian tube
Normal site of implantation
I - Cervical 2

:2 - Interstitial
Vagina .53 - Perineal/Broad ligaments i4 - lsthmal -Tobal5 - Ampullar 3

6 - Infundibullar
7 - Ovarian

_
'•

0

Figure 10. Sites of ectopic pregnancy implantation
ampullary (70%)»isthmal (12%) > fimbrial (11%) > ovarian (3%) > interstitial (2%) > abdominal (1%)

Epidemiology
• 1 /100 pregnancies
•fourth leading cause of maternal mortality, leading cause of maternal death in first trimester
•increase in incidence over the last 3 decades
•three commonest locations for ectopic pregnancy:ampullary (70%), isthmic (12%), fimbrial (11%)

Etiology
•50% due to damage of fallopian tube cilia following HID
•intrinsic abnormality of the fertilized ovum
•conception late in cycle
•transmigration of fertilized ovum to contralateral tube

Susspooled Ectopic Pregnancy
(ShCG;2.Abdominal pain;3.Vaginal bleedingt. Positive urine

i Contraindications to Methotrexate
Therapy for Ectopic Pregnancy

• Hemodynamic instability
• Abnormalities in hematologic.

hepatic,or renal function
• Immunodeficiency
• Active pulmonary disease
• Peptic ulcer disease
• Hypersensitivity to methotrexate
• Heterotopic pregnancy with

coexisting viable intrauterine
pregnancy

• Breastfeeding
• Unwilling or unable to adhere to

methotrexate protocol

Hemodynamically unstable ur suspiciun
of impending/ongoing ruptured ectopic

(Hemodynamically stable ]
i

*Transvaginal U/S
SerumpliCG [ Surgery )

Tj T T
Intrauterine
pregnancy

BiCG level low and declining,
AND no fetal heartbeat or
extrauterine sac suspicious
for ectopic pregnancy,
AND pabent is reliable for follow-up

<3.5 cm unruptured ectopic
AND no fetal heart rate
AND fCG<5000
AND no hepatic/renal/
hematological disease
AND compliance assured
AND able and willing to follow-up

Patient does not meet
criteria for medical
management, OR
contraindication to
methotrexate

r T
iJ

j
[Expectant management J [ Methotrexate [ Surgery ]

+Figure 11. Algorithm for suspected ectopic pregnancy
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Risk Factors
• previous ectopic pregnancy
• gynaecologic

current 1UD use- overall risk of pregnancy very low, but increased risk of ectopic pregnancy if
pregnancy occurs
history of FID (especially infection with C. trachomatis),salpingitis
infertility

• infertility treatment (1V1; pregnancies following ovulation induction (7% ectopic rate))
• previous procedures

any surgery on fallopian tube (for previous ectopic pregnancy, tubal ligation, etc.)
abdominal surgery for ruptured appendix, etc.

• smoking. structural
uterine leiomyomas
adhesions

ODx of Lower Abdominal Pain
• Urinary tract: UTI, kidney stones
• Gl: diverticulitis, appendicitis
• Gynaecological: endometriosis. PID,

fibroid (degenerating, infarcted.
torsion), ovarian torsion, ovarian
neoplasm, ovarian cyst, pregnancy-
related

<§>
Any woman presenting with abdominal
pain, vaginal bleeding, and amenorrhea
is an ectopic pregnancy until proven
otherwiseInvestigations

• serial (5-hCG levels; normal doubling time with intrauterine pregnancy is every 48 h in the first 8 wk
rise in P-hCG <35% every two days across 3 measurements is consistent with a non-viable
pregnancy
prolonged doubling time, plateau, or decreasing levels before 8 wk implies nonviable gestation but
does not provide information on location of implantation
85% of ectopic pregnancies demonstrate abnormal p-hCG doubling

• ultrasound
• extra-uterine gestational sac with a yolk sac or embryo, regardless of cardiac activity, is diagnostic
• specific suggestive, but not diagnostic, finding on transvaginal U/S is a tubal ring

• suspect ectopic pregnancy in case of empty uterus by transvaginal U/S with P*hCG >2000-3000 mlU/

ft
Mote than half of patients with ectopic
pregnancy have no risk factors

Presentation of Ectopic Pregnancy
Ruptures
• Acute abdomen with increasing pain
• Abdominal distention
• Shock

mL
• laparoscopy (sometimes used for definitive diagnosis)

Treatment. goals of treatment: conservative (preserve tube if possible), maintain hemodynamic stability
• surgical = laparoscopy

linear salpingostomy an option if tube salvageable, however, patient must be reliable to follow-up
with weekly (5-hCG
15% risk of persistent trophoblast if salpingostomy, must monitor P-hCG titres weekly until they
reach non-detectable levels

salpingectomy if tube damaged or ectopic is ipsilateral recurrence
« consider Rhogam* if Rh-negative

patient may require laparotomy if unstable, extensive abdominal surgical history, etc.
• medical = methotrexate

folic acid reductase inhibitor affecting rapidly dividing cells
use 50 mg/m 3>ody surface area; given as a one time IM dose
this is 1/5 to 1/A chemotherapy dose, therefore minimal side effects ( reversible hepatic
dysfunction, diarrhea, gastritis, dermatitis)
follow P-hCG levels on days 4 and 7 after injection, and then weekly until|3-hCG is non-detectable
plateaued or rising levels suggest persistent trophoblastic tissue requiring further treatment
82-95% success rate, but up to 25% will require a second dose

« administer a second dose if P-hCG does not decrease by at least 15%
tubal patency following methotrexate treatment approaches 80%
stop prenatal vitamins as folic acid will decrease efficacy of methotrexate

• expectant management is an option for patients who are clinically stable, reliable for follow-up,
understand the risk of tubal rupture, and have P-hCG levels that are low and declining

Prognosis
• 9% of maternal deaths during pregnancy attributed to ectopic pregnancy
• 40-60% of patients will become pregnant again after surgery
• 10-20% will have subsequent ectopic pregnancy

n
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Infertility
Epidemiology
• 10-15% of couples, must investigate both members of the couple

Female Factors
Etiology

• increasing age
• chemotherapy
• ovulatory dysfunction (15-20%)

• hypothalamic (hypothalamic amenorrhea)
stress, poor nutrition, excessive exercise (even with presence of menstruation), history of
eating disorders

pituitary (prolactinoma, hypopituitarism)
• ovarian

PCOS
primary ovarian insufficiency
luteal phase defect (poor follicle production, premature corpus luteum failure, failed uterine
linintj response to progesterone), poorly understood

systemic diseases (thyroid, diabetes, Cushing’s syndrome, renal/hepatic failure)
• congenital (Turner's syndrome,gonadal dysgenesis, gonadotropin deficiency)

• outflow tract abnormality (15-20%)
tubal factors (20-30%)

FID
adhesions (previous surgery, peritonitis, endometriosis)
ligation/occlusion (previous ectopic pregnancy')

• uterine factors (<5%)
congenital anomalies, bicornuate uterus, septate uterus, prenatal DES exposure, intrauterine
adhesions (e.g.Asherman’s syndrome), submucosal fibroids/polyps
infection (endometritis, pelvic tuberculosis)

» cervical factors (5%)
hostile or acidic cervical mucus, anti-sperm antibodies
structural defects (cone biopsies, laser or cryotherapy)

• endometriosis (15-30%)
• multiple factors (30%)
• unknown factors (10-15%)

Infertility:inability to conceive or cany
to term a pregnancy after1yr of regular,
unprotected intercourse
Primary infertility:infertiity in the
context of no prior pregnancies
Secondary infertility: infertility in the
context of a prior conception
General/.TS% of couples achieve
pregnancy within 6 mo.85% within1yt
90% within 2 yr

When Should Investigations Begin?
• <35yr after lyr of regular

unprotected intercourse
• 35-40 yn after >6 mo of regular

unprotected intercourse
• >40 yn immediately
Earlier if:

• History of PID
• History of infertility in previous

relationship
• Prior pelvic surgery
• Chemotherapy/radiation in either

partner
• Recurrent pregnancy loss
• Moderate-severe endometriosisInvestigations

• ovarian factors
day 3:ESH, LH, estradiol, TSH, prolactin, free and total testosterone, androstenedione, DHEAS,
free testosterone

• day 21-23:high serum progesterone levels confirm ovulation
• general health:CBC. Fe, HbA1c

• tubal factors Ethical Considerations in Infertility
Treatment

• Infertility demands non-judgmental
discussion

• Ethical issues surrounding surrogacy,

donor gametes,and other advanced
reproductive technologies are still
evolving and remain controversial

• If the physician finds that certain
treatment options tie outside of
their moral boundaries, the infertile
couple should be referred to another
physician

hysterosalpingogram (HSG) - dye insufflated into uterus and x-ray taken
• shows uterine cavity shape and if tubes are patent
• can be therapeutic - opens fallopian tube

• sonohysterogram (SHG) - saline insufflated into uterus and ultrasound done
• shows uterine cavity shape and if tubes are patent
• can be therapeutic and opens the tubes

laparoscopy with dye insufflation (or tubal dye test) rarely done as diagnostic
• peritoneal/uterine factors

• HSG/SHG, hysteroscopy
• other

• karyotype
anti-mullerian hormone (AMH)-a test of ovarian reserve, the higher the number the better

n
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Treatment
• lifestyle modifications (quit smoking/cannabis, reduce caffeine/alcohol intake, healthy diet, exercise,

etc.)
education: time intercourse relative to ovulation (have sex every other day from 2 d prior to 3 d
following presumed ovulation)

• medical
ovulation induction
• domiphene citrate (Clomid’): estrogen antagonist used in anovulatory patients- blocks brain's perception of circulating estrogen, resulting in increased release of

I SH and LH which can help to induce ovulation (better results if anovulatory)
- followed by p-hCG for stimulation of ovum release

letrozole: aromatase inhibitor; may be associated with a higher rate of live births in patients
with PCOS

• may add:
bromocriptine (dopamine agonist) or carbamazepine (anticonvulsant) if elevated prolactin
metformin (for PCOS)
luteal phase progesterone supplementation for luteal phase defect (mechanism not completely
understood)
anticoagulation and ASA (81 mg PO once daily) for women with a history of recurrent
spontaneous abortions (for antiphospholipid antibody syndrome)
thyroid replacement to keep I SH <2.5

• surgical/procedural
tubuloplasty
lysis of adhesions
artificial insemination:intracervical insemination (1C1), intrauterine insemination (1U1),
intrauterine tuboperitoneal insemination (1UTPI), intratubal insemination (ITT)
sperm washing
IVF
intrafallopian transfer (il l )
GIFT* : immediate transfer with sperm after oocyte retrieval
ZIFF": transfer alter 2-1 h culture of oocyte and sperm
TET": transfer after >24 h culture

• 1CSJ. 1VM
± oocyte or sperm donors
± pre-genetic screening for single gene defects in karyotype of zygote

•not performed in Canada

Male Factors

• see Urology. U37
Normal Semen Analysis (WHO lower
reference limits)
• Must be obtained after 2-7d of

abstinence
• Volume1.5 cc
• Count 15 million/cc
• Vitality 58% live
• Motility 32% progressive. 40% total

(progressive non-progressive)
• Morphology 4.0% normal

Etiology
• varicocele (>40%)
• idiopathic (>20%)
• obstruction (-15%)
• cryptorchidism (-8%)
• immunologic (-3%)
• exogenous androgens

Investigations
• semen analysis and culture

Polycystic Ovarian Syndrome
Etiology

Insulin

I Polycystic Ovarian Syndrome - HAIR-
t estrogen 4 FSH secretion 11LH secretion ANAnovulation

Hirsutism. Hyper Androgcnism, Infertility.
Insulin Resistance. Acanthosis NigricansI it

t peripheral conversion to estrogen t ovarian secretion ol androgens Oligomenorrhea

I It
Obesity

Figure 12. Pathophysiology of polycystic ovarian syndrome

InfertilityHirsutism +
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Diagnosis
• Rotterdam diagnostic criteria: 2 of 3 required

oligomenorrhea/irregular menses for 6 mo
• hyperandrogenism

clinical evidence - hirsutism or acne
biochemical evidence - raised free testosterone

• polycystic ovaries on U/S (not appropriate in adolescents)

PCOS may be confused with
• Late onset CAH (21-hydroxylase

deficiency)
• Cushing's syndrome
• Ovarian and adrenal neoplasms
• Hyperprolactinemia
• Hypothyroidism

Clinical Features
• average age 15-35 yr at presentation
• in adolescents, wait at least I -2 yr to make diagnosis as adolescence resembles PCOS
• abnormal /irregular uterine bleeding, hirsutism, infertility, obesity, virilization
• acanthosis nigricans:darkening of skin folds in intertriginous zones (indicative of insulin resistance)
• insulin resistance occurs in both lean and obese patients
• FMHxofDM

Clinical Signs of Endocrine Imbalance
• Menstrual disorder/amenorrhea

(80%)
, Infertility (74%)
• Hirsutism (69%). Obesity (49%)
• Impaired glucose tolerance (35%). DM(10%)

Investigations
• assess BMI, BP, and fasting lipid profile at presentation

goal: identify hyperandrogenism or chronic anovulation and rule out specific pituitary or adrenal
disease as the cause

• laboratory
prolactin, TSH, free '14
17-hydroxyprogesterone, LH:1'SH >2:1 ( LH is chronically high with l-'SH mid-range or low (low
sensitivity and specificity))

• increased DHEAS, androstenedione, and free testosterone (most sensitive)
• transvagina] or transabdominal U/S: polycystic-appearing ovaries

“string of pearls” - 12 small follicles 2-9 mm or increased ovarian volume (>10 cc)
• tests for insulin resistance or glucose tolerance

75 g OGTT yearly ( particularly if obese)
• consider endometrial biopsy if long-standing abnormal uterine bleeding to rule out hyperplasia
• rule out other causes of abnormal bleeding

Long-Term Health Consequences
• Hyperlipidemia
• Adult onset DM
• Endometrial hyperplasia
• Subfertility
• Obesity
• Sleep apnea

Diagnostic Ctiterii for Polycystic Ovary
Syndrome Pitfalls «nd Controversies
JOCC 2008:8:671-679Treatment

• cycle control
• lifestyle modification (decrease BMI, increase exercise) to decrease peripheral estrone formation
• hormonal 1US, combined hormonal contraception or cyclic Provera" to prevent endometrial

hyperplasia due to unopposed estrogen
oral hypoglycemic (e.g. metformin) if T2DM or if trying to become pregnant
tranexamic acid (Cyklokapron*) for menorrhagia only

• infertility
medical induction of ovulation: letrozole, clomiphene citrate, human menopausal gonadotropins
(HMG (Pergonal*)), LHRH, recombinant l-'SH, and metformin

metformin may be used in conjunction with clomiphene citrate for ovulation induction
ovarian drilling ( perforate the stroma), wedge resection of the ovary • rarely done

• bromocriptine (ifhyperprolactinemia)
• hirsutism

any OCP can be used
Diane 35* (cyproterone acetate): antiandrogenic
Yasmin* (drospirenone and ethinyl estradiol):spironolactone analogue (inhibits steroid
receptors)

• mechanical removal of hair
• finasteride (5-a reductase inhibitor)
• flutamide (androgen reuptake inhibitor)

spironolactone (androgen receptor inhibitor)

tt prevent, there is no deaa-ent definition of
biochemical hyperandrogenernia, parbcularly since
there is dependence on poor laboratory standards
for measuring androgens in women.Clinical signs
of hyperandrogenism are iB-defir.ed in women wrtti
PCOS.eoddagnoss of bob) hirsutism and polycystic
ovarian morphology remains subjective. There is
aisothe inappropriate tendencyto assign ovulatory
status solely on the basis of menstrual cycle history or
poorly timed endocrine measurements, therefore it is
important as clinicians to recognize the multifactorial
and complet nature ol PCOS and place this in the
conteit of oor present diagnostic limitations.
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Gynaecological Infections

Physiologic Discharge
• clear, white, flocculent, odourless discharge; pH 3.8-4.2
• smear contains epithelial cells, Lactobacilli
• increases with increased estrogen states: pregnancy, OCP, mid-cycle, PCOS, or premenarchal
• if increased in perimenopausal/postmenopausal woman, consider investigation for other effects of

excess estrogen (e.g. endometrial cancer)

Non-Physiologic Discharge
• etiology

genital tract infection
vulvovaginitis: candidiasis, trichomoniasis, BV, polymicrobial superficial infection
chlamydia, gonorrhea
pyosalpinx, salpingitis

• genital tract inflammation (non-infectious)
local: chemical irritants, douches, sprays, foreign body, trauma, atrophic vaginitis, desquamative
inflammatory vaginitis, focal vulvitis
neoplasia: vulvar, vaginal, cervical, endometrial

• systemic: toxic shock syndrome,Crohn’s disease, collagen vascular disease, dermatologic (e.g.
lichen sclerosis)
IUD,OCP (secondary to progesterone)

Vulvovaginitis
PREPUBERTAL VULVOVAGINITIS
• clinical features: irritation, pruritus, discharge, vulvar erythema, vaginal bleeding (can be due to

(iroup A Streptococcus and Shigella )
• etiology

• non-specific vulvovaginitis is responsible for 25-75% of vulvovaginitis in prepubertal girls
• there are a number of potential factors in children that increase the risk of vulvovaginitis:

lack of labial development
non -estrogenized , thin mucosa
more alkaline pH (pH 7) than postmenarchal girls/women
obesity
poor hygiene (proximity of anus to vagina)
foreign bodies (most commonly toilet paper)
irritation by bubble baths, shampoos, perfumed soaps, and chemicals

localized skin disorders: lichen sclerosis, condyloma acuminata
trauma:accidental straddle injury, sexual abuse
infectious

Vulvovaginitis
Vulvar and vaginal Inflammation

Vulvar Hygiene
Recommend wipe front to back,
wash vulva only with water , avoid
daily pantyliners. avoid douching, no
need for "feminine cleansers/sprays/
powders",use gentle laundry detergents
for underwear, cotton underwear, no
underwear at night

pinworms
Candida (if using diapers or chronic antibiotics)
Group A Streptococcus, S.aureus,and Shigella
discovery of STI should raise suspicion of sexual abuse

Prepubertal and Adolescent
Gynaecological Infections:Legal
Aspects of Confidentiality. Clinicians who treat adolescents

must be aware of federal, state, and
provincial laws related to adolescent
consent and confidentiality

• Clinicians must be aware of
guidelines governing funding sources
for particular services and be familiar
with the consent and confidentiality
policies of the facility In which they
practice

other
polyps, tumour (ovarian malignancy)
psychosomatic vaginal complaints (specific to vaginal discharge)
endocrine abnormalities (specific to vaginal bleeding)
blood dyscrasia (specific to vaginal bleeding)
other systemic diseases: measles, chickenpox, scarlet fever, Hpstein-Barr Virus, Mycoplasma
pneumonia-induced rash and mucositis, Stevens-lohnson syndrome, Crohn's disease, and
Kawasaki disease have all been associated with vulvovaginal signs and symptom

• investigations
• vaginal swab for culture (specifically state that it is a pre-pubertal specimen)

pH, wet-mount, and KOH smear in prepubertal adults only
• treatment r >enhanced hygiene and local measures (handwashing, white cotton underwear, use sitz baths, use

mild detergent, urinate with legs spread apart, no nylon tights, no tight-fitting clothes, no sleeper
pajamas, avoid bubble baths, eliminate fabric softener, avoid prolonged exposure to wet bathing
suits) to protect vulvar skin

• infectious: treat with antibiotics for organism identified

Most common gynaecological problem
in prepubertal girls is non-specific
vulvovaginitis, not yeast

(. j
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Table 14. Other Common Causes of Vulvovaginitis in Prepubertal Girls
Pinworms Lichen Sclerosis Foreign Body

Diagnosis Cellophane tape test Area of white patches and thinning of skin Careful examination with or without
sedation
Irrigation of vagina with saline,may
require local anesthesia or an exam under
anesthesia

(figure of 8)
empirical treatment with
mchendarole [anthelmintic)

Topical steroid creamstreatment

INFECTIOUS VULVOVAGINITIS

Table 15. Infectious Vulvovaginitis
Candidiasis Bacterial Vaginosis (BV) Trichomoniasis

Organisms Condida albicans (90%)
Candida glabrala («5%)
Condida Iropicolis (<5%)

Replacement ofvaginal Lactobacillus
with:
Catdnetello vaginalis
Mycoplasmahomims
Anaerobes:Prevotello.Mobiluncus,
Bacletoides

Immunosuppression (DM.AIDS,etc.) High frequency of vaginal intercourse
Recent antibiotic use
Increased estrogen levels (e.g.
pregnancy,OCP)

Whitish,“cottage cheese,* minimal Grey, thin,diffuse,fishy smelling

Irichomonas vaginalis (flagellated
protoroan)

Sexual transmissionRisk Factors
Smoking
Douching

Discharge Yellow-green,malodourous, diffuse,
frothy
2S% asymptomatic

Petcchiae on vagina and cervix
Occasionally irritated, tender vulva
Dysuria. frequency,dyspareunia

% asymptomatic
Signs/Symploms

20% asymptomatic
Intense pruritus
Swollen, inllamed genitals
Vulvar burning, dysuria. dyspareunia

50- 75% asymptomatic
Fishy odour,especially alter coitus
Absence ol vulvar/vaginal iiritation

pH -4.5 -4.5 s4.5
KOH vrel mount reveals hyphae and >20% cluecells * squamous epithelial

cells dotted withcoccobacilli
[Cordnerella]
Paucity of W8C
Paucity of Lactobacilli
Positive whilf test: fishy odour with
addition ol KOH to slide (due to
formation ol amines)

Ho treatment it non- pregnant and
asymptomatic,unless scheduled for
pelvic surgery or procedure

Saline WetMount Motile flagellated organisms
Many V/8C
Inflammatory cells (PMNs)
Can have positive whiff test

spores

Clotrimaiolc, butoconacole.
miconarole, terconaiole
suppositories,and/or creams for 1,
3,or 7 d treatments
Only vaginal treatment inpregnancy Metronidazole 500 mg P0 BID x 7 d*
Fluconazole150 mg P0 in single dose Oral treatment is best in pregnancy

Vaginal
Metronidazole 0.75% gel x 5 d once
daily
Clindamycin 2% 5g intravaginally at
bedtime lot 7 d
Probiotics { loctobocillus sp.): oral or
topical alone orasadjuvant

Associated with recurrent preterm
labour,preterm birth,and postpartum
endometritis
Routine treatment of partner(s)
not recommended (not sexually
transmitted)

Treat even if asymptomatic
Metronidazole 2 g P0 single dose or
metronidazole 500 mg BID x 7 d
(alternative)
Symptomatic pregnant women should be
treated with metronidazole 2 g once

Treatment

Oral

Other Prophylaxis for recurrent infection
includes boric acid,vaginal
suppositories, luteal phase
fluconazole
Routine treatmentof partner(s)
not recommended (not sexually
transmitted)

Treat partner(s) (sexually transmitted)

* Need to warn patients on metronidazole nottoconseme alcohol (dlsultlram.like action}
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ISSexually Transmitted Infections
• see Family Medicine, 1M46

FALLOPIAN TUBESPECULUM EXAM

CDC Notifiable Diseases
• Chancroid
• Chlamydia
• Gonorrhea
• Hepatitis A, B.C. HIV
• SyphilisPelvic inflammatory

disease ( PID )
Gonorrhea
Chlamydia

Risk Factors for STIs
• History of previous STI
• Contact with infected person
• Sexually active individual <25 yr
• Multiple partners
• New partner in last 3 mo
• Lack of barrier protection use
• Social factors (homelessness, drug

use)

LABIA MAJORA
.ABIAMINURA
leipes

I« 1 « HP V wartsSyphilis
1.Chancre sore
2.Condylomatalata

richomomasis
(yellow-green frothy
discharge)

(#)ANUS

Figure 13. Speculum exam

TRICHOMONIASIS
• see Infections Vulvovaginitis, GY27

CHLAMYDIA

Etiology
• Chlamydia trachomatis

Epidemiology
• most common bacterial STI in Canada
• often associated with N.gonorrhoeac ( patients with chlamydia should also he tested for gonorrhea)

Clinical Features
• asymptomatic (80% of women)
• muco-purulent endocervical discharge
• urethral syndrome:dysuria, frequency, pyuria, no bacteria on culture
• pelvic pain
• postcoital bleeding or intermenstrual bleeding (particularly if on OCP and prior history of good cycle

control)
• symptomatic sexual partner

Investigations
• cervical culture or nucleic acid amplification test (can present in pharynx, rectum)
• obligate intracellular parasite: tissue culture is the definitive standard
• urine and self vaginal tests now available, which are equally or more effective than cervical culture

Treatment
• doxycycline 100 mg PC) BID for 7 d or azithromycin 1 g PC) in a single dose

Doxycycline is contra-indicated in the 2nd and 3rd trimesters of pregnancy
• reportable disease, test and provide empiric treatment to all sexual partners of the index case within

60 d prior to symptom onset or dale of specimen collection ( if the index case is asymptomatic)
• test of cure is recommended 3 wk after completion of treatment when compliance to treatment is

suboptimal, an alternative treatment regimen is used, experiencing persistent symptoms, or the
person is prepubertal or pregnant

Screening
• during pregnancy
• asymptomatic sexually active people under 25 yr
• neonates born to mothers with chlamydia
• any other people with risk factors for sexually transmitted and blood-borne infections

ft
STI Testing
• Vaginal swab
• Tests for bacterial vaginosis,

trichomoniasis. Candida
• Cervical swab
• Tests for gonorrhea and chlamydia

+Test of cure for C. trachomatis and N.
gonorrhoeae is not routinely indicated
Repeat testing if symptomatic, if
compliance with treatment is uncertain,

or if pregnant
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Complications
• PID: low-grade salpingitis and adhesions resulting in tubal obstruction
• infertility
• ectopic pregnancy
• chronic pelvic pain
• Fitz-Hugh-Curtis syndrome (liver capsule inflammation )
• reactive arthritis (male predominance, HLA-B27 associated), conjunctivitis, urethritis
• perinatal infection:conjunctivitis, pneumonia

GONORRHEA
Genital Warts During Pregnancy

• Condyloma tend to get larger in
pregnancy and should be treated
early (consider excision)

• Removal only if obstructing birth
canal or risk of extensive bleeding

• Do not use imiquimod, podophyllin ,
or podofilox in pregnancy

• Baby at risk for juvenile respiratory
papillomatosis, but cone dissection
does not significantly reduce the risk

Etiology
• Neisseria gonorrhoea?
• symptoms and risk factors same as chlamydia

Investigations
• Gram stain shows Gram-negative intracellular diplococci
• cervical, rectal, and throat culture (if clinically indicated)

Treatment
• single dose of ceftriaxone 250 mg IM plus azithromycin 1 g PO

if pregnant: above regimen or spectinomycin 2 g IM plus azithromycin 1 g PO (avoid quinolones)
• also treat chlamydia, due to high rate of co-infection

• treat partners
• reportable disease

screening as with chlamydia

Human Rights in Health Equity: Cervical Cancer
and HPV Vaccines
Am J IdA Med 2009.3S 36S 3B 7

While cervical cancer rates have drastically (alien
In developed countries due lo effective prevention
and treatment, socially disadvantaged women
within these countries remain disproportionately
more lively to develop and die olcervical cancer.

• In most develop ng countries cervical cancer rates
have risen or remained unchanged.

• It must be recognized that cervical cancer
disparities between race groups, urban and
rural residence.and high and low socioeconomic
status are attributed to dispaiate screening and
vaccination coverage.

• Programs are implemented without sufficient
attention to conditions that lender screening less
effective ov inaccessible to disadvantaged social
groups including: lack ol information, undervaluing
ol prevenbve care, opportunistic delivery In kmlled
healthcare settings, setual health stigma, and
related privacy concerns.

HUMAN PAPILLOMAVIRUS

Etiology
• most common viral ST'l in Canada
• >200 subtypes, of which >30 are genital subtypes
• HPV types 6 and 11 are classically associated with anogenital warts/condylomata acuminata
• HPV types 16 and 18 are the most oncogenic (classically associated with cervical HSIL)
• types 16, 18, 31, 33, 35, 36, 45 (and others) associated with increased incidence of cervical and vulvar

intraepithelial hyperplasia and carcinoma
• HPV is readily transmissible between opposite and same-sex partners through receptive and

penetrative vaginal, anal and oral sex, and non-penetrative sex (digital-vaginal sex and skin-to-
skin contact)
infection with one HPV type does not appear to provide protection against infection with related
HPV types

Clinical Features
• latent infection

no visible lesions, asymptomatic
only detected by DNA hybridization tests

• subclinical infection
visible lesion found during colposcopy or on Pap test

• clinical infection
visible wart-like lesion without rnngni Acation (check pharynx too)
hyperkeratotic, verrucous or flat , macular lesions

• vulvar edema

A 9 Valent HPV Vaccine Against Infection and
Intraepithelial Neoplasia in Women
NEJM 2015:372:711-723
Purpose: lo determine the efficacy and
immunogen city of the qHPV (types 6,11,16.18)
vs.9vHPV (five Jddt onal types 31.33.45.52. 58)
vaccines.
Method itteinalio-alrandonnted. double- blinded
phase 28 -3study of 9vHPV va tc me i n 14215 worn eu
between agesol 16-26. Participants were random it ed
lo the 9rHPV vaccmegroup or the qHPIf vaccine group
and each recerr ed a series of three IM inactions (d
1.2 mo. and 6 mo).Swabs ol labial, valvar, perineal,
perianal, endocenrical.and ectocervical tissue was
obtamedend used for HPV DMA testing/Pap smear.
Results:Pate ol high-grade cervical, vulvar, or
va gi nal disease was14.0 per1000 person-yr in both
vaccinegroups.Tbe rate of bigh-grade cervical,
vulvar, or vagnal disease related to HPV-31, 33.45.
52.and 58 was 0.1 per 1000 person-yr in the 9vHPV
group and1.6 per1000 person -yr in the qHPV group
(95% CI-80.9-99.81. Antibody responses to HPV-6,11,
16.and 18 were not sign ficantly different between
the two vaccine groups although adverse events
related lo injection vies weie more common n the
9vHPV group.
Conclusions the9iHPV vaccine was non -inferior
to qHPV vaccine in prevent ng infection and disease
related to HPV-6.11.K.and 18and also coveved
additional oncogen c types KPV-31.33.45.52.and 58
in a susceptible popnlabon.

Investigations
• cervical cytology by Pap test

• koilocytosis: nuclear enlargement and atypia with perinuclear halo
• biopsy of lesions at colposcopy
• detection of HPV DNA subtype using nucleic acid probes (not routinely done but can be done in

presence of abnormal Pap test to guide treatment)

Treatment
• anogenital svarts

• patient administered
podofilox 0.5% solution or gel BID x 3 d in a row (-1 d off ) then repeat x 4 wk
imiquimod (Aldara*) 5% cream Jx/wk nightly x 16 wk
sinecatechins 10% ointment 0.5 cm strand T ID x up to 16 wk, daily dose 250 mg ( need not
be washed off )
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provider administered
cryotherapy with liquid nitrogen: repeat ql -2 wk
podophyllin resin in tincture of benzoin: weekly
trichloroacetic acid (TCA) (80-90%) or bichloroacetic acid weekly x 4-6 wk; safe in pregnancy
surgical removal/laser

•intraepithelial lesions and cancers (See Gynaecological Oncology, GY42 )

Prevention
•vaccination:Gardasil‘9, Gardasil", Cervarix* (see Table 28, GY49)
•condoms may not fully protect (areas not covered, must be used every time throughout entire sexual

act)

HERPES SIMPLEX VIRUS OF VULVA

Etiology. 90% are HSV-2, 10% are HSV-1

Clinical Features
• may be asymptomatic
• initial symptoms: average incubation is 4 d after exposure (range 2-12 d)
• prodromal symptoms: tingling, burning, and pruritus
• multiple, painful, shallow ulcerations with small vesicles appear 7-10 d after Initial infection (absent in

many infected persons); lesions are infectious
• inguinal lymphadenopathy, malaise, and fever often with first infection
• dysuria and urinary retention if urethral mucosa affected
• recurrent infections: common but less severe, less frequent, and shorter in duration (usually only

HSV-2)

Investigations
• viral culture preferred in patients with ulcer present; however, decreased sensitivity as lesions heal
• HSVDNAPCR
• cytologic smear (Tzanck smear) shows multinucleated giant cells, limited use due to low sensitivity

and specificity
• type specific serologic tests for antibodies to HSV-1 and HSV-2 (not routinely available in Canada)

Treatment
• first episode: acyclovir 200 mg PO five times daily x 7-10 d, famciclovir 250 mg PO T1D x 7-10 d, or

valacydovir 1 g PO BID x 7-10 d
• recurrent episode: acyclovir 400 mg PO TTD x 5 d, famciclovir 125 mg PO BID x 5 d, or valacydovir I g

PO once daily x 5 d
• daily suppressive therapy

consider for >6 recurrences per yr or recurrence every 2 mo
• acyclovir 400 mg PO BID, famciclovir 250 mg PO BID, valacydovir 500 mg PO once daily,or

valacydovir 1 g PO once daily
• severe disease: IV acyclovir 5-10 mg/kg IV q8 h x 2-7 d or until clinical improvement observed

followed by oral antiviral therapy to complete 10 d of total therapy
• education regarding transmission: avoid sexual contact from onset of prodrome until lesions have

cleared, use barrier contraception

SYPHILIS

Etiology
• Treponema pallidum

Epidemiology of Genital UlcereClassifications
• primary syphilis

• 3-4 wk after exposure (median incubation 21 d)
painless chancre on vulva, vagina, or cervix
painless inguinal lymphadenopathy

• serological tests usually negative, local infection only
• secondary syphilis (can resolve spontaneously)

• 2-6 mo after initial infection, in 25% of patients with untreated primary syphilis
• nonspecific symptoms: malaise, anorexia, headache, and diffuse lymphadenopathy
• generalized maculopapular rash: palms, soles, trunk, and limbs
• condylomata lata: anogenital, broad-based, fleshy, grey lesions

serological tests usually positive
hills
inical manifestations; detected by serology only

HSV 7080%

r Syphilis
Chancroid
IHaemophilus ducreyi)

5%
<1%

ri
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•tertiary syphilis
• may involve any organ system
• neurological: tabes dorsalis, and general paresis

cardiovascular:aortic aneurysm and dilated aortic root
vulvar gumma:nodules that enlarge, ulcerate, and become necrotic (rare)

•congenital syphilis
« may cause fetal anomalies,stillbirths,or neonatal death

Investigations.aspiration of ulcer serum or node
•dark field microscopy (most sensitive and specific diagnostic test for syphilis): look for spirochetes
•non-treponemal screening tests (VDKL.RPK); non-reactive after treatment, can be positive with other

conditions
•specific anti-treponemal antibody tests (FT'A-ABS,MHA-TF, I F-PA )

• confirmatory tests; remain reactive for life (even after adequate treatment)

Treatment
•reportable disease, partners should be referred for treatment
•treatment of primary', secondary, latent syphilis of <1 vr duration

benzathine penicillin G 2.4 million units1M single dose
•treatment of latent syphilis of >1 yr duration

benzathine penicillin G 2.4 million units 1M ql wk x 3 wk
•treatment of neurosyphilis

• IV aqueous penicillin G 3-4 million units q4 h x 10-14 d
•screening

high-risk groups (partner with syphilis, HIV-infected individuals, high risk sexual behaviour,
history of incarceration)
in pregnancy (see Obstetrics. Infections During Pregnancy, OB3I )

Complications
•if untreated, 25-40% will experience late complications

HIV
•see Infectious Diseases, 1D27

Bartholin Gland Abscess
Etiology
• follows the infection of an obstructed Bartholin duct
• most commonlyt. coli,polymicrobial,.S', aureus,and Group B Strep

Clinical Features
• unilateral swelling and pain in inferior lateral opening of vagina
• sitting and walking may become difficult and/or painful

Treatment
• large mass >3 cm

1st or 2nd episode: l&D under local anesthesia with placement of Word catheter (10 French latex
catheter) for 2-3 wk
recurrence after two failed attempts with Word catheter: marsupialization in OK

• small mass <3 cm
l&D with Word catheter, sitz baths, warm compresses

• antibiotics: reserved for patients with recurrence, high risk of complicated infection, culture-positive
MKSA, systemic infection

«t> Marina ChnnQ 2QI3y

Figure 14.Bartholin gland abscess
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Pelvic Inflammatory Disease
• up to 20% of all gynaecology-related hospital admissions
• infection of the upper genital tract (above the cervix) including endometrium, fallopian tubes, ovaries,

pelvic peritoneum ± contiguous structures that primarily affects young, sexually active women
P!D accounts for up to 20% of all
gynaecological hospital admissions

Etiology
• microbial etiology unknown in most cases, often considered a polymicrobial infection
• causative organisms (in order of frequency)

• C. trachomatis
• N.gonorrhoeas

gonorrhea and chlamydia often co-exist
M.genitalium

• E.coli and colonic anaerobes found in rare cases of P1D in postmenopausal women
very rare pathogens: M.tuberculosis, H. influenzae, S.pneumoniae,and the agents of
actinomycosis

Risk Factors
• age 15-25 yr
• multiple partners, S'l'l in partner
• previous P1D
• 1UD (extremely rare,occurs within first 3 wk after insertion)

Clinical Features
• wide spectrum of clinical presentation: time course typically acute although many women will have

subdinical HID that does not prompt a patient to present for medical care but severe enough to cause
significant sequelae (fertility issues)

• clinical diagnosis of PID: fever >38.3°C, lower abdominal pain and tenderness, and abnormal
discharge (cervical or vaginal)

• uncommon: N/V, dysuria, and AUB
• chronic disease (often due to chlamydia)

constant pelvic pain
dyspareunia

• palpable mass
very difficult to treat, may require surgery

PID Diagnosis
Minimum diagnostic criteria. Cervical motion tenderness

• Uterine tenderness
• Adnexal tenderness
Additional diagnostic criteria

• Oral temperature >38.3"C
• Leukocytosis on saline microscopy of

vaginal secretlons/wet mount. Elevated ESR or CRP
• Laboratory documentation of cervical

infection with N. gonorrhoeas or C
trachomatis

Definitive diagnostic criteria
• Endometrial biopsy with

histopathologic evidence of
endometritis

• Transvaginal sonography or MRI
showing thickened fluid-filled tubes,
free fluid or tubo-ovarian complex

• Gold standard: laparoscopy
demonstrating abnormalities
consistent with PIDInvestigations

• blood work
p-hCG (must rule out ectopic pregnancy), CBC, blood cultures if suspect septicemia

• urine routine and microscopy (R&M )
• speculum exam, bimanual exam

vaginal swab for Gram stain, C&S
nucleic acid amplification tests (NAAT) for N. gonorrhoeas,C. trachomatis,M.genitalium
HIV testing and serologic testing for syphilis

• ultrasound
may be normal
free fluid in cul-de-sac

• pelvic or tubo-ovarian abscess
hydrosalpinx (dilated fallopian tube)

• laparoscopy
only done in patients that have failed outpatient treatment,symptoms not improving after 72 h of
inpatient treatment, or unclear diagnosis
surgery has high specificity but low sensitivity

Treatment
• must treat with polymicrobial coverage
• percutaneous drainage of abscess under U/S guidance
• laparoscopic drainage when no response to treatment, surgical (salpingectomy,TAH/BSO) if failure
• consider removing IUD after a minimum of 24 h of treatment
• reportable disease, treat partners
• consider re-testing for C. trachomatis and N.gonorrhoeas 4-6 wk after treatment if documented

infection n
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Table 16. Inpatient and Outpatient Management Options for Pelvic Inflammatory Disease
Inpatient Outpatient

Indications typical findings
Mild tomoderate illness
Oral antibiotics tolerated
Compliance ensured
follow up within 48 - 72 h|to ensure symptoms not
worsening)

Moderate to severe illness
Atypical infection
Adnexal mass, tuboovarian mass,or pelvic abscess
Failed or cannot lolerale oral therapy
Immunocompromised
Pregnant
Adolescent (first episode)
Surgical emergency cannot be excluded (e.g. ovarian
torsion)
PIO issecondary to instrumentation
Cefoxitin 2 g IV q6 li doxycycline 100 mg PO/IVq12 h or 1st line:ceftriaxone 500 mg IM x 1dose •doxycydine
Clindamycin 000 mg IV q8 li •gentamydn 2 mg/kg
IV/IM loading dose then gentamydn1.5 mg/kg q8 h
maintenance dose
Continue IV antibiotics for 24h after symptoms have
improved then doxycycline100 mg P0 BID to complete
14 d (add metronidarole 500 mg P0 BIO x 14 d in patients P0 BID x 14 d
with tubo ovarian abscess)

Antibiotic Regimen
100 mg PO BID x 14 d or cefoxitin 2 g IM x 1dose *
probenecid1g P0 doxycydine100mg P0 8IDi
metronidarole 500 mg P0 BID x 14 d
2nd line: ofloxacin 400 mg P0 8ID x 14 d or levofloxacin
500 mg P0 once daily x 14 dimetronidarole 500 mg

Complications of Untreated Pelvic Inflammatory Disease
• chronic pelvic pain
• persistent hydrosalpinx
• abscess, peritonitis
• adhesion formation
• ectopic pregnancy
• infertility

1 episode of P1D: 13% infertility
• 2 episodes of PID: 36% infertility

• bacteremia
• septic arthritis, endocarditis

[ Pelvic Pain J

ChronicAcute

I T —
Non-gynaecological

Referred pain
Urinary retention

Urethral syndrome
Interstitial cystitis

Gl neoplasm

^Gynaecological) fNon-gynaecologicall Gynaecological
Chronic PID

Endometriosis
Adcnomyosis

Adhesions
Dysmenorrhea
Ovarian cyst

Pelvic congestion
syndrome

Ovarian remnant
syndrome

Fibroid fraro)
Uterine prolapse

(rare)

Pregnancy-
related
Labour
Ectopic

pregnancy
Spontaneous

abortion
Placental
abruption

1i
Gl GU

Appendicitis
Mesenteric adenitis

Diverticulitis

UTI (e g cystitis,
pyelonephritis)

Renal colic
IBS
IBD

IBO Constipation
Partial bowel
obstruction
Diverticulitis

Horma formation
Nerve entrapment
Scxuat/physical/
psychological

abuse
Depression

Anxiety
Somauzation

1t i
Adnexal

Mittclschmcrz
Ruptured

ovarian cyst
Ruptured ectopic

pregnancy
Hemorrhage into

cyst/nooplasm
Ovarian/tubal

torsion

Uterina
Fibroid

degeneration
Torsion of

pedunculated
fibroid

Pyomotra/
hematometra

Infectious
Acute PID

Endometritis

Figure 15. Approach to pelvic pain

Toxic Shock Syndrome (TSS)
•see Infectious Diseases, 1D22
•Staphylococcal toxic shock syndrome (TSS) is a clinical illness characterized by rapid onset of fever,

rash, hypotension, and multiorgan system involvement

Risk Factors
•menstrual TSS

significantly decreased as a result of the withdrawal of highly-absorbent tampons and
polyacrvlate rayon-containing products from the market; however, tampon use remains a risk
factor for TSS (high absorbency, tampons used continuously for more days of their cycle, and
keeping a single tampon in place for a longer period of time)

r n
L JToxic Shock Syndrome

Multiple organ system failure due to
S. aureus exotoxin (rare condition)
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•non-menstrual TSS (gynaecologic)
diaphragm, cervical cap, or sponge use (prolonged use, i.e. >24 h)
surgical and postpartum wound infections, mastitis, sinusitis,osteomyelitis,arthritis, burns,
cutaneous lesions,etc.

Clinical Features
•sudden high fever/chills
•sore throat, headache,and diarrhea
•macular erythroderma followed by desquamation 1-2 wk later
•signs of multisystem organ failure
• refractory hypotension

Treatment
•treatment of shock
•remove potential sources of infection (foreign objects)
•surgical debridement (if warranted)
•adequate hydration
•empiric antibiotic therapy with vancomycin (load 20-35 mg/kg and maintenance 15-20 mg/kg q8-12

h) t clindamycin 900 mg IV q8 h + piperacillin-ta /.obactam 4.5 g IV q6 h
•continue combination therapy until patient is hemodynamically stable for at least 48-72 h

Surgical Infections
Postoperative Infections in Gynaecological Surgery
• pelvic cellulitis

common post hysterectomy, affects vaginal vault
* erythema, induration, tenderness, and discharge involving vaginal cuff

if fever and leukocytosis, treat with broad-spectrum ABx (i.e. clindamycin and gentamicin)
drain if excessive purulence or large mass

• can result in intra-abdominal and pelvic abscess
• see General and Thoracic Surgery, Postoperative Fever,6S8

Sexual Abuse
• see Emergency Medicine, ER27 and Family Medicine, F'M29

Sexuality and Sexual Dysfunction
SEXUAL RESPONSE
1. desire:energy that allows an individual to initiate or respond to sexual stimulation (libido)
2. arousal: physical and emotional stimulation leading to breast and genital vasodilation and clitoral

engorgement (excitement)
3. orgasm: physical and emotional stimulation is maximized, allowing the individual to relinquish their

sense of control
4. resolution: most of the congestion and tension resolves within seconds, complete resolution may take

up to 60 min
Note: this framework cannot be applied consistently to womens sexual response. For many women, the
phases may vary in sequence, overlap, repeat, or be absent during some or all sexual encounters

SEXUAL DYSFUNCTION

Classification
• lack of desire (most common)
• lack of arousal
• anorgasmia

primary anorgasmia: never achieved orgasm under any circumstances
secondary anorgasmia: was able to achieve orgasms before but unable to achieve orgasms
presently

• dyspareunia : painful intercourse, can be superficial or deep

Etiology
• biological:

gynaecological (e.g. pregnancy, childbirth, menopausal atrophy, endometriosis, prolapse, urinary
incontinence)
urological (e.g. recurrent UTI,chronic renal failure)
vascular (e.g. peripheral vascular disease, CAD)
neurological dysfunction (e.g. nerve entrapment syndrome, spinal cord injury, multiple sclerosis,
Parkinsons)

r T
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• musculoskeletal (e.g. arthritis, mechanical back pain)
systemic health disorders (e.g. DM, thyroid disorders)
medication side effects (e.g. (3-blockers, benzodiazepines,SSRls, antipsychotics, oral
contraceptives)

• behavioural or lifestyle (e.g. smoking, alcohol consumption, opioids, obesity)
• psychological:

early events: history of sexual violence, unpleasant early sexual experiences, or growing up in
a family or society that communicates no information or negative messages about women s
sexuality
current events: depression, anxiety, psychosis, fatigue, stress, or other mental health disorders

• relationship:
• abuse
• relationship distress

failure to engage in effective sexual stimulation

[ Dysparounia ]
£

^ MiJvni|m.il j Dysparounia Cyclo

— Painful intercourse
(initially due to

organic etiology)

Introital

i
Endometriosis
Ailenomyosis

Leiomyomata/lihroids
PID (acute vs. chronic)

Hydrosalpinx
Tubo-ovarian abscess
Uterine retroversion

Ovarian cyst

Inadequate lubrication
Vaginismus

Rigid/intact hymen
Bartholin's or Skene's gland infection

Lichen sclerosis
Vulvovaginitis: atrophic ( hypoestrogen ),

chemical, infectious (chlamydia, trichomoniasis)

Urethritis
Short vagina

Trigonitis
Congenital abnormality of the vagina

(e.g. vaginal septum)

Fear of pain
with intercourse2°vaginismus

t_ . JAnxiety with or
without sexual

response

Figure 17. Dyspareunia cycleFigure 16. Approach to dyspareunia

Treatment
• general:

assess patient goals and construct a safety plan as needed
counseling

• lifestyle changes
• improve body image

• lack of desire:
• biological: rule out other conditions/medication side effects; consider sildenafil for SSRI side

effects; consider androgens (testosterone, DHEA ), estrogens, tibolone in postmenopausal women;
consider serotonergic and dopaminergic agents: flibanserin, bupropion, buspirone; consider
bremelanotide

• psychological: rule out/treat depression, other mental health issues
relationship:assess couple interaction and partner sexual function; treat partner and relationship
conflict

• concerns with arousal/lubrication:
• biological: non-hormonal, water-based lubricants; consider estrogen (topical cream, tablet, or

ring)
psychological: address sexual anxieties
relationship:education regarding slowing of sexual response with aging

• anorgasmia:
biological:augment stimulation ± vibrator; consider androgens

• psychological: sex education, anxiety reduction, and use of erotica
• relationship:stimulation needs and helping patient leach partner what they need

• sexual pain disorders:
biological: rule out other conditions; topical estrogen if atrophy; consider nerve modulators
(amitriptyline, gabapentln, or pregabalin ); pelvic floor physiotherapy
psychological: sex therapy if vaginismus
relationship: rule out abuse (with patient alone)

Kegel Exercises
Regular contraction and relaxation to
strengthen pelvic floor muscles

Reverse Kegel Exercises
1scontraction then 5s of relaxation

ri
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Menopause
•see Family Medicine. FM43

Definitions
•lack of menses for 1 yr
• timing of menopause

• physiological; average age 51 yr (follicular atresia)
• premature ovarian insufficiency; before age 40 (autoimmune disorder, infection.Turner’s

syndrome)
iatrogenic (surgical/ radiation/chemotherapy)

Menopause
Occurrence of last spontaneous
menstrual period,resulting from loss of
ovarian function (loss of oocyte response
to gonadotropins)

"Being in menopause "
Lack of menses for1yr

Clinical Features
•associated with estrogen deficiency

• vasomotor instability (tends to dissipate with time)
hot flushes/flashes, night sweats, sleep disturbances, formication, nausea, and palpitations

• urogenital atrophy involving vagina, urethra, and bladder (genitourinary syndrome of
menopause (GUSM))

dyspareunia, pruritus, vaginal dryness, bleeding, post-coital bleeding, urinary frequency,
urgency, and incontinence
inspection may reveal: thinning of tissues, erythema, petechiae, abrasions, and dryness on
speculum exam

Perimenopause
Period of time surrounding menopause
(2-8 yr preceding + 1yr after last
menses) characterized by fluctuating
hormone levels, irregular menstrual
cycles,and symptom onset

Menopause Pathophysiology
Degenerating Uieca cells fail to react to

endogenous gonadotropins (FSH,LH)
• skeletal

• osteoporosis, joint and muscle pain, and back pain
• skin and soft tissue

• decreased breast size, and skin thinning/loss of elasticity
• psychological

• increased anxiety, depression, irritability, fatigue, decreased libido, and memory loss

i
Less estrogen is produced

1
Decreased negative feedback on

liypolhalamic-pituitary-adrenal axis

1Investigations
•for women with irregular cycles and menopausal symptoms:

>45 yr: no testing necessary
40-45 yr: p-hCG, prolactin, TSH
<40 yr: (5-hCG, FSH, prolactin, TSH

•increased levels of FSH (>35 IU/L ) on day 3of cycle ( if still cycling) and LH (FSH>LH)
•FSH level not always predictive due to monthly variation; use absence of menses for 1 yr to diagnose
•decreased levels of estradiol (later )

Increased FSH and LH

i
Stromal cells continue to produce
androgens as a result of increased

LH stimulation

Figure 18. Menopause
pathophysiology

Treatment
•goal is for individual symptom management

• 85%of women experience hot
flashes

• 20-30% seek medical attention
• 10% are unable to work

Table 17. Treatment of Menopause
Vaginal
Atrophy

Urogenital
Health

Osteoporosis Decreased
Libido

CVD'Vasomotor
Instability

Mood and
Memory

Menopause hormonal local estrogen: lifestyle
therapy (MHI ) as first cream (Premarin ' changes (weight 1500 mg once
line. SSRI, venldlaxiiie, or Estragyn
gabapentin.

Calcium 1000- Vaginal lubricants, Manage CVD Anti depressants
counselling, risk factors (lirsl line). MHI

(augments
elfcct), CBT

loss, bladder daily,vitamin androgen-
training), pelvic 0800 1000 ID. replacement

propanolol, donidine, Cream - ), vaginal floor exercises, weight-bearing testosterone
acupuncture. suppository local estrogen exercise, smoking cream or the oral
behavioural (VagiFems). replacement, cessation. form (Andriol 3)
modifications ring (Estring - ). surgery

lubricants

Vaginal

bisphosphonales
(e.g.alendronate).
SERMs
(e.g.raloxifene
(Evista3)).HUT
(second-line
treatment)

( Replens:).
intravaginal laser

'CVD(cardiovascular disease)
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Menopause Hormone Therapy
• see family Medicine, IM I3

tong- Tcrm Hormone Therapy for Perlmcnopausal
and Postmenopausal Women
Cocfcra-e DB Syst Per 2017:ttD004143
Purpose To determine tire effect of long-term HI
(hormone therapy) on mortality.cardiovascular
outcomes,cancer, gallbladder disease, fractures,
cognition,and quality ol life (001) in perimenopausal
and postmenopausal women.dunngHT use.andafter
cessatonofHT.
Results: 22 studies with 43632 women included.
Host studies included postmenopausal American
women with at least some degree olcomorbidity,
with a mean participant age oner 60 yr. Combined
continuousHI:increased risk of coronary event
after1yr (from 2/1004 to 3-7/1000).venous
thromboembolism after 1yr (2/1000 to 4 11/1000).
stroke alter 3 yr (6/1000 to 6-12/1000).breast cancer
after 5.6 yr|19'1000 to 20 -30/1000).gallbladder
disease after 5.6 yr (27/1000 to 38-60/10001,and
death from lungcancer after 5.6 yr use plus 2.4yr
additional follow up (5/1000 to 6 -13/1000).Estrogen
onlyHI:increased risk ol venous thromboembolism
alter 1-2 yr use 12/1000 to 2-10/1000;alter 7 yr.
16/MOO to 16-28/1000),stroke after 7 yr (24/1000
to 25-40/1000).and galtbi adder disease after 7 yr
use (27/1000 to 38 -60/1400) but reduced the risk of
breast cancer alter 7yr (25 /1000 to 15 - 25/1000 and
clinical fracture alter 7yr (141/1000 to 92-113/1000)
Women >65 yr olage taking combmed HI had shown
an increase in the incidenceof dementia after4
yr use(9/1000 to11-30/1004).for women with
cardiovascular disease,use of combined conbnuous
HIsigitifutilly increased the risk ol venous
thromboembolism al1yr (3/1000 to 3-29/1400).
Conclusions: HI may be contraindicated for some
women with increased risk of cardiovascular disease,
thromboembolic disease,and certain cancers socb
as breast cancer in women with a uterus.HIisnot
indicated lor pnmary or secondary prevention ol
cardiovascular disease,dementia,or deteriorationol
cognitive function.

Treatment Guidelines
• primary indication is treatment of menopausal symptoms (vasomotor instability)

should not be prescribed if the only objective is the prevention of chronic disease
• before starting, review the benefits and risk (see Table 18) and contraindications with the patient
• use the lowest effective dose; patients with standard dose should be advised to lower dose after a few

years
• patients receiving MHT must be evaluated annually
• decisions around duration of treatment should be individualized, but recommended to avoid

treatment >5 yr with combination estrogen and progesterone treatment due to the duration-
dependent risk of breast cancer
• tapering and abruptly discontinuing MH'l have similar impact on symptom recurrence, but

for patients with a history of severe baseline vasomotor symptom, gradual tapering is probably
preferable

Table 18. MHT Benefits vs. Risks
Benefits Risks
Reduction of vasomotor symptoms
Reduction of sleep problems
Reduction of mood or anxiety problems
Reduction of aches and pains
Osteoporosis prevention and treatment
Reversal of vulvar and vaginal atrophy (local eslrogen therapy
recommended ilsuch atrophy is the only Indication for therapy)

Ihromboemholic events
Stroke
Breast cancer (increased risk after 4-5 yr with estrogen-progesterone
regimens,noincreased risk (oral least 8 yr with estrogen-alone
regimens)
Coronary heart disease (for women age >60 and those who are >10 yr
after menopause)
Endometrial hyperplasia and cancer (with estrogen-only regimens)

MHT Components
• estrogen

• oral or transdernial (e.g. patch, gel )
• transdernial preferred for women overall, especially with hypertriglyceridemia or impaired

hepatic function, smokers, and women who suffer from headaches associated with oral MHT, due
to decrease risk of VTE
low-dose (preferred dose: Premarin' 0.3 mg/Estradot* patch 25 pg, can increase if necessary)

• progestin
given in combination with estrogen for women with an intact uterus to prevent development of
endometrial hyperplasia/cancer

(#Moderatc - to- scvcrc hoi flashes end/or night sweats
(and inadequate response to bchavioural/lifcstyle modifications)

Osteoporosis is the single most
important health hazard associated with
menopause

;No Yes

1t
Genitourinary symptoms such as

vaginal dryness or pain
with intercoursc/scxual activity

Free of broast cancer endometrial cancer,
venous thromboembolism,CHD, strokc/TIA. and other

contraindicaions to HT and interested in considering HT?
Cardiovascular disease is the leading
cause of death post-menopause

Yes No Yes No

1
Froo of breast cancor, f
endometrial cancer, k

Prior Hysterectomy?
* Yes - Sec estrogen-only options in Table 19
• No = See combined estrogen-progestin options

in Table 19

Avoid HT Eroo of contraindications
to SSRIs/SNRIs?

and other
homronc-sensitrve

cancers?
Increased risk of breast cancer (RR 1.3) is
associated with estrogen+progesterone
HRT.but not with estrogen-only HRT

Yes No

£ £
Yes No • Considor

low-dose
paroxetine or
other
well-studied
SSRIs/SNRIs
Ivcnlafaxino,
cscitaloprarn,
others) if no
contraindications

• Avoid
SSRIs/SNRIs

• Consider
gabapentin,
pregabalin or
clonidine. if
no contra-
indications

I All women taking HRT should have
periodic surveillance and counselling
regarding its benefits and risks

Assess CVD risk and time since_ menopause onset• Vaginal
lubricants
and/or
moistunzers

• Vaginal
lubricants
and/or
moisturizers

• Consider
low-dose
vaginal
estrogen if
response is
inadequate

Yrsince menopause onset

<5 6-10 >10Ms «
•5 Low15%) HT OK HTOK Avoid HTit Moderate HT OH

•c g (5-10%) Ichoose
HTOK Avoid HT
(chODSC

transdermat) transdcrmall
l

H Adequate control
of hot flashes?

r i
L J

o High|
<> l >10: o!

Avoid HI Avoid HT Avoid HT
Yes NoS
I

• Continue
low-doso
paroxotino or
other
SSRIs/SNRIs

• Adiustdose
or consider
gabapentin.
pregabalin or
clonidine

+
DECISION ABOUT DURATION OF USE continued moderatc-to-scvcrc symptoms;
patient preference;weigh baseline nsks of breast cancer,CVD,and osteoporosis

Figure 19. Hormone therapy in menopause
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Table 19. Examples of MHT Regimens
MHT Regimen Trade Names Standard Doses

Menopausal Hormone Therapy end Health
Outcomes During the IniErreitkii and Eitended
Poststopping Phases of the Women's Health
Initiative Randomized Trials
JAMA 2013:310:1353-1363
Purpose: Toreport com pre’e'snt ringsfrom the
2 Women's Health Initiative (181) to— ate therapy
trials with eitended postmteneutoa f: wr-up.
Methods: 4 total of 27341 posrr::a.sz women
ages 50-79 were enrolled a:40 US centers, la the
C £t*MPA trial.166-33 noreLwit atadutcns.
received either conti nuoascorh-ed H!I (CEE 0.625
mg- MPA 2.5 rag once daily) or osteho.hr tie CEE-
only trial, 10739 women,wdt pcor -ysferectomy.
received either CEE 0.625-g once teiyor p aceoo.
Results: Resultsal : reported as cases per10000
person-yr, stratified for age (50-59.60-69.70-79):

• CEE-MPJCHD:6 additional cases (50-591.0
additional cases 160-69).19sddtoat cases
(70 79|

• CEE-MP& Invasive toast catcer:6 Mdrtrotal cases
(50-59).7 additional cases (6069).15 additional
cases (70-79)
CEE-MPA Stroke:5 addrtnral cases (50-59).11
additional cases (60-69).13 addrtnral cases
(70-79|

• CEE-MPi PE: 6 additional cases (50-591.S
additional cases (60-69).18 addtncal cases
(70-?9|. CEE^ MPA ColcrecUl cancer:T fencer case (50-S9).8
fewer cases (60-69).17 fewer cases (70-79)

• CEE-MPA Hip iractuies:2 lewscases (50-59).3
fewei cases (60-691.H lews cases (79-79). CEE -only CHD:11 lew« cases (50-59).2 fewer
cases (60-69). 7 addrtnral cases (70-791

• CEE-only Invasive breast cancer 5fewer cases ISO-
59).II iewee cases (60-691.5fewer cases (70-79)

• CEtonlySlmte: lieneecase(50-59).ttadSional
cases (60-69).18 additional cases (70-791

• CEE-only PE:4 additional cases (50-59).7
additional cases|60-69|.2 fewer cases (70-79)

• CEE -only Colorectal cancer 3fewer cases|50-59|.
3(ewer cases (60-69).18 arkhbceal cases (70-79)

• CEE-only Hip Iraclures:3edtoccalcases (50-59). 7
fewei cases (60-69). 21fewer cases (29-79)

Estrogen-only -oral Estrace!
Premara:
Estragyn:

17 8-estradiOl 0.5-1 mg tablet dally
CE 0.3-0.625 mg tablet daily
Esterrfied estrogens 0-3-0-625 mg cyclic

Patches:Estrogen-only - transdermal
Estradot:.Sandoz Estradiol Derm ;. 17 fl -estradiol 25-100 pg1-2x/wk
Oesdia -.Climara -

Gel:
Estrogel
Oivigel:

1-2 metered dosev'actualion daily
0.25-1mg packets daily

Estrogen-only -vaginal Cream:
CE 0.625 mg 'g
Estrone1mg'g
17 p-estradiol10 pg
17 (l-estradiol 2 mg
1 mg 17 9-estradiol0.5 mg NEA
1 mg17 O -eshadioll mg drosprrenone

17 P-estradiolHEA:
50140 mpg continuous 2xi'wk
50.140 mag or 50250 mpg cyclic 2*/vvk

Premarin3

Estragyn '
Inserts:Vagrfem :
Ring:Estr.ng :

Actrvelle"

Angeiiq -

Combined E-P-oral

Patch:Estahs (2 doses available)Combined E-P - transdermal

CE*conjugated estrogen:E-P-estrogen-progestin:NEA-noretlrindrone acetate
Current common practice Includes using trie Mrrera IUO as the progesterone component pevonorgesbel 52 mg over 5 yr. approximately 20 us d)

Side Effects of MHT
• estrogen

• breast tenderness
• nausea

headache
• bloating

• progestins
• mood alterations
• breast tenderness
• bloating

sedation (micronized progesterone)

Contraindications to MHT
• absolute

acute liver disease
undiagnosed vaginal bleeding
history of breast cancer
known or suspected uterine cancer/breast cancer
acute vascular thrombosis, or history of severe thrombophlebitis or thromboembolic disease
cardiovascular disease

• relative
pre-existing uncontrolled HTN
uterine fibroids and endometriosis

Absolute Contraindications to MHT

ABCD
Acute liver disease
Undiagnosed vaginal Bleeding
Cancer (breast - uterine).Cardiovascular
disease
DVT (thromboembolic disease)

familial hyperlipidemias
migraine headaches

• family history of estrogen-dependent cancer
• chronic thrombophlebitis
• DM (with vascular disease)
• gallbladder disease, hypertriglyceridemia, and impaired liver function (consider transdermal

estrogen)
• fibrocystic disease of the breasts
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Urogynaecology
i fr .cSacrum

2Small Iintestine 5ligaments 1
Uterus
Reek

Vaginal Canal
r l i r d

Rectocele Cystocele Uterine Prolapse Enterocele

Figure 20. Pelvic anatomy

Pelvic Organ Prolapse
Etiology
• related to:

vaginal childbirth
aging
decreased estrogen (post-menopause)
increased intra-abdominal pressure (obesity, chronic cough, constipation, ascites, heavy lilting)
ethnicity (greater incidence in White women > Asian or African women)
connective tissue disorders

Pelvic Organ Prolapse
A weakening in thestructures of the
pelvic floor resulting in descent of one or
more of the pelvic structures (bladder/
rectum/smatt intestine/uterus) into the
vagina

Diagnosis
• medical history

assess symptoms specific to prolapse: pressure, bulge
assess urinary, defecatory, and sexual concerns, which are often associated with pelvic organ
prolapse

• physical exam (each component with patient relaxed and then while straining)
» inspection in the dorsal lithotomy position

evaluate for apical prolapse with a bivalve speculum exam, then evaluate for anterior and
posterior prolapse with the posterior blade of the bivalve speculum
use the POP-Q staging system to quantify stage of prolapse
evaluate for any coexisting pelvic abnormalities with a bimanual exam
test the strength of pelvic floor muscles with voluntary Kegel contractions

• ancillary studies
if continent with apical prolapse, consider clinical or urodynamic testing with and without
reduction of prolapse to investigate for occult stress urinary incontinence
if voiding symptoms, consider post-void residual volume to evaluate urinary retention
if urgency or other UT1symptoms,consider urine microscopy and culture to test for UT1

H

POP-Q Staging of Pelvic Organ
Prolapse

• 0- no prolapse
• 1- most distal portion of prolapse

on above level of hymen
• 2-most distal portion of prolapse

is between1cm above or below the
hymen

• 3 most distal portion of prolapse
>1cm below level of hymen but no
further than 2 cm less than the total
vaginal length

• 4 - complete procidentia (uterus
present with complete herniation
of anterior, posterior, and apical
compartments) or vault eversion
(no uterus present with complete
eversion of the anterior, posterioc
and apical compartments), most
distal prolapse protrudes 2 cm of
total vaginal length

GENERAL CONSERVATIVE TREATMENT
• weight loss
• pelvic floor muscle training (e.g. Kegel exercises, pelvic physiotherapy)
• local vaginal estrogen therapy
• vaginal pessary (intravaginal devices that are either supportive or space-occupying)

Ihe primary clinical features of pelvic organ prolapse are vaginal bulge and pressure

n
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Table 20. Types and Management of Pelvic Organ Prolapse
Type Clinical Features Treatment

General conservative treatment (see above)
Anterior colporrhaphy (“anterior repair*)
Consider additional/alternative surgical

increased incidence olUTIs (may lead to renal procedure if documented urinary stress
impairment)
Straining/digitation to evacuatestool
Constipation

Anterior Vaginal Wall Prolapse (previously
"cystocelo")
(protrusion of bladder into the anterior vaginal Incompletebladder emptying 2 associated
wall)

Frequency,urgency,nocturia
Stress incontinence

incontinence
Posterior Vaginal Wall Prolapse(previously
"rectocele”)
(protrusion of rectum into posterior vaginal
wall)

General conservative treatment (see above)
Also laxatives and stool softeners
Posterior colporrhaphy (“posterior repair*),
plication ofendopelvic fascia andpenneal
muscles approximated in midline to
support rectum and perineum (can result in
dyspareunia)

General conservative treatment (see above)
Vaginal hysterectomy 2 surgical prevention of
vault prolapse
Consider additional surgical procedures if
urinary incontinence,cystocele.rectocele.
and'or enterocele are present

Uterine Prolapse
(protrusion of cervix and uterus mto vagina)

A type of apicalprolapse
Groinfback pain (stretching of uterosacral
ligaments)
Feeling of heaviness pressure in the pelvis
Worse with standing,lifting
Worse at the end of the day
Relieved by lying down
Ulceration/bleedng (particularly if
hypoestrogenic)
2 urinary incontinence
A type of apicalprolapse
Same as uterineprolapse

General conservative treatment (see above)
Sacralcolpopexy (vaginal vault suspension),
sacrosp nous Fixation,or uterosacral ligament
suspension

Vault Prolapse
(previously "enterocele".protrusion of apex of
vaginal vault into vagina,post-hysterectomy,
often containingsmall bowel)

The only true hernia of the pelvis is
an ENTEROCELE because peritoneum
herniates with the small bowel

Surgery:native tissue repair vs.meshreconstruction (usually reserved for severe,recurrent prolapse)

Urinary Incontinence
• see Urology, U6

STRESS INCONTINENCE

Definition
• involuntary loss of urine with increased intra-abdominal pressure (cough, laugh, sneeze, walk, run)
• affects 4-35% of all women

Risk Factors for Stress Incontinence in Women
• increased age
• obesity
• pregnancy/vaginal delivery
• hypoestrogenic state (post-menopause)
• smoking/chronic cough
• neurological
• genetics
• high impact exercise

Diagnosis
• history

» onset, frequency', severity, and pattern of urinary' incontinence
frequency, dvsuria, urgency, and nocturia
pads used per 24 h

• obstructive urinary symptoms (incomplete voiding, hesitancy, straining, post -void dribbling, and
recurrent Ull)

• pelvic organ prolapse symptoms
• neurological conditions/symptoms
• obstetric history, and current menopause/hormone therapy status

medications (sedatives, diuretics, anticholinergic medications, and OTCs)
lifestyle risk factors (caffeine, smoking, weight, exercise, and occupation)
urinary diary

• physical exam
height, weight, and BM1

• abdominal exam:scars, abdominal mass, and presence of a full bladder
neurological exam:S2-S4 sacral nerves (motor, sensory, and reflexes)
elderly: mini mental status exam, and observe mobility

» pelvic exam:inspect vulva and urogenital epithelium, assess for signs of pelvic organ prolapse,
and digital rectal exam to assess for anal sphincter tone and perineal sensation

• standing stress test

ri
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•studies
urinalysis:hematuria, pyuria, ghicosuria, proteinuria

hematuria/irritative voiding symptoms:cytology
pyuria/bacteria; urine culture

post-void residual
normal <1/3 total volume
abnormal:>1/3 total volume (poor bladder contractility or bladder outlet obstruction)

urodynamic testing
Society of Obstetricians and Gynaecologists of Canada (SOGC):uncertain diagnosis, fails to
improve with treatment, clinical trials, or surgical intervention is planned

Treatment
•for conservative management, see Pelvic Organ Prolapse, GY39
•procedures:vaginal laser, urethral bulking
•surgical

« midurethral sling (TVT, TOT)
urethropexy (Burch procedure)
pubovaginal sling

• urethral bulking

OVERACTIVE BLADDER

Definition
•symptom syndrome defined as "urgency, with or without urge urinary incontinence ( UU1), usually

with frequency and nocturia”

•16% of all women
•UU1: involuntary leakage with or immediately preceded by a strong desire to void

involuntary bladder contraction that overcomes the urethral sphincter mechanism OR
poor bladder compliance

Etiology
•idiopathic:congenital and aging
•medical:CHF,DM,and diuretics
•neurogenic:multiple sclerosis,Parkinson s, CVD,dementia, and spinal cord injury
•bladder outlet obstruction:previous bladder neck surgery and pelvic organ prolapse
•gynaecologic:UT1,pregnancy, pelvic mass, and urethral diverticulum
•psychosomatic: habits, anxiety, and high fluid consumption

Diagnosis
•see Stress Incontinence,GY40 for diagnosis

Treatment.behaviour modification ( reduce bladder irritants (caffeine, smoking, alcohol, acidic, spicy); adequate
water intake; regular voiding schedule)

•bladder training with pelvic physiotherapist
•medications

anticholinergics
• oxvbutynin (oral: Ditropan*; patch:Oxytro!*; transdermal gel: Gelnique')

tolterodine (Detrol*)
fesoterodine (Toviaz* )

• solifenacin (Vesicare’)

• trospium (Trosec*)
darifenacin (Enablex*)

• (J-adrenergic agonist: mirabegron (Myrbetriq*)
•procedures:sacral neuromodulation,detrusor botox injection
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Gynaecological Oncology

Pelvic Mass

( Pelvic Mass ]
1v.[ Ovarian ) [ Ollier ][ Tube j Uterine

± T ’ r
f Neoplasm ) f Symmetrical ) ( Asymmetrical jFunctional Cysts

lalways benign)
Other Gynaecological

Abdominal pregnancy
Pelvic adhesions {causing
peritoneal inclusion cysts)

Pelvic adhesions
{ resulting in fluid entrapment)

Nodule of deeply
infiltrating endometriosis

Corpus luteum cyst
Follicular cyst

Theca lutein cyst
Hemorrhagic cyst

PCOS
Tubo-ovarian abscess
Luteoma of pregnancy

Pregnancy
Hematometra'pyometra

Endometrial cancer

Adenomyosis
Leiomyoma

Leiomyosarcoma

Benign
Dermoid cyst

Imost common)
Endometrioma

Malignant
Epithelial cell

Imost common in >40 yr)
Germ cell

(most common in <20 yr)
Sex-cord stromal

tumours and metastases

Gastrointestinal
Appendiceal abscess
Diverticular abscess

Drverticulosis, diverticulitis
Carcinoma of rectunt'colonEctopic pregnancy

Hydrosalpinx/Pyosalpimo
Paratuba l/paraovarian

cyst ( benign)
Tubo-ovarian absess

Malignancy

Genitourinary
Distended bladder

Pelvic kidney
Carcinoma of bladder
Imperforated hymen

(causing hematocolpos)

Lymphoma

Figure 21. Differential diagnosis of pelvic mass

Uterus
Incidence of Malignant Gynaecological
Lesions in North America
endometrium > ovary > cervix > vulva >
vagina > fallopian tube

ENDOMETRIAL CARCINOMA

Epidemiology
• most common gynaecological malignancy in North America (40%); 4th most common cancer in

women
• 2-3% of women develop endometrial carcinoma daring lifetime
• mean age is 60 yr
• majority are diagnosed in early stage due to detection of symptoms
• 85-90% 5 yr survival for stage 1 disease
• 70-80% 5 yr survival for all stages

Risk Factors for Endometrial Cancer

COLD NUT
Ca ncer (ovarian, breast, colon)
Obesity
Late menopause
Diabetes mellitus
Nulliparity
Unopposed estrogen: PCOS.
anovulation. HRT
Tamoxifen (chronic use)
(Genetic syndromes:Hereditary
Nonpolyposis Colorectal Cancer
(HNPCC) - Lynch II syndrome, Cowden
syndrome)

Table 21. Features of Type I and Type II Endometrial Cancer
Type I Type II

Description Estrogen-related|i.e.eicess/ unopposed
estrogen ):

Endometrioid
Includes well - differentiated (grade1and 2)
endometrioid adenocarcinoma

80% of cases
PCOS
Diabetes mellitus
Unbalanced HRT (balanced HRT is protective)
Nulliparity or history of infertility related to
anovulation
late menopause|»55 yr).early menarche
Estrogen -producing ovarian tumoars|e.g.
granulosa cell tumours)
HNPCC'/lynch llsyndrome
Tamoxifen
Prior pelvic radiation
Postmenopausal bleeding
AUB in premenopausal women (menorrhagia.
intermenstrual bleeding)

Non-estrogen related:
Non-endometrioid
Includes serous, clear cell,grade 4
endometrioid and undifferentiated
carcinomas, carcinosarcoma

20% of cases, poorer prognosis

Parous women
More likely in Black women
Associated with pS3 mutation. HER 2
overeipression

Risk Factors (Increasing age and family
history are risk factors for both types)

Postmenopausal bleeding *endometrial
cancer until proven otherwise (95%
present with vaginal bleeding)

r i
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An endometrial thickness of 5 mm
or more is considered abnormal in a
postmenopausal woman with vaginal
bleeding and a thickness of more than
11 mm is considered abnormal in a
postmenopausal woman without vaginal
bleeding

Clinical Features AUB

+
'HNPCC = Hereditary non-polyposis colorectal cancer
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Screening
• no known benefit for mass screening
• annual endometrial sampling starting at age 30-35 only for women at high-risk ( HNPCC/Lynch II

syndrome)
• routine pelvic ultrasound should not be used as screening test (high false positive rates)

Prognostic Factors
• FIGO stage (most important factor)
• Age
• Grade
• Histologic subtype
• Depth of myometrial invasion
• Presence of LVSI

Investigations
• endometrial sampling in all suspected patients (office endometrial biopsy most commonly)
• hvsteroscopv considered in patients with persistent uterine bleeding with benign sampling or

inadequate sampling
• additional tumour markers, CT, MRI only in specific cases such as high-grade tumours, suspected

extrauterine spread Complications of Therapy

Table 22. FIGO Staging of Endometrial Cancer (2009) Surgical Complications
• Surgical site infection
• Lymphedema
• VTE
• Urinary retention. UTI
• Pelvic lymphocyst
• Leg weakness
• Vaginal dryness

Stage Description Stage Description
Confined to corpusuteri including endocervical ItIC
glandular involvement
Less than 50% myometrial invasion
More than 50% myomelrial invasion
Invades cervical stroma,but does not extend beyond IV
uterus

Involves serosa,adnexa,vagina, or parametrium IYA

Invasion ofserosaiadnexae

Metastasis lo pelvic t para-aorbc INs

IIIC1 Positive pelvic LN
Positive para-aortic LN ± positive pelvic LNs

Invades bladder!bowel mucosa t distant metastases (note:
omental disease is stage IV)

Invades bladder!bowel mucosa

Distant metastases, including intra-abdominal and
intraperitoneal metastases,!inguinal LNs

IA
IS IIIC2
II

Radiation Complications
• Radiation fibrosis
• Cystitis
• Proctitis
• Long term increase in other types of

malignancy

III

IY3II1A

1113 Vagaal!parametrial involvement
FIGO: International Federation ot Gynaecology andObstetrics

Treatment
• surgical: total hysterectomy + BSO

• pelvic washings ± pelvic and para-aortic node dissection ± omentectomy in more advanced cases
goals: treatment, staging, determining need for adjuvant treatment

• adjuvant therapy: includes radiation and chemotherapy, depends on clinical and histological features
• hormone therapy: can be used in fertility-sparing treatments (e.g. progesterone 1UD or oral

progestins)

Uterine Sarcoma -Presentation
Bleeding, abdominal distention,pelvic
pressure

UTERINE SARCOMA
• rare; 3-9% of all uterine malignancies
• arise from stromal components (endometrial stroma, mesenchymal, or myometrial tissues)
• behave more aggressively and are associated with worse prognosis than endometrial carcinoma; 5 vr

survival is 35%
• vaginal bleeding is most common presenting symptom

CA-125 is indicated for monitoring
response to treatment

Table 23. Summary of Uterine Sarcoma Subtypes and Features
Type Epidemiology Features Diagnosis Treatment
PURE TYPE

1.Leiomyosarcoma Most common type of uterine
sarcoma
Average age of presentation
is 55 yr,but may present in
premenopausal women
Often coexists with benign
leiomyomata (fibroids)

Histologic distinction from leiomyoma:
1Increasedmitotc count (»10 mitoses/10 high-
pouter fields)
2,Tumour necrosis
3.Cellular atypia
Rapidly enlarging fibroids In a premenopausal
woman
Enlarging fibroids in a postmenopausal woman
Abnormal uterine bleeding
Good prognosis

Often postoperabvely after uterus
removed for presumed fibroids
Stage using FIGO 2009staging for
leiomyosarcomas and ESS

Hysterectomy!BSO usually
No routine pelvic lymphadenectomy
Chemotherapy is used in cases oimetastatic
disease
Radiation therapy does not improve local
control or survival
Poor outcomes overall,even for early stage
disease
HysterectomyiBSO (remove ovaries as
ovarian hormones may stimulate growth)
No routinepelvic lymphadenectomy
Adjuvant therapy based on stage and
histologic features (hormones and/or
radiation)
Hormonal therapy (progestins) may be used
for metastatic disease
Treatment primarily surgical
Radiation and/or chemotherapy for
advanced diseased or unresectabledisease

2.Endometrial Stromal
Sarcoma (ESS)

Oragnosed by histology ol
endometrial biopsy or DSC
Stage usrng FIGO 2009 staging for
leiomyosarcomas and ESS

Usually presents In
perimenopausal or
postmenopausal women with
abnormal uterine bleeding

3.Undifferentiated
Sarcoma

Rare;less common than
leiomyosarcoma and ESS

Severe nuclear pleomorphism.high mitotic Often found incidentally
activity,tumour cellnecrosis,and lackolsmooth postoperatvetyforabnormal
muscle or endometrial stromal differentiation bleeding
Poor prognosis

r T
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MIXEDTYPE

Ibe rarest of the uterine sarcoma Present with abnormal vaginal bleeding
Mixed tumour of low malignancy Polypoidmass in uterine cavity
potential

Mixture of benignepithelium with treatment is surgical with hysterectomy
malignant low-grade sarcoma A BSO
Often foundincidentally at time of
hysterectomy (or PMB
Stage using FIGO 2009 staging lor

adenosarcoma

d.Adenosarcoma
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Table 24. FIGO Staging of Uterine Sarcoma (2009)
Stage Description Stage Description

Ovaries are like GEMS
Germcell
Epithelial
Metastatic
Sex cord stromal

Tumour limited to uterus
<5cm
>5cm
Tumour extends beyond uterus
To the pelvis, adnexal involvement
To extra - uterine pelvic tissue

Tumour invades abdominal tissues
One site

I III
IA MIA

IB NIB More than one site
Metastasis to pelvic and/or para aortic lymph nodes
Distant spread
Tumour invades bladder and/or rectum
Distant metastasis

II IIIC
IIA IV
MB IVA

Most (70%) epithelial ovarian cancers
present at stage III diseaseIVB

Ovary
Ovarian Tumour Markers
Epithelial cell:
• CA 125 (serous and endometrioid)
Sex-cord stromal cell:

• Granulosa cell: inhibin
• Sertoli-Leydig: androgens
Germ cell:
• Dysgerminoma:LDH. Yolk sac: AFP
• Choriocarcinoma:p-hCG
• Immature teratoma:none
• Embryonal cell: AFP * (5-hCG

BENIGN OVARIAN TUMOURS
• sec Table 25
• many are asymptomatic
• usually enlarge slowly, if at all
• may rupture or undergo torsion, causing pain

pain associated with torsion of an adnexal mass usually originates in the iliac fossa and radiates
to the flank

• peritoneal irritation may result from an infarcted tumour ( rare)

MALIGNANT OVARIAN TUMOURS
• see Table 25

Epidemiology
• lifetime risk 1.4%
• majority of ovarian cancer cases are detected in women >50 yr
• causes more deaths in North America than all other gvnaecologic malignancies combined
• 4th leading cause of cancer death in women
• 85% epithelial; 15% non-epithelial
• 10 -15% of epithelial ovarian cancers are related to hereditary predisposition

Diagnosis of ovarian tumours requires
surgical pathology

Any adnexal mass in postmenopausal
women should be considered malignant
until proven otherwiseRisk Factors (for epithelial ovarian cancers)

• early menarche and/or late menopause
• personal history of hreast, colon, or endometrial cancer
• family history of breast, colon, endometrial, or ovarian cancer
• advanced age
• BUGA mutation (serous) and Lynch syndrome ( non-serous, non-mucinous)
• use of fertility drugs (limited evidence)

Protective Factors (for epithelial ovarian cancers)
• OCR: likelv due to ovulation suppression (significant reduction in risk even after 1 vr of use, 50% alter

5 yr)
• pregnancy/breastfeeding

Prophylactic Measures
• prophylactic BSO in high-risk women (i.e. BRCA mutation carriers)
• prophylactic salpingectomy in high-risk women ( i.e. BRCA mutation carriers who do not want

oophorectomy yet)

Screening
• no effective method
• routine CA-125 or U/S not recommended

Omental Cake:a term for ascites plus a
fixed upper abdominal and pelvic mass;
almost always signifies ovarian cancer

Screening forOvarian Cancer Updated Evidence
Deport and Systematic Review for the US
fteventive Services Task Force
JAMA 2018:319(6):595 606
Purpose: lo systematically review evidence on
benefits and harms ol ovarian cancer screening
among average-risk, asymptomatic women.
Methods Systematic review of RCtsof ovarian
cancer screening in average- risk women that
reported mortality or qualrty-of -lrfe outcomes.
Interventions included liansvaginallFSard/ni
CA-125 lesbng.Comparators were usual care or no
screening.
Results: Fcortrials ( n ^ 293587)»rere ircl.ded.No
trial found a significant difference in ovarian cancer
mortality with screening. In two bra Is.screening
led to surgery lor suspected ovarian cancer In 11s
ol women without canter and lor transvagad tl/S
with or without CA-125 screen mg m 3V with major
complications occurring wr 3% to 15V ol surgeries.
Evidence ol psychological harms was fou- j In cases of
repeat follow -up sea ns and tests.
Conclusions:Ovarian cancer mortality did not
significantly differ between screened women and
those with no screening or in usual care.

Clinical Features
• most women with epithelial ovarian cancer present with advanced stage disease ( i.e. stage I 11C high

grade serous histology)
• symptoms:

• abdominal symptoms ( nausea, bloating, pain, dyspepsia, anorexia, early satiety)
• symptoms of mass effect

increased abdominal girth (from ascites or tumour itself)
urinary urgency and frequency

• constipation

r
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Treatment
• debulking surgery including totalhysterectomy,BSO,omentectomy, removal ofall visible disease
• many epithelial ovarian cancers (i.e. serous ovarian carcinoma) are chemosensitive: treat with

platinum-based chemotherapy t taxol
• neo-adjuvant chemotherapy (if needed) to shrink down tumours prior to debulking
• adjuvant chemotherapy to treat microscopic disease

Low Malignant Potential (also called "Borderline") Tumours
• a subcategory of epithelial ovarian cancer (-15% of all epithelial ovarian tumours)
• approximately one-third of tumours are identified in women <40 yr
• pregnancy and breastfeeding are protective factors
• tumour cells with histologically malignant characteristics arise from the ovarian surface, but do not

invade ovarian stroma
• able to metastasize, but uncommon
• treated primarily with surgery ( BSO/omental biopsy ± hysterectomy)

chemotherapy has limited benefit:can be treated with hormonal manipulation (letrozole)
young patients can be treated with fertility-sparing options such as cystectomy or unilateral
salpingo-oophorectomy

• generally slow growing, excellent prognosis
• 5 yr survival >99%

recurrences tend to occur late, may be associated with low-grade serous carcinoma

Malignant Ovaiian Tumour Prognosis

5 Yr Survival
75 95%Stage I

StageII
Stage III
Stage IV

60-75%
23-41%

11%

Table 25. Ovarian Tumours
Presentation Ultrasound/CytologyType Description Treatment

FUNCTIONAL TUMOURS (ollbcnign)
Follicular Cyst 4-8 cm mass,unilocular,lined

with granulosa cells
Symptomatic or suspicious masses warrant surgical
ciploration
Otherwise il - 6 cm, wail 6 wk then ro-exaininc as cyst
usually regresses with nest cycle
OCP (ovarian suppression): will prevent development ol
new cysts
Treatment usually laparoscopic (cystectomy vs.
oophorectomy,based on fertility choice)

Same as for follicular cysts

Follicle tails to rupture during ovulation Usually asymptomatic
May rupture,bleed, tort ,
infarct,causing pain t signs ol
peritoneal irritation

Corpus luteum Cyst Corpus luteum fails to regress after 14 d,
becoming cystic or hemorrhagic

Larger (10-15 cm) and firmer
than follicular cysts

More likely to cause pain than
follicular cyst
May delay onset of next period
Associated with molar
pregnancy,ovulation induction
with domiphene

Theca-Lutein Cyst Due to atretic folliclesstimulated by
abnormal P-hCG levels

Conservative
Cyst will regress as p-hCG levels fall

See Endometriosis.GY11
See Polycystic OvarianSyndrome. GY24

Endometrioma
Polycystic Ovaries

BENIGN GERM CEttTUMOURS
Benign CysticTcratoma
(dermoid)

Single most common ovarian germ cell
neoplasm
Elements of all 3 cell lines;contains
dermal appendages (sweat and
sebaceous glands,hair follicles, teeth)

May rupture,twist, infarct
20% bilateral
20% occur outside of
reproductive yr

Smooth- walled,mobile,
unilocular
U/S may show calcification
which Is pathognomonic

Treatment usually laparoscopic cystectomy:may recur

MALIGNANTGERMCEU TUMOURS
General Information Rapidly growing. 2 3% of all ovarian

cancers
Produces tOH

Suigical resection (often conservative unilateral salpingo
oophorectomy t nodes) s chemotherapy
When diagnosed at stage IA,no adjuvant treatment is
indicated
If diagnosed at advanced slage.vciy responsive lo
chemotherapy, therefoie complete resection isnot
necessaiylor cure
When diagnosed at stage IA Grade1,no adjuvant
tieatment is indicated
When diagnosedat Grade 2-3.either adjuvant
chemotherapy or surgical staging is indicated
If diagnosed at advanced stage,very responsive to
chemotherapy,therefore complete resection isnot
necessary for cure
High grade tumour can be treated withadjuvant
chemotherapy or monitor AFP levels
High grade tumour usually treated with adjuvant
chemotherapy

Usually children and young
women 1*30 yr|
10-15%bilateralDysgcrminoma

Immature Teratoma No tumour marker identified Almost always unilateral

Yolk Sac Tumour Produces AFP Abdominal pain and pelvic mass

Ovarian Choriocarcinoma Produces 0-hCG Precocious puberty and irregular
vaginal bleeding
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Table 25. Ovarian Tumours
Ultrasound/CytologyType Description Presentation Treatment

EPITHELIAL OVARIAN TUMOURS (malignant or borderline)

General Information Derived from mesoUielial cells lining
peritoneal cavity
Classified based on histologic type
80-85% of all ovarian neoplasms
(including malignant tumours)

Borderline
Cystectomy vs.unilateral salpingo-oopborectomy
Malignant
1.Early stage (stageI):Hysterectomyi 3S0 staging
(omentectomy.peritonealbiopsies, washings,pelvic and
para aortic lymphadenectomy).Depending on histology,
may require adjuvant chemotherapy
2.Advanced stage:Upfront cytoreductive (debulking)
followed by adjuvant chemotherapy consisting of IV
carboplalin/paditaxel vs.intraperitoneal chemotherapy
(stage III) neoadjuvant chemotherapy with IV carboplatin/
paditaxel,followed by delayed debuDcing with further
adjuvant IV chemotherapy
See above

Varies depending on
subtype

Serous 20-30'» bilateral Lining similarto fallopian
tube epithelium
Often multilocular
Histologically contain
psammoma bodies (calcified
concentricconcretions)

Most common ovarian tumour histology
50% of all ovarian cancers
75% of epithelial tumours
70%benign

Mucinous 20% ol epithelial tumours Rarely complicated by
Pseudomyioma peritonei: epithelium
implants seed abdominal cavity Often multilocular
and produce largequantities May reach enormous size
ofmudn

Resembles endocervical Poor response to chemotherapy
If mucinous,remove appendix as well to rule out possible
source of primary disease

10% of epithelial tumours
Can be found adjacent to endometriosis
More commonin the Asian population

10% of epithelial tumours
Can be found adjacent to endometriosis

More likely to be detected at an Contains glycogen-rich cells
early stage

Clear Cell Poor response lo chemotherapy
with clear cytoplasm and
hobnail cells

Endometrioid Can beassociated with
endometrial neoplasm

Typically cystic or solid,
unilateral, and confined to
the ovary

lend to respondwell to chemotherapy

SEX CORD STROMAL OVARIAN TUMOURS
FibromaiThecoma
(benign)

From mature fibroblasts in ovarian stroma Non-functioning
Occasionally associated with
Meig'ssyndrome (triad of benign
ovarian tumour,ascites.and
pleural effusion)

Granulosa-Theca Cell
Tumours (benign or
malignant)

Estrogen-producing:feminizing Histologic hallmark of cancer Surgical resection of tumour
effects (precociouspuberty. is small groups of cells known Chemotherapy may be used for unresectable metastatic
menorrhagia,postmenopausal as Call -Exner bodies
bleeding)
Risk of endometrial cancer due
to estrogen

Androgen-producing:virilizing
effects (hirsutism,deep voice,
recession of front hairline)

Tumour marker is inhibin

disease

Sertoli-Leydig Cell
Tumour (benign or
malignant)

Can measure elevated androgens as
tumour markers

Surgical resection of tumour
Chemotherapy may be used for unresectable metastatic
disease

METASTATIC OVARIAN TUMOURS
From 61Tract.Breast, 4-8% of ovarianmalignancies
Endometrium.Lymphoma Krukenberg tumour:metastatic ovarian

tumour (usually Gl tract commonly
stomach or colon,breast primary tumour)

80% bilateral Krukenberg tumours have
“signet-ring" cells

Investigation of Suspicious Ovarian Mass
• women with suspected ovarian cancer based on history, physical, or investigations should be referred

to a gynaecologic oncologist
bimanual examination

solid, irregular, or fixed pelvic mass is suggestive of ovarian cancer
RM1 (Risk of Malignancy Index) is best tool available to assess likelihood of ovarian malignancy
and need for preoperative gynaecologic oncology referral (see sidebar)

• physical exam findings largely dependent on stage of disease
• blood work: CBC, LF Ts, electrolytes, Cr, tumour markers as appropriate (CIA-125, inhibin, p-hCG,

LDH, AFP, androgens, CEA,Cai9-9, estrogen )
• biopsy not recommended due to tumour spillage into peritoneum, if extensive disease, can get

cytological diagnosis from paracentesis from ascites or tissue biopsy from peritoneal deposits or
omental cake

• radiology
transvaginal U/S best to visualize ovaries
CT abdomen and pelvis to look for metastatic disease
bone scan or PET scan not indicated

Causes of Elevated CA-125
• Age influences reliability of test as a

tumour marker
• 50% sensitivity in earty-stage ovarian

cancer (poor),thereforenot good for
screening

• Malignant
• Gynaecologic ovary,uterus
• Non-Gynaecologic pancreas,

stomach,colon, tectum
• Non-Malignant
• Gynaecologic benign ovarian

neoplasm,endometriosis,pregnancy,
fibroids.PID

• Non-Gynaecologic cirrhosis,
pancreatitis,renal failure

r T
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• try to rule out other primary source ( if suspected ), based on:
occult blood per rectum:endoscopy ± barium enema

• gastric symptoms: gastroscopy ± upper G1 series
• abnormal vaginal bleeding: endometrial biopsy to rule out concurrent endometrial cancer;

abnormal cervix: need to biopsy cervix (not Pap smear); breast lesion identified or risk factors
present: mammogram

A Risk of Malignancy Incorporating CA-125,
Ultrasound,andMenopausal Status lor the
Accurate Preoperathre Diagnosis of Ovarian
Cancer
6J0G 890:97:922-929
RMI - U MiCA-125
Ultrasound Findings|1pt for each)
• Multilocular cyst

Evidence ol sold areas
Evidence of netattases

• Presence of asdles
|Mini Mm

U'1(for UfS scores of 0 or 1)
U- 4|for IPS scoresof 2-5)
Menopausal Status
• Postmenopause':V - 4

Premenopausal:Mri
JfisohitE Zaire of CA-125 Serum Level
• For fill|j>200:gynaecoloi|icoacniogy referral is

recommended

Table 26. FIGO Staging for Primary Carcinoma of the Ovary (Surgical Staging) (2014)
Stage Description

Growth limited to the ovaries
t ovaiy,no ascites, no tumour on external surface, capsule intact, negative washings
2 ovaries,no ascites, no tumour on external surface, capsule intact
t oc 2ovaries with any of flic following: surgical spill|IC1). capsule ruptured|IC2), lumour on ovarian surface (IC2). or
malignant cells in ascites (IC3)

I
IA
IB
IC

II Growth involving one or both ovaries with pelvic extension or primary peritoneal cancer

Extensioniimplants to uterus/tubes
Extension to other pelvic structures

IIA
lie

Tumour involving oncor both ovaries with peritoneal implants outside the pelvis and/or positive retroperitoneal nodes
Positive retroperitoneal INs and/or microscopic metastasis beyond pelvis
Positive retroperitoneal INs
Microscopic, extrapelvic peritoneal involvement t positive retroperitoneal INs
Macroscopic peritoneal metastasis beyond pelvis 12 cm. t positive retiopenloncal INs. Includes extension to capsule ol liver/
spleen
Same asabove but peritoneal metastasis »2 cm

III
IMA

IIIA1
Optimal Primary Soigicil treatment lor Advanced
Epithelial Ovaciaa Cancer
Cochrane 08 Syst Ret 201l:(8|:CD00f56S
Summary During primary surgery Ini stage III or
IV epithelial ovarian cancer,all attempts should be
made toach.eve completecyloreduction. When this
is not achievable,optimal (<1cm) residual disease
should he the goal.
Methods: Idenbfiedll relrospecine studies
consisting of 4235 women using comprehensive
search strategy.
Results:
1. When subopbnul (margins >1 cm) was compared

with optimal|* tcm) cyioreduction.Ihesurvival
estimates were reduced but remained statistically
in favour of the lower volume disease gruup.

2. No sign hunt difference in overall survival
between subopbmal and optimal cytoreduction.

3. Borderline difference in progression-free survival
when resxlual disease >2 cm and <2 cm were
comparedlp'0.05).

IIIA2
NIB

NIC
Distant metastasis beyond peritoneal cavity
Pleural effusion with positive cytology
Hepatic and/or splenic parenchymal metastasis or metastasis lo extra-abdominal organs (inguinal INs and LNsoutside of
abdominal cavity included)

IV
IVA
IVB

FIGO = International Federation of Gynaecology and Obstetrics

Cervix
MALIGNANT CERVICAL LESIONS

Epidemiology
• majority are SCC (90%);adenocarcinomas increasing (10%); rare subtypes include small cell,

adenosquamous
• 8000 deaths annually in North America
• average age at presentation: 50 yr; bimodal distribution (increased frequency in 40s and 60s)

Etiology
• at birth, vagina is lined with squamous epithelium; columnar epithelium lines only the endocervix

and the central area of the ectocervix (original squamocolumnar junction )

- Original squamous epithelium
- Squamous metaplasia

^-Columnar
epithelium

Hand
opening• during puberty, estrogen stimulates eversion of a single columnar layer (ectopy), thus exposing it to

the acidic pH of the vagina, leading to metaplasia (change of exposed epithelium from columnar to
/

X K
irA1’

squamous)
a new squamocolumnar junction forms as a result

• the TZ is the area located between the original and the current squamocolumnar junction
• the majority of dysplasias and cancers arise in the TZ of the cervix
• must have active metaplasia in presence of inducing agent (e.g. HPV ) to get dysplasia
• dysplasia progresses to carcinoma in situ (CIS), which further progresses to invasion of cervical tissues
• slow process (~10 yr on average)
• growth is by local extension
• metastasis occurs late

% External os

.1
5

-New squamo-
columnar junction

-Original squamocolumnar
junction

a

*
<

Figure 22. The cervixRisk Factors
• HPV infection

see Sexually Transmitted Infections,GY47
high-risk of neoplasia associated with types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and
82
low-risk of neoplasia associated with types 6, 11
>99% of cervical cancers contain one of the high-risk HPV types

• high-risk behaviours (risk factors for HPV infection)
multiple partners

« other STIs ( HSV, trichomonas)
• early age at first intercourse
• high-risk male partner

r T
Cervical cancer is most prevalent in
developing countries and. therefore, is
the only gynaecologic cancer that uses
clinical staging: this facilitates consistent
international staging with countries that
do not have technologies such as CT
and MRI
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• smoking
• poor screening uptake is the most important risk factor for cervical cancer in Canada
• at-risk groups include:

• immigrant Canadians
• Indigenous peoples in Canada

geographically-isolated Canadians
sex-trade workers
low socioeconomic status Canadians
immunocompromised individuals

Cervical Cancer Screening Guidelines (Pap Test)
• see family Medicine. TM5

Clinical Features
• SCC: exophytic, fungating tumour
• adenocarcinoma: endophytic or exophytic, with barrel -shaped cervix
• early

asymptomatic
discharge: initially watery, becoming brown or red
postcoital bleeding

• late
• 80-90% present with bleeding: either postcoital, postmenopausal, or irregular bleeding

pelvic or back pain (extension of tumour to pelvic walls)
• bladder/bowel symptoms

• signs
friable, raised, reddened, or ulcerated area visible on cervix

• Anyone with a cervix1

• Agei25 lor 21*)
• Asymptomatic:

Screening Pathway

I
Cytology Test

1i i i
Normal/NILM ASCUS1 - LSIL£ High grade:

ASC-H. HSIL, AGC, AISi i
Repeat cytology in6 mo Repeat cytology in 6 mo

I

i i 1
Normali'NILM >ASCUS Normal/NILM >ASCUS

I 1
Repeat cytology in 6 mo Repeat cytology m 6 mo

I

1 i i
2ASCUS >ASCUSNormat/NILM Normol/ NIIM

iv jrT
Return to cytology

screening every Syr3
Return to cytology

screening every Syr3Refer to colposcopy Refer to colposcopy

'Those guidelines apply to anyone with a cervix including women; prognant pooplo, transmen; non binary people; people who havo undergone a subtotal hysterectomy, and pooplo who have been
vaccinated with tho HPV vaccine

2 Any visible corvicol abnormalities or abnormal symptoms must bo investigated Consider loforrol to e specialist (e g colposcopist, gynaecologist, gynoQoncologist )
]Immunocompromised people may be at olovoted risk and should recoivo annual screening
J Ontario Health (Cancer Care Ontario ) is aware that the Screening Activity Report is not yet aligned with this guidance and will be updated with HPV implementation. Criteria for preventive care

bonuses may not be updated during the interim period of changeover to HPV testing. Criteria for preventive care bonuses will be updated when HPV testing is implemented in screening
1 HPV testing is not currently funded by the Ministry of Health. Primary care providers can consider HPV testing for those with ASCUS results on a patient pay basis or wtvere available ( i.e. in some

hospital settings! for people ages 30 and older
* Repeat cytology or colposcopy are acceptable management options after the first LSIL result Low grade abnormalities often regress on their own and may be best managed in surveillance,

however colposcopy may be considered

Figure 23. Decision making chart for Pap test (not applicable for adolescents)
Adapted from:Ontario Cervical Screening Program. June 2020.Cervical screening guidelines unique to each province

rt
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Diagnosis
• colposcopy is a clinical procedure that facilitates identification and biopsy of suspicious cells
• in colposcopy:

apply acetic acid and identify acetowhite lesions, punctation, mosaicism, and abnormal blood
vessels to guide cervical biopsy
ECC if entire lesion is not visible or no lesion visible
diagnostic excision ( LEEP) if:

unsatisfactory colposcopy (poor visualization/access to transformation zone)
discrepancy between cytology, colposcopy, and histological findings
positive findings/glandular abnormalities in endocervical curettage
suspicious for adenocarcinoma in situ (consider cold -knife conization)
recurrence of lesion post-ablation or excision
inability to rule out invasive disease, i.e. large lesions (lesions extending into endocervical
canal, extending widely on cervix, or onto vaginal epithelium)

• consider cold-knife conization ( in OR) if glandular abnormality suspected based on cytology or
colposcopic findings due to concern for margin interpretation

• any imaging modality or pathological findings are permitted for E1GO clinical staging

The Bethesda Classification System
is based on cytological results of a Pap
test that permits the Examination of
cells but not tissue structure. LSIL. HSIL.
or cervical carcinoma is a histological
diagnosis, requiring a tissue sample via
biopsy of suspicious lesions seen during
colposcopy

m
Cervical Camer Prognosis 5 yr Survival
Stage 0

Stage I
Stage II
Stage III
Stage IV

Overall

99%

75%
55%
30%Table 27. FIGO Staging Classification of Cervical Cancer (Clinical Staging) (2018)
7%Stage Description
50-60%Confined lo cervixI

Diagnosed only by microscopy
Stromal invasion not >3 mm deep

3 mm to <5 mm deep

Measured deepest invasion >5 mm (greater than stage IA).lesion limited to cervix
Stromal invasion >5 mm deep and < 2 cm wide
Stromal invasion >5 mm deep and >2 cm and <4 cm wide
>4 cm in width

IA
IA1

IA2
final Effjcacy.lmmunogenicity. and Safety
Analyses ol a Nine-Valent Human Papillomavirus
Ifeccine in Women Aged 16-26 Years:A
Randomised. Double-Blind Trial
lancet 2017:390:2143-2159
Purpose: A nine-valent HPV vattine (9vHPV) was
developed which covers add ilional strainsol HPY
compared to the quadrivalent vaccme (qHPY ). Ihis
study reported the efficacy ol the 9vHPV vatcine.
Methods A random ted double - hind efficacy trai
comparing thenine valent HPV vaccine (9vHW ) to
the quadrivalent HPYvacune (qHPY|in 14215 women ,

the primary outcomes weie incidence ol high -grade
cervical, vulvar, and vaginal diseases related to HPV-
31.33,45.52.and 58 ar.d non-inferiority of anti-HPY
6.It.16.and 18 mean litres.
Results: The incidence of high-grade cemcal.
vulrar, and vaginal disease was 0.5cases per WOOD
person-yrfor the 9vHPV group compared to19 cases
per 10000 persoo-yr loi the qHPV group. HPV 6,11.
K.and 18 titres were non- inferior in the 9vHPVgroup
compared to the qHPV group. There were noclwiica-' fy
meaningful diHcrencesin severe adverse effects
between groups.
Conclusions: The 9 > HPV vaccine is elfectrve at
preventing infection, cytology! abnormalities, and
“ gh grade lesions and may offer broader protection
agaxist HPV and ceivical cancer compared to the
qHPV vaccine.

IB
IB1
IB2

IB3
Beyond uterus but not to the pelvic wall or lower1/3of vagina
Limited to upper 2/3 of vagina, no obvious parametria! involvement
Clinically visible lesion -4 cm wide
Clinically visible lesion;4 cm wide

Obvious pniamelrial involvement, bul not up to pelvic wall

II
IIA
IIA1
IIA 2
IIB
III Extends to pelvic wall, and/or involves lower 1/3ol vagina, and/or causes hydronephrosisor non-functioning kidney, and/or

involves pelvic and/or para aortic lymph nodes

Involves lower1/3 vagina bul no extension into pelvic wall
Extension into pelvic side walland/or hydronephrosis or non-functioning kidney

Involvement of pelvic and/or para -aortic lymph nodes, irrespective of tumour sire and extent
Pelvic lymph nodes metastasis only

Paraaortic lymph node metastasis

MIA
NIG
me
IIIC1

IIIC2
Carcinoma has extended beyond true pelvis or has Involved (biopsy proven) the mucosa ol the bladdci or rectum (bullous
edema docs not permit a case lo he allotted lo stage IV)

Spread of the growth toadjacent oigans ( bladder or redum)

Distant metastases

IV

IVA
IV6

Treatment: Prevention and Management

Prevention: HPV Vaccine
• two vaccines currently approved (Gardasil*, Cervarix’)

Table 28. Comparison of Two Vaccines against Human Papillomavirus (HPV)
Gardasil • Cervarix

Viral Strains Covered
Route of Administration
Schedule of Dosing

6.11.16.18.31.33, 45.52.and 58 16.18
IM IM
2 Dose:Second dose administered 6-12 mo after
first dose
3 Oose:0.2.6 mo
Local:redness, pain, swelling
General:headache, lowgrade fever. Gl upset

females ages 9-45.males ages 9-45

Pregnant women and women who are nursing (limited
data)

0.1, 6 mo

Side Effects Local: redness, pain, swelling
General:headache, low grade fever. Gl upset

females ages 9-45

r m
L J

Approved Age

Contraindications

+•Garda*H -9 cil\ u cover* type* 31, 33.45.52. and 58; also used to prevent genital wart*
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•should be administered before onset of sexual activity (i.e. before exposure to virus) for optimal
benefit of vaccination

•may be given at the same time as hepatitis B or other vaccines using a different injection site
•not for treatment of active infections
•most women will not be infected with all four types of the virus at the same time, therefore vaccine is

still indicated for sexually active females or those with a history of previous HPV infection or HPV-
related disease

Abnormal Pap Tests in Pregnancy
•incidence: 1 in 2200
•Pap test at initial prenatal visit if overdue for routine Pap test

• if abnormal Pap or suspicious lesion, refer to colposcopy
• if diagnostic conization required, should be deferred until T2 to minimize risk of pregnancy loss

if invasive cancer ruled out, management of dysplasia deferred until completion of pregnancy
(may deliver vaginally)
if invasive cancer present, management depends on prognostic factors, degree of fetal maturity,
and patient wishes

general recommendations in Tl:consider pregnancy termination, management with either
radical surgery (hysterectomy vs. trachelectomv if desires future fertility), or concurrent
chemoradiation therapy
recommendations in T2/T3: delay of therapy until viable fetus and (.'-section for delivery with
concurrent radical surgery or subsequent concurrent chemoradiation therapy

Table 29. Management of Abnormal Cervical Histology and Cervical Cancer
Histology Result from
Colposcopy

Management

If histology results normal and cytology > LSIL. then repeat colposcopy In 6 mo
Women «25 yr
If cytology is ISIl, ASCUS. or normal , then annual Paps by primary care provider « 3 years, followed by return
lo normal screening
It cytology is HSIL.then consider pathology review, and/or reassessment every 6-12 mo in colposcopy
Women *25 yr
If HPV •:routine Pap screening every 3 yr
If HPV :follow - up colposcopy with cytology and HPV test ( if 30 yr or older ) in 1yr
Women »25 yr
Excisional procedures|e.g. cold knife.LEEP) or laser preferred
Those with positive margins should have follow-up with colposcopy and directed biopsies and/or endocervical
curettage
Women «25 yr
Colposcopy every 6 mo for 2 yr or treatment may be acceptable based on patient preference
Repeal colposcopy + treatment (e.g. LEEP. cold- knife cone) i endocervical curettage
LEEP if future fertility desired (and lesion' 2 cm)
Simple hysterectomy il future fertility is not desired
Typically treated with radical hysterectomy and pelvic lymphadencdomy (sentinel nodes or pelvic lymph node
dissection)
If high chance of adjuvant radiation then consider primary chemoradiation as more morbidity occurs from
double-modality treatment (surgery and radiation )
Equal cure rates may be obtained with primary radiation therapy:advantage of surgery: may accurately stage
and grade and more targeted adjuvant therapy
Advantage is that ovaries can be spared if premenopausal, better sexual functioning
For fertility preservation (if tumour «2cm), may have radical trachelectomy ( removal of cervix and parametria)
and nodes instead of radical hysterectomy for early-stage disease
Chemoradiation therapy il adverse high -risk prognostic factors on radical surgical specimen, such as: positive
pelvic lymph nodes, positive parametria, and/or positive margins or adverse cervical factors (2 or more):deep
stromal invasion, sice >4 cm.LVSI
Primary chemoradiation therapy
CT to assess extent of disease: evaluate pelvic and para aortic nodes
for positive nodes on PEI: primary chemoradiation with extended field Rl
Hysterectomy generally notsuggested following primary treatment with curative intent

Normal
LSIL

HSIL CINII /CIN III

AIS

Stage IA1 (noLVSI )

Stage IA2. IB1. IB 2

Stages IB3 (»4 cm), II. III. IV

r *>
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Fallopian Tube
•least common site for carcinoma of female reproductive system (0.3%)
•usually serous epithelial carcinoma
•new evidence shows that some serous ovarian cancers originate in the fallopian tube
•more common in fifth and sixth decade

Clinical Features
•classic triad present in minority of cases, but very specific

watery discharge (most specific): “hydrops tubae prolluens"
vaginal bleeding or discharge in 50% of patients
crampy lower abdominal/pelvic pain

•most patients present with a pelvic mass (see Pelvic Mass,GY42 and Ovary,GY44 for guidelines
regarding diagnosis/investigation)

Treatment
•same as for malignant epithelial ovarian tumours, see Table 25,GY45
•salpingectomy (removal of fallopian tubes to prevent ovarian cancer)

Vulva
BENIGN VULVAR LESIONS

Non-Neoplastic Disorders of Vulvar Epithelium
• biopsy is often necessary' to make diagnosis and/or rule out malignancy:

1.Lichen sclerosus
subepithelial fat becomes diminished; labia become thin, atrophic, with membrane-like
epithelium and labial fusion
pruritus, dyspareunia, burning, bleeding, ulceration, excoriations
‘figure of 8' distribution
most common in postmenopausal women but can occur at any age
patients should be monitored for malignancy, due to increased risk ofSCC
treatment: high-potency topical steroid (dobetasol), likely long-term treatment necessary

2.Lichen simplex chronicus
surface of labia majora is thickened and hyperkeratotic, leather-like in appearance
pruritus and burning, often at night most common symptoms
typically occurs in postmenopausal women
treatment: medium- or high-potency steroid cream based on symptom severity + nighttime
antihistamines

3.Lichen planus
autoimmune disorder where T cells attack basal keratinocytes
peak incidence at age 30-60
3 variants including erosive, papulosquamous, and hypertrophic
can extend into vaginal canal and cause loss of structure (desquamative vaginitis)
can have oral lichen planus in oral cavity
treatment: ultrapotent steroid cream BID until plaques resolve, vaginal suppositories, or
immunosuppressive therapies (e.g. cyclosporine) are all accepted

Any suspicious lesion ot the vulva should
be biopsied

Tumours
• papillary hidradenoma, nevus, fibroma, hemangioma

MALIGNANT VULVAR LESIONS

Epidemiology
• 5% of genital tract malignancies
• 90% SCC; remainder melanomas, basal cell carcinoma, Paget’s disease, Bartholin’s gland carcinoma

Type 1 disease: HPV-related (50-70%)
more likely in younger women
90% of vulvar intraepithelial neoplasia (VIN) contain HPV DNA (usually types 16, 18)

Type 11 disease: not HPV-related, associated with current or previous vulvar dystrophy
usually postmenopausal women n

LJ

Risk Factors
• HPV infection
• VIN: precancerous change which presents as multicentric white or pigmented plaques on vulva (may

only be visible at colposcopy)
• progression to cancer rarely occurs with appropriate management

treatment: local excision (i.e.superficial vulvectomy ± split thickness skin grafting to cover
defects if required) vs.ablative therapy (i.e. laser, cauterization) vs. local immunotherapy
(imiquimod)
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• history of cervical cancer
• cigarette smoking
• immunodeficiency
• vulvar lichen sderosus

Clinical Features
• most lesions occur on the labia majora, followed by the labia minora (less commonly on the clitoris or

perineum)
• localized pruritus, or white, red, or skin coloured papules, nodules, or plaques most common
• less common: ulcer, bleeding, discharge, pain, and dysuria
• patterns of spread

local
groin lymph nodes (usually inguinal, then spreading to pelvic nodes)
hematogenous

Investigations
• ± vulvar biopsy
• always biopsy any suspicious lesion

• do not remove entire lesion during biopsy (allows for site identification through sentinel LN
injection if malignant)

Prognosis
• depends on stage: particularly nodal involvement (single most important predictor followed by

tumour size)
lesions >4 cm associated with poorer prognosis

• overall 5 yr survival rate: 79%

Treatment
• 1'KiO Stage I (tumour confined to vulva; no extension to adjacent perineal structures): radical local

excision
• I-'IGO Stage 11 (tumour of any size with extension to adjacent perineal structures, no nodal

metastases): modified radical vulvectomy
• 1TGQ stage lll-IV (extension to any of: proximal 2/3of urethra, proximal 2/3of the vagina, bladder

mucosa, rectal mucosa, or fixed to pelvic bone, or large/distant nodal metastases): sentinel lymph node
biopsy followed by surgical resection of residual primary and adjuvant chemotherapy or radiation

Vagina
BENIGN VAGINAL LESIONS
• inclusion cysts

cysts form at site of abnormal healing of laceration (e.g.episiotomy)
no treatment required

• endometriosis
dark lesions that tend to bleed at time of menses

» treatment:excision
• Gartner’s duct cysts

remnants of Wolffian duct seen along side of cervix
• treatment:conservative unless symptomatic

• urethral diverticulum
can lead to recurrent urethral infection, dyspareunia

• treatment: surgical correction if symptomatic

MALIGNANT VAGINAL LESIONS

Epidemiology
• primary carcinomas of the vagina represent 2-3% of malignant neoplasms of the female genital tract. 80-90% are SCC
• more than 50% diagnosed between 70-90 yr

Risk Factors
• associated with HPV infection (analogous to cervical cancer)
• increased incidence in patients with prior history of cervical and vulvar cancer n

LJ
Investigations
• cytology

significant false negative rate for existing malignancy (i.e. if gross lesion present, biopsy)
• colposcopy
• Schiller test (normal squamous epithelium takes up Lugol's iodine)
• biopsy, partial vaginectomy (wide local excision for diagnosis)
• rule out disease on cervix, vulva, or anus (most vaginal cancers are metastatic from one of these sites)
• staging

+
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Clinical Features

Table 30. Clinical Features of Malignant Vaginal Lesions
Type Clinical Features
Vaginal Intra-Epithclial Neoplasia (VAIN)
Squamous Cell Caicinoma(SCO)

Ciades:analogous to cervical dysplasia
Most common site is upper 113 olposterior wallol vagina
Asymptomatic
Painless vaginal discharge (often foul-smelling) and bleeding
Vaginal bleeding especially during/post-coitus
Urinary and/or rectal symptom 2° to compression

Most are metastatic,usually from cervix,endometrium,ovary,or colon
Most primaries are dear-cell adenocarcinomas

Iwo types:non-DES and OES syndrome

Adenocarcinoma

Treatment
• Stage I

radiation therapy: for tumours >2 cm diameter or tumour involvement of the middle or lower
vagina
surgical excision: radical hysterectomy, upper vaginectomy,and bilateral pelvic
lymphadenectomy

• Stage II-1V:primary radiation with or without chemotherapy

Gestational Trophoblastic Disease/Neoplasia
•refers to a spectrum of proliferative abnormalities of the trophoblast
•GTD = abnormal, can be benign or lead to the malignant form, called GTN

Epidemiology
•1/1000
•marke

l pregnancies
d geographic variation (as high as 1/125 in Taiwan)

•80% benign, 15% locally invasive, 5% metastatic
•cure rate >95%

HYDATIDIFORM MOLE (GTD)

Complete Mole
•most common type of hydatidiform mole
•diffuse trophoblastic hyperplasia, hydropic swelling of chorionic villi, no fetal tissues or membranes

present
•46XX or 46XY, chromosomes completely of paternal origin (90%)
•One sperm fertilizes egg with reduplication or two sperm fertilize empty egg
•15-20% risk of progression to malignant sequelae
• risk factors

• geographic (most common in those of South East Asian background)
others ( maternal age >40 yr, P-carotene deficiency, vitamin A deficiency not proven)
prior molar pregnancy

•clinical features often present during apparent pregnancy with abnormal symptoms/findings
vaginal bleeding (97%)

• hyperemesis gravidarum (26%)
• excessive uterine size for LMP (51%)

hyperthyroidism (7%)
• theca-lutein cysts >6 cm (50%)- P-hCG >1000001U/L

preeclampsia (27%)
no fetal heartbeat detected,due to absence of fetal parts

With development of HTN early
in pregnancy (i.e.<20 wk).think
gestational trophoblastic disease

Partial (or Incomplete) Mole
•focal trophoblastic hyperplasia and hydropic villi are associated with fetus or fetal parts
•often triploid (XXY, X Y Y, XXX) with chromosome complement from both parents

• usually related to single ovum fertilized by two sperm
•low-risk of progression to malignant sequelae (<4%)
•associated with fetus, which may be growth-restricted, and/or have multiple congenital

malformations
•clinical features

typically present similar to threatened/spontaneous/missed abortion
pathological diagnosis often made after D&C
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Investigations
• quantitative p-hCG levels (tumour marker) abnormally high for gestational age
• U/S findings

if complete: no fetus (classic “snow storm"due to swelling of villi)
• if partial: molar degeneration of placenta ± fetal anomalies, multiple echogenic regions

corresponding to hydropic villi,and focal intrauterine hemorrhage
CXR (may show metastatic lesions)

• features of molar pregnancies at high-risk of developing persistent GTN post-evacuation
local uterine invasion as high as 31%

• p-hCG >1000001U/ L
excessive uterine size
prominent theca-lutein cysts >6 cm in diameter

Treatment
• for GTD: suction D&C (or rarely hysterectomy)
• Rhogam* if Rh-negative
• for G I N: single agent (i.e. methotrexate, actinomycin D) or multi-agent (i.e. UMACO, KMA-EP)

chemotherapy based on WHO scoring system

Follow-up
• serial p-hCGs (as tumour marker) every week until negative x 3 (usually takes several wk), and then

one month after for incomplete hydatidiform mole or monthly for 6 months if complete hydatidiform
mole

• reliable contraception required to avoid pregnancy during entire follow-up period
• women who become pregnant during the follow-up period should be referred to gynaecologic

oncology and maternal-fetal medicine specialists
• increase or plateau of P-hCG indicates GTN:single or multi-agent chemotherapy based on WHO

scoring system (see Table 31)

Table 31. WHO Prognostic Score for GTD (2011)
Score

Prognostic Factor 0 1 2 4
Maternal Age

Antecedent Pregnancy Mole
Interval (Endol
Antecedent Pregnancy to
Chemotherapy in Months)

HCGIU/L

<40 >40
TermAbortion

<4 46 M3 >13

<103 10310 » 10«-105 »105
Number of Metastases 0
Site of Metastases
largest Tumour Mass
Prior Chemotherapy

5-8 >814
Spleen, kidney GltractLung Brain, liver

3-S cm >Scm
Single drug two drugs

A score ol C or less Is considered low-risk CTO.A score ot 7 or more Is considered high-risk GTO.A score ol 213 Is considered ultra high-risk GTO.
The prognostic factor score is recorded alter the FIGO score stage,separated by a colon

GTN (MALIGNANT GTD)

GTN Diagnosis
• P-hCG plateau: <10% drop in P-hCG over four values In 3 wk (c.g.days 1, 7, !4, and 2 l) OR
• p-h(Xi rise >20% in any two values over 2 wk or longer (e.g. measure at days 1, 7, 14) OR
• P-hCG persistently elevated >6 mo OR

metastases on work-up

Invasive Mole or Persistent GTN
• development of metastases following treatment of documented molar pregnancy
• histology: molar tissue from D&C
• metastases are rare (4%)

Choriocarcinoma
• often presents with symptoms from metastases
• highly anaplastic, highly vascular
• no chorionic villi, elements of syncytiotrophoblast and cytotrophoblast
• may follow molar pregnancy, miscarriage, therapeutic abortion, ectopic pregnancy, or normal

pregnancy

Placental-Site Trophoblastic Tumour
• rare aggressive form of GTN
• abnormal growth of intermediate trophoblastic cells
• low p-hCG, production of human placental lactogen ( hPL), relatively insensitive to chemotherapy
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Classification of GTN
• non-metastatic-15% of patients alter molar evacuation

• may present with abnormal bleeding
all have rising or plateau of P-hCG
negative metastases on staging investigations

• metastatic
4% of patients alter treatment of complete molar pregnancy

• metastasis more common with choriocarcinoma, which tends toward early vascular invasion and
widespread dissemination
if signs or symptoms suggest hematogenous spread, do not biopsy (they bleed)

lungs (80%):cough, hemoptysis, CXR lesion(s)
vagina (30%): vaginal bleeding, “blue lesions” on speculum exam
pelvis (20%): rectal bleeding ( if invades bowel), U/S lcsion(s)
liver (10%):elevated Ll'Ts, U/S, or Cl findings
brain (10%); headaches, dizziness, seizure (symptoms of space-occupying lesion), CiVMRl
findings

• highly vascular tumour, which is more likely to bleed and result in anemia
all have rising or plateau of P-hCG
classification of metastatic GTN

divided into good prognosis and bad prognosis
features of bad prognosis

- long duration (>4 mo from antecedent pregnancy)
- high pre-treatment P-hCG titre:>100000 IU/24 h urine or >400001U/L of blood
- brain or liver metastases- prior chemotherapy- metastatic disease following term pregnancy

good prognosis characterized by the absence of each of these features

Investigations (for Staging)
• blood work:CBC, electrolytes, creatinine, P-hCG, TSH, LPTs
• imaging:CXR, U/S pelvis only
• if CXR shows lung metastasis then CT abdomen/pelvis, MRI brain
• if suspect brain metastasis but CT brain negative, consider lumbar puncture for CST p-hCG
• ratio of plasma p-hCGtCSF P-hCG <60 indicates metastases

Lungs are the primary site for malignant
GTN metastases: when pelvic exam
and CXR arc negative, metastases are
uncommon

Table 32. FIGO Staging and Management of Malignant GTN
Stage Findings Management
I Single agent chemotherapy lor low-risk disease (WHO score s6)

1st line: pulsed actinomycin D (Act -0) IV q 2 wk
Alternatives:methotrexate (MIX ( based regimen
20% of patients need to switch to alternate single-agent regimen due to failure of
P-hCG to return to normal
Combination chemotherapy (EMA-C0:etoposide.MIX, ACI-D, cyclophosphamide,
vincristine) if high-risk (WHO score >7) or if resistant to single-agent chemotherapy
Can consider hysterectomy il fertility not desired or placental -site trophoblastic
tumour

Metastatic disease to genital structures As above
Metastatic disease to lungs with or without As above
genital tract involvement
Distant metastatic sites including brain, liver, Ultra high-risk patients should have low-dose induction chemotherapy weekly lor

1-3 wk, followed by multi-agent chemotherapy

Disease confined to uterine corpus

II
III

IV
kidney.Gl tract

Follow-up (for GTN)
• contraception for all stages to avoid pregnancy during entire follow-up period
• stage 1, 11, 111

weekly P-hCG until 3 consecutive normal results
• then monthly x 6-12 mo

• stage IV
• weekly P-hCG until 3 consecutive normal results
• then monthly x 24 mo
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Common Medications
Table 33. Common Medications

Side Effects (S/E), Contraindications
(C/I). Drug Interactions (D/I)

Drug Name (Brand Name) Action Dosing Schedule Indications

S/E:headache.Cl upset
D/I: zidovudine,probenecid

acyclovir (Zovirax!) Antiviral:inhibits ONA
synthesis and viral replication

First Episode: 400 mg P0 TIO Genital herpes
x 7-10 d

Recurrence: 400 mg P0 TIO * 5 d
Initial:1.25 -2.5 mg P0 once Galactorrhea amenorrhea
daily at night with food
then:increase by 2.5 mg every Prolactin-dependent menstrual
2-7 d as needed until optimal
therapeutic response
Usual Range:1.5-15 mg once
daily

bromocriptine (Parlodel - ) Dopaminomimebc.agonist at D2
Receptor and antagonist at 01
Receptor:acts directly on anterior
pituitary cells toinhibit
synthesis and release of
prolactin

S/E:N/ V, headache,postural
hypotension,somnolence
C/I:uncontrolled KIN.pregnancy-induced HTN.
CAD.breastfeeding
D/I:domperidone,macrolides, octreotide

2" to hyperprolactinemia

disorders and infertility
Prolactin-secreting adenomas
(microadenomas,prior tosurgery of
macroadenomas)
IVF

forIVF:
Initial: 1.25 mg/d P0 between
days 4 - 6 of follicular phase
Then: 2.5 mg/d until 3 d after
onset menstruation

domiphene citrate (Clomid | Increases output olpituitary
gonadotropins to induceovulation

50 mg once dailyx 5 d
try 100 mg or 1G0 rng once dally dysfunction (e.g. amenorrhea.PC0S)

who desire pregnancy

Patients with persistent ovulatory S/E: Common: hot flashes,abdominal
discomfort,exaggerated cyclic ovarian
enlargement, accentuation olMittelscbmerz
Rare: ovarian hyperstimulation syndrome,
multiple pregnancy,visual blurring, birth delects
C/I: pregnancy, liver disease,hormone-dependent
tumours,ovarian cyst,undiagnosed vaginal
bleeding
S/E: vulvar/vaginal burning

If Ineffective 3 courses:
adequate Inal

clotrimazole (Caneslen ) Antifungal:disrupts fungal cell
membrane

Tablet:100 mg/d intravaginally Vulvovaginal candidiasis
x 7 d or 200 mg/d x 3 d or 500
mg x 1dose
Cream|1or 2%):1applicator
intravaginally OHS x 3-7 d
Topical:apply BIDx 7 d

combined oral contraceptive
pill (OCP)

Ovulatory suppression by inhibiting
LHandFSH
Decidualication of endometrium
Thickening of cervical mucus lo
prevent sperm penetration
Synthetic progestin

Contraception
Disorders of menstruation

See Tables 7-10,6Y1S-6W ani Table12.6Y18

dienogest (Visanne!) 2 mgP0 Pelvic pain associated with
endometriosis

S/E:changes to menstrual pattern,VIE
C/I:pregnancy, lactation, liver disease/
malignancy. VIE disorders, cardiovascular disease,
hormone- dependent tumours,undiagnosed AUB
S/E: Gl upset,hepaloloxicity
C/I: pregnancy, severe hepatic dysfunction
D/I:warfarin,dlgoxin
S/E: hot flushing,nausea,headache
C/I: pregnancy, osteoporosis,undiagnosed vaginal
bleeding, severe hepalicdyslunction
D/I:Organic Anion Transport Protein (0ATP) 1B1
inhibitors
S/E:headache, rash.N/V.abdominal pam.diarrhea
D/I:terfenadine,cisapride,astemicole,
hydrochlorothiazide,phenyloin. warfarin, rifampin

See Tables 7-10,GY15- GWand Table 12.GYM

100 mg P0 BI0 xe7 d Chlamydia, gonococcalmlection,
syphilis

doxycydinc Tetracycline derivative:inhibit
protein synthesis

clagolix (Orlissa ) Synthetic GnRH antagonist:induces
reversible hypoestrogemc stale

150 mg P0 daily or 400 mg
P06ID

Endometriosis, emerging evidence
lor libroids.adcnomyosrs

fluconazole (Diflucan -) Antifungal:disrupt fungal cell
membrane

150 mgP0 x1dose Vulvovaginal candidiasis
unresponsive to clotrimazole

Copper IUD:mild foreign body
reaction in endometrium,which
is toxic to sperm and alterssperm
motility
Progesterone-releasing IUD:
decidualization of endometrium and
thickening of cervical mucus,may
suppress ovulation
Synthetic GnRH antagonist:induces 3.75 mg IM q1mo or 11.25 mg
reversible hypoestrogenic stale IM q3 mo

Usually ? 6 mo. cheekbone
density il>6 mo
Rclrcalment with lupron ' alone
not recommended because ol

effects on bone density

Contraceptive effects last 3 yr; Contraception
up to 5 yr (Copper IUD,Mirena8, Disorders of menstruation
Kyleena 5)

intrauterine device (IUD)
copper IUD (Nova-T ;)
progesterone-releasing
IUD (Mirena , Kyleena )

leuprolide (lupron ) Endometriosis
leiomyomata

S/E:hot flashes,sweats, headache,vaginitis,
reduction in bone density, acne.Glupset
C/I: pregnancy, undiagnosed vaginal bleeding,
breastleeding

DUB
Precocious puberty r y
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Table 33. Common Medications
Drug Name (Brand Name) Action Dosing Schedule Indications Side Effects (S/E),Contraindications

(C/I),Drug Interactions (D/I)
mcnotropin (Pergonal ) Human gonadotropin with FSH

and IK effects;induce ovulation
and stimulate ovarian follicle
development

75 -150 IU ol FSH and IH IM once Infertility
dally n 7-12 d. then 10000 IDHCG
1d alter last dose

S/ E: bloating,irritation at injection site,
abdominal/pelvic pain, headache.N/V.multiple
pregnancy
C/I:primary ovarian failure,intracranial lesion
(e.g.pituitary tumour),uncontrolled thyroid/
adrenal dysfunction, ovarian cyst (not PCOS),
pregnancy,undiagnosed uterine bleeding

metronidazole (Flagyl : ) Bactericidal:forms toxic metabolites 2 g P0 x 1dose or 500 mg P0
which damage bacterial DNA

Bacterial vaginosis,trichomonas
vaginitis

S/E: headache,dizziness. N/ V.diarrhea,disulfiram-
like reaction (flushing, tachycardia,N/V)
C/I:pregnancy (1st trimester)
0/1: cisapride, warfarin, cimelrdine,lithium,
alcohol, amiodaionc,milk thistle,caibamarcpinc
Sec tables 7-10.6Y15 CYVand fable 12,6Y18

BID x 7 d

Releases progestin which causes Contraceptive effects last up
decidualization of endometrium and to 3 yr
thickening of cervical mucus,may
suppress ovulation

Anticholinergic:relaxes bladder
smooth muscle,inhibits involuntary
detrusor contraction

Contraception
Disorders of menstruation

nexplanon (etonogestrcl
implant)

5 or 10 rrig/d P0
May increase doses by 5 mg
weekly to a maxof 30 mg/d

Ovciacllvc bladdei (urge
incontinence)

oxybulynin (Ditropan ) S/E: dry mouth /eyes, constipation,palpitations,
urinary retention,dizziness,headache
C/I:glaucoma.Gl ileus,severe colitis,obstructive
uropathy.use with caution if impaired hepatic/
renal function
S/E: anaphylaxis, psychosis,tachycardia, dry
moulh/cyes.headache, constipation, urinary
retention, chest pain,abdominal pain
C/I:glaucoma,gastric/urinary retention,use with
caution if impaired hepatic/renal function
S/E:N/V,diarrhea, dizziness,rare cases ol
thrombosis,abdominal pain.MSK pain
C/I: thromboembolic disease,acquired
disturbances of colour vision,subarachnoid
hemorrhage,age <15 yr

S/E: headache,hoi flushes,constipation,vertigo,
endometrial thickening
C/I: pregnancy,undiagnosed vaginal bleeding,any
gynaecological cancer
S/E:ovarian enlargement or cysts,edema and pain
at injection site,arterial thromboembolism, fever,
abdominal pain, headache,multiple pregnancy
C/I: primary ovarian failure,intracranial lesion
(e.g.pituitary tumour), uncontrolled thyroid/
adrenal dysfunction,ovarian cyst (not PCOS),
pregnancy,abnormal uterine bleeding

tolterodinc (Octroi ) 1- 2 mg P0 BIO Overaclive bladder (urge
incontinence)

Anticholinergic

trancxamic acid
(Cyklokapron )

Anil- fibrinolytic:reversibly inhibits
plasminogen activation

1-1.5 g 110 010 for first 4 d of Menorrhagia
cycle
Max 4 g/d
Ophthalmic check if used for
several wk
5mg P0 once daily foi max 3 mo: leiomyoma (prcopeialive)
first tablet taken anytime during
first 7 d of menstruation

ulipristal acetate (Fibristal | Selective progesterone receptor
-withdrawn frommarket modulator ISPRM)
in 2020 urofollitropin
(Melrodin )
urofollitropin (Metrodin | FSH 75 lU/d SC x 7-12 d Ovulation induction in PCOS
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Landmark Gynaecology Trials
Trial Name Reference Clinical Trial Details
Endometrial Cancer

P0RTEC-3 LANCET 2019; 20(9):1273 1235 Title: Adjuvant Chemoradiotherapy versus Radiotherapy Alone in Women with High- Risk Endometrial Cancer (PORTEC-3):
Patterns ol Recurrence and Post-Hoc Survival Analysis ola Randomised Phase 3 Trial
Purpose: loinvestigate the benefit ol combined adjuvant chemotherapy and radiotherapy vs.pelvic radiotherapy alone for
women withhigh-risk endometrial cancer.
Methods: Women with high-risk endometrial cancer were randomly assigned to receive radiotherapy alone or
chemoiadiolherapy.The co-primary endpoints were overall survival and failure- free survival. Secondary endpoints included
vaginal,pelvic, and distance recurrence.
Results:At a median of 72.6 mo,Syr overall survival was 81.4% with chemoradiotherapy vs.76.1% with radiotherapy, and 5 yr
failure- free survival was 76.5% with chemoradiotherapy vs.69.1% with radiotherapy.Distant metastases occurred in 78 /330
women in the chemoradiotherapy group vs. 98(330 in the radiotherapy group.
Conclusions: For women with stage 3 or serous endometrial cancers,or both, chemoradiotherapy should be recommended
over radiotherapy alone.

Cervical Cancer

HEJM 2018; 379:1895 1904 Title: Minimally Invasive versus Abdominal Radical Hystercdomy lor Cervical Cancer
Purpose:loinvestigate survival outcomes after laparoscopic or robot-assisted radical hysterectomy (minimally invasive
surgery) vs.open abdominal radical hysterectomy (open surgery).
Methods: Patients with stage At.IA2.or 181cervical cancer and a histologic subtype of squamous -cell carcinoma,
adenocarcinoma,or adenosquamous carcinoma,were randomly assigned to undergo minimally invasive surgery or open
surgery.
Results:The rate of disease- free survival at 4.5 yr was 86% withminimally invasive surgery and 96.5% with open surgery, a
difference of -10.6% (95% confidence interval [Cl], -16.4 to -4.7).Minimally invasive surgery was associated with a lowci rate
of disease-free survival than open suigciy (3 yr rate. 91.2% vs.97.1%) and a lower rate ol overall suivival (3 yr late.93.8% vs.
99.0%).
Conclusions:Among women with early-stage cervical cancer,minimally invasive radical hysterectomy was associated with
lower rates of disease-free survival and overall survival than open abdominal radical hysterectomy.

UCC
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Hematology

Acronyms
Basics of Hematology.
Complete Blood Count
Blood Film Interpretation
Bone Marrow Aspiration and Biopsy

Common Presenting Problems
Anemia
Erythrocytosis
Thrombocytopenia
Thrombocytosis
Pancytopenia
Neutrophilia
Neutropenia
Lymphocytosis
Lymphopenia
Eosinophilia
Agranulocytosis
Leukemoid Reaction
Approach to Lymphadenopathy.
Approach to Splenomegaly
Microcytic Anemia
Iron Metabolism
Iron Deficiency Anemia
Anemia of Chronic Disease
Sideroblastic Anemia
Lead Poisoning

Normocytic Anemia
Aplastic Anemia
Hemolytic Anemia
Thalassemia
p-Thalassemia Minor (Thalassemia Trait)
P-Thalassemia Major
P-Thalassemia Intermedia
a-Thalassemia
Sickle Cell Disease
Autoimmune Hemolytic Anemia
Microangiopathic Hemolytic Anemia/Thrombotic
Microangiopathy
Hereditary Spherocytosis
Hereditary Elliptocytosis
Glucose-6-Phosphate Dehydrogenase Deficiency
Macrocytic Anemia
Vitamin B12 Deficiency
Folate Deficiency
Hemostasis.
Stages of Hemostasis

Disorders of Primary Hemostasis
Immune Thrombocytopenia
Thrombotic Thrombocytopenic Purpura and Hemolytic Uremic
Syndrome
von Willebrand Disease
Disorders of Secondary Hemostasis
Hemophilia A (Factor VIII Deficiency)
Hemophilia B (Factor IX Deficiency)
Factor XI Deficiency
Liver Disease
Vitamin K Deficiency
Disseminated Intravascular Coagulation

HI Hypercoagulable Disorders

Venous Thromboembolism
Approach to Treatment of Venous Thromboembolism

Hematologic Malignancies and Related Disorders.
Myeloid Malignancies
Acute Myeloid Leukemia
Myelodysplastic Syndromes
Myeloproliferative Neoplasms
Chronic Myeloid Leukemia
Polycythemia Vera
Idiopathic Myelofibrosis
Essential Thrombocythemia
Lymphoid Malignancies
Acute Lymphoblastic Leukemia
Lymphomas
Hodgkin Lymphoma
Non-Hodgkin Lymphoma

Malignant Clonal Proliferations of Mature B-Cells.
Chronic Lymphocytic Leukemia
Multiple Myeloma
Monoclonal Gammopathyof Unknown Significance
Lymphoplasmacytic Lymphoma

Complications of Hematologic Malignancies
Hyperviscosity Syndrome
Tumour Lysis Syndrome

Blood Products and Transfusions
Blood Products
Red Blood Cells
Platelets
Coagulation Factors
Acute Blood Transfusion Reactions
Delayed Blood Transfusion Reactions

Common Medications
Antiplatelet Therapy
Anticoagulant Therapy
Chemotherapeutic and Biologic Agents Used in Oncology

Landmark Hematology Trials
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Acronyms
antibody
atrial fibrillation

DVT deep vein thrombosis
Epstcin- Barr virus
ethylenediamlnetetraacetic add IIP
erythropoietin
erythropoiesis-stimulating agent
erythrocyte sedimentation rate
essential thrombocythemia
fibrin degradation products
fine needle aspiration
frozen plasma
granulocyte-colony stimulating
factor
reduced glutathione
genitourinary
graft versus host disease
hemolytic anemia
hemoglobin
hepatitis B virus
hematocrit
hepatitis C virus
hemolysis, elevated liver enzymes, OCP
and low platelet count
heparin- induced thrombocytopenia PE
Hodgkin lymphoma
high molecular weight kininogen Ph
hemolytic uremic syndrome
inflammatory bowel disease
idiopathic myelofibrosis
immunomodulatory drugs
international normalized ratio
intermittent pneumatic compression Pf

IPSS international prognostic scoring
system
immune thrombocytopenia
Janus kinase 2

PIT partial thromboplastin time
PUD peptic ulcer disease
PV polycythemia vera
RCMD refractory cytopenia with

multilineage dysplasia
RCMD RS refractory cytopenia with

multilineage dysplasia and ringed

Ab
AFrb EBV
AFLP acute fatty liver of pregnancy

atypical hemolytic uremic syndrome EPO
autoimmune hemolytic anemia ESA
acute lymphoblastic leukemia ESR
acute myeloid leukemia
absolute neutrophil count
activated protein C
acute promyelocytic leukemia FP
antiphospholipid antibodies
antiphospholipid antibody

EDTA
aHUS JAK:

LAD lymphadenopathy
LMWH low molecular weight heparin
MAHA/ microangiopathic hemolytic
TMA anemia/thrombotic microangiopathy sideroblasts
MCH mean corpuscular Hb
MCHC mean corpuscular Hb concentration SCD
MCV mean cotpuscularvolume
MDS myelodysplastic syndromes

myelofibrosis
MGUS monoclonal gammopathy of

unknown significance
multiple myeloma

MPN myeloproliferative neoplasm
MPV mean platelet volume
MUGA multi-gated acquisition

non-Hodgkin lymphoma
oral contraceptive pill

PCC prothrombin complex concentrates TIP
pulmonary embolism
progression-free survival
Philadelphia chromosome
proteasome inhibitors
prekalliktein

PMN polymorphonuclear neutrophil
paroxysmal nocturnal

AIHA
All

ElAML
ANC FDP
APC FNA lit' , ', RBC distribution width

sickle cell disease
stem cell transplantation
serum protein electrophoresis
soluble transferrin receptor
T-cell lymphoma
total iron binding capacity
tyrosine kinase inhibitor
T -cell large granular lymphocyte
tumour lysis syndrome
tissue plasminogen activator
thrombopoietin
thrombin time
thrombotic thrombocytopenic

API
G- CSF SCTAPIA

APS SPEP
GSH MF sTfRsyndrome

activated partial thromboplastinaPTT GU TCI
GVHD TIBCtime

ARDS acute respiratory distress syndrome HA
ATIII antithrombin III
ATRA all-trans retinoic acid

bone marrow
CALR calreticulin

chimeric antigen receptor
Cll chronic lymphocytic leukemia
CMl chronic myeloid leukemia
CMV cytomegalovirus
CRP C-reactive protein
DAT direct antiglobulin test
ODAVP - desmopressin
DIC disseminated intravascular

coagulation
DLBCl diffuse large 8-cell lymphoma
DOAC direct oral anticoagulant

MV TKI
T-lGlHb
asHBV

BM Hct tPA
HCV TPONHL

CAR HELLP TT

HIT purpura
HL UFH unfractionated heparin

urine protein electrophoresis
venous thromboembolism
von Willebrand disease
von Willebrand factor
World Health Organization
radiation therapy

HMWK UPEP
HUS PI VIE
IBD PK VWD

VWFIMF
IMID PNH WHO
INR hemoglobinuria XRT
IPC prothrombin lime

Basics of Hematology
Hematopoietic Stem Cell

Erythrocyte:carries oxygen from lungs
to peripheral tissues
Reticulocyte:immature erythrocyte
Hb: protein contained in erythrocytes
which binds oxygen
Neutrophil: granulocyte integral in
innate immunity;main cell in acute
inflammation
Eosinophil:granulocyte involved
in response to parasites (especially
helminths) and allergic response
Basophil: granulocyte mainly involved in
allergy and parasitic infection
Lymphocyte: integral cell in adaptive
Immunity
Monocyte:involved in innate immunity:
can differentiate into macrophage or
dendritic cell
Platelet: mediator of primary hemostasis
Plasma:acellular, fluid component of
blood containing water and proteins
(including coagulation factors and
Immunoglobulins)
Serum: equivalent to plasma minus
coagulation factors

Myeloid piecursor Lymphoid precursor

Megakaryocyte/erythrocyte precursor

I I Myeloblast Lymphoblast
Megakaryoblast Proerythroblast Monoblast

: Progranulocyte

Megakaryocyte Polychromatic
erythroblast

Monocyte

2

1 SBasophil Eosinophil Neutrophil :

I .1Erythrocyte Macrophage CJl

Platelets o ? -n
Sio* _s

Granulocytes r t0
L J

Figure 1. Hematopoiesis

• over 101'blood cells arc produced daily
• sites ofhematopoiesis in adults: pelvis, sternum, vertebral bodies, and cranium
• lifespan of mature cells in blood

erythrocytes (90-120 d), neutrophils (~1 d), platelets (7-10 d), lymphocytes (varies - memory cells
pe rsist for years)
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• role of lymphoid organs
spleen: part of reticuloendothelial system, sequesters aged RBCs, removes opsonized cells, and
site of Ab production
thymus: site of T-cell maturation and involutes with age

• lymph nodes: sites of B- and T-cell activation (adaptive immune response)

Complete Blood Count

Table 1. Common Terms Found in the CBC
DefinitionTest Normal Values'

RBCCount Number of RBCs per volume of blood 3.5-5.0 x10l7L (female)
4.0-5.5 x 10RI (male)

115-155 9/1 (female)
125-170 g/L (male)

37-46% (female)
38-50% ( male)

80100 ft
27-34 pg
315-355 g/ L
11.5-15.5%
23 -90 x 1CP / L (0.5-1.5%)
<20 mm/h (female)
<10 mm/h (male)

3.5-10.5 X 103A
2 71 lOv.' l
<0.7 x 1011
<0.10 *1CP/L
<0.5 x 109/1
1.0-4.0 x101/1
0.1-1.0*109 /1
130 380 x 109 /1
9.0-14.0 fl

Hb Amount olHbm the blood

Percentage of a given volume of whole blood occupied by packed
RBCs
Average RBC site
Average amount of Hb per RBCs
Average concentration of Hb inside RBCs
Percentage of variance in RBC size

Humber of reticulocytes per volume of blood
Rate at which RBCs separate from the serum, becoming sediment in
the bottom of the test tube

Humber of WBCs per volume of blood
Segmented neutrophils
Band neutrophils
Basophils
Eosinophils
Lymphocytes
Monocytes
Humber of platelets pet volume of blood

Mean Platelet Volume (MPV ) Measurement ol platelet size

Hct

MCV
MCH
MCHC

ROW
Reticulocyte Count
ESR

WBC Count
WBC Differential

Platelet Count

“All values apply to adults. Reference standards do not apply to all ethnic groups.

Approach to Interpreting a CBC
1 . consider values in the context of an individual's baseline:

up to 5% of population without disease may have values outside “normal" range
• an individual may display a clinically significant change from their baseline without violating

“normal" reference range
2. is one cell line affected or are several?

• if all lines are low: pancytopenia (see Pancytopenia , HS )
if RBCs and platelets are low: consider a MAHA/TMA (see Microangiopathic Hemolytic Anemia/
thrombotic Microangiopathy, H23 ) or an autoimmune process (Evan’s Syndrome)

• if single cell line affected: see Common Presenting Problems, H6

To estimate Hb based on the Hct,
multiply by 3

Clinical UseofRDW. To distinguish the etiologies of
microcytosis:

• Iron deficiency: increased RDW
(anisocytosis) as cells are of varying
sizes in iron deficiency

• 3-thalassemia minor: normal RDV7
(also expect a high RBC count) as
cells are of similar size because
the red cell abnormality is not
progressive

Blood Film Interpretation
RED BLOOD CELLS

Size
• microcytic (MCV <80 fL), normocvtic (MCV = 80-100 fL), macrocytic (MCV >100 fL)
• anisocytosis: RBCs with increased variability in size (increased RDW )

• iron deficiency anemia, HAs, Ml', blood transfusion, and MDS

Colour
• hypochromic: increase in size of central pallor (normal = less than 1/3 of RBC diameter)

iron deficiency anemia, anemia of chronic disease, and sideroblastic anemia
• polychromasia: suggests increased reticulocytes (pinkish-blue cells)

• increased RBC production by BM

Shape
• poikilocytosis: increased proportion of RBCs of abnormal shape

• iron deficiency anemia, hemoglobinopathies, ME, severe Bi:deficiency, MDS, and burns

i_ J
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Table 2. Common Erythrocyte Shapes
Shape Definition Associated Conditions

Normal RBCDiscocyte Biconcave disc

Spheroidal RBC (due to membrane defect or loss Hereditary spherocytosis,immune hemolytic anemia
of membrane)

Sphcrocytc

Oval-shaped,elongated RBCs
• Elliptocytes:the RBC long axis is >2x the length

of theshort axis
• Ovalxytes:the RBC long axis is <2xthe length

of the short axis

Schistocyte (helmet cell,fragment) Fragmented cells (due to traumatic disruption of
membrane)

Elliptocyte/Ovalocyte Hereditary elliplocytosis.megaloblastic anemia.ME.
Iron-deficiency anemia (pencil forms),and MDS

Q

MAKJUMA (HUS.aHUS.TIP.DIC.preeclampsia.HELLP.
malignant HTN),vasculibs.glomerulonephritis,bums,
and prosthetic heart valvesP

Sickle Cell Sickle-shaped RBC (due to potyrreriration of HbS) Sickle cell disorders:HbSC.HbSS

y
Codocyte (target cell) “Bull's eye" (due to a surface tiiat is

disproportionately large compared to their volume) anemia,and asplenia
Liver disease,HbSC. thalassemia,iron deficiencyo

Single pointed end.looks like a teardrop ME.MDS.3-thalassemia,megaloblastic anemia, and
BM infiltration

Dacrocyte (teardrop cell)

6
Distorted RBC with irregularly distributed thorn -
like projections|due toabnormal membrane lipid
or proteincomposition)

Severe liver disease (spur cell anemia),starvation/
anoreiia.and post-splenectomy

Acanthocyte (spurcell)

&
Echinocyte (burr cell) RBC with numerous regularlyspaced,small,spiny

projections
Uremia.HUS,burns, cardiopulmonary bypass,post-
tiansfusion.and storage artifacto

Aggregates of RBCs resembling stacks of coins
(due to increased plasma concentration of high
molecular weight proteins)

Rouleaux Formation Pregnancy is most common cause (due to
physiological increase m fibrinogen),inflammatory
conditions (due lo polyclonal immunoglobulins),
plasma cell dyscrasias (due to monoclonal
paraproteinemia, e.g.MM.macroglobulinemia),and
storage artifact

Illustrations: Ayarah Hutchinsand Merry Shryu Wang 2012

Table 3. RBC Inclusions
Inclusions Associated ConditionsDefinition

Present in erythroblasts (immature RBCs)Hudeus Hyperplastic erythropoiesis (seen in hypoxia,
hemolytic anemia).BM infiltrationdisorders,and
HPNs IMF)

Heinz Bodies E6PD deficiency (post-exposure to oxidant),
tha'assemia,and unstab'e Hb

Denatured and precipitated Hb

0
Small spherical nuclear remnant,typically in
periphery and ordinarily removed by the spleen

Post -spier edomy.hyposplemsm (SCO),neonates,
and megaloblastic anemia

Howell-Jolly Bodies

Basophilic Stippling Deep blue granulations Indicating ribosome
aggregation

Thalassemia,heavy metal (Pb.In.Ag.Hg)
poisoning,megaloblastic anemia.MDS.and
hereditary (pyrimidine 5'-nudeotidase deficiency)

Sideroblasts late erythrocytes in BM with Fe-containing granules Hereditary,idiopathic,drugs,ethanol.
hypothyroidism (see SideroblasticAnemia. //17).
MDS.and toxins (Pb)

in thecytoplasm

*
r1
L J

Illustrations: Ayalah Hutchinsand Merry Sh.,u Wang 2012
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WHITE BLOOD CELLS
lymphocytes

comprise 30-40% of WBCs;great variation in “normal" lymphocyte morphology
the major classes of lymphocytes include:T cells, B cells, and natural killer (NK) cells
nucleus occupies -90% of cytoplasm

• neutrophils
normally, only mature neutrophils (with 3-4 lobed nuclei) and band neutrophils (immediate
precursor with horseshoe-shaped nuclei) are found in circulation
hypersegmented neutrophil: >5 lobes suggests megaloblastic process (B12 or folate deficiency)
left shift (increased granulocyte precursors)

seen in leukemoid reactions: acute infections, pregnancy, neonates, hypoxia, shock, MPNs
(CML, Ml-'), and G-CSF (growth factor that stimulates neutrophil production) use

m
Left Shift
• Refers to an increase in granulocyte

precursors in the peripheral Wood
film (myelocytes, metamyelocytes,
promyelocytes, blasts). If present
implies increased marrow production
of granulocytes (e.g. inflammation,
infection.G-CSF administration.CML)

• The presence of predominantly blasts
in the peripheral smear without
further differentiated precursor cells
or mature neutrophils, suggests
clonal cell disorder (MDS, acute
leukemias). If >20% of the total WBC differential
consists of blasts, this is acute
leukemia and is a medical emergency

• blasts
immature, undifferentiated precursors; associated with acute leukemia, MDS, and G-CSF use

Table 4. Abnormal WBC on Film
Definition Associated ConditionsAppearance

Smudge Cell Lymphocytes damaged during blood film
preparation indicating cell fragility

CLL and other lymphoproliferative disorders

Or
Cytoplasmic inclusions lhal form long needles in Pathognomonic for AML
the cytoplasm of myeloblasts

Auer Rod

Atypical Lymphocyte Pale blue cytoplasm with pink granules.
Cytoplasm is indented by RBC edges

Viruses [particularly EBV) and T-LGL leukemia

Illustrations: Ayalah Hutchins and Merry Shiyu Wang 2012 and Danielle Sayeau 2017

PLATELETS
• small, purple, anuclear cell fragments

Bone Marrow Aspiration and Biopsy
•sites: posterior iliac crest/spine, sternum (aspiration only)
•analyses: most often done together

• aspiration: takes a fluid marrow sample for cellular morphology (includes iron stain), flow
cytometry, cytogenetics, molecular studies, and microbiology (C&S, acid-fast bacilli smear and
culture, and PCR)

note: differential diagnosis for a “dry tap”: MF, hairy cell leukemia, BM infiltration
biopsy: takes a sample of intact BM to assess histology (architecture) and immunohistochemistry
only aspirates, not biopsies, can be obtained from the sternal site

Indications
•unexplained CBC abnormalities
•diagnosis and evaluation of infiltrating cancers: plasma cell disorders, leukemias, and solid tumours
•diagnosis and staging of lymphoma or solid tumours
•evaluate iron metabolism and stores (gold standard, but rarely done)
•evaluate suspected deposition and storage disease (e.g. amyloidosis, Gaucher’s disease)
•evaluate fever of unknown origin, suspected mycobacterial, fungal, and parasitic infections, or

granulomatous disease
•evaluate unexplained splenomegaly
•confirm normal BM in potential allogeneic hematopoietic cell donor

Important Considerations
•do not perform a BM biopsy if there is evidence of infection over the targeted skin site
•risk of procedure: 1/100 chance of bleeding, very rare infection risk
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Common Presenting Problems

Anemia
Definition
• a decrease in RBC mass that can be detected by Hb concentration, Hct, and RBC count

adult males: Hb <130 g/L or Hct <38%
adult females: Hb <120 g/L or Hct <37% (changes with pregnancy and trimester)

[ Low Hemoglobin j

11
[Normal MCV (80-100) JLow MCV (<80)

•Thalassemia
• Anemia of chronic disease
• Iron deficiency
• Lead poisoning
•Sideroblastic anemia

High MCV (>100)
Megaloblastic
• B ^deficiency
• Folate deficiency
• Drugs that impair DNA

synthesis (methotrexate,
sulfa, chemotherapy)

• Orotic aciduria
Non-megaloblastic
• Liver disease
• Alcoholism
• Reticulocytosis (see

high reticulocyte,on left)
• Hypothyroidism
• MDS

1 I
High reticulocyte

Increased destruction (reties >2-3%)
Low reticulocyte

Decreased production (reties<2%)

I I

Non-pancytopenia
• Anemia of chronic disease
• Renal/liver disease
• Red cell aplasia

Hemolysis
Inherited
• Hemoglobinopathy (sickle cell disease,

thalassemia,unstable Hb)
• Membrane (spherocytic)
• Metabolic (HMP shunt,glycolytic pathway)
Acquired
• Immune (Coombs positive,drug-related,

cold agglutinin)
• Infection (malaria)
• MAHA/TMAIDIC,TTP,HUS, HELLP)
• Oxidative/drug-related
• Prosthetic heart valve

Bleeding Pancytopenia
• Aplastic anemia
• MDS
• MF
• Leukemia
• TB
• Amyloidosis, sarcoidosis
• Drugs (e.g. chemotherapy)
• BM infiltration
• PNH

• Gl
• GU
• Other

HMP - hexose monophosphate

Figure 2. Approach to anemia- classification by MCV

Clinical Features
•history

symptoms of anemia: fatigue, headache, light-headedness, malaise, weakness, decreased exercise
tolerance, dyspnea, palpitations, dizziness, tinnitus, and syncope
acute vs. chronic, bleeding, systemic illness, travel, medications, diet ( l-'e, Bi > sources), alcohol,
and family history
menstrual history: menorrhagia, menometrorrhagia
rule out pancytopenia (recurrent infection, mucosal bleeding, easy bruising)

•physical signs
HEENT:pallor in mucous membranes and conjunctiva at Hb <90 g/L, ocular bruits at Hb <55
g/L, angular cheilitis, jaundice
cardiac: tachycardia, orthostatic hypotension, systolic flow murmur, wide pulse pressure, signs of
CHE
dermatologic: ecchymosis, petechiae, pallor in palmar skin creases at Hb <75 g/ L, jaundice (if due
to hemolysis), nail changes (spooning), and glossitis
splenomegaly, lymphadenopathy

Investigations
•rule out dilutional anemia (low Hb due to increased effective circulating volume)
•CBC with differential, reticulocyte count, and blood film
•rule out nutritional deficit, gastrointestinal and genitourinary disease in iron deficiency anemia
•additional laboratory investigations as indicated (see Microcytic Anemia, HI4,Normocytic Anemia,

H17, Hemolytic Anemia, HIS, and Macrocytic Anemia, H25)
•N.B. may have a mixed picture with multiple concomitant nutritional deficiencies

Treatment
•treat underlying cause (see Microcytic Anemia, H14, Normocytic Anemia, H17, Hemolytic Anemia,

H18, and Macrocytic Anemia, H25)

Reticulocytes
• Reticulocytes are immature

erythrocytes and are markers of
erythrocyte production (t colour, *central pallor, » size)

• The reticulocyte count should always
be interpreted in the context of Hb
concentration

• The reticulocyte count should
normally increase in response to a
decrease in RBC

• With blood loss,reticulocytes should
increase 2-3x initially and then 5-7x
over the next week

• A normal reticulocyte count in
anemia should be interpreted as
a sign of decreased production,
and may result from BM infiltration,
nutritional deficiency,or other causes

• Anemia with reticulocytosis suggests
appropriate bone marrow response

rn
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Erythrocytosis
Definition
• an increase in Hb and/or Hct: Hb >165 g/L or Hct >49% (males); Hb >160 g/ L or Hct >48% (females)

Etiology
• relative/spurious erythrocytosis (decreased plasma volume); diuretics, severe dehydration, burns, and

“stress" (Gaisbdck's syndrome)
• absolute erythrocytosis

Table 5. Etiology of Erythrocytosis
Primary Secondary Inappropriate Production of Erythropoietin

Physiologic (poor tissue oxygenation/hypoxla)
(see PolycythemiaVeto.H43) Carbon monondc poisoning

Heavy smoking
High altitude
Pulmonary Oiseaso
COPO
Sleep apnea
Pulmonary hypertension
Cardiovascular Disease
R tolshunt (Eisenmenger syndrome)
Hemoglobinopathy
High Ot affinity Hb
Methemoglobinemia

Tumours
Hepatocellular carcinoma
Renal cell carcinoma
Cerebellar hemangioblastoma
Phcochromocytoma
Uterine leiomyoma
Ovarian tumour
Other
Polycystic kidney disease
Renal artery stenosis
Post-kidney transplant
Hydronephrosis
Androgens
Exogenous EPO

PV

Clinical Features
• secondary to high red cell mass and hyperviscosity

headache, dyspnea, dizziness, tinnitus, visual disturbances, hypertensive symptoms, and paresthesia
symptoms of angina, CHE, and aquagenic pruritus (only in MPNs)

• thrombosis (venous or arterial) or bleeding (seen with acquired V WD or acquired platelet dysfunction
in MPNs)

• physical findings
splenomegaly ± hepatomegaly, facial plethora/ruddy complexion (70%) and/or palms,gout

Investigations
• serum EPO:differentiates primary (low/normal) from other etiologies (elevated)

search for tumour as source of EPO as indicated (e.g.abdominal U/S, CT head)
JAK-2 mutation analysis:positive in >96% of cases of PV

only send if low/normal EPO level
• ferritin (iron deficiency can mask the diagnosis; if iron deficient with reticulocytosis, suggestive of PV)

Treatment
• if primary: see Polycythemia Vera, H43
• if secondary: treat underlying cause

02 for hypoxemia, CPAP for sleep apnea, surgery for EPO-secreting tumours, counselling
and education (e.g. smoking cessation, work environment), use the lowest dose possible if on
androgen therapy
often cardiologists will be hesitant to treat high Hct in cyanotic patients

&
Rule-of-thumb:a deficit in all cell
(nes suggests decreased production,

sequestration, or hemodilution. A deficit
in platelets and RBCs suggests non-
immune destruction or Evan's syndrome.
An isolated thrombocytopenia suggests
an immune-mediated process. In
hospitalized patients, drugs and
Infection account for the majority of
cases of thrombocytopenia

Thrombocytopenia
Definition
• platelet count <150 x 10 9/L

Clinical Features
• history: mucocutaneous bleeding (easy bruising, gingival bleeding), epistaxis, perioperative bleeding

(including dental procedures), heavy menstrual bleeding, peripartum bleeding, and G1 bleeding
• physical exam: bruising, pctcchiae, ccchymoses, non-palpable purpura, and wet purpura
• see Disorders of Primary Hemostasis, H28 for complications

Investigations
• CBC and differential
• blood film

• rule out pseudothrombocytopenia ( platelet clumping or platelet satellitism )
decreased production: other cell line abnormalities, blasts (suggesting myeloid malignancy),
hypersegmented PM Ns (suggesting megaloblastic anemia), and leukoerythroblastic changes
(suggesting BM infiltration or fibrosis)

• increased destruction: large platelets (often seen in 1TP), schistocytes (seen in MAHA/TMA)
• workup for nutritional deficiencies: B i R B C, folate
• Pl/INR, aPTT, and fibrinogen if DIG suspected
• LPT's if findings of liver disease are present
• H. pylori,HIV, and HCV serology
• abdominal ultrasound to look for splenomegaly

§>
Must rule out
pseudothrombocytopenia: platelet
clumping secondary to EDTA Abs present
In serum. This can be seen on blood film
and confirmed by repeating in a citrated
sample (i.e. using a sodium citrate tube
to collect blood, rather than EDTA)

ri

Wet vs.Dry Purpura
Wet purpura: hemorrhaging of mucous
membranes
Dry purpura:bruising or petechiae on
skin surface

+
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Treatments
• life-threatening bleeding: platelet transfusion (repeat CBC I h post-transfusion to confirm an

appropriate rise in counts)
• if secondary: treat underlying cause
• I'l'P: see Immune thrombocytopenia, H28

(§>
References
APS: see Hematology.H36
Aplastic Anemia:see Hematology.H17
Bi2/Folate Deficiency:see Hematology.
H2S.H26
DIC:see Hematology. H34
HIT:see Hematology.H30
HIV:see Infectious Diseases.ID27
ITP:see Hematology. H28
Myelodysplasia: see Hematology.H41
Preeclampsia: see Obstetrics.OB26
SLE:see Rheumatology,RH11

( Thrombocytopenia J
t$ T

f Sequestration ]Decreased
Production

Increased
Destruction

Hemodilution

l
Splenomegaly
• Liver disease
• Malignancy
• MF

• Massive
transfusion
• Cardiopulmonary
bypass

i I i
Nutritional
• B,deficiency
• Folate
deficiency

Congenital
• Alport
• Fanconi
syndrome

Marrow damage
Aplastic anemia

• Chemotherapy,
radiation
• Drug-induced*
• Malignancy
• MDS

Non - illumine

• DIC
•HP
• HUS
• Preeclampsia
• HELLP
• APS

Immune
• ITP
• Viral (HIV)*
• Systemic (SLE)
• Alloimmune
• HIT
• Drug-induced*

*ln hospitalizedpatientsmost commoncausesof thrombocytopenia are drugs and infection

Figure 3. Approach to thrombocytopenia
Adapted from:Cedi Essentials at Medicine

Thrombocytosis
Definition
• platelet count >450 x 10’/L
• primary thrombocytosis (uncommon ): due to MPNs (e.g. CML, PV, primary MP, and ET; rarely

associated with MDS)
• reactive/secondary thrombocytosis (common):acute phase reactant (e.g. surgery, inflammation,

infection, trauma, bleeding, iron deficiency, neoplasm, ischemic injury, and hyposplenia/asplenia)

Clinical Features
• history: trauma, surgery, splenectomy, infection, inflammation, bleeding, iron deficiency, prior

diagnosis of chronic hematologic disorder, and constitutional symptoms (malignancy)
• vasomotor symptoms:headache, visual disturbances, lightheadedness, atypical chest pain, acral

dysesthesia, crythromelalgia, livedo reticularis, and aquagenic pruritus
• clotting risk, bleeding risk (rare)
• physical exam: splenomegaly is a common finding among patients with MPNs

Investigations
• CBC and differential, peripheral blood film, serum ferritin
• non-specific markers of infection or inflammation (e.g. CRP, HSR, ferritin)
• if reactive process has been ruled out, BM biopsy may be required to rule out MPN/MDS

Treatment
• primary:ASA ± cytoreductive agents (e.g. hydroxyurea, anagrelide, interferon-a)
• secondary: treat underlying cause

Pancytopenia
Definition
• a decrease in all hematopoietic cell lines below normal reference ranges

Clinical Features
• anemia: fatigue (see Anemia, H6 )
• leukopenia: recurrent infections (see Neutropenia, H 9 )
• thrombocytopenia: mucocutaneous bleeding (see thrombocytopenia, H7 )

Investigations
• CBC and differential, peripheral blood film,serum ferritin, reticulocyte count, PT, PTT,blood type

and screen, complete metabolic panel, B12, folate
• non-specific markers of infection or inflammation (e.g. CRP, HSR, ferritin)
• workup as per Figure 4, H 9 and presenting symptoms/physical exam
• if reactive process has been ruled out, BM biopsy may be required

j
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( Pancytopenia )

T i
[HypocellularBM ) ( Cellular BM )

I
1" BM disease
•MDS
• Lymphoma
• Leukemia
•Myeloma

2° to systemic disease
• SLE
• Hypersplenism
• Vitamin B »
•Folate deficiency
• Alcoholism
• TB
• Sarcoidosis

• Acquired aplastic anemia
• Inherited aplastic anemia
• SomeMOSs
• MF
• Overwhelming infections
•Toxic depression ol BM
• Anorexia nervosa
• PNH

•HIV
•MF

Figure 4. Approach to pancytopenia

Neutrophilia
Definition
• variable definition, but generally an ANC >7.7 x lO’/ L (WHO definition)

Etiology
• primary neutrophilia

CML,chronic neutrophilic leukemia- other MPNsPV.ET.MF
hereditary neutrophilia (autosomal dominant)
chronic idiopathic neutrophilia in otherwise healthy patients
leukocyte adhesion deficiency

• secondary neutrophilia
stress/exercise/epinephrine: movement of neutrophils from marginated pool into circulating pool
obesity

• infection
inflammation:e.g. rheumatoid arthritis (RA), 1BD,chronic hepatitis, Ml, PE, and burns

• malignancy: hematologic (i.e. marrow invasion by tumour) and non-hematologic (especially large
cell lung cancer)

• medications:glucocorticoids, (3-agonists, lithium, G-CSF

Clinical Features
• signs and symptoms of fever, inflammation, malignancy to determine appropriate further

investigations
• including LAD and organomegaly

• examine oral cavity, teeth, peri-rectal area, genitals, and skin for signs of infection

Investigations
• CBC and differential: mature neutrophils or bands >20% of total WBC suggests infection/

inflammation
• blood film: left shifted WBt.'s, Dohle bodies (intracytoplasmic structures composed of agglutinated

ribosomes), toxic granulation, and cytoplasmic vacuoles in infection
• may require BM biopsy if MPN suspected

Treatment
• directed at underlying cause

Neutropenia
Definition
• mild:ANC 1.0-1.5 X lO’/L
• moderate: ANC 0.5-1.0 x lO’/L (risk of infection starts to increase)
• severe:ANC <0.5 x 109/L
• profound:ANC <0.1 x 109/L for >7 d

ANC'WBC count x f%PMNs+ %bands)
Beware of fever + ANC<0.5 x10’/L-
FEBRILE NEUTROFtNIA

n
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êrto Settingrto ĉtivate Windowsr



H10 Hematology Toronto Notes 2023

Etiology

Table 6. Etiology of Neutropenia
Peripheral Destruction/Sequestration Excessive Margination (Transient

Neutropenia)
Decreased Production

Infection
Viral hepatitis. EBV.HIV.TB.typhoid,malana
HematologicalDiseases
Idiopathic,aplastic anemia.MF.
BM infiltration,cyclic.PNH.MBS.large
granular lymphocyte leukemia,hairy cell
leukemia,immune-mediated
Drug-Induced
Alkylating agents,antimetabotites.
anticonvulsants,antipsychotics.anti-
inflammatory agents,antithyroid drugs
Toxins/Chemicals
High dose radiation,benzene, dichloto
diphenyl trichloroethane (DDT)
Nutritional Deficiency
Bit. folate
Idiopathic
Constitutional neutropenia,benign cyclic
neutropenia

Idiopathic (most common)
Overwhelming bacterial infection
Hemodialysis
Cardiopulmonary bypass
Racial variation (e.g.African or Ashkenazi
Jewish descent)

Anti-neutrophil Abs
Spleen or lung trapping
Autoimmune disorders:RA (Felty syndrome). Prophylactic Hematopoietic Colony-Stimulating

Factors onMortality andInfection
Aon InternMed 20073(J:«IMT1
Purpose'treienrerfecsofc:onysfimjlabng
factor (CSF) on mortaltj."Actions,aod fedrile
nentopenia z patects ccdergoagcseaotherapy
or SO.
Study Selection "A!80scnoparcgthe effects
of CSFs toetkeplacebo or so the^py nere indaded.
Prophylacbc CSFs nere gnen coocrrendy nith or
after mtiaioe of chemotherapy
Results THEREKK no dderecces a a1 cause
modesty or nfectoc -rtlaad death between CSF and
placebo groups.Coopered to placebo or no therapy.
CSFs reducedofecioo rate (redar -ate 38.9%n.
43.1%:raterateOiS).etroboiog-caiy docuoented
mfectnns |M8 23.5%n.28.6%:rate rate 0.88).
a;dfeb-ienentrppeta (Ml25.3% ts.442%;rate
rebo071
Conclusions Avop-y lactc CSFs decrease infection
ratesaa1epsodesof iebrie oentroaeae npatents
nndergorgcheeotberepy or SCI.but hare toeffect
eneortahty.

Sti
Granulomatosis with polyangiitis (formerly
Wegener's)
Drugs:haptens(e.g.n-melhyldopa)

Clinical Features
• fever, chills (only if infection present)
• infection by endogenous bacteria ( e.g. S.aureus.Gram negatives from Cil and GU tract)
• painful ulceration on skin, anus, mouth, and throat following colonization by opportunistic

organisms
• avoid digital rectal exam

Investigations
• dependent on degree of neutropenia, history, and symptoms
• ranges from observation with frequent CBCs and differential with peripheral smears to BM aspiration

and biopsy

Treatment
• manage specific underlying causes and medications that contribute to neutropenia
• regular dental care:chronic gingivitis and recurrent stomatitis are major sources of morbidity
• treatment of febrile neutropenia
• in severe immune-mediated neutropenia, G-CST may increase neutrophil counts

if no response to G-CST, consider immunosuppression (e.g. steroids, cyclosporine, and
methotrexate)

G-CSF- Neupogen: - filgrastim

Lymphocytosis
Definition
• absolute lymphocyte count >4.0 x 10*/L

Etiology
• infection ( reactive lymphocytosis)

• viral infections ( majority); particularly mononucleosis
• TB, pertussis, brucellosis, toxoplasmosis

• smoking
• physiologic response to stress (e.g. trauma, status epilepticus)
• hypersensitivity (e.g. drugs, serum sickness)
• autoimmune (e.g.RA)
• neoplasm (e.g. CLL, thymoma, B-cell lymphocytosis of undetermined significance)
• asplenia (e.g. post-splenectomy)

Investigations
• CBC and differential, peripheral smear assessing lymphocyte morphology, and in select cases, flow

cytometry for assessing lineage and clonality

Treatment
• treat underlying cause

Presence of atypical lymphocytes
suggests viral infection

Presence of smudge cels suggests
a tymphoproliferatrve disorder if
persistently elevated above 5.0 x lOM.
for >3 mo:consider flow cytometry of
peripheral blood
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Lymphopenia
Definition
• absolute lymphocyte count <1.0 x 1071-
Etiology
• older age
• idiopathic CD4+ lymphopenia
• iatrogenic (radiation, chemotherapy, immunosuppressive agents). H1V/A1DS, HBV, HCV
• malignancy
• malnutrition, alcoholism
• autoimmune disease (e.g. SLE)

Clinical Features
• opportunistic infections (see Infectious Diseases)

Investigations
• CBC and differential, lymphocyte subpopulations, immunoglobulin levels

Treatment
• treat underlying cause
• treat opportunistic infections aggressively and consider antimicrobial prophylaxis (see Infectious

Diseases, ID48)

Eosinophilia
Definition
• absolute eosinophil count >0.5 x 107L

6Etiology
• primary: due to clonal BM disorder

if no primary etiology identified, classified as hypereosinophilic syndrome
6 mo of eosinophilia (count >1.5 x 107L) with end organ damage and no other detectable causes
can involve heart, BM, and CNS

Basophilia and/or Eosinophilia
Can be an indicator of CMl or other
MPNs. associated with pruritus due to
excessive histamine production

• secondary’
most common causes are parasitic (usually helminth) infections and allergic reactions
less common causes:

collagen vascular diseases (e.g. RA, polyarteritis nodosa, see Rheumatology, RH21)
respiratory causes (asthma, eosinophilic pneumonia, and eosinophilic granulomatosis with
polyangiitis (EGPA))
cholesterol emboli
hematologic malignancy, see Chronic Myeloid Leukemia,H42and Hodgkin Lymphoma,H47
adrenocortical insufficiency, see Endocrinology. E39
medications (penicillins)
atopic dermatitis

Investigations
• CBC and differential, peripheral smear assessing eosinophil morphology
• end organ involvement:electrolytes, renal function tests, LET'S, creatine kinase (CK), troponin, ECG,

pulmonary function tests (PETs), CXR, chest and abdominal CT, consider BM biopsy

Treatment
• treat underlying cause
• before initiating steroids, ensure strongyloides serology is collected to rule out infection for patients at risk

Agranulocytosis
Definition
• ANC is <100/pL

Etiology
• associated with medications in 70% of cases: e.g. chemotherapy, clozapine, thionamides (antithyroid

drugs),sulfasalazine, and tidopidine
immune-mediated destruction of circulating granulocytes by drug-induced Abs or direct toxic effects
upon marrow granulocytic precursors

Clinical Features
• abrupt onset of fever, chills, weakness, and oropharyngeal ulcers

Prognosis
• high fatality without vigorous treatment

r T
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Investigations/Treatment
• discontinue offending drug
• if patient is febrile, pan-culture and screen for infection (blood cultures x2, urine culture, and chest x-ray

as minimum, initiate broad-spectrum antibiotics)
• consider BM aspirate and biopsy If cause unclear
• consider G-CSF

Leukemoid Reaction
Definition
• leukocytosis >50 x 10’/L

Etiology
• infection
• drugs
• asplenia
• intoxication
• malignancy
• hemorrhage
• acute hemolysis

Investigations/Treatment
• marked left shift (myelocytes, metamyelocytes, and bands in peripheral blood smear)
• rule out CML and chronic neutrophilic leukemia
• detect and treat underlying cause

aApproach to Lymphadenopathy
History
• constitutional/B-symptoms (seen in TB, lymphoma, other malignancies)
• growth pattern: acute vs. chronic
• exposures: cats (cat scratch - Bartonella henselae), ticks (Lyme disease - Borrelia burgdorferi ),and

high-risk behaviours (HIV)
• joint pain /swelling, rashes (connective tissue disorder)
• pruritus (seen in Hodgkin lymphoma)
• medications (can cause serum sickness -> lymphadenopathy)

ConstitutionaUB-Symptoms
• Unexplained temperature >38"C
• Unexplained weight loss(>10% of

body weight in 6 mo)
• Night sweatsClinical Features

• determine if lymphadenopathy is localized or generalized
• generalized: typically features of systemic diseases (HIV,TB, EBV, SLE, medications, sarcoidosis,

lymphoma)
• localized: typically reactive or neoplastic

cervical (bacterial/mycobacterial infections, ENT malignancies, and metastatic cancer)
• supraclavicular (highest malignancy risk)

right (mediastinal, bronchogenic, esophageal cancer)
left (gastric, gallbladder, pancreas, renal, and testicular/ovarian cancer)

axillary (cat scratch fever, breast cancer, and metastatic cancer)
• epitrochlear (infections, sarcoidosis, and lymphoma)

• check for splenomegaly, constitutional symptoms

Drugs that can Cause
Lymphadenopathy
• Allopurinol
• Atenolol
• Captopril
• Carbamazepine
• Cephalosporins
- Gold
• Hydralazine
• Penicillin. Phenytoln
• Primidone. Pyrimethamine
• Ouinidlne
• Sulfonamides
• Sulindac

Investigations
• (.BC and differential, blood film
• if generalized, consider tuberculin test, HIV UNA, VDRL, MonospotVEBV serology, antinuclear

antibodies (ANA), and imaging
• if localized and no symptoms suggestive of malignancy, can observe 3-4 wk (if no resolution >

excisional biopsy to preserve lymph node architecture)
• in areas difficult to access ( retroperitoneal, mediastinal/hilar), multiple core biopsies may be more

practical/feasible
• FNA should NOT be used for diagnostic purposes in lymphoproliferative disease (excisional biopsy is

the gold standard)
FNA is helpful for recurrence of solid tumour malignancy

nTable 7. Inflammatory vs. Neoplastic Lymph Nodes L J
Feature Inflammatory Neoplastic
Consistency
Mobility
Tenderness

flucluanl/sofl
Mobile

Firm/hard
Matted/immobile

+lender
<1cm’

Non-lender
»1cm*Size

Note:these classifications are not absolute; lymphoma andCLL nodescan leel rubbery and are frequently mobile, non-lender
'Note:inguinal lympli nodescan be up to 2 cm in size and non-pathologic
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Table 8. Differential Diagnosis of Generalized Lymphadenopathy
NeoplasticReactive Inflammatory

Bacterial (TB, Lyme, brucellosis,cat scratch
disease, and syphilis)
Viral (EBV.CMV, HIV )

Parasitic ( toxoplasmosis)

Fungal (histoplasmosis)

Collagen disease (DA.dermatomyositis.SLE, Lymphoproliterative disorder
vasculitis, and Sjogren's)
Drug hypersensitivity
Sarcoidosis, amyloidosis
Serum sickness

Metastatic cancer
Histiocytosis X

Approach to Splenomegaly
Table 9. Differential Diagnosis of Splenomegaly
Increased Demand for Splenic Function Congestive Infiltrative Causes of Splenomegaly
Hematological
Nutritional anemias
Hemoglobinopathies
Hemolysis
Spherocytosis
Sequestration crisis
Elliptocytosis

Infectious
Viral e.g.EBV, HIV/
AIDS. CMV
Bacterial
e.g.bacterial
endocarditis.TB
Parasilrc e.g.malaria,
histoplasmosis,
leishmaniasis
Fungal

Inflammatory Cirrhosis
Portal H1N
Portal vein obstruction

Hon -Malignant
Benign metaplasia
Cysts
Amyloidosis
Sarcoidosis

Splenic vein thrombosis Hamartomas
Vascular abnormalities
Lysosomal storage diseases
(Gaucher's, Niemann - Pickj
Glycogen storage diseases
Malignant
leukemia [CML.CUI

CHINA
Cirrhosis/Congestion (portal HTN)
Hematological
Infectious
Neoplasm
Autoimmune

SIE
Sarcoidosis
Felty syndrome
Still’s disease

(including right heart
failure)

lymphoptolileralive disease (Ctt , NHL.' HL )
MPHs (CMl. Mf )
Metastatic tumour

The underlined conditions cause massive splenomegaly (spleen crosses midline or reaches pelvis)

History
• constitutional/B symptoms, feeling of fullness in LUQ, and early satiety
• signs or symptoms of infection (e.g. mononucleosis) or malignancy
• history of liver disease, hemolytic anemia, or high-risk exposures

Clinical Features
• jaundice, petechiae
• signs of chronic liver disease
• percussion (Castell's sign, Traube’s space, and Nixon's method ) and palpation
• associated LAD or hepatomegaly
• signs of CHE

Investigations
• CBC and differential, blood film
• as indicated: liver enzymes (AST, ALT, ALP, and GGT) and/or LFTs (platelet, 1NR, albumin, and

bilirubin), reticulocyte count, MonospotVEBV, haptoglobin, LDH, infectious and autoimmune
workup, and BM biopsy/aspirate when malignancy suspected

• imaging
• ultrasound of abdomen/liver to assess for cirrhosis and portal vein thrombosis (if positive, refer

to hepatology)
echo for cardiac function

• CL to rule out lymphoma and assess splenic lesions
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sMicrocytic Anemia
. MCV <80 fL
• see Figure 2, H6

Causes of Microcytic AnemiaTable 10. Iron Indices and Blood Film in Microcytic Anemia
lab Tests Blood Film TAILS

Thalassemia
Anemia of chronic disease
Iron deficiency
lead poisoning
Sideroblastic anemia

Ferritin Serum Iron TIBC % saturation RDW
Iron Deficiency Anemia
Anemia olChronic Disease N/e
Sideroblastic Anemia

1*15) Hypochromic,microcytic
Normocylic/microcylic
Dual population
Basophilic stippling

» » at

N N« »

N/ t H N/ t» t

Thalassemia N/t H/t N N/ t N/t Hypochromic,microcytic
Basophilic stippling
Foikilocytosis

Iron Metabolism
Iron Intake (Dietary)
• average North American adult diet = 10-20 mg iron daily
• steady state absorption is 5-10% (0.5-2 mg/d); enhanced by citric acid and ascorbic acid (vitamin C);

reduced by polyphenols (e.g. in tea), phytate (e.g. in bran), dietary calcium, and soy protein
• males more likely to have positive iron balance; up to 20% of menstruating females have negative iron

balance

Iron Absorption and Transport
• dietary iron is absorbed in the duodenum (absorption impaired in IBD and celiac disease)
• in drculalion, the majority of non-heme iron is bound to transferrin which transfers iron from

enterocytes and storage pool sites (macrophages of the reticuloendothelial system and hepatocytcs) to
RBC precursors in the BM

Iron Levels
• hcpcidin is a hormone produced by hepatocytcs that regulates systemic iron levels

• hinds to iron exporter ferroportin (on duodenal enterocytes and reticuloendothelial cells)
and induces its degradation, thereby inhibiting iron export into circulation (iron trapping in
reticuloendothelial system cells and diminished absorption of iron )

• hepcidin production is:
increased in states of iron overload (inhibiting additional iron absorption) and inflammation
(mediating anemia of chronic disease through iron trapping)

decreased in states where erythropoiesis is increased (e.g.hemolysis) or oxygen tension is low

Iron Storage
• ferritin

ferric iron (Fe 3+) complexed to a protein called apoferritin (liver, spleen, and BM are main ferritin
storage sites)
small quantities are present in plasma in equilibrium with intracellular ferritin
also an acute phase reactant - can be spuriously elevated despite low iron stores in response to a
stressor

• hemosiderin
aggregates or crystals of ferritin with the apoferritin partially removed
macrophage-monocyte system is the main source of hemosiderin storage

Dietary Fe^inQ I lumen LEGEND
Ferritin {^hamoudenn

QHepodin flLj? Transfer
h.vmill f i/ytfvopoiew

4 Oxygenc I Enterocyles
of proximal
duodenum

mg N M I iFt - -Gc"TA
F«J - Ftf

ri
*

f 1 L J
Ntp : d • :

L;

/ iPlasma 4 Body iron stores
f InflammatJOft/infection0*2? +iRBC precursors

in bonB marrow
vIron Absorption and Transport Iran Homeostasis

Figure 5. Iron metabolism
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H15 Hematology Toronto Notes 2023

Iron Indices
• BM aspirate:gold standard test for assessment of iron stores (rarely done)
• serum ferritin: most important blood test for iron stores

decreased in iron deficiency anemia
elevated in infection, inflammation, malignancy, liver disease, hyperthyroidism, and iron
overload

• serum iron: measure of all non-heme iron present in blood
varies significantly daily

• TIBC: indirect measure of total amount of transferrin present in blood
normally, one third of TiBC is saturated with iron
increased TIBC has high specificity for decreased iron, low sensitivity

• transferrin saturation
serum iron divided by TIBC,expressed as a proportion or a percentage

• sTfR
reflects the availability of iron at the tissue level
transferrin receptor is expressed on the surface of erythroblasts and is responsible for iron uptake
- some are cleaved off and are present in circulation as sTfR
in iron deficient states, more transferrin receptors are expressed on erythroblasts leading to an
increase in sTfR
sTfR also increased during extramedullary hematopoiesis (i.e. thalassemia syndromes)
low in reduced erythropoiesis and iron overload
useful in determining iron deficiency in the setting of chronic inflammatory disorders (see Iron
Deficiency Anemia )

HiIron Deficiency Anemia
•see Paediatrics. P51
•most common cause of anemia in North America

Etiology
•increased demand

increased physiological need for iron in the body (e.g. pregnancy)
•decreased supply: dietary deficiencies (rarely the only etiology in the developed world )

• cow's milk (infant diet), “tea and toast" diet (elderly), absorption Imbalances, post-gastrectomy,
malabsorption (IBD of duodenum, celiac disease, autoimmune atrophic gastritis, and H , pylori
infection)

•increased losses
hemorrhage

obvious causes: abnormal uterine bleeding, Gl bleed
occult: peptic ulcer disease, GI cancer

hemolysis
chronic intravascular hemolysis (e.g. PNH, cardiac valve RBC fragmentation)

Clinical Features
•iron deficiency may cause fatigue before clinical anemia develops
•signs/symptoms of anemia:see Anemia, H6
•brittle hair, nail changes (brittle, koilonychia)
•pica (appetite for non-food substances, e.g. ice, paint, and dirt)
•restless leg syndrome

Investigations
•CBC, iron indices, including sTfR

• low ferritin (<30 pg/L) is diagnostic of iron deficiency
ferritin is an acute phase reactant and is elevated in the setting of inflammatory conditions
and liver disease; serum ferritin <100 pg/ L in these settings is suggestive of iron deficiency,
necessitating further workup

•peripheral blood film
hypochromic microcytosis: RBCs have low Hb levels due to lack of iron
pencil forms, anisocytosis

• target cells
•BM aspirate (gold standard, but rarely done)

iron stain (Prussian blue) shows decreased iron in macrophages and in erythroid precursors
(sideroblasts)
intermediate and late erythroblasts show micronormoblastic maturation

Plummer-Vinson Syndrome
• Dysphagia (esophageal)
• Glossitis
• Iron deficiency anemia
• Stomatitis

Iron deficiency anemia is a common
“ esentation of chronic lower Gl_ _eds (right-sided colorectal cancer.—liodysplasia,etc.)

males and in post-menopausal
women, a Gl workup is always
warranted (gastroscopy, colonoscopy)

ble
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Patient with microcytic anemia

t
Ferritin <45 gl L

(likelihood ratio 3.12)
Ferritin 46-99R/L

( likelihood ratio 0.46)
Ferritin >100g/L

(likeBhood’ratioO.13)

i
Assess other iron indices

i I
TTIBC. 4 serum Fe

i saturation
4 TIBC. t serum Fe

t saturation
Any other result

Order sTIR4

tsTfR 4 sTtR

NO iron deficiency anemiaIron deficiency anemia

oach to interpreting iron indices
am Physician 2007:75.-671-

Figure 6.Appn
Adapted from: AmF 678

Treatment
•treat underlying cause
•iron supplementation

oral (capsules, syrup)
ferrous sulphate 325 mg once daily (65 mg elemental iron ), ferrous gluconate 300 mg once
daily (35 mg elemental iron), or ferrous fumarate 300 mg once daily (100 mg elemental
iron), polysaccharide iron complex (150 mg elemental iron), heme iron polypeptide (11 mg
elemental iron)
supplement until anemia corrects, then continue for 3+ mo until serum ferritin returns to
normal
recent studies demonstrate alternate day dosing may be superior to daily or more frequent
dosing, due to improved absorption, though this is still an area of investigation

IV iron can be considered if patient cannot tolerate or absorb oral iron, and/or if there is a need
for quick recovery (e.g.chronic bleeding not manageable with oral iron)

•monitoring response
reticulocyte count will begin to increase after one wk
Hb normalizes by 10 g/L per wk (if no blood loss)

Anemia of Chronic Disease
Etiology
• infection, malignancy, inflammatory, and rheumatologic disease
• chronic renal and liver disease
• endocrine disorders (e.g. diabetes mellitus, hypothyroidism, hypogonadism, and hypopituitarism)

Pathophysiology
• an anemia of underproduction due to impaired iron utilization (hepddin is a key regulatory peptide)

hepatic hepcidin production is increased in inflammatory processes, trapping iron in enterocytes
and macrophages (via ferroportin inhibition), see Figure 5, H 14

• reduced plasma iron levels make iron relatively unavailable for new Hb synthesis
marrow unresponsive to normal or slightly elevated EPO

• mild hemolytic component is often present i.e. RBC survival is modestly decreased

Investigations
• diagnosis of exclusion
• associated with elevation in acute phase reactants ( ESR, CRP, fibrinogen, and platelets)
• peripheral blood

mild: usually normocytic and normochromic
moderate: may be microcytic and normochromic

• severe: may be microcytic and hypochromic
absolute reticulocyte count is frequently low, reflecting overall decrease in RBC production

• “classic" serum iron indices:see Table 10, H14. BM
normal or increased iron stores
decreased or absent staining for iron in erythroid precursors

Treatment
• treat underlying disease;only treat in patients who would benefit from a higher Hb
• IV iron if no benefit from PO iron (overcomes sequestration in enterocytes) or with use of ESAs in

CKD
• EPO indicated in chronic renal failure; not to be used if patient has concomitant curative solid tumour

malignancy; ensure Hb target <110 g/ L

r »
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Sideroblastic Anemia
•uncommon compared to iron deficiency anemia or anemia of chronic disease

Sideroblasts
•erythrocytes with iron-containing (basophilic) granules in the cytoplasm
•“normal”:granules are small and randomly spread in the cytoplasm
•"ring": iron deposits in mitochondria, forming large, abnormal granules that surround the nucleus

hallmark of sideroblastic anemia

Etiology
•due to defects in heme biosynthesis in erythroid precursors
•hereditary (rare):X-linked; median survival 10 yr
•idiopathic (acquired)

refractory anemia with ringed sideroblasts: a subtype of MDS (see Myelodysplastic Syndromes,
H U )

• may be a preleukemic phenomenon (1-2% transform to AML)
•reversible

drugs (isoniazid, chloramphenicol), alcohol, lead, copper deficiency, zinc toxicity, and
hypothyroidism

Clinical Features
•anemia symptoms (see Anemia, H6 )
•hepatospienomegaly
Investigations
•serum iron indices: see Table 10, H14
•CBC and blood film

• ring sideroblasts (diagnostic hallmark)
• RBCs are hypochromic; can be micro-, normo-, or macrocytic

anisocytosis, poikilocytosis, basophilic stippling
•BM biopsy

Treatment
•depends on etiology

• X-linked: high dose pyridoxine (vitamin Be) In some cases
• acquired: EPO and G-CSF

reversible: remove precipitating cause
•supportive transfusions for severe anemia
•monitor for iron overload driven by ineffective erythropoiesis and/or transfusion

Consider lead poisoning in any child with
microcytic anemia who lives in a house
built before1977

Lead Poisoning
Definition/Etiology
• blood lead levels >80 pg/dL, may be symptomatic at 50 pg/dL
• identify source: consider occupational history', exposures history', and utensil history

Clinical Features
• pallor, abdominal pain, constipation, irritability, and difficulty concentrating

Treatment
• chelation therapy: dimercaprol and EDTA are first line agents

<§5
Features of Lead Poisoning

LEAD
Lead lines on gingivae and epiphyses
of long bones on x-ray
Encephalopathy and Erythrocyte
basophilic stippling
Abdominal colic and microcytic Anemia
(sideroblastic)
Drops (wrist and foot drop)Normocytic Anemia

• MCV 80-100 fL
• see Figure 2, H6 m

Causes of Normocytic Anemia

Aplastic Anemia ABCD
Acute blood loss
BM failure
Chronic disease
Destruction (hemolysis)

Definition
• destruction of hematopoietic cells of the BM leading to pancytopenia and hypocellular BM n

L J
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Etiology

Table 11. Etiology of Aplastic Anemia
Congenital Acquired

Ionizing Radiation
Post-Viral Infection

ParvovirusB19. EBV, HOV. HIV.HBV.
HHV6.HIV

Fanconi syndrome
Shweehmafl-Diamond syndrome
tclomeropalhics (dyskeratosis congenita)

Idiopathic
Olten T-cell mediated

Drugs
Dose-related (i.e. chemotherapeutics)
Idiosyncratic (chloramphenicol,antimalarials, Autoimmune (rare)

SLE, Gralt-versus-host disease
Others

Benzeneforganic solvents.DDT, insecticides PNH.pregnancy, anorexia nervosa, and
thymoma

and phenylbutazone)
Toxins

Clinical Features
• can present acutely or insidiously
• symptoms of anemia (see Anemia, H6 ), thrombocytopenia (see thrombocytopenia, H7 ),and/or

infection
• ± splenomegaly and lymphadenopathy (depending on the cause)

Investigations
• exclude other causes of pancytopenia (see Figure 4, H 9 ), including PNH (50% of aplastic anemia

patients have PNHt- stem cell clones). CBC
anemia, neutropenia, or thrombocytopenia (any combination including pancytopenia)
decreased reticulocytes (<1% of the total RBC count)

• blood film
decreased number of normal RBCs

• BM aspirate and biopsy
» aplasia or hypoplasia of cells with adipose tissue replacement

no evidence of infiltration with malignant cells or fibrosis

Treatment
• remove offending agents
• supportive care (RBC and platelet transfusions, antibiotics)

judicious use of blood products to decrease the risk of immune sensitization
iron chelation therapy for iron overload (accumulation of iron after multiple >20-unit RBC
transfusions)

• immunosuppressive therapy (for idiopathic aplastic anemia)
horse or rabbit anti-thymocyte globulin:‘10-50% of patients respond

• cyclosporine (for improved response and survival)
• allogeneic BM transplant
• eltrombopag (TPO receptor agonist) shown to be effective;G-CS1-' and EPO not effective

® 0Hemolytic Anemia
Definition
• anemia due to destruction and consequently shortened survival of circulating RBCs, usually defined

as <100 d
• uncommon cause for anemia (<5% of cases) with many etiologies (>200)

Classification
• hereditary

abnormal membrane (spherocytosis, elliptocytosis)
abnormal enzymes (pyruvate kinase deficiency, G6PD deficiency)
abnormal Hb synthesis (hemoglobinopathies)

• acquired
• immune

autoimmune:warm vs.cold A1HA, see Table 14, Classification o/ AIHA, H23
alloimmune: hemolytic disease of the fetus/newborn and post-transfusion

non-immune
TMA (includes MAHA): thrombus in blood vessel causes RBCs to be sheared - associated
with D1C, HUS, aH US,TTP, preedampsia/HELLP, vasculitis, and malignant hypertension

other causes: PNH, hypersplenism, march hemoglobinuria (exertional hemolysis), infection
(e.g. malaria), snake venoms, and mechanical heart valves

• also classified as intravascular or cxtravascular
• intravascular: TMA and PNH (complement mediated)
• extravascular: RBCs are coated with Abs (A1HA) or have an abnormal membrane structure/shape

or inclusions
infections can cause intravascular ( Clostridium),extravascular, or both (malaria)

On blood film, schistocytcs reflect
an intravascular hemolysis while
spherocytes usually reflect an
extravascular hemolysis

Disruption of the heme biosynthetic
pathway causes porphyria

Porphyria
Inherited or acquired disorders of
defective heme synthesis leading to
accumulation of porphyrin precursors.
T ypically presents with non-specific
clinical findings (abdominal pain,
peripheral neuropathy, neuropsychiatric
changes, and/or cutaneous
photosensitivity)
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HEMOLYTIC ANEMIA
I

' f

[ EXTRAVASCULAR HEMOLYSIS ]( INTRAVASCULAR HEMOLYSIS ]
Homo BroakdownI

f' 1Mechanical destruction
(e.g. mechanical heart valve,
aortic stenosis) -» Schistocytes

Transfusion reaction
(e.g. ABO incompatibility,
Rh disease)

Paroxysmal nocturnal
hemoglobinuria

Infection (e.g. sepsis)

Microangiopathies (e.g. TTP, PIC)

HemeI c( INTRINSIC DEFECT EXTRINSIC DEFECT Hijne oxygenaseI T
Membrane defect
(e.g. hereditary spherocytosis)

Enzymopathy
(e g G6PD deficiency,
PK deficiency)

Hemoglobinopathy
(e.g. sickle cell disease)

Drugs/Toxins (e.g. lead)

Autoimmune (e.g. AIHA)

Infections (e.g.malaria)

Hypersplenism

Biliverdin

Bil^erdin reductase

Bilirubin

Figure7.Hemolytic anemia

Clinical Features
• jaundice
• dark urine (hemoglobinuria, bilirubinuria)
• cholelithiasis (pigment stones)
• potential for an aplastic crisis (i.e. BM suppression in overwhelming infection)
• iron overload with extravascular hemolysis
• iron deficiency with intravascular hemolysis

Investigations

Haptoglobin is a circulating protein that
mops up free Hb,allowing its clearance
in the spleen;when free Hb is abundant,
haptoglobin levels decrease

Table 12. Investigations for Hemolytic Anemia
Screening Tests Tests Specific For Intravascular Hemolysis

Schistocytes on blood film (MAHA)
free Hb in scrum
Methemalbuminemia|heme •albumin)
Hemoglobinuria (immediate)
Hemosidennuria (delayed) -most sensitive

IncreasedIDH
Decreased haptoglobin
Increased unconjugated bilirubin
Increased urobilinogen
Reliculocylosis
Tests Specific for Extravascular Hemolysis
Direct Antiglobulin Test (direct Coombs)

Detects IgG or complement on the surface of RBC
Add anti-IgG or anti-complement Ab lo pabent's RBCs: positive if aggInUnabon
Indications: hemolytic disease of newborn,AIHA.hemolytic transfusion reaction

Indirect Antiglobulin Test (indirect Coombs)
Detects Abs in serum that can recognize antigens on RBCs
Mix patient's serum+ donor RBCs *Coombs serum (anU-humanIgAb);positive it agglutination
Indications:cross-matching donor RBCs.atypical blood group,blood group Ab in pregnant women,AIHA

Thalassemia
Definition
• defects in production of the a or (5 chains of Hb

• resulting imbalance in globin chains leads to ineffective erythropoiesis and hemolysis in the
spleen or BM

• clinical manifestations and treatment depend on specific gene and number of alleles affected
• common features

increasing severity with increasing number of alleles involved
• hypochromic microcytic anemia
• basophilic stippling, abnormally shaped RBCs on blood film
• CBC: low MCV, low Hb, high RBC count, ± high reticulocyte count

Pathophysiology
• defect may be in any of the Hb genes

• normally 4 a genes in total; 2 on each copy of chromosome 16
• normally 2 (5 genes in total; 1 on each copy of chromosome 11

fetal Hb, Hbl; (a’yz), switches to adult forms HbA (a’P') and HbA2 (a262 ) at age 3-6 mo
HbA constitutes 97% of adult Hb
HbA2 constitutes 3% of adult Hb

Thalas"SEA"mia

p thalassemia •* more prevalent in
Mediterranean
o- thalassemia » more prevalent in
South East Asia (SEA) and Africa

(a - Asia.Africa)
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p-Thalassemia Minor (Thalassemia Trait)
Definition
• defect in single allele of (1gene (heterozygous for one normal p globin allele and one P globin

thalassemia allele)
• common in people of Mediterranean and Asian descent

Clinical Features
• usually asymptomatic; a palpable spleen is very rare

Investigations
• Hb (100-140 g/L), MCV (<70 fL), l-'e (normal), RBC count (normal/high)
• peripheral blood film - microcytosis, basophilic stippling
• Hb electrophoresis

specific: HbA2 increased to 3.5-5% (normal l.5-3.5%)
non-specific:50% have slight increase in HbT

Treatment
• no treatment required
• genetic counselling for patient and family

Microcytosis in p-Thalassemia Minor
Microcytosis is more profound and the
anemia is much milder than that of iron
deficiency

p-Thalassemia Major
Definition
• defect in both alleles of p gene ( homozygous, autosomal recessive)

Pathophysiology
• ineffective chain synthesis leading to decreased erythropoiesis, hemolysis of RBCs, and increase in

HbT

Clinical Features
• initial presentation at age 6-12 mo when HbA (a2/()2) normally replaces HbT (a i l y i )

• severe anemia, jaundice
• iron overload due to compensator)'gastrointestinal iron uptake progressing to hemochromatosis

secondary to repeated transfusions and ineffective erythropoiesis
leads to iron-induced organ damage

• stunted growth and development (due to hypogonadism)
• gross hepatosplenomegaly (due to extramedullary hematopoiesis)
• radiologic changes (due to expanded marrow cavity) and extramedullary hematopoietic masses

(erythroid tissue tumours)
• skull x-ray has “hair-on-end" appearance

pathologic fractures common
• evidence of increased Hb catabolism (e.g. pigmented gallstones)
• death can result from:

• untreated anemia (should transfuse)
infection (should identify and treat early)

» iron overload (common): late complication

Investigations
• (1BC and iron studies
• severe microcytic anemia (Hb <60 g/L)
• peripheral blood film: teardrop, target, hypochromic, microcytic
• Hb electrophoresis

• HbA:0-10% (normal >95%)
• HbA 2 >2.5%
• HbT: 90-100%

Treatment
• lifelong regular transfusions to suppress endogenous erythropoiesis
• iron chelation (e.g. deferoxamine, deferasirox, and deferiprone) to prevent iron overload in organs and

the formation of free radicals (which promote tissue damage and fibrosis)
• folic acid supplementation if not transfused
• allogeneic BM transplantation (potentially curative) or cord blood transplant
• gene therapy (to encode adult Hb A) or CRISPR-Cas 9 gene editing (to allow for increased fetal Hb

production) under study
• splenectomy (now performed less frequently)

m
Hemochromatosis Clinical Features

ABCDH
Arthralgia
Bronte skin
Cardiomyopathy.Cirrhosis ol liver
Diabetes (pancreatic damage)
Hypogonadism (anterior pituitary
damage)
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p-Thalassemia Intermedia
Definition
• clinical diagnosis in patients whose clinical manifestations are too mild to be classified as

P-thalassemia major, but too severe to be classified as p-thalassemia minor

Clinical Features
• wide variety of clinical phenotypes
• in most cases of p-thalassemia intermedia, both P-globin genes affected
• three main mechanisms account for the milder phenotype compared to p-thalassemia major: (1)

subnormal (vs. absent) p-chain synthesis, (2) increased number of y chains, and (3) coinheritance of
a-thalassemia (in some cases)

• complications more commonly seen in p-thalassemia intermedia than p-thalassemia major include
extramedullary hematopoiesis, leg ulcers, gallstones, thrombosis, pulmonary hypertension, and
growth retardation

Treatment
• most patients only require periodic transfusions, although regular transfusions may eventually be

necessary in adulthood (third to fourth decade of life)
• folic acid supplementation if not transfused
• iron chelation therapy is required since iron overload develops due to ineffective erythropoiesis and

subsequent hepcidin downregulation

a-Thalassemia
Definition
• defect(s) in a genes
• similar geographic distribution as P-thalassemia, but higher frequency among Asians and Africans

Clinical Features
• I defective a gene (aa /a-): clinically silent; normal Hb, normal MCV
• 2 defective a genes (cis: aa/-- or trans: a-/a-): normal Hb, decreased MCV

• N.B. cis 2-gene deletion more common in Asia vs. trans 2-gene deletion more common in Africa -
this leads to increased risk of fetal hydrops in offspring of patients from Asia vs. Africa

• 3 defective a genes (a-/--): HbH (P4 ) disease; presents in adults, decreased Hb, decreased MCV, and
splenomegaly

• 4 defective a genes (—/—):Hb Barts (y4) disease (hydrops fetalis); usually incompatible with life

Investigations
• CBC and iron studies (for iron overload)
• peripheral blond film - screen for HbH inclusion bodies with supravital stain
• Hb electrophoresis can be used to identify HbH disease, but may miss I - or 2-gene deletions;definitive

diagnosis with UNA genotyping

Treatment
• referral for genetic/prenatal counselling
• depends on degree of anemia

1 or 2 defective a genes: no treatment required
• HbH disease:similar to p-thalassemia intermedia

Hb Barts: no definitive treatment - majority of pregnancies terminated (fetal/maternal mortality
risk), intrauterine transfusion, stem cell transplants ^Blood flow

slowsI
t blood
viscositySickle Cell Disease ipO,

1t
Distorted RBC
sickle cells

Definition
• autosomal recessive sickling disorders are most commonly caused by a Glu -> Val substitution at

position 6 of the p-globin chain (chromosome 11) resulting in HbS variant, rather than HbA (normal
adult Hb)

increased incidence of HbS allele in patients with Sub-Saharan African, Indian, Middle liastern,
or Mediterranean heritage (thought to be protective against malaria)

• SCO occurs when an individual has two HbS genes ( homozygous, HbSS) or one HbS gene * another
mutant P-globin gene (compound heterozygote) - most commonly HbS-P-thal and HbSC disease

Pathophysiology
• at low pO’, deoxyHbS polymerizes leading to rigid crystal-like rods that distort membranes -> ‘sickles’
• the pO:level at which sickling occurs is related to the percentage of HbS present
• sickling is aggravated by acidemia, increased C02, increased 2,3-DPG, fever, and increased osmolality
• fragile sickle cells then cause injury in two main ways

1. fragile sickle cells hemolyze (nitric oxide depletion)
2. occlusion of small vessels (hypoxia, ischemia-reperfusion injury)

Deoxy HbS
T H'1* CO,HbS

'polymers
Impaction
Infarction

Figure 8. Pathophysiology of sickling
r n
LJ

&
• Functional Asplenism:increased

susceptibility to infection by
encapsulated organisms

• S. pneumoniae. N. meningitidis
• H. influemae
• Salmonella (osteomyelitis)
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$Clinical Features
• sickle cell trait (HbAS): patient will be asymptomatic except during extreme hypoxia or infection

increased risk of renal medullary carcinoma. SCD-SS (HbSS)
chronic hemolytic anemia

« jaundice in the first year of life
retarded growth and development ± skeletal changes
splenomegaly in childhood; splenic atrophy in adulthood

• SCD-SS often presents with acute pain episode
1.aplastic crises

toxins and infections (especially parvovirus B19) transiently suppress B\1
2.splenic sequestration crises

usually in children; significant pooling of blood in spleen resulting in acute Hb drop and
shock
uncommon in adults due to asplenia from repeated infarction

3. vaso-occlusive crises (infarction)
may affect various organs causing ischemia-reperfusion injury (especially in back, chest,
abdomen, and extremities), fever, and leukocytosis

can cause a stroke or a silent M1
precipitated by infections, dehydration, rapid change in temperature, pregnancy, menses, and
alcohol

4. acute chest syndrome
acute illness characterized by fever and/or respiratory symptoms
new pulmonary infiltrate on chest x-ray
precipitated by pulmonary infection, fat embolism,and pulmonary infarction

• SCD-SC (HbSC): most common compound heterozygote
I in 833 live births in African-Americans, common in West Africa
milder anemia than HbSS
similar complications as HbSS but typically milder and less frequent (exception is proliferative
sickle cell retinopathy,glomerulonephritis, and avascular necrosis)
spleen not always atrophic in adults

Investigations
• sickle cell prep (detects sickling of RBCs under the microscope in response to 0:lowering agent ):

determines the presence of a HbS allele, but does not distinguish HbAS from HbSS
• Hb electrophoresis distinguishes HbAS, HbSS, HbSC, and other variants
• all newborns in developed countries typically screened for SCD

Organs Affected by Vaso-Ocdusive
Crisis
Organ Problem

Brain Ischemic or hemorrhagic
stroke, vascnlopathy
Hemorrhage, blindness
Infarcts.DUO syndrome
Acute chest syndrome, long-
term pulmonary hypertension

Eye
liver
Lung

Gallbladder Slones
Heart Hyperdynamic How murmurs
Spleen Enlarged (child):atrophic

[adult]
Kidney Hematuria, loss of renal

concentrating abiity.
proteinuria

Intestines Acute abdomen
Placenta Stillbirths
Penis Priapism

DactylitisDigits
Bone Infarction, inlection, avascular

necrosis (femoral and humeral
head)

Skin leg ulcers (ankle)

Table 13, Investigations for Sickle Cell Disease
HbAS HbSS

Increased reticulocytes, decreased Hb,and
decreased Hct

Sickled cells
No HbA, only HbS and HbF (proportions change
with age); normal amount of HbA 2

CBC Normal

Peripheral Blood
Hb Electrophoresis

Normal; possibly a few target cells
HbA fraction of 0.6S|6S%)
HbS lraction ol 0.35 (35%|

Treatment
• genetic counselling
• HbAS: no treatment required
• HbSC: treatment as per HbSS, but is dictated by symptom severity. HbSS

Hydroiyurea (Hydroxycartamide) forSickle
Cell Disease
C ochrane Dd Syst ter 2017:4X0002202
Purpose: Io assess I he effectsol hydroiyurea
therapy in patientsol any age and genotype with
sickle cel disease (SCO).
Study Selection: Randomised andquasi-
randonised controlled trials >1month comparing
hydroiyurea with placebo, standard therapy or other
interventions.
Results 8 RCTswere included. 889 total patients
(bothadoltsand children with SCO). When compared
lo placebo, hydroxyurea was associated with
statistically significant improvements in pain
alteratioo (pain crisis frequency,duration, intensity,
hospital admissions and opioid use),measures of
fetal hemoglobin and neutrophil coonts and fewer
occurrences of acute chestsymdroene and blood
transfusions. Differences in quality ol life and adverse
events (including serious or life-threatening events)
were not statistically significant.
Conclusion:Ev, fence suggests that hydroxyurea can
effectively decrease the frequency nf pain episodes
and other acute complications m patients with SCD.
However, data on the long- term henetts and risks ol
hydroxyurea is still Insufficient.

1. folic add to prevent folate deficiency
2. hydroxyurea to enhance production of Hbl;

mechanism of action: stops repression of Hb-y chains and/or initiates differentiation of stem
cells expressing this gene
presence of HbF in the sickle cell RBCs decreases polymerization and precipitation of HbS
short term harms (within 6 mo):dose-related leukopenia, thrombocytopenia, anemia, and
decreased reticulocyte count; decreased sperm production, mucositis, skin ulcers
long-term harms: birth defects in offspring of people receiving the drug, growth delays in
children receiving the drug, and cancer in both children and adults who receive the drug

3. treatment of vaso-occlusive crisis
supportive care: oxygen,hydration (reduces viscosity), correct acidosis, analgesics/opiates
indication for exchange transfusion: Hb <50-60 g/L, SCD complications (acute chest
syndrome, aplastic crisis, hepatic or splenic sequestration, and stroke), prevention of
complications, preoperative

less routinely: antimicrobials for suspected infection
4.prevention of crises

establish diagnosis
avoid conditions that promote sickling (hypoxia, acidosis, dehydration,and fever)
vaccination in childhood (S, pneumoniae, N. meningitidis,and H. influenzae type b)
prophylactic penicillin (age 3 mo-5 yr)
good hygiene, nutrition, and social support
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5.screen for complications
regular blood work (CBC, reticulocytes, iron indices, BUN, LFTs, and creatinine)
urinalysis annually (proteinuria and glomerulopathy)
transcranial doppler annually until 16 yr (stroke prevention)
retinal examinations annually from 8 yr (screen for retinopathy)
echocardiography once in late childhood/earlv adulthood (screen for pulmonary
hypertension)

6. future therapies
gene therapy
voxelotor
crizanlizumab

Stroke Willi Transfusions(hanging to
Hydroxyurea (SWiTCH)
Bood 2012;119:3925-32
Purpose: Tocompare standard treatment
(transfrrsionsfchelation) to alternative treatment
(hydroiyureafphlebotomy) lor children withMine tell
anemia (SCA). stroke,and non overload.
Methods:133 pediatric patients were randombed to
(1) continuation of monUtly erythrocyte transfusions
with oral delerasiroi (28.2- 6.0 mgfkgJd) or (2)
initiation on hydroxyurea (20 mgikgfd escalated
tomanmum tolerated dose (HTD)*26.2 •4.9 mg/
kgd) with discontinuation of transfusions at MID.
and monthly phlebotomy (5-111 ntUkgi'mo|for iron
overload.
Primary Outcome: Secondary stroke recurrence rale
and quantitative liver iron content.
Results: Stroke recurrence rate was significantly
lower in patients on transfusionsldeferasiror
as compared to those initiated on hydroxyurea/
phlebotomy (0% vs.10V P'0.05).Differences in
Over ironcontent between the two treatmentaims
were not statistically different (16.6 mgfg dry weight
liver in transfusions/deferasirox vs.15.7 mg'g in
hydroiyurea'phtebotomy).
Conclusion: Iransfuvo-s and chelation remain
the preferred management strategies lor pediatric
patients with SCA.stroke and ironoverload.

Autoimmune Hemolytic Anemia

Table 14. Classification of AIHA
Warm (75-90% cases) Cold

IgGAb Allotype IgM
Agglutination Temperature 37°C
Direct Coombs Test
(direct antiglobulin test )

Etiology

4-37’C

Positive lor IgG t complement Positive for complement

Idiopathic
Secondary to lymphoproliferative disorder
(e.g.Cll,Hodgkin lymphoma)
Secondary to autoimmune disease (e.g.Sit )
Pregnancy
Drug-induced (e.g.penicillin,quinine,
methyldopa)

Sphcrocytcs
Treat underlying cause
Folic acid
Corticosteroids (Ist-line)
Folic acid
Rituximab|2nd-line to steroids)
Immunosuppression
Splenectomy

Idiopathic
Secondary to infection
(e.g.mycoplasma pneumonia.F6V. HCV.syphilis)
Secondary to lymphoprohlciatlvc disorder
(e.g.macroglobulinemia.Cll)

Blood Film
Management

Agglutination
treat underlying cause
Folic acid
Warm patient/avoid cold
Rituximab regimen (Ist-line)
Plasma exchange (2nd-line for high IgM levels)
low dose alkylating agents (chlorambucil,cyclophosphamide)
or interferon maybe useful but less effective

Microangiopathic Hemolytic Anemia/Thrombotic
Microangiopathy

Definition
• hemolytic anemia due to intravascular fragmentation ofRBCs

Etiology
• see 'lhrombotic thrombocytopenic Purpura and Hemolytic Uremic Syndrome, H3I
• see Disseminated Intravascular Coagulation, H34
• eclampsia, HI:LLP syndrome, AI'LP
• malignant hypertension
• vasculitis
• malfunctioningheart valves
• metastatic carcinoma
• drugs (calcineurin inhibitors, quinine, simvastatin)
• infections (severe CMV or meningococcus)
• catastrophic APS

Investigations
• blood film: schistocytes
• hemolytic workup (CBC, reticulocyte count, LDH, haptoglobin, indirect bilirubin)
• Coombs test: negative
• urine: hemosiderinuria, hemoglobinuria

Schistocyte

Vessel
wall

6

o
6

o

8

r<o .
.1Thrombus §
aR&C

r “vFigure 9. Schistocytosis L.J
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Hereditary Spherocytosis
Definition/Etiology
• most common type of hereditary hemolytic anemia
t abnormality in KBC membrane proteins (c.g. spectrin)
• autosomal dominant (variable penetrance), can also be autosomal recessive or de novo
• presents with hemolytic anemia, jaundice, splenomegaly

Investigations
• CBC and differential blood film (shows spherocytes)
• KBC dehydration and membrane loss result in elevated MCHC
• osmotic fragility (increased)
• molecular analysis for spectrin gene
• ultrasound (splenomegaly and gallstones (pigment))

Treatment
• genetic counselling
• in severe cases, splenectomy and vaccination against S. pneumoniae, N.meningitidis,and H.

influenzae type b (avoid splenectomy in early childhood)

Macrophao .

Hereditary Elliptocytosis Spherocytc ©

Figure10. Spherocytosis secondary
toAIHADefinition/Etiology

• abnormal interactions between spectrin and other membrane proteins
• autosomal dominant
• 25-75% elliptocytes
• hemolysis is usually mild

Treatment
• genetic counselling
• if severe hemolysis: splenectomy, folate supplementation, and immunization

Glucose-6-Phosphate Dehydrogenase Deficiency
Definition/Etiology
• deficiency in G6PD leads to a lack of reduced glutathione and increased KBC sensitivity to oxidative

stress
• X-linked recessive, prevalent in individuals of African,Asian,and Mediterranean descent

Clinical Features
• frequently presents as episodic hemolysis precipitated by:

oxidative stress
• drugs (e.g.sulfonamide,antimalarials,and nitrofurantoin)

infection
food (fava beans)

• in neonates: can present as prolonged, pathologic neonatal jaundice

Investigations
• neonatal screening
• G6PD assay (may not be useful if result is normal)

should not be done in acute crisis when reticulocyte count is high ( reticulocytes have high G6PD
levels)

• blood film
Heinz bodies
bite cells (consistent with oxidative hemolysis; generated by passage through spleen )

Treatment
• genetic and prenatal counselling
• folic acid
• stop offending drugs and avoid triggers
• transfusion in severe cases

to; HiO

J-2GSH GSSG

Glucose NADP- NADPH l

Pentose Phosphate

Lactate

Figure 11. G6PD deficiency
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Macrocytic Anemia
. MCV >100 fL
• see l-'igure 2, H6

Causes of Macrocytic AnemiaTable 15. Comparison Between Megaloblastic and Non-Megaloblastic Macrocytic Anemia
Megaloblastic A8CDEF

Alcoholism (liver disease)
B' jdeficiency
Compensatory reticulocytosis
Drugs (cytotoxic, azidothymidine)/
Dysplasia
Endocrine (hypothyroidism)
Folate deficiency/Fetus (pregnancy)

Non-Megaloblastic
Laige.oval, nucleated IIBC precursor
Hypetsegmenled neutrophils

Failure of DMAsynthesis resulting in asynchronous
maturation of R8C nucleus and cytoplasm

large round RBC
Normal neutrophils
Reflects membrane abnormality with abnormal cholesterol
metabolism

Morphology

Pathophysiology

Note:MDS is a non.megaloblastic macrocytic anemia Dial commonly presents with oval macrocytosls

Vitamin B12 Deficiency
Characteristics of Megaloblastic
Macrocytic Anemia

• Pancytopenia
• Hypersegmented neutrophils
• Megaloblastic BM

• B12 (cobalamin)
•binds to intrinsic factor ( IF) secreted by gastric parietal cells
•absorbed in terminal ileum
•total body stores sufficient for 3-4 yr

Etiology

Table 16. Etiology of Vitamin B12 Deficiency
Diet Gastric Intestinal Absorption Genetic
Strict vegan

More likely to present in
paediatric population

Vegetarian in pregnancy
Malnutrition

Malabsorption
Crohn's, celiac disease, pancreatic
insufficiency.H.pylori

Stagnant bowel
Blind loop,stricture

Fish tapeworm
Resection of ileum
Drugs

Neomycin , biguanides. proton pump inhibitors.
It 0 anesthesia, metlormin

Iranscobalamin II deficiency
IF receptor defect

Mucosal atrophy
Gastritis, autoimmune

Pernicious anemia (see
below)
Postgastrectomy

Pathophysiology of Pernicious Anemia
• auto-Abs produced against gastric parietal cells leading to achlorhydria and lack of IF secretion
• IF is required to stabilize Bi’as it passes through the bowel
• decreased IF leads to decreased ileal absorption of B12
• may be associated with other autoimmune disorders ( polyglandular endocrine insufficiency)
• most common in Northern European White populations, usually >30 yr (median age of 60 yr)

Clinical Features
• neurological (severity of anemia and neurological sequelae depends on deficiency)

peripheral neuropathy (variable reversibility)
usually symmetrical, afi'ccting lower limbs more than upper limbs

spinal cord (irreversible damage)
subacute combined degeneration
posterior columns:decreased vibration sense, proprioception, 2-point discrimination, and
paresthesia
pyramidal tracts: spastic weakness, ataxia

• cerebral (common, reversible with Bi > therapy)
confusion, delirium, and dementia

• cranial nerves ( rare)
optic atrophy

Investigations
• CBC, reticulocyte count

anemia often severe ± neutropenia ± thrombocytopenia
• MCV >110 fL
• low reticulocyte count relative to the degree of anemia (<2%)

• serum B12 and RBC folate
caution: lower serum Bi’leads to low RBC folate; absence of Bi’ results in folate polyglutamate
synthesis failure

• alternatively, can measure elevated urine metabolites (methylmalonatc, homocysteine)
• blood film

oval macrocytes, hypersegmented neutrophils
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•BM
• hypercellularity

nuclear-cytoplasmic asynchrony in RBC precursors (less mature nuclei than expected from the
development of the cytoplasm)

•bilirubin and LDH
• elevated unconjugated bilirubin and LDH due to breakdown of cells in BM

•Schilling test ( radiolabeled B 12 test, rarely done) to distinguish pernicious anemia from other causes
(e.g. anti-IT antibody, anti-parietal cell antibody)

Treatment
•treatment dose = vitamin B 12 1000 pg1M weekly or 1000-1200 pg PO once daily if intestinal

absorption intact; route and duration depends on cause
•maintenance dose (once replete) = vitamin B 12 1000 pg1M monthly or 1000 pg PO once daily
•watch for hypokalemia and rebound thrombocytosis when treating severe megaloblastic anemia

Folate Deficiency
• uncommon in developed countries due to extensive dietary supplementation (enriched in flour)
• folate stores are depleted in 3-6 mo
• folate commonly found in green, leafy vegetables, and fortified cereals
• maternal folate deficiency is associated with fetal neural tube defects

Etiology

Table 17. Etiology of Folate Deficiency
Increased DemandDiet/Deficiency Malabsorption Drugs

Alcohol use disorder
Substance misuse
Elderly/infants
Poor intake

Celiac disease Antifolate (methotrexate)
Anticonvulsants (phenytoin)
Alcohol
Oral contraceptive

Pregnancy
Hemolysis
Prematurity
Exfoliative dermatit is/psoriasis
Hemodialysis

IBD
Short bowel syndrome

Clinical Features
• anemia, mild jaundice, glossitis, diarrhea, confusion, pallor
• consider social history, alcohol use disorder/substance misuse, very poor diet (e.g. elderly, depressed)

Investigations
• similar to B12 deficiency (CBC, reticulocytes, blood film, RBC folate, and serum B12)
• if decreased RBC folate, rule out B12 deficiency as cause

Management
• folic acid 1-5 mg PO once daily x 1-4 mo; then 1 mg PO once daily maintenance if cause is not

reversible

Never give folate alone to an individual
with megaloblastic anemia because it
will mask B2 deficiency and neurological
degeneration will continue

Hemostasis

Stages of Hemostasis
1. Primary Hemostasis
• cellular defense - involves the platelet and VWI; predominantly
• goal is rapid cessation of bleeding; main effect is on mucocutaneous bleeding
• vessel injury results in collagen/subendothelial matrix exposure
• blood flow is impeded and platelets come into contact with damaged vessel wall ( figure 12a, H27)

« adhesion: platelets adhere to subendothelium via VWT
• activation:platelets are activated resulting in integrin activation, shape change, and granule

release
• aggregation:activated GPlIbllla on platelets binds soluble ligands, which results in aggregation

and the formation of a localized platelet plug

2. Secondary Hemostasis
• platelet plug is reinforced by production of a fibrin clot ( figure 12b, H27 )
• extrinsic (initiation) pathway: initiation of secondary hemostasis
• intrinsic (amplification ) pathway: amplification once secondary hemostasis has started via positive

feedback
• both the intrinsic and extrinsic pathways converge onto the common pathway, which results in

thrombin generation and fibrin formation

Phases of Hemostasis
• Primary Hemostasis

Vascular response and platelet plug
formation via VWF

• Secondary Hemostasis
Fibrin clot formation

• Fibrin Stabilization
Fibrinolysis

and release of vasoconstrictors

C]Check out this educational module
created by St. Michael's Hospital
residents and hematology faculty: www.
coagtesting.com

+3. Fibrin Stabilization
• conversion from a soluble to an insoluble, cross-linked clot

4. Fibrinolysis
• once healing is initiated, clot dissolution is mediated by the fibrinolytic system

Activate Windows
Go to Settings to activate Windows.



H27 Hematology Toronto Notes 2023

EXTRINSIC PATHWAY INTRINSIC PATHWAYINACTIVE ACTIVE
5HMWK
J5Tissue Damage -Xlla Antithrombin (AT)XIIAspirin”Clopidogrel

Ticlopidine
GPIIb/llla inhibitors

Dipyridamole

IHMWK
XI —i— Xla

: -
Tissue Factor O- H

1 ICa *•— IX 1 . IXa — - <s>- H
sI Fondaparinux

LMWH
| R'rvaroxaban

rO- -VII -
Ls

-Vila <0
CNI -f

lla
VIII Ilia or.

Iii $
COMMON x
PATHWAY t

pO— '
Xa ®- J— —LUMEN OF

BLOODVESSEL
+

thromiomodulin V
Protein C

I Dabigatran
APC

ProteinS
II lla — —© jIi (Prothrombin) (Thrombin)il Jh®~

Fibnnogen

Plasmin
tPA /SK/UKEXPOSED COLLAGEN FIBRES IN SUBENDOTHELIUM Warfarin Plasminogen

Tenecteplase -J

CrosslinkedFribrin Clot
HMWK'highmolecular
weight kininogen
PK-prekalikrein
PL -phospholipid
APC - activated protein C

tPA- tissue plasminogen activator
SK - streptokinase
UK ^ urokinase
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Figure 12a. Platelet activation Figure 12b. Coagulation cascade

Table 18, Commonly Used Tests of Hemostasis Tests of Secondary Hemostasis
Type of
Hemostasis

Test Typical
Reference
Range (lab
dependent)

Purpose Examples of Associated Diagnoses
PT/INR: Tennis is played outside
(Extrinsic pathway)
PTT:Table Tennis is played Inside
(Intrinsic pathway)Platelet count 130-400 x 10®/L To quantitate platelet number

28- 38 s

Low in IIP,HUS/TTP.DIC,HITPrimary
Secondary PH Measures intrinsic pathway (factors VIII, Prolonged in hemophilia A and 8 (if factor

IX.XI.XII) and common pathway deficiency is below reagent threshold ol
Used tomonitor heparin and argaltoban detection)
therapy N.6.Prolonged if lupus anticoagulant

present

PI 10 -13 s Measures extrinsic pathway {factor Vll|
and common pathway

Prolonged in vitamin K deficiency, vitamin
K antagonist therapy (warfarin),factor VII
deficiency

0.91.2INK Used to monitor warfarin therapy and lor
assessment of hepatic Inaction

Mixing studies Normalization of coagulation time if
coagulation lactor(s) from a deficiency in deficiency of single coagulation (actor

(normalization maynol occur it multiple
Mix patient's plasma with normal plasma coagulation factors are deficient)
in1:1ratio and repeat abnormal test Lack of normalization if inhibitor present

Looks for accelerated fibrinolysis May be shortened (increased fibrinolysis)
in QIC or factor XIII deficiency

May differentiate inhibitors of

coagulation factors
Figure 13. Coagulation factors
involved in PT and PTT

Fibrinolysis Euglobulin lysis N’90 mm
lime

Other Fibrinogen
D-dimer
Specific factor assays|o.g. factor VIII)
lupus anticoagulant
von Willebrand tests ( VWF antigen.Ristocetin colactor activity, factor VIII)

Causes of a Prolonged PTT without
Bleeding include:
1. Early contact factor (Factor XII.HMWK,

PK) deficiency
2.Lupus anticoagulant
3. Inappropriate blood draw
4.Heparin contamination
5.Erythrocytosis (laboratory artifact)

Note: INR is mathematically derived from PT

Table 19. General Rules of Thumb: Signs and Symptoms of Disorders of Hemostasis
Primary (Platelet, VWF) Secondary (Coagulation)

Surface Cuts
Onset Alter Injury

Site of Bleeding

Excessive,prolonged bleeding

Immediate
Superficial i.e.mucosal (nasal, gingival.Gl
tract, vaginal),skin
Petechiae,ecchymoses

Normal/slightly prolonged bleeding

Delayed
Deep i.e. joints,muscles lexcessive,post-
traumatic)

Hemailhroses,hematomas

Consider PTT
• IV heparin,argatroban monitoring
• Hemophilia AJ'B. factor XI deficiency,

severe VWD r -»
Lesions <_ J
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Table 20. Lab Values in Disorders of Hemostasis
Platelet CourtPT PTT Hb

Consider PT/INR
• Warfarin
• Liver disease
• Risk factor for vitamin K deficiency

(e.g. malabsorption,cholestasis,
malnutrition)

Hemophilia A/B N K *•t

VWD N.' * H-N i

DIC N / «t t

Liver Failure N /4N ' t N*
IIP N NI

IIP N N »
* *anemia may develop from progressive iron deficiency and/or active bleeding

Consider both PTT and PT/INR
• Suspected DIC
• Trauma patient,or requiring massive

transfusion protocol
• Bleeding patient
• Patient receiving thrombolytic

therapy

Disorders of Primary Hemostasis
Definition
• inability to form an adequate platelet plug due to:

• disorders of blood vessels
disorders of platelets:abnormal function/numbers
disorders of VW1;

Classification

1‘Hemostasis Disorders

V '
[PLATELETS] [ VWD ] [VASCULAR ]

4£T
Hereditary
•Osler-Weber-Rendu
* Connective tissue
disorders

Acquired
•Purpura simplex

(easy bruising)
•Senile purpura
•Dysproteinemias
•HSP
•Scurvy
•Cushing's
syndrome
•Inlections
•Drugs

Low platelet count:
• Thrombocytopenia (see H7)

Nonnal platelet count
• Platelet dysfunction

Drugs Commonly Associated with
Thrombocytopenia

NSAIDsIrimethopriraf Heparin
sultanettiorarole
VaiKonpon

Bilanpai

Ettiambclcl
Amphotericin B

i r

Sequestration
• Splenomegaly

Hereditary
* Bernard Soulier
syndrome (GPIb
deticiency)
•Glanrmans
syndrome IGP
llb/llla deficiency)

Acquired
* Drugs (ASA.

EtOH, NSAIDs)
* Uremia/

chronic renal failure
* Myeloprolilerative
disorders

Decreased
production
• Aplastic
anemia

Increased
destruction
• ITP

Digoxin Acetaminophen

Amiodarone Ethanol
Ouinidine H2 antagonists

Ouinine Chemotherapy
(common)

• TTP/HUS
• HIT

HSP - Henoch-Schonlein purpura

Figure 14.Approach to disorders of primary hemostasis

Immune Thrombocytopenia

Table 21. Features for Childhood vs. Adult Immune Thrombocytopenia
Features Childhood ITP (see Paediatrics,P53) Adult ITP

2-6 yr 20- 40 yrPeak Age

Gender
History of Recent Infection

Duration
Spontaneous Remissions

F-M F»M

Common
Usually wk

80% or more

Rare
Mo to yr

Uncommon

Terminology of ITP
• primary: isolated thrombocytopenia ( platelet count < IOO x I 0V/L) with no other cause of

thrombocytopenia
• secondary: thrombocytopenia associated with another condition (e.g. HIV, HCV,SLE, or CLL )
• drug-induced: drug-dependent anti-platelet Abs causing platelet destruction

Classification of Primary ITP
• acute:3 mo from diagnosis
• persistent: 3-12 mo from diagnosis
• chronic: >12 mo from diagnosis
• refractory: post-splenectomy

r n
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Pathophysiology
« primary or secondary I I P
• an acquired immune-mediated disorder (pathophysiology not completely understood)

increased platelet destruction
anti-platelet Abs bind to platelet surface -> increased splenic clearance

• helper T-cell and cytotoxic T-cell activation
impaired platelet production

Clinical Features
• variable presentation:asymptomatic, fatigue, minimal bruising, mucocutaneous bleed (e.g. purpura,

ecchymoses, petechiae, continuous epistaxis, menorrhagia), and intracranial hemorrhage
• assess for symptoms/signs suggesting a secondary cause

Investigations
• CBC:thrombocytopenia
• PT and P I T: normal
• peripheral blood film:decreased platelets,giant platelets ( rule out platelet clumping)
• H1V.HCV
• H. pylori testing (urea breath test, stool antigen,or endoscopy) vitamin Bn, ANA, C3,C4, APLA,

quantitative immunoglobulins (to rule out underlying immunodeficiency') depending on clinical
symptoms

• blood group RhD typing
• BM aspirate and biopsy: increased number of megakaryocytes

BM aspirate and biopsy should be considered pre-splenectomy or if there is suspicion of
diminished BM function (systemic symptoms, failed traditional1TP and/or abnormal blood film)

Treatment
• rarely indicated if platelets >30 x lO’/L unless active bleeding, trauma,or surgery
• emergency treatment (active bleeding (CNS, Gl, or GU) or in need of emergency surgery)

general measures:stop drugs that reduce platelet function, control blood pressure,minimize
trauma
corticosteroids:prednisone (0.5-2 mg/kg/d) or dexamethasone (40 mg PO once daily x 4 d)
if corticosteroids contraindicated: IVIg 1 g/kg x I dose, to be repeated if necessary ( raises platelet
count faster than corticosteroids)

« IVIg can be used with corticosteroids when a more rapid increase in platelet count is required
antifibrinolytic: tranexamic acid (I g PO T1D or 1g1V q8 h) if mucosal bleeding
platelet transfusion:for refractory, major bleeding,or need for urgent surgery (expect that platelet
recovery will be diminished )

• emergency splenectomy: may be considered, vaccinations prior if possible (.S’, pneumoniae, N.
meningitidis,and H.in fluenzae type b)
management of intracranial bleeding:IV steroids, IVIg, platelet transfusion

• non-urgent treatment (platelet count <20-30 x 109/L and no bleeding)
Ist-line

corticosteroids (dexamethasone 40 mg PO oncedaily x 4 d x 1-4 cycles (not wk) or prednisone
(0.5-2 mg/kg/d) x 2-3 wk then slow taper over6 weeks)
IVIg 1 g/kg
anti-D: appropriate for Rh + non-splenectomized patients, but can cause hemolysis (avoid if
low Hb at baseline or if DAT is positive)

« 2nd -line
splenectomy (need vaccinations prior to splenectomy:5. pneumoniae, N.meningitidis,and H.
influenzae type b) - not preferred if within 12 months from diagnosis
thrombopoietin ( I PO) receptor agonists (romiplostim, eltrombopag) - may not be accessible
as second line due to funding considerations
rituximab

3rd-line
immunomodulating therapy (azathioprine, cyclophosphamide, danazol, and vincristine)
Syk inhibitors (Fostamatinib) - blocks platelet clearance

Definitions of Response to Treatment
• complete response: platelet count >100 x lO’/L
« partial response: platelet count 30-100 x 10’/L
• no response: platelet count <30 x 109/L

Prognosis
• -20% will not attain a hemostatic platelet count after first and second line therapy
• fluctuating course
• life expectancy similar to general population ( however, risk of mortality from bleeding/infection

increases with advancing age)
• major concern is spontaneous intracranial hemorrhage, more common in the elderly

ri
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Table 22. Heparin-Induced Thrombocytopenia (HIT)
Pathophysiology Immune mediated

Ab recognizes a complex of heparin and platelet factor 4 leading to platelet activation via platelet Fc receptor and
activation of coagulation system
Suspected withintermediate or high probability HU score
Screen with immunoassays|e.g. HIT ELISA) and conFirm with functional testing (Serotonin Release Assay)
5 -14 d (it previously exposed to heparin within100 d.HIT can develop in hours due to an anamnestic response)

Heparin-Induced Thrombocytopenia
Heparin-induced thrombocytopenia
( previously known as HIT type II):
immune-mediated reaction following
treatment with heparin leading to
platelet activation and subsequent
coagulation activation
Heparin-associated
thrombocytopenia (previously
known as HIT typeI): transient
thrombocytopenia following
administration of heparin

Diagnosis

Onset of Decreased
Platelets

30 50% (25% of events are arterial) if unhealed
Bleeding complications uncommon
Venous thrombosis: DV1.PE, limb gangrene,cerebral venous sinus thrombosis
Arterial thrombosis:Ml. stroke,acute limb ischemia,organ infarct (mesentery, kidney)
Heparin-induced skin necrosis (with LMWH)
Hon-necrotizing erythematous skin lesions
Acute platelet activation syndromes:acute inflammatory reactions (e.g. fever/chills,flushing,etc.)
Transient globalamnesia (rare)

Pretest clinical scoring models can helprule-out HII: 4Ts and the HIIExpert Probability (HEP) score
14C serotonin release assay (tests the functional ability of patient's plasma to activate platelets)
ELISA for Hll-lg (more sensitive,less specific than serotonin assay, faster turnaround time,highnegative predictive
value)
Ultrasound of lower limbveins and upper extremity withcentralvenous catheter for DVT
Clinical suspicion olHit should prompt discontinuation of UFH and LMWH including flushes [specific lesls take several
days)
Initiate anticoagulation with a non-heparin anticoagulant:
e.g.argatroban.danaparoid. fondaparinux.bivalirudin unless there is a strong contraindication (duration depends on
presence or absence of thrombosis)
warfarin should be started when platelet count >150 x10*/L
DOACs can be started before platelet count recovery
Allergy band and alert inpatient records

Risk of Thrombosis
Clinical Features

Heparin-Associated Thrombocytopenia
(previously known as HIT typeI)
• Direct heparin mediated platelet

aggregation (non-immune). Platelets >100 X lO'Vl. Self -limited (no thrombotic risk)
• May continue with heparin therapy
• Onset 24-72 h

Specific Tests

Management

LMWH is also associated with HIT.but
the risk is less than unfractionated
heparin (2.6% in UFH vs.0.2%in LMWH)

Table 23. The 4T Pre-Test Clinical Scoring Model for HIT
Category 2 Points 1Point O Points

Platelet count lall >50% Platelet count fall 30-50% Platelet count fall >30%Thrombocytopenia American Society of Hematology
Choosing Wisely Recommendation
Don 't test or treat for HIT in patients with
low pre-test probability of HIT (4T’s score
of 0-3) as HIT can be excluded
Do not discontinue heparin or start a
non-heparin anticoagulant in these
low-risk patients because of increased
risk of bleeding and increased cost of
alternatives

OR ORAND
platelelnadir >20 x 10’/! plateletnadir 10-19 x 10VL platelet nadir <10 xtO’/L

liming of Platelet Count Fall Clear onset between 5-10 d ol
heparin exposure

Consistent with fall in platelet count at
5 -10 dbut unclear (e.g.missing platelet
counts)

Platelet count fall after
<4d of heparin exposure,
and no recent heparinOR

platelet count fall at<1d if prior
heparin exposure within last 30 d

OR
onset alter 10 d
OR
fall <1d withprior heparin exposure
within 30-100 d

Confirmed new thrombosis, skin
necrosis,or acute systemic reaction
after IV unfractionaled heparin
bolus,adrenalhemorrhage

None apparent

Thrombosis or Other
Sequelae

Progressive or rccurtcnl thrombosis,
non-necrotizing (eiythcmalous) skin
lesions, or suspected thrombosis that
has notbeen proven

Possible

None

OtherCausesfor
Thrombocytopenia

Definite

6-8 points =high probability of HIT:4-5 points = intermediateprobability of HIT:0-3 points = low probability of HIT
Cuket A.Arepally GM.Chong6H.etal.American Society of Hematology 2018 guidelines lor management ol venous
thromboembolism: heparin-induced thrombocytopenia.Blood Adv. 2018:2:3360-3392
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Thrombotic Thrombocytopenic Purpura and Hemolytic
Uremic Syndrome

Pathophysiology of TTP
• Normally, large VWF multimers

secreted by endothelial cells are
rapidly cleaved by ADAMTS13
protease

• Congenital TTP is due to a genetic
deficiency in ADAMTS13

• Acquired TTP (the more common
form) is due to Abs agamst
ADAMTS13. Without ADAMTS13. undeaved
VWF continues to promote platelet
adhesion, causing excess platelet
aggregation in small blood vessels

Table 24. TTP and HUS
HUS (see Paediatrics. P82)TTP

Epidemiology Immune form presents predominantly in adults
Congenital form presents predominantly in children

Deficiency of ADAMTS13: metalloproteinase that breaks
down ultra-large VWF multimers
Congenital (geneticabsence of ADAMTS13)
Acquired (drugs, malignancy, transplant.HIV-associated,
and idiopathic)

1.Thrombocytopenia
2.MAHA/TMA
3. Neurological symptoms: headache, confusion, focal
defects, and seizures
4.Symptoms can be mild and non-specific

CBC and blood film:decreased platelets and increased schstocytes
PT. PTT. fibrinogen: normal
Markers of hemolysis:increased unconjugated bilirubin, increased IDH.and decreased haptoglobin
Negative Coombs test/DAT
Creatinine and urea to follow renal function (TTP has nearly no kidney injury vs.HUS'drug mediated TTP which induces
severe injury that is sudden in onset)
ADAMTS13 gene,activity or inhibitor testing (TTP)
Medical emergency: TTP mortality '•90% if untreated
Plasma exchanget steroids
Platelet transfusion avoided unless life-threatening bleed Possible role of ecnlizumab (C5Ah blocks complement
(associated with microvascular thrombosis)
Plasma infusion if plasmapheresis is not immediately
available
Caplacizumab in certain cases of acquired TTP

Predominantly children and elderly

Etiology Shiga toxin (f.coll serotype 0157:H7) in 90%
Other bacteria, viruses,genetic causes, and drugs

Clinical Features 1.Severe thrombocytopenia
2.MAHATMA
3. Acute kidney injury
4. Bloody diarrhea
5.Gl prodrome

Investigations
( both TTP, HUS)

Differential Diagnosis of TTP
• DIC. HUS
• aHUS
• HELLP
• Catastrophic APS
• Evans syndrome (AJHA + (TP)

Supportive therapy (fluids.RBC transfusion, nutribon.etc.)
Some evidence for plasma exchange

Management

activation) for neurologic symptoms

Note:oHUS is a complex disease with ditterent etiology, treatmentdepends on genetic abnormalities

von Willebrand Disease
Pathophysiology
• most common inherited bleeding disorder (prevalence of 1%)
• usually autosomal dominant (types 2 N and 3 are autosomal recessive)
• women more commonly diagnosed (heavy menstrual bleeding, peripartum bleeding)
• qualitative defect or quantitative deficiency of V WF depending on type

VWF mediates platelet adhesion/aggregation and acts as a chaperone for Factor Vlll (extending
its half-life in circulation); abnormal VWF can affect both primary and secondary hemostasis
VWF exists as a series of multimers ranging in size

largest multimers are most active in mediation of platelet adhesion/aggregation
both large and small multimers complex with Factor VIII
VWF levels vary according to blood group (lowest in group O patients) and other factors
(pregnancy, hormonal medication, acute inflammation)

Classification
• type 1: mild quantitative deficiency (decreased amount ofVVVF and proportional decrease in VWF

activity) - 80% of cases
• type 2: qualitative defect (VWF activity disproportionally lower than quantity) - 20% of cases

• type 2A: reduced V WF-dependent platelet adhesion due to high and intermediate molecular
weight VWF multimer deficiency
type 2B: increased affinity for platelet GPlb

• type 2M: reduced V WF-dependent platelet adhesion with normal VWF multimer levels
• type 2 N:decreased affinity for Factor VIII

• type 3:severe total quantitative defect (virtually no VWF produced) - 1 in 1000000

Clinical Features
• bleeding history is the single most important predictor of an underlying bleeding disorder
• validated, standardized bleeding assessment tools (e.g.1STH-BAT) to facilitate exploration of the

bleeding history
• mucocutaneous bleeding (easy bruising, epistaxis (>10 min), heavy menstrual bleeding, peripartum

bleeding, post-dental extraction bleeding, excessive postoperative bleeding, and unexplained
gastrointestinal bleeding)
• type 3 V WD patients can experience musculoskeletal bleeding due to significant deficiency in

Factor Vlll (lack of Factor Vlll chaperoning as VWF is absent)
• family history of a bleeding disorder (a negative family history cannot be used to exclude the

diagnosis)

r
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Investigations
• CBC, platelet, VWh'tAntigen (determine how much VWF is present), VWF:Ristocetin cofactor activity

(determine how well VWF binds to platelet), Factor VIII (determine how well VWF chaperones Factor
VIII), and F IT

• tests to further categorize tvpe/subtype of VWD: multimer analysis, ristocetin induced platelet
agglutination, and genetic studies

Table 25. Investigations in VWD
Test Expected Result Test Expected Result Consider VWD in all women with heavy

menstrual bleedingPTT N/» von Willebrand antigen
Ristocetin activity

Factor VIII

N,'» (can be low in type 2B)

Affects antigen quantification (t in group 0)

Rule out secondary iron deficiency due lobleeding VWF multimer analysis

» (cofactor for VWF-PIt binding)Pit Count
Blood group

Ferritin QV*
Multimer variants

VWD is the most common heritable
bleeding disorderTreatment

• DDAVP* is effective treatment for 85-90% of patients with type 1 VWD and for some subtypes of type
2 VWD

» causes release of VWF and Factor VIII from endothelial cells
variable efheaev depending on disease type; tachyphylaxis occurs after 4 consecutive doses

• need to document responsiveness with “DDAVP* challenge"
• caution in children due to hyponatremia

• tranexamic acid (Cyklokapron*, antifibrinolytic) to stabilize clot formation
• VWF:Factor VIII concentrate (Hurnate P*, Wilate’) if DDAVP* unresponsive/clinically ineffective or

for severe bleeding episode
» need to monitor VWF and factor Vlll levels (very high factor VIII level can be prothrombotic)

• gynaecologic focused care for heavy menstrual bleeding (N.B. estrogens have the added benefit of
increasing VWF levels)

Prognosis
• patients with mild type 1 VWD usually have auto-correction of VWF deficiency in pregnancy
• most cases are mild-moderate, and only -10% of cases require long-term prophylactic therapy

Disorders of Secondary Hemostasis
Definition
• inability to form an adequate fibrin clot

• disorders of coagulation factors or cofactors
• disorders of proteins associated with fibrinolysis

• characterized by delayed bleeding, deep muscular bleeding, and spontaneous hemarth roses

Table 26. Classification of Secondary Hemostasis Disorders
Hereditary Acquired

Factor Vlll deficiency:Hemophilia A.VWD
Factor IX deficiency:Hemophilia B(Christmas Disease)
Factor XI deficiency:Hemophilia C
Other (actor deficiencies are rare

Liver disease
DIC
Vitamin K deficiency
Acguued inhibitors [Factor Vlll most corrmon)

Hemophilia A (Factor Vlll Deficiency)
Pathophysiology
• X-linked recessive disorder where factor Vlll is absent or deficient, 1 in 5000 males
• mild (>5% of normal factor level ), moderate (1-5%), severe (< 1%)

Clinical Features
• see Table 19, H27
• patients may have also acquired HIV or HCV from contaminated blood products (no cases observed

from transfusions in Canada since 1985)

Investigations. CBC
• prolonged PTT, normal 1NR ( FI )
• decreased factor Vlll (<40% of normal)
• VWF antigen and ristocetin activity testing to rule out VWD

Treatment
• DDAVP* in mild hemophilia A
• factor Vlll concentrate for:

prophylaxis (recommended for patients with severe hemophilia A)
• on-demand (i.e. to treat a bleed)

• antifibrinolytic agents (e.g. tranexamic acid ), especially for mucosal bleeds

r I
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Hemophilia B (Factor IX Deficiency)

• X-linked recessive, 1 in 30000 males;approximately half have severe disease (factor IX activity <1% of
normal)

• clinical and laboratory features identical to hemophilia A (except decreased factor IX)
• treatment: factor IX concentrate ( prophylaxis or on-demand ), antifibrinolytic agents

Factor XI Deficiency
• autosomal recessive; more common in Ashkenazi Jewish population
• usually mild, often diagnosed in adulthood
• factor XI level does not correlate proportionally with bleeding risk - risk of bleeding correlates with a

previous history or family history of bleeding
• treatment: antifibrinolytic agents, FP, Factor XI concentrate, DDAVP*

Liver Disease
• see (iastroenterolonv.G32

Pathophysiology
• thrombocytopenia secondary to: hypersplenism, nutritional deficiency, direct B.M toxicity related to

alcohol, diminished production from chronic viral infections (e.g. HCV), and decreased production of
TPO

• deficiency in synthesis of all factors except Vlll (also made in endothelium)
• aberrant or diminished synthesis of fibrinogen (factor 1)
• diminished synthesis of natural anticoagulants and altered regulation of fibrinolysis

Investigations
• CBC, peripheral blood film:thrombocytopenia, target cells
• primary hemostasis affected

thrombocytopenia
• secondary hemostasis affected

elevated 1NR (FI ), FIT,TT
low fibrinogen in end-stage liver disease

Treatment
• supportive, treat liver disease, blood products if active bleeding (FP, platelets, cryoprecipitate)

Investigations in Liver Disease
Factor V.VIL Vlll.Expect decreased V
and VII because they have theshortest
half-life.Factor Vlll will be normal or
increased because it is produced in the
endothelium

Vitamin K Deficiency
Etiology
• drugs

vitamin K antagonist (e.g.warfarin) -diminished production of functional Factors II,VII,IX X,
proteins C and S

• antibiotics eradicating gut flora, altering vitamin K uptake
• poor diet:e.g. prolonged fasting or starvation (especially due to chronic alcohol consumption )
• biliary obstruction
• chronic liver disease (decreased stores)
• fat malabsorption (e.g. celiac disease, disorders of bile or pancreatic secretion, intestinal disease, and

cystic fibrosis)
• vitamin K deficiency bleeding, see Paediatrics. P52

Investigations
• IN R (P'l ) is elevated out of proportion to elevation of the PIT
• decreased Factors II, VII, IX, X (vitamin K-dependent)

Treatment
• hold anticoagulant if vitamin K antagonist on board
• vitamin K PO if no active bleeding
• if bleeding,give vitamin K 10 mg IV (reversal may take up to 12 h)
• if life- threatening bleeding and vitamin k antagonist used, give PCC or FP if PCC contraindicated

PCCs are relatively contraindicated in liver disease or if there is a previous history of HIT (PCC
product contains heparin)

(§>
Vitamin K Dependent Factors
Vitamin K antagonists (e.g.warfarin)
affect function of these factors:
1972 Canada vs.Soviets"
X.DC, VII. II. proteins C and S

PT should improve within 24 h of
adequately dosed vitamin K repletion
(onset is in6-12 h): if not.search for
other causes

American Society of Hematology
Choosing Wisely Recommendation
Do not administer plasma or
prothrombin complex concentrates for
non-emergent reversal of vitamin K
antagonists (e.g. outside of the setting of
major bleeding, intracranial hemorrhage,
or anticipated emergent surgery)
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Disseminated intravascular Coagulation
DIC is a spectrum which may include
thrombosis, bleeding, or both

Definition
• excessive, dysregulated release of piasmin and thrombin leading to intravascular coagulation and

fibrinolysis
• depletion of platelets, coagulation factors, and fibrinogen
• risk of life-threatening hemorrhage and/or thrombosis

Etiology
• occurs as a complication of many other severe medical, surgical, or obstetrical conditions
• widespread endothelial damage and extensive inflammatory- cytokine release

Factor Levels in Acquired
Coagulopathies

Factor Liver Vitamin DIC
Disease KDef

V N* aTable 27. Etiology of DIC n « a »
Activation of Procoagulant
Activity

Endothelial Injury Reticuloendothelial Vascular Stasis
Injury

Other
VH Kt N *

APS Infections/sepsis
Vasculitis
Metastatic
adenocarcinoma

Liver disease
Splenectomy

Hypotension
Hypovolemia

Acule hypoxia ''acidosis
(check lactate)Intravascular hemolysis

e.g.incompatible blood,malaria
Tissue injury
e.g.obstetric complications,trauma. Aortic aneurysm

Giant hemangioma

PE

Important Etiologies of DIC
burns,crushinjuries
Malignancy
e.g.solid tumours,hematologic
malignancies (especially APL)
Snake venom,fat embolism,heat

OMITS
Obstetric complications
Malignancy
Infection
Trauma
Shock

stroke

Clinical Features
• presence ofboth hemorrhage and clotting

Table 28. Clinical Features of DIC
Clinical Prediction of DIC - International
Society of Thrombosis and Hemostasis
(ISTH) Calculator
Presence of an underlying, predisposing
condition is a requirement

Signs of Microvascular Thrombosis Signs of Hemorrhagic Diathesis
Neurological:multifocal infarcts,delirium,coma, seizures
Skin:focal ischemia.superficial gangrene,purpura fulminans
Renal:oliguria,azotemia,cortical necrosis
Pulmonary:ARDS
Gl:acute ulceration,liver dysfunction
Adrenal failure:adrenalhemorrhage or infarction
SBC:m'croangiopathic hemolysis (schistocytes)

General:Bleeding from any site in the body (secondary lo decreased
platelets and coagulation factors)
Neurologic intracranial bleeding
Skin:petechiee.eahymosis.oozingfrom puncture sites
Renal:hematuria
Mucosal:gingival oozing,eprstaxis.massive bleeding

DIC diagnosis is defined as >5 points
3Points 0 12

PSsSet >«0 <50
KMInvestigations

• peripheral blood smear: schistocytes
• primary hemostasis:CBC, decreased platelets
• secondary hemostasis: prolonged INR ( FT), F I T', 'IT, decreased fibrinogen and other factors
• fibrinolysis: increased FDPs or D-dimers and short euglobulin lysis time ( i.e. accelerated fibrinolysis)
• extent of fibrin deposition: urine output and RBC fragmentation

Treatment
• individualize supportive therapy according to underlying condition: recognize early and treat

underlying disorder -supportive measures: hemodynamic and /or ventilator support, aggressive
hydration, and RBC transfusion if severe bleed

• in bleeding phase (recommendations from 1STH Guidance Statement 2013):
treat the underlying condition
transfuse platelets in patients with active bleeding if platelet count <50 x 109/L or in those with a
high-risk of bleeding and a platelet count of <20 x lGr/L

• TP may be useful in patients with active bleeding with either prolonged PT/aPTT (>1.5 times
normal) or decreased fibrinogen (<1.5 g/L). TP should be considered in DIG patients requiring an
invasive procedure with similar laboratory abnormalities

• fibrinogen concentrate or cryoprecipitate may be recommended in actively bleeding patients with
persisting severe hvpofibrinogenemia (<1.5 g/L) despite TP replacement
PCC may be considered in actively bleeding patients if TP transfusion is not possible

• in thrombotic phase:
• LMWH preferred over UTH in critically ill, non-bleeding patients
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Table 29. Differential Diagnosis for Abnormal Coagulation Testing
r ~tIncreased PT/INR Only Increased PTT Only Both Increased t_ J

Warfarin
Vitamin K deficiency
Factor VIIdeficiency
Liver disease
factor VII inhibitors

Intrinsic factor deficiency:Factor VIII
(Hemophilia A),factor IX (Hemophilia S).
Factor XI.FactorXIl
Heparin.DOACs
Antiphospholipid Ab
Intrinsic factor inhibitors (e_g.Factor VIII)

Deficiency of common pathway factors:
Prothrombin (Factor II), fibrinogen.FactorV.
Factor X
Severe liver disease
FactorV.FactorX.prothrombin, and fibrinogen
inhibitors
Excessive anticoagulation
Severe vitamin K deficiency
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Hypercoagulable Disorders Differential Diagnosis of Elevated
D-Dimer. Arterial thromboembolic disease (e.g.

Ml. cerebrovascular accident, acute
limb ischemia.AFib. intracardiac

Hypercoagulability Workup- Venous Thrombosis
• workup for hypercoagulable state is controversial and should be considered ONLY if it will alter

treatment decisions
• includes inherited or acquired thrombophilia

hypercoagulability workup may be considered in patients with:
multiple recurrent thromboses
warfarin-induced skin necrosis or neonatal purpura fulminans (protein C or S deficiency)
thrombosis at an unusual venous site
abnormal blood work, constitutional symptoms, or physical exam findings suggestive of
cancer

arterial thrombotic events due to a hypercoagulable state are typically associated with APS, HIT,
IAK2+ MPNs, and PNH, not hereditary thrombophilias

• workup (if indicated)
• initial

CBC, blood smear, coagulation studies, liver/renal function tests, urinalysis, and hemolysis
markers (if anemic)
malignancy history, age appropriate cancer screening
serology" APLA (lupus anticoagulant will be affected by anticoagulation)
depending on CBC, consider JAK2

post-treatment (or >6 wk, as protein levels are depleted/consumed by dot)
antithrombin activity' (not on heparin)
proteins C,S activity (not on warfarin)

• note:most of these tests do not change management, and a negative test does not rule out a
hypercoagulable state

• decision to pursue hypercoagulability workup should be made in consultation with a hematologist

thrombus)
• Venous thromboembolic disease

(e.g.DVT.PE)
• Abnormal fibrinolysis (e.g.use of

thrombolytic agents)
• Surgery/trauma (e.g.tissue ischemia,

necrosis)
• Vaso-ocdusive episode of SCD
• Renal disease (nephrotic syndrome,

acute/chronic renal failure)
• Pregnancy-related (e.g. normal

pregnancy, preedampsia.eclampsia). Cardiovascular-related (e.g.
cardiovascular disease.CHF)

• Severe infection/sepsis/inflammation,
systemic inflammatory response
syndrome. DIC. Malignancy. Severe liver disease

• Venous malformation

• Isolated prolonged INR is most
commonly due to Factor VII
deficiency in the extrinsic pathway
since it has theshortest half -life

• Isolated elevated PTT is usual ly due
to factor deficiency or inhibitors in
the intrinsic pathway

SELECTED CAUSES OF HYPERCOAGULABILITY

Activated Protein C Resistance (Factor V Leiden)
• most common cause of hereditary thrombophilia
• 3-7% of European White population are heterozygotes- point mutation in the Factor V gene (R506Q) results in resistance to inactivation of Factor Va by

activated protein C

Prothrombin Gene Mutation (PT) G20210A
• 1-3% of European White population are heterozygotes
• G to A transposition at nucleotide position 20210 of the prothrombin gene promoter region results in

increased levels of prothrombin, thus increased thrombin generation

Protein C and Protein S Deficiency
• protein C inactivates Factors Va and Villa using protein S as a cofactor
• protein C deficiency

homozygous or compound heterozygous:neonatal purpura fulminans
heterozygous

type1:decreased protein C levels
type II:decreased protein C activity

acquired:liver disease, sepsis, DIC, warfarin, and certain chemotherapeutic agents
• 1/3of patients with warfarin necrosis have underlying protein C deficiency

• protein S deficiency
type I:decreased free and total protein S levels
type 11:decreased protein S activity
type Ill: decreased free protein S levels
acquired: liver disease, DIC, pregnancy, nephrotic syndrome, inflammatory conditions, and
warfarin

Antithrombin Deficiency
• in absence of heparin: antithrombin slowly inactivates thrombin. In the presence of heparin:

antithrombin rapidly inactivates thrombin
• causes/etiology:autosomal dominant inheritance,urinary losses in nephrotic syndrome, or reduced

synthesis in liver disease
• diagnosis must be made outside window of acute thrombosis and anticoagulation treatment (acute

thrombosis, heparin, systemic disease all decrease antithrombin levels)
• deficiency may result in resistance to UFH ( LMWH may be considered, with monitoring of anti-Xa

levels)
• heparin resistance:suspect if >35000 IU of UFH required during 24 h use

Elevated Factor VIII Levels
• an independent marker of increased incident and recurrent thrombotic risk,but levels can also be

increased in numerous states as an acute phase reactant, therefore its clinical use is controversial

American Society of Hematology
Choosing Wisely Recommendations
1Do not test for thrombophilia

in adult patients with venous
thromboembolism occurring in the
setting of major transient risk factors
ji.e.surgery, trauma, or prolonged
immobility)

2. Do not use inferior vena cava filters
routinely in patients with acute venous
thromboembolism

Common Causes of Hypercoagulability

CALM APES
Protein C deficiency
APS
Factor V Leiden
Malignancy
Antithrombin deficiency
Prothrombin G20210A
Increased Factor VIII (Bght)
Protein S deficiency

Causes of Both Venous and Arterial
Thrombosis indude:

APS
MPN
HIT
Distal venous dot with patent foramen
ovale r »
PNH L J

+Protein C.protein S.and AT1II are
decreased during acute thrombosis -
therefore to test for deficiency, they
must be tested outside of this time
period
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Congenital Dysfibrinogenemia
• may predispose to thromboembolic disease, bleeding, or both

Disorders of Fibrinolysis
• includes congenital plasminogen deficiency, tPA deficiency, but association with VTE risk is not dear

Antiphospholipid Antibody Syndrome
• definition: I clinical and £ I laboratory criteria

• clinical: arterial or venous thrombosis, recurrent (>3) early pregnancy losses <10 wk, one late fetal
loss £10 wk (morphologically normal), or premature birth before 34 wk due to (pre)eclampsia or
placental insufficiency
laboratory (must be confirmed on two occasions, tested £12 wk apart): anticardiolipin IgG and
IgM,anti-p2 glycoprotein-!Ab, or lupus anticoagulant

• mechanism: not well understood, Abs interact with platelet membrane phospholipids causing
increased activation; can also interfere with thrombin regulation, fibrinolysis, and inhibit the protein
C pathway

• see Rheumatology.RH13

9
Malignancy is a Common Cause ol
Acquired Hypercoagulability

Workup should include:
Complete history and physical

Age appropriate screening:
Mammogram. Pap. PSA. colonoscopy
Additional imaging/laboratory testing
based on clinical suspicion
Close follow-up

Screening tor Occult Cancer in Unprovoked VIE
(SOME)
ICJM 2015:373:697-704
Purpose:In assess the efficacy of a screen ing
program for occult cancer that employs CT of the
abdomen and pelvis in patients experiencing their
hist unpranked episode ol VIE.
Methods:Patients (i-854|were randomly assigned
to limited occult-cancer screening or limited occult-
cancer screening plus Cl.
Results: 3.2% ol patients in the limited-screening
group and 4.5% oi patients in the limited-screening
pbs Cl gioup received a new diagnosis of occult
cancer between the randomliation point and1-year
followup (P-0.28). Four occult cancers were missed
by the tailed screening strategy, whip live occult
cancers were missed by the limited screening plusCI
strategy|PM.O).
Conclusion: Routine screening with CT In patients
who hada first unprovokedVIE dldnol provide a
clinically significant benefit.

Venous Thromboembolism
Definition
• thrombus formation and subsequent inflammatory response in a superficial or deep vein
• includes superficial thrombophlebitis, DVT,and PE
• thrombi propagate in the direction of blood flow (commonly originating in calf veins)
• DVT is more common in lower extremity than upper extremity (upper extremity DVT are increasing

due to more central venous access lines)
• incidence -1% if age >60 yr
• most important sequelae of DVT are PE (-50% chance with proximal DVT) and chronic venous

insufficiency
• acutely, PE can result in cardiorespiratory failure and death (rare in treated patients), most severe

chronic sequela of PE is chronic thromboembolic pulmonary hypertension (CTEPH)

Etiology (Virchow’s Triad)
• endothelial damage

• exposure of procoagulant proteins on dysfunctional endothelium promotes thrombosis
• decreases inhibition of coagulation and local fibrinolysis
• changes to vessel wall integrity may result in turbulent blood (low

• venous stasis
Although lupus anticoagulant prolongs
PTT, this is a misnomer, as its main
clinical feature is thrombosisimmobilization (e.g. post-Ml, CHE, stroke, and postoperative) inhibits clearance and dilution of

coagulation factors
• hypercoagulability

• inherited (see Hypercoagulable Disorders, H35 )
acquired
age (risk increases with age)
surgery (especially orthopaedic, thoracic,Gl, and GU)
trauma (especially fractures of spine, pelvis, femur, or tibia, and spinal cord injury)
neoplasms (especially pancreas, stomach, lung, lymphoma, bladder, testicular, colorectal, and
gynaecologic - based on the Khorana score)
blood dyscrasias (MPNs, especially PV, ET), PNH,hyperviscosity (multiple myeloma,
polycythemia, leukemia, and SCD), hemolytic anemias
prolonged immobilization (e.g. CH1;, stroke, Ml, and leg injury)
hormone related (combined OCP, hormone replacement therapy, and selective estrogen receptor
modulators)

• pregnancy
• APS
• heart failure (risk of DVT greatest with right heart failure and peripheral edema)

New York Heart Association ( NYHA ) Class III and IV
• idiopathic (10-20% are later found to have cancer)

Risk uf VIE in Hospitalized Patients Receiving
Ineffective Antitbiombotic Therapy
Risk Factor RR (95% Cl) P-value

Age >75 yr 1.79 (1.18-2.71) 0.M7
1.58 (1.01-2.51)
1.67 (1.01-2.77) 0.08
0.94 (0.59-1.51) 0.91

Cancer
Previous VIE
Obesity
Hocmone therapy 0.51 (0.08-3.38) 0.70
Heart failure 1.08 (022-1.62) 0.82

0.89 (0.55-1.43) 0.72
1.48 (0.84-2.6) 0.27

Acute infectious 1.50 (1.00-2.26) 0.06
disease
Acute rheumatic 1.45 (0.84-2.50) 0.27
disease

NYHA III

NYHA IV

Source: JAMA 7004:1&4:963-HBClinical Features of DVT
• absence of physical findings does not rule out disease
• unilateral leg edema, erythema, warmth, and tenderness; purple-blue colour may indicate severe

linib-threatening thrombus
• palpable cord (i.e. thrombosed vein)
• phlegmasia alba dolens (white appearance) and phlegmasia cerula dolens (acute pain and edema) with

massive thrombosis
• Homan s sign (pain or resistance with foot dorsiflexion) is unreliable

Virchow's Triad
Endothelial damage
Blood stasis
Hypercoagulability

+
Differential Diagnosis of DVT
• muscle strain or tear, lymphangitis or lymph obstruction, venous valvular insufficiency, ruptured

popliteal cysts, cellulitis,and arterial occlusive disease
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H37 Hematology Toronto Notes 2023

Investigations for DVT
• D-dimer test only useful to rule out DVT if negative with low clinical suspicion of disease (Modified

Wells' Pre-test Probability 1) and no other acute medical issues; positive result may be non-specific
• doppler ultrasound is most useful diagnostic test for DVT

95%

Wells’ Score for Predicting DVT
• Paralysis, paresis, or recent

orthopaedic casting of lower
extremity (1)

» Recently bedridden (>3 d) or major
surgery within past 4 wk (1)

• Localized tenderness in deep vein
system (1)

• Swelling of entire leg (1)
• Calf swelling >3 cm compared to the

other leg (measured10 cm below the
tibial tuberosity) (1)

• Pitting edema greater in the
symptomatic leg (1)

• Collateral non-varicose superficial
veins (1)

• Active cancer or cancer treated
within 6 mo (1). Alternative diagnosis more likely
than DVT (e.g. Baker's cyst, cellulitis,
muscle damage, superficial venous
thrombosis) (-2)

sensitivity and specificity for proximal DVT -
• sensitivity for calf DV T -70%

• venography is the gold standard, but is expensive, invasive, and higher risk
• CT pulmonary angiogram or V/Q scan if PE suspected

Post-Thrombotic Syndrome
• development of chronic venous stasis signs and symptoms secondary to a deep venous thrombosis
• symptoms: pain,venous dilatation, edema, pigmentation,skin changes, and venous ulcers
• clinical severity can be assessed using the Villalta score
• large impact on quality of life following a DVT
• treatment: extremity elevation, exercise, compression stockings, and skin/ulcer care
• for clinical features and treatment of PE, see Respirolocv, R 19

Approach to Treatment of Venous Thromboembolism
Purpose
• prevent further clot extension (minimum 3 mo duration)
• prevent acute PE (occurs in up to 50% of untreated patients)
• reduce the risk of recurrent thrombosis (duration depends on presence of other risk factors)
• treatment of massive iliofemoral thrombosis with acute lower limb ischemia and/or venous gangrene

(phlegmasia cerulea dolens)
• limit development of late complications (e.g.post-thrombotic syndrome, chronic venous insufficiency,

and chronic thromboembolic pulmonary HTN)

Total Score Interpretation
3-8:High probability.1-2:Moderate
probability,-2-0:Low probability

Modified Wells’ Score
Same as above except with 1additional
point for a history of DVT or major
surgery within past 12 wk.and the
interpretation is DVT likely for >2 points
and DVT unlikely for <1point.D-dimer
is ordered for DVT unlikely patients to
fully rule out DVT which can help reduce
unnecessary ultrasounds

i:::e

Initial Treatment
• consider empiric treatment in patient with moderate/high suspicion of DVT and low-risk of bleeding,

if diagnostic imaging will be delayed (definitive imaging should be obtained at first opportunity). DOACs
apixaban or rivaroxaban alone (with loading dose)

• dabigatran or edoxaban require 5-10 d of parenteral anticoagulation (usually LM WH ) prior to
initiation

See landmark Hematology Inals for more informalion
on IlieClOT trial. It details the efficacy of ton
m olecularweight heparin o.oral antkoagglanl
agents in preventing recurrent thrombosis in patients
with cancer.

contraindications: during pregnancy, in breastfeeding women
there remains limited evidence in severe renal deficiency and some clinicians do not use DOACs
in this population

• LMWH
administered SC,at least as effective as UEH with a lower bleeding risk
advantages: predictable dose response and fixed dosing schedule, lab monitoring not require,
HIT,safe and effective outpatient therapy (including pregnant and cancer patients)
disadvantages: only partially reversible by protamine, long-term use associated with osteoporosis
renally cleared - may require dose adjustment in patients with renal dysfunction

<1%
Duration of Treatment with Vitamin X Antagonists
jVKA] in Symptomatic Venous Thromboembolism
Cuch.-ane DB Syst Rev 2014X0001367
Purpose: lo evaluate the efficacy and safety of
va nous durations of theiapy w ith VKA In patients with
symptomatic VIE.
Study Selection: dels comparing various durations
of therapy with VKA m patientssymptomatic VIE.
Results: II studies (total 3716 pari c pan Is) were
Included. A significant leducbon in the (Ask ol
recurrent VIE was observed during prolonged VKA
treatment (tl 0.20.95% Cl.0.11 toO.38)*dependent
ol Use lime elapsed since the imdex thrombotic event.
Patients receiving prolonged treatment were at
increased risk of bleeding coinpicalwos(U 2.(0.
95% Cl 1.51 to 4.49).
Conclusion:Treatment with VKAstrongly reduces
the risk of recurrent VIE for as long as theyare used.
Therapy should he discontinued when the risk of harm
from major bleeding (which remains constant orei
time)isof greater concern than the absolute risk of
reament VIE (which declines over time).

. Ul H
in patients with high-risk of bleed, or requiring rapid interruption for surgical procedures; use
hospital-based nomograms that use bleeding risk and patient weight to determine appropriate
dose
advantages: rapidly reversible by protamine

• disadvantages: must monitor aPIT or heparin levels with adjustment of dose to reach therapeutic
level (~2x normal value); higher risk for development of HIT

Long-Term Oral Treatment
• anticoagulation therapy

warfarin
should be initiated with heparin overlap:dual therapy for at least 48 h with INR >2, due
to initial prothrombotic state secondary to warfarin’s inhibition of natural anticoagulants
protein C/S, half-life of vitamin K factors and risk of warfarin-induced skin necrosis

dosed to maintain INR at 2-3, monitor twice weekly for 1-2 wk
discontinue heparin after INR >2.0 for 2 consecutive days- DOACs
apixaban or rivaroxaban: INR not used, patients with CrCl >15 mL/min
dabigatran (factor lla inhibitor) or edoxaban: LMWH or IV heparin for at least 5 d before
initiating dabigatran, INK not used, patients with CrCl >30 mL/min
important drug interactions to consider for DOACs
cancer patients; LMWH more effective than warfarin at preventing recurrence of venous
thrombosis In cancer patients; DOACs are as effective as LMWH (more bleeding observed for
patients with Cii cancer taking rivaroxaban or edoxaban )

r ^Common Medications that Interact
with Warfarin

Acetaminophen (interference with
vitamin K metabolism)
Allopurlnol
NSAIDs (Gl injury)
Fluconazole
Metronidazole
Sulfamethoxazole
Tamoxifen

+
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LMWH
typically reserved as long term therapy for patients unable to tolerate oral anticoagulants
(e.g. unable to absorb oral medications, high risk bleeding patients with intraluminal G1
malignancy)

•duration of anticoagulant treatment
provoked V I E with transient risk factor:3 mo
provoked V I E with ongoing risk factor:consider indefinite therapy with annual reassessment
first unprovoked proximal DVT or PE: >3 mo, consider indefinite therapy with annual
reassessment
second unprovoked VTE:consider indefinite therapy
cancer-associated DVT:consider indefinite therapy for as long patient has active malignancy (in
patients who have cancer in remission, anticoagulation is usually extended for 3-6 mo post last
treatment)
inferior vena cava filters
temporary filter indicated only if acute DVT (<4 wk) with significant contraindications to
anticoagulant therapy (i.e. active bleeding) or if anticoagulation must be interrupted (i.e.for
urgent surgery')
must be retrieved once safe to do so as filter is pro-thrombotic in the long-term and associated
with other complications (migration of filter,etc.)

•special considerations
pregnancy: treat with LMWH during pregnancy, then LMWH or warfarin for 6 wk post-partum
(minimum total anticoagulation time of 3-6 mo, but must include 6 wk post-partum,as this is a
high-risk period)
avoid warfarin in pregnancy due to teratogenicity outside of select patient populations (e.g.may
be used by some thrombosis experts during the second and third trimesters in woman with
mechanical heart valves)
avoid DOAC in pregnancy (due to lack of data) and if breastfeeding in postpartum period
surgery:avoid elective surgery' in the first 3 mo after a venous thromboembolic event

preoperatively: IV heparin may be used up to 4-6 h preoperatively
perioperatively:warfarin or DOACs discontinued for at least 2-5d preoperatively (consider
mechanism of drug clearance)
postoperatively: IV heparin, LMWH, DOAC can be used for anticoagulation (consult with
surgeon prior to re-initiation)
for patients at high-risk for thromboembolism (VTE <12 wk, recurrent VTE,APS,AFib
with prior stroke, and mechanical heart valve), IV heparin or LMWH (bridging) may be
considered before and after the procedure while the1NR is below 2.0.Bridging not required
for DOACs

Effect of Tresloes Deiey oa the Effee'.neaess
aad Safety ofIxtiSbnaotjXiaJuteSnort
HeacnOege:3 MctamlpisofMhridosl
Patient lotiData ftoa 40131 leodiogPatients
Leocet 2018:391:12S-1S2
Pnrpose:Toexaen*iftteeSettie«essor
asAreotfcsa rtdaoogdealt tooaott seme
teaortagesskewed by teasaesdelay.
Methods Meta-ra'yss of oMsai sates-few:
data frao 2 KIs»540138 Ma:selectsttat
evesbgatedseoeof traoecac aodaacife serere
bleedng.l-eatsert benefitwas seasved by absence
of deatb FOB beefing aod logstcregresses was
ssad to assess tbeefect of teSnetdday.

ResMIs:toadsanrinal fas beefing was
sgsficantly locrtesed by banexasc aod (ORtiSSI
Q 1-C8 -T-33:HL001).Ssranral was looroted by >79 «
wr nrtedastreatsent pi1J2.95 « 0U2-L1I):
M-OOOTL b contrast. treatment benefitnes
sgaficantly redaeed by betsentdefer IP*0-0001)-
Sgecficaty.sarvwal was refilled byIft fix enery
IS soi defey of btafaaeM iMd 3 br.atabicb poetso
benefit was deaonstrated.
CosdisiM:Peiefes odd seiere eofe bleedcg
sbodd be treesd iraedfeSly.aseiesa sbart
delays treatmentratestieswtiral benefitof
traaaaaxaod.

JISCO CEskal Practice CnleiKS b»YTE
PrapkylaiisaadTreatBeMa Patients witb
Cam
J 0.:Oatsl 2020:38:196-520
Cbadaiscat o3er ôEbopropbytais (atasbea.
rwanwabai.or IMXf) foe
• »glnsloc$ebentsw*bcanet
• AsoptocsfexTTEtreataeel
• fer fc-rg-̂ m arbcaxfeter (OIL Soo:better

rfScaq proSes Ban ntaow(actagoosts)
• Itraogb«ttosptfcbcc|tatEnls idt rang

aid aa eataedkelcondfion)
• MejcccacgsaKy troftsfcnsstartrgpra

and oxtaing forat 7-10 d)
In Flospital Prophylaxis
•consider for those with a moderate to high-risk of thrombosis svithout contraindications
•non-pharmacological measures include: early ambulation, elastic compression stockings (TEDs), and

intermittent pneumatic compression (1PC)
•LMWH as per hospital protocol (e.g.enoxaparin 40 mg SC once daily, dalteparin 5000 U SC once

daily), or rarely UEH 5000 IU SC BID, UFH 50001U SC TID
•DOACs for orthopaedic surgery thromboprophylaxis

Initiation of Warfarin Therapy Requires
Bridging with Heparin Therapy for
4-5Days
10 mg loading dose of warfarin causes
a precipitous detine in protein C levels
in first 36 h resulting in a transient
hypercoagutable state
Warfarin decreases Factor VI levels
in first 48 h. INR is prolonged (most
sensitive to Factor VII levels), however fid
antithrombotic effect is not achieved until
Factor IX X and II are sufficiently reduced
(occurs after <4 d|

Table 30. Contraindications of Anticoagulant Therapy
Absolute Contraindications to Treatment Relative Contraindications toTreatment
Active bleeding
Severe bleeding diathesis or platelet count <20 x10’/L
|<20000/mm])

Mild-moderate bleeding diathesis or thrombocytopenia
Recent major trauma
Recent stroke
Major abdominal surgery within past 2 d
GI/6U bleeding within14d
Endocarditis
Neurosurgery or ocular surgery within 10d

Treatment of Pulmonary Embolism
• see Kespirologv, K21

Low-Risk Surgical Patients
<40 yr.no risk factors for VTE.geaeral
anesthetic (GA) <30 min.minor elective,
abdominal or thoracic surgery
Moderate-Risk Surgical Patients
>40 yr.>1risk factor foe VTE.GA >30 min
High-Risk Surgical Patients
>40 yr.surgery for malignancy or lower
extremity orthopaedic surgery lasting
>30 min.inhbitor deficiency, or other risk
factors
High-Risk Medical Patients
Heart failure, severe respiratory disease,

ischemic stroke or lower limb paralysis,
confined to bed.and have >1adcktional
risk factor (e.g.active cancel previous
VTE.sepsis, acute neurologic disease. ISO)

+
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Hematologic Malignancies and Related
Disorders Leukemia:malignant cells arise in 8M

that may spread elsewhere (including
blood, lymph nodes,and lymphoid
tissue)
Lymphoma:malignant cells arise in
lymph nodes and lymphoid tissues that
may spread elsewhere (including blood
and 8M)
BUT the location where the malignant
cells are found does not solely define
the type of hematologic malignancy -
classified based on the characteristics
of the cell (histology,histochemistry,
immunophenotyping,cytogenetics,
molecular changes)

Chronic
Lymphocytic

Leukemia (CLL)
NaTve

MATURATION Acute
Lymphocytic Leukemia (ALL)

Multiple Myeloma
(MM)LymphomasOF

CELLS
Germination

») •
B-lymphocytes

Hematopoietic
stem cell

Lymphoid
progenitor

Plasma cell

T-lymphocytes

MATURATION Acute Myelogenous Leukemia (AML) Myeloproliferative Disorders Acute Leukemia
Definition (WHO):presence of 20%
blast cells or greater in the peripheral
blood or BM at presentation
Classification:divided into myeloid
(AML) and lymphoid (ALL) depending
on whether blasts are myeloblasts or
lymphoblasts,respectively

01
> Neutrophils

" Eosinophils

Basophils

CELLS
Granulocytes

Chronic Myelogenous
Leukemia (CML)

Monocytes

. >’K- , > Platelets

>^^Red Cells

if w Chronic Myelomonocytic
Leukemia (CMML)

Hematopoietic
stem cell

Myeloid
progenitor

Typical Age of Presentation of
Leukemias
ALL:Children and older adults
CML: 40-60 yr
AML, CLL:>60 yr

> Essential Thrombocytosis--

Polycythemia Vera

Figure 15. Hematopoietic derivation of hematologic disorders

( Hematological Malignancies and Related Disorders) Auer rods are pathognomonic for AML

( Lymphoid Disorders ) ( Myeloid Disorders )
Bask Initial Workup for all Hematologic
Malignancies:
1. ALL WOMEN OF CHILDBEARING AGE

must have a b-HCG before initiation of
treatment of any cancer diagnosis

2. ALL PATIENTS MUST HAVE Hepatitis
8 surface antibody (HBsAb), Hepatitis
B surface antigen (HBsAg),Hepatitis
B core antibody (HBcAb) collected
irrespective of cancer diagnosis and
must be treated to avoid reactivation

3. All aggressive lymphoma patients
must be screened for HIV

4.All patients must be screened for TB
risk factors

tI I
Lymphomas
• Hodgkin
• Non-Hodgkin
• B Cell
• T Cell
• Other cell origin

le g NK)
• Waldenstrom's
macroglobulinemia

Plasma Cell Dyscrasias
• Multiple myeloma
• MGUS

Leukemia
• ALL
• CLL

Leukemia
•AML

MPNs
•PV
•ET
•CML
•IMF

Figure 16. Overview of hematologic malignancies and related disorders

Myeloid Malignancies
Cure: survival that parallels age-
matched population
Complete Remission: tumour load
below threshold of detectable disease
(normal peripheral blood film,normal BM
with<5% blasts,normal clinical state)

Acute Myeloid Leukemia
Definition
• rapidly progressive malignancy characterized by failure of myeloid cells to differentiate beyond blast

stage

Epidemiology
• incidence increases with age; median age of onset is 65 yr; 80% of acute adult leukemias
• accounts for 10-15% of childhood leukemias

+Risk Factors
• male, older age, smoking, obesity, MDS, benzene, radiation, Down Syndrome, alkylating agents, and

radiation therapy as treatment for previous malignancy
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Pathophysiology
• etiology subdivided into:

primary:de novo
secondary: hematologic malignancies (e.g. myeloproliferative disorders and MDS) or previous
chemotherapeutic agents (e.g.alkylating agents)

• uncontrolled growth of blasts in marrow leads to:
suppression of normal hematopoietic cells
appearance of blasts in peripheral blood - risk of leukostasis
accumulation of blasts in other sites (e.g. skin, gums)

• metabolic consequences; T'LS

Clinical Features
• signs and symptoms develop over a period of weeks
• manifestations of BM failure

• anemia, thrombocytopenia (associated with DIC in APL), neutropenia (and infection/fever)
• accumulation of blast cells in marrow

skeletal pain, bony tenderness (especially sternum)
• organ infiltration

gingival hypertrophy (particularly myelomonocytic leukemia) - may present to dentist first
CNS extramedullary involvement: confusion or altered mental status
hepatosplenomegaly (also present in ALL)
lymphadenopathy

• skin: leukemia cutis
eyes: hemorrhages and/or whitish plaques, Roth spots, cotton wool spots, and vision changes
(uncommon)

• leukostasis/hyperleukocytosis syndrome ( medical emergency)
large numbers of blasts interfere with circulation and lead to hypoxia and hemorrhage - can
cause diffuse pulmonary infiltrates, CNS bleeding, respiratory distress, altered mental status, and
priapism
more commonly associated with AML than ALL

• metabolic effects (aggravated by treatment)- T'LS
increased uric acid -» nephropathy, gout
release of phosphate -> decreased Ca - decreased Mg -’
release of procoagulants -> DIC (higher risk in APL)

hyperkalemia pre-treatment from blastic proliferation and spontaneous T'LS, further
hyperkalemia after treatment (from lysed cells). Note - some forms of AML can present with
hypokalemia due to secreted muramidase that causes K+ wasting from renal tubules

Investigations
• blood work

• CBC: anemia, thrombocytopenia, variable VVBC (most often cytopenias + blasts)
• INR, aPT T, I DP, fibrinogen (in case of DIC)

increased LDH, increased uric acid, increased POr ^-(released by leukemic blasts), decreased Ca 2 t ,
increased/decreased K *
baseline renal and liver function tests
if considering treatment: screen for HBV, HCV, HIV, CMV serology

• peripheral blood film - circulating blasts with Auer rods (azurophilic granules) are pathognomonic
for AML

• BM aspirate for definitive diagnosis
• blast count:AML >20% (normal is <5%)

morphologic, cytogenetic, and/or immunophenotypic features are used to establish lineage and
maturation

• CXR to rule out pneumonia; ECCi, MUCiA scan prior to chemotherapy (cardiotoxic)

Treatment
• mainstay of treatment is chemotherapy (rapidly fatal without treatment)
• patients who are not eligible for intensive chemotherapy can be treated with low-dose cytarabine and

hvpomethylating agents in combination with venetodax (BCL-2 inhibitor)
• all AML subtypes are treated similarly, except APL with t(15:17) translocation

1. induction:chemotherapy to induce complete remission of AML
several possible regimens
patients with poor response to initial induction therapy - worse prognosis
supportive care - management ofTLS and DIC, febrile neutropenia/infections, transfusion
support (including platelet transfusions if <10 x I0’/L)

2. consolidation: to prevent recurrence
intensive consolidation chemotherapy
stem cell transplantation - allogeneic (younger patients with better performance status and/
or adverse cytogenetics)

r i
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•supportive care
fever: pan-cultures, CXR,and start broad-spectrum antibiotics

• platelet and RBC transfusions
prevention and treatment of metabolic abnormalities

* allopurinol, rasburicase for prevention/management of hyperuricemia
• leukostasis

needs immediate cytoreductive therapy (i.e. hydroxyurea)
treatment strategy for APL

APL is an emergency as 13IC is often present at diagnosis
* ATRA added to induce differentiation (should be started ASAP if APL is in the differential);

arsenic trioxide and ATRA combination therapy for APL is superior to traditional
chemotherapy

%
MDS is a cause of macrocytic anemia

Efficacy of Aiacitidine Compared with that ol
Conventional Caro Rojimeas in the Treatment
of Higher-risk Myelodysplastic Syndromes:a
Randomized, Open-label, Phase III Study
Uncet Oncol 2009;10:223-32
Purpose: la com pare the efficacy of aiacitidine to
conventional core regimens (CMs) in patients with
high - risk MDS.
Methods: 3'J 8 patients were randomly assigned
to receive aiacitidine (75 mg/npfd lor J days every
28days)or CCR (intensive chemo therapy, low-dose
cytarabine.or sipportive care atone).
Results:At median follow-up of 21.1 months,
aracitidinf treatment was associated with
significantly gieater median overall survival as
compared to OCRs (24.S months vs.1S.0 months,
respectirely: hazard ratio 0.58:85% Cl 0.43-0.77;
P’0.0001).50.8% of patients receiving aiacitidine
were alive at 2 yearsas compared to 26.2% of
patients receiving CCRs (p<0.000l).Ihe most
frequent grade 3-4 adrerse event for all treatments
were peripheral cylopenias.
Conclusion: In patients mti high -risk M0S.
azacitidme treatment significantly increases overall
survival as compared to conventional care.

Prognosis
•achievement of first remission

• 70-80% if S60 y/o, 50% if >60 y/o
median survival 12-24 mo
prognosis depends on cytogenetics, age, performance status, prior cytotoxic agents, or radiation
therapy

Myelodysplastic Syndromes
Definition

• heterogeneous group of malignant stem cell disorders characterized by dysplastic and ineffective
blood cell production resulting in peripheral cytopenias, and a variable risk of transformation to acute
leukemias

• syndromes defined according to WHO classifications

Pathophysiology
• disordered maturation: ineffective hematopoiesis despite presence of adequate numbers of progenitor

cells in BM (usually hypercellular); formed elements sometimes exhibit morphological and functional
defects

• intramedullary apoptosis: programmed cell death within BM
• both processes lead to reduced mature cells in periphery
• <30% develop AML

Risk Factors
• elderly, post-chemotherapv, exposures (benzene, tobacco, radiation), inherited genetic abnormalities
• incidence: 50 persons per million per year, rises to 200-400 per million per year for age 70 or older

Clinical Features
• highly variable, commonly presents with symptoms of anemia (fatigue and dyspnea),

thrombocytopenia (bruising, bleeding, or petechiae), and neutropenia (recurrent infections) over
months-years

Investigations
• diagnosed by:

anemia ± thrombocytopenia ± neutropenia
• CBC and peripheral blood film

RBC: usually macrocytic with oval shaped red cells (macro-ovalocytes), decreased reticulocyte
count

• WBC:decreased granulocytes and abnormal morphology (e.g. bi-lobed or unsegmented nuclei =
Pelger abnormality)
platelets: thrombocytopenia, abnormalities of size, and cytoplasm (e.g.giant hypogranular
platelets)

• BM aspirate and biopsy with cytogenetic analysis required for definitive diagn
BM: dysplastic and often normocellularfhypercellular

• cytogenetics: high-risk (partial or total loss of chromosome 7) and complex (>3 abnormalities)

Treatment
• low-risk of transformation to acute leukemia (Revised International Prognostic Scoring System

(IPSS-R) Very Low or Low)
EPO stimulating agents weekly is first line in reducing transfusion requirements (EPO level must
be <500 IU/L)

• if 5q deletion based on cytogenetics: lenalidomide PO
• supportive care: RBC and platelet transfusion (consider iron chelation if frequent RBC

transfusions)
• high-risk of transformation to acute leukemia (IPSS-R intermediate, high or very high)

supportive care (transfusion support)
• epigenetic therapy: DNA methyltransferase inhibitors (e.g. 5-azacltidine)

consider stem cell transplantation according to patient factors (age, frailty, overall health )

osis
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Prognosis
• IPSS-R uses 5 factors to estimate mean survival:

cytology,% BM blasts, Hb, platelets, and ANC
based on the calculated score, a patient’s \1DS prognostic risk is “Very Low”, “Low",
“Intermediate”, “High", or “Very High" with a mean survival of 8.7, 5.3, 3.0, 1.6, and 0.8 yr,
respectively

Myeloproliferative Neoplasms
Definition
• clonal myeloid stem cell abnormalities leading to overproduction of one or more cell lines

(erythrocytes, platelets,and other cells of myeloid lineage)

Epidemiology
• mainly middle-aged and older patients (peak 60-80 yr)

Prognosis
• may develop marrow fibrosis with time
• all disorders may progress to AML

Table 31. Chronic Myeloproliferative Disorders

Use of Epoetin and Darbepoetin in Patients witii
Cancer
Bond 2008111:25-41
Clinical practice guideline update by American
Societies of Kematu'ogy and Clinical Oncology (2010).
Initial Becommcndatiors
1. Initiate an ESA when Hb Is 100 gll

(10 gdl) in patients with palbalive chemotherapy
associated anemia lo decrease the need loi
transfusions

2. DscoctmuelSts when patient not respondmg to
treatment beyond 6-8 wk

3. Homtor iron stores and supplement lion intake for
ESA-treated patients when necessary

4. Use ESAs cautiously with chemotherapy or in
patients with an derated risk for thromboembolic
complications

5.1is Ml recommended that ESAbeused for therapy
in patients with cancel who are not recenmg
chemotherapy, as it increases thromboembolic
inks and lowers survival late . Patients with low
ink myelodysplasia are an cicepbon

CML PV IMF ET
IN H1 1 aHct

WBC eta Nt

* /at / aPit t n t

Marrow Fibrosis
Splenomegaly

Hepatomegaly
Genetic Association

+++ ti2

+++

++
BCR ABlmut. JAK2 mut.|96%) JAK2 mut. (“50%)

CALR mut. ("30%)
JAK2 mut. ("50%)
CALR mut. ("30%)

MDS ineffective maturation
MPN overproduction of mature cellsChronic Myeloid Leukemia

Definition
• myeloproliferative disorder characterized by increased proliferation of the granulocytic cell line

without the loss of their capacity to differentiate

Epidemiology
• occurs in any age group (mostly middle age to elderly) with a median age of 65 yr

Pathophysiology
• Rh chromosome

• translocation between chromosomes 9 and 22 is necessary and sufficient to result in CML
• the c-Abl proto-oncogene is translocated from chromosome 9 to “ breakpoint cluster region”

( BCR ) of chromosome 22 to produce BCR-ABL fusion gene, a constitutively active tyrosine kinase

Clinical Features
• 3 clinical phases

chronic phase: 85% diagnosed here
few blasts (<10%) in peripheral film
± slightly elevated eosinophils and basophils
no significant symptoms

• accelerated phase: impaired neutrophil differentiation
circulating blasts (10-20%) with increasing peripheral basophils (pruritus)
CBC: thrombocytopenia <100 x lO’/L or thrombocytosis
cytogenetic evidence of clonal evolution
worsening constitutional symptoms and splenomegaly (extramedullary hematopoiesis)

• blast crisis: more aggressive course, blasts fail to differentiate
blasts (>20%) in peripheral blood or BM; reflective of acute leukemia (1/3 ALL, 2/3 AML)

• clinical features
20-50% of patients are asymptomatic when diagnosed (incidental lab finding)
nonspecific symptoms

fatigue, weight loss, malaise, excessive sweating, fever

Basophilia is uncommon in other medical
conditions

Chronic Myeloproliferative Neoplasias:11-Year
Follow- Up ol Patients Receiving Imatinib lor the
first-line Treatment olCMl
NEJM 2012:376:917 927
Study long- term outcomes ol imatnnb treatment for
throait myeloid Itukemla.
Methods 1106 patients with Pn positive CML in
the cbionic phase were randomiied 1:1to unatinib
or interferon alpha plus cytaiabine. Crossover to
imatnnb was at lowed if no response by 6 mo or major
cytogenetic response by12 mo.
Resnlts:Assessing the unatinib arm after a median
of II yearsof follow- up. the complete cytogenetic
response rate was 83V Among patients who atta ned
a major molecular response alter 18 moot imatinib
tbeiapy.the overall survival at 10 yeais was 93% and
freedom lion CMl-related deaths was100%.
Conclusion : this 11-year update ol IRIS demonstrates
Ibe efficacy and safely of imatinib as liist-line therapy
for CMl patients.
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secondary tosplenic involvement
early satiety, LUQ pain/fullness, shoulder tip pain (referred)
splenomegaly (most common physical finding)

• anemia
bleeding:secondary to platelet dysfunction

• pruritus, PUD:secondary' to increased blood histamine
leukostasis, priapism,encephalopathy (rare): secondary to very elevated WBC (rare)

Investigations
•CBC with differential

elevated WBCs, decreased/normal RBCs, increased/decreased platelets, increased basophils
WBC differential shows a bimodal distribution, with predominance of myelocytes and
neutrophils

•peripheral blood film
leukoerythroblastic picture (immature red cells and granulocytes present, e.g. myelocytes and
normoblasts)
presence of different mid-stage progenitor cells differentiates it from AML

•BM biopsy
myeloid hyperplasia with left shift, increased megakaryocytes, mild fibrosis

•molecular and cytogenetic studies of BM or peripheral blood for Ph chromosome (or BCR-ABL
transcripts)

•abdominal imaging for spleen size

Treatment
•prophylactic:allopurinol
•chronic phase

imatinib mesylate inhibits proliferation and induces apoptosis by inhibiting tyrosine kinase
activity in cells positive for BCR-ABL. 2nd/3rd generation can be used as first line therapy

if loss of response or intolerance (~40%), trial of 2nd or 3rd generation TKls: dasatinib,
nilotinib, or bosutinib. Note: ponatinib only provided for the T3151 mutation

interferon-a: may improve response to TKls; typically now only used for pregnant patients
hydroxyurea in palliative setting to reduce WBCs

•accelerated phase or blast phase
for imatinib-naive patients, use imatinib
refer for clinical trial or 2nd/3rd generation TK1 and prepare for allogeneic stem cell transplant
patients, in blast phase typically get standard induction for acute leukemia

•stem cell transplantation may be curative: to be considered in young patients who do not meet
therapeutic milestones

•treatment success is monitored based on therapeutic milestones
hematologic: improved WBC and platelet counts, reduced basophils
cytogenetic: undetectable Rh chromosome in the BM
molecular: reduction/absence of BCR-ABL transcripts in periphery and marrow

Prognosis
•survival dependent on response

those achieving complete cytogenetic response (CCR) on imatinib by 18 mo of therapy:6 yr
overall survival >90%
those who do NOT' achieve CCR on imatinib: 6 yr overall survival of 66%

•acute phase (blast crisis - usually within 3-5 yr of presentation if untreated CML)
2/3 acute phase CML have cellular features similar to AML

unresponsive to remission induction
1/3 acute phase CML have cellular features similar to ALL

remission induction (return to chronic phase) achievable

Erythromelalgia is a pathognomonic
miciovascular thrombotic complication
in PV and ET

Polycythemia Vera Cardiovascular Events and Intensity of Treatment
in Polycythemia Vera
NEJM 2013:368:22-33
Study:Prospective.PCI.mean follow-up of 283 mo.
8hnding not described.
Population: 355 patients with MK2-posrtne
polycythemia sera being treated with phlebotomy,
hydrosyuiea.or both.
Intervention: Patients were randomned to a target
hematocrit <45% (low-hematocrit groopt or 45-50%
(high -hematocrit group).
Outcome:Composite of time unbl death from
cardiovascular causes of major thrombotic events.
Results:(he hazard ratio (Hi) for the primary
outcome was 3.91 (95% Cl 1.45-10.53.P-0.00J).
while the HR for the primary outcome plus superficial
venous thrombosis was 2.59 (95% Cl1.19-5.12.
P*0.02|lor the high-hematocrit vs. low-hematocrit
group.
Conclusions: The hematocrit target of <45% was
associated with a lower incidence of CV death,mayor
thrombotic events, and supetheial venous thrombosis
in patients with polycythemia vera.

Definition
• stem cell disorder characterized by elevated RBC mass (erythrocytosis) ± increased white cell and

platelet production
• diagnosis (WHO 2016) requires meeting either all 3 major criteria, or the first 2 major criteria and the

minor criterion
Major Criteria

1. Hb >165 g/L in men, >160 g/L in women, OR Hct >49% in men or >48% in women, OR
increased red cell mass (>25% above mean normal predicted value)

2. BM biopsy showing hypercellularity for age with trilineage growth ( panmyelosis) with
prominent ervthroid, granulocytic, and megakaryocytic proliferation

3. presence of )AK2 V617F or|AK2 exon 12 mutation
• Minor Criterion

1. serum EPO level below reference range for normal (must have the first two major criteria if
using EPO level) +
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Clinical Features
• symptoms are secondary to high red cell mass and hyperviscosity (see Erythrocytosis, H7 )
• thrombotic complications:DVT, PE, Budd-Chiari (hepatic vein thrombosis), portal vein thrombosis,

thrombophlebitis, increased incidence of stroke/TIA, and Ml
due to increased blood viscosity, increased platelet number, and/or activity
bleeding complications: epistaxis, gingival bleeding, ecchymoses, and Cil bleeding
if high platelet counts:associated with acquired V WD (although seen more with ET)

• erythromelalgia (burning pain in hands and feet and erythema of the skin)
associated with platelets >400 x 10*/L
pathognomonic microvascular thrombotic complication in PV and ET

• pruritus, especially after warm bath or shower (40%) due to cutaneous mast cell degranulation and
histamine release

• epigastric distress, PUD
due to increased histamine from tissue basophils, alterations in gastric mucosal blood (low due to
increased blood viscosity

• gout (hyperuricemia), due to increased cell turnover
• characteristic physical findings

plethora (ruddy complexion) of face (70%), palms
» splenomegaly (70%), hepatomegaly (40%)

Efficacy and Safety ollowiios« Aspirin: in
Polyeythenaia Vera
NEJM 2004:350:114124
Study: Do.S e blind, placebo coitiolled. RC1.
Participants:518 patients with polycythemia vera
(PV) with nodear indication for.ot contraindication
MSA therapy.
Intervention : Patients received either tow-dose ASA
100 mg daily|n*2S3|or placebo|a*265) and were
followed for uptoSyr.
Primary Outcome:Cumulative rate of (II nonfatal Ml,
nonfatal stroke, or death from cardiovascular causes
and the cumulative lateof|ll) the perilus 3 plus PE
and major venous Ihiombosis.

•suits: Prunary outcomes(I) ard ( II) were reduced
with treatment compared to placebo (RR 0,41; P-0.09
and PR 0.4;N1.03, respectively), there were no
differences in overall orcardiovascutar mortality and
major bleedmg episodes.
Conclusion low dose ASA can safely prevent
thrombotic complications in patients with PV.Investigations (see Eryllirocylosis, H7)

• must rule out secondary polycythemia if high EPO level

Treatment
• phlebotomy to keep hematocrit <45%
• hydroxyurea (prior thrombosis or symptoms, severe coronary artery disease, refractory to

phlebotomy)
• ruxolitinib for those with insufficient response or intolerance to hydroxyurea
• low-dose ASA (for antithrombotic prophylaxis, will also treat erythromelalgia)
• allopurinol: as needed
• antihistamines:as needed

Ruxolitinib Versus Standard therapy for the
Treatment of Polycythemia Vera
HIM 2015:372:426-35
Purpose:To evaluate the efficacy andsafety of
ruxolitinib vs. standardtherapy in patents with PV
who had insufficient responses or eitoleiible side
elfects with hydroxyurea.
Methods: 232 phlebotomy-dependent patients with
splenomegaly were randomly assigned to receive
ruxolitinib or standard therapy.
Primary Outcome:Hematocrit control through week
32 and spleen volume reduced >35% at week 32.
Results: 213, ol patients on ruxolitinib vs.1% of those
on standard -therapy achieved the primary outcome
(P<0.001|.C03i of patientson ruxolitinib and 20% on
standard therapy achieved henatocrit control. >35%
reduction in spleen volume was seen in 30% and1%
of patients in the two groups, respectively.Compared
to standard-therapy, ruxohtiinb was associated with
a significantly greater rate of complete hematologic
remission (24% vs.9%; P-0.003).
Conclusion: Ruxolitinib was superior to standard
therapy m controlling hematocrit, reducing the spleen
volume, and improving symptomsassociated with
PV in patients who had insufficient responsesor
intolerable side effects with hydroiyurea.

Prognosis
• 10-20 yr survival with treatment
• complicated by thrombosis, hemorrhage, leukemic transformation (AML)

Idiopathic Myelofibrosis
Definition
• excessive BM fibrosis leading to marrow failure
• characterized by anemia,extramedullary hematopoiesis, leukoerythroblastosis, teardrop red cells in

peripheral blood, and hepatosplenomegaly

Epidemiology
• rare, median age at presentation is 65 yr

Pathophysiology
• abnormal myeloid precursor postulated to produce dysplastic megakaryocytes that secrete fibroblast

growth factors
stimulates fibroblasts and stroma to deposit collagen in marrow

• increasing fibrosis causes early release of hematopoietic precursors leading to:
leukoerythroblastic blood film (see below)
migration of precursors to other sites: extramedullary hematopoiesis (leading to
hepatosplenomegaly)

Clinical Features
• anemia (severe fatigue is most common presenting complaint, pallor on exam in >60%)
• weight loss, fever, night sweats -> secondary to hypermetabolic state
• splenomegaly (90%) > secondary to extramedullary hematopoiesis; may cause early satiety and severe

left upper quadrant pain.
• hepatomegaly (70%) -> may develop portal hypertension
• bone and joint pain > secondary to osteosclerosis, gout
• signs of extramedullary hematopoiesis (depends on organ involved)

Investigations
• CBC: anemia, variable platelets, variable WBC
• biochemistry: increased ALP (liver involvement, bone disease), increased LDH (2° to ineffective

hematopoiesis), increased uric acid (increased cell turnover), increased Bit (2° to increased neutrophil
mass)

• blood film: leukoerythroblastosis with teardrop RBCs, nucleated RBCs, variable polychromasia, large
platelets, and megakaryocyte fragments

• molecular test: )AK2 (70%) and CALR(25%) mutations
• BM aspirate: “dry tap" in as many as 50% of patients (no marrow spicules aspirated )
• BM biopsy (essential for diagnosis): fibrosis, atypical megakaryocytic hyperplasia, thickening and

distortion of the bony trabeculae (osteosclerosis)

Myelofibrosis can be either primary
(idiopathic) or occur as a transformation
of an antecedent PV or ET

A "leukoerythroblastic" blood film (RBC
and granulocyte precursors) implies
BM infiltration with malignancy (eg.
leukemias, solid tumour metastases) or
fibrosis (e.g. IMF)

IMF typically has a dry BM aspirate
and teardrop RBCs(aspiration gives no
blood cells)
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Treatment
• allogeneic stem cell transplant is potentially curative
• )AK2 inhibitors ( ruxolitinib, fcdratinib, or hydroxyurea)
• symptomatic treatment

• transfusion for anemia
• EPO: 30-50% of patients respond

androgens for anemia (e.g.danazol has shown transient response with response rates of <30%)
hydroxyurea for splenomegaly, thrombocytosis, leukocytosis, and systemic symptoms

interferon-a (as second line therapy)
splenectomy (as third line therapy;associated with high mortality and morbidity)

• radiation therapy for symptomatic extramedullary hematopoiesis, and symptomatic
splenomegaly

« Double 8lind. Placebo Controlled Trial of
Ruxolilinib for Myelofibrosis
NE JM 2012:356:799-807
Study: Oouble-bliodedRCI of 309 patients wits
myelofibrosis raodomued to ruiolitinib or placebo.
Outcome:Primary outcome was reduction in spleen
volume of »35% at 24*rt Secondary outcomes were
durability of response,symptom burden, and overall
survival.
Results: l greater proportion of patients an
ruiolitinib bad reduction in spleen volume >35%
(41.9% vs.0.7%|and Ibis was sustained in tJ%
at 41 wk. tusobtimb also led to greater symptom
improve ment (45% vs.5.3%) and less mortality (13 vs.
24).There was no difference in rateof discontinuation
doe toadverse events(11.0% vs.10.6%) but anemia
and thrombocytopenia were more common with
ri.nr till b
Conclusions: luiolihiubreducedspleen sue,and
Improved symptoms and survival, compared with
placebo.

Prognosis
• Dynamic International Prognostic Scoring System (D1PSS) Plus for IMF uses 5 risk factors along with

karyotype, platelet count, and transfusion status to predict survival
presence of constitutional symptoms; age >65; Hb <100 g/L; leukocyte count >25000/mm 3,
circulating blast cells 21%

• based on the calculated score, a patient's IMF is categorized as “low", “intermediate I ",
“intermediate 2", or "high" with a mean survival of 185, 78, 35, and 16 mo, respectively
eligible patients with intermediate 2 or high risk DIPSS are considered for allogeneic stem cell
transplant

risk of transformation to AML (8-10%)

Essential Thrombocythemia
Definition
• overproduction of platelets in the absence of recognizable stimulus
• must rule out secondary thrombocythemia

Epidemiology
• increases with age; F:M=2:1, but F=M at older age

Diagnosis (2008 WHO Criteria Revised in 2016) requires meeting all four criteria
1. sustained platelet count >450 x 10’/L
2. BM biopsy specimen showing proliferation mainly of the megakaryocytic lineage with increased

number of enlarged, mature megakaryocytes; no significant increase or left shift of neutrophil
granulopoiesis or erythropoiesis

3. not meeting WHO criteria for PV, primary myelofibrosis, BCR-ABL CML, or MDS or other myeloid
neoplasms

4. most patients have a mutation in|AK 2 V617F, CALR, or MPL. A minority (~ I0%) have a mutation in
some other gene, which causes proliferation (hence “clonal marker")

Etiology of Secondary
Thrombocythemia
Infection
Inflammation (1BQ arthritis)
Malignancy
Hemorrhage
Iron deficiency
Hemolytic anemia
Post-splenectomy
Post-chemotherapy
Drugs (vinca alkaloids)

Clinical Features
• often asymptomatic
• vasomotor symptoms (40%)

• headache (common), dizziness, syncope
• crythromelalgia ( burning pain of hands and feet , dusky colour, usually worse with heat, caused

hy platelet activation -> microvascular thrombosis)
• thrombosis (arterial and venous)
• bleeding (often GI; associated with platelets >1000 x 107L)
• constitutional symptoms, splenomegaly
• pregnancy complications; increased risk of sp
• risk of transformation to AML (0.6-5%), myelofibrosis

ontaneous abortion

Investigations
• CBC: increased platelets:may have abnormal platelet aggregation studies or V WD studies
•|AK2 (and other) mutational assays
• BM hypercellularity, megakaryocytic hyperplasia, giant megakaryocytes
• increased K +, increased P043-(2° to release of platelet cytoplasmic contents)

diagnosis:exclude other myeloproliferative disorders and reactive thrombocytosis

Treatment
• low dose ASA
• cytoreductive therapy if thrombosis or thrombotic symptoms: hydroxyurea (HU) ( lst-line therapy),

anagrelide, interferon-a, or 32P (age >80 or lifespan <10 yr)

There Is an asymptomatic “benign" form
of essential thrombocythemia with a
stable or slowly rising platelet count:
treatment includes observation, ASA.
sulfinpyrazone,or dipyridamole
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Lymphoid Malignancies

Acute Lymphoblastic Leukemia 75%of ALL occurs in children <6yn
second peak at age 40

Definition
• malignant disease of the BM in which early lymphoid precursors proliferate and replace normal

hematopoietic cells
• WHO subdivides ALL into two types depending on cell of origin

I. B-cell: precursor B lymphoblastic leukemia
2. T-cell: precursor T lymphoblastic leukemia

• the l-'rench-American-British (LAB) classification (LI, L2, L3) is no longer encouraged, as morphology
is not prognostic

Clinical Features
• see Acute Myeloid Leukemia, H39 for full list of symptoms
• distinguish ALL from AML based on Table 32
• clinical symptoms usually secondary to:

• BM failure: anemia, neutropenia (50% present with fever; also infections of oropharynx, lungs,
perianal region ), and thrombocytopenia
organ infiltration: tender bones, lymphadenopathy. hepatosplenomegaly, meningeal signs
(headache, N/ V, visual symptoms; especially in ALL relapse)

Investigations
• >20% BM or peripheral blood lymphoblasts, with samples collected for flow cytometry,q'togenetics,

and molecular studies
• Ph chromosome in ~25% of adult ALL cases
• CBC:increased leukocytes >100 x 109/L (occurs in 50% of patients); neutropenia, anemia, or

thrombocytopenia
• screen for TLS: increased uric acid, K ', POTJ-, low Ca1, , high LDH
• screen for DIC: FT, aPTT,fibrinogen
• CXR: patients with ALL may have a mediastinal mass
• CT C/A/P and testicular ultrasound to screen for extranodal disease
• mandatory lumbar puncture to assess for CNS involvement (ensure adequate platelet count and PT7

FIT and delay until blasts have cleared from peripheral blood) at the time treatment is initiated
• HIV, HBV, HCV serologies,CMV Ab testing

Treatment
• eliminate abnormal clonal cells

1. induction chemotherapy: to induce complete remission, <5% blasts (restore normal hematopoiesis)
2. consolidation and/or intensification of chemotherapy

consolidation: continuing same chemotherapy to eliminate subdtnlcal leukemic cells
intensification: high doses of different (non-cross-reactive) chemotherapy drugs to eliminate
cells with resistance to primary treatment

3. maintenance chemotherapy: low dose intermittent chemotherapy over prolonged period (1 yr) to
prevent relapse

4. prophylaxis:CNS radiation therapy or methotrexate (intrathecal or systemic)
• hematopoietic stem cell transplantation (for certain indications):potentially curative (due to pre-

transplant myeloablative chemoradiation and post-transplant graft-versus-leukemia effect) but relapse
rates and non-relapse mortality high

if BCK-ABL positive, tyrosine kinase inhibitors started up front and given continuously
• in relapse setting, CAR T-cell therapy, inotuzumab,or blinatumomab

Prognosis
• depends on response to initial induction, minimal residual disease testing or if remission is achieved

following relapse
• good prognostic factors: young, WBC <30 x 109/L,T-cell phenotype, absence of Ph chromosome, early

attainment of complete remission
• achievement of first remission:60-90%
• childhood ALL:75% long-term remission (>5 yr)

higher cure rates in children because of better chemotherapy tolerance, lower prevalence of BCR-
ABL fusion gene (associated with chemotherapeutic resistance)

• adult ALL: 30-40% 5 yr survival

m
Treatment ot ALL vs. AML
No proven benefit of maintenance
chemotherapy in AML
No routine CNS prophylaxis In AML

Table 32. Differentiating AML From ALL

<*>
AML ALL
Big people (adults)
Big blasts
Big mortality rate
Lots of cytoplasm
Lots of nucleoli(3-5)
Lots of granules and Auer rods
Myeloperoxidase.Sudan black stain
Maturation delect beyond myeloblast or promyelocyte

Small people (kids)
Small blasts
Small mortality rate (kids)
Less cytoplasm
Few nucleoli (1-3)
No granules andno Auer rods
PAS (periodic acid-Schlff)
Maturation defect beyond lymphoblast

To Differentiate AML from ALL
Remember Big and SmALL
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Lymphomas
Definition
• collection of lymphoid malignancies in which malignant lymphocytes accumulate in lymph nodes

and lymphoid tissues
• leading to Ivmphadenopathy, extranodal disease, and constitutional symptoms

Table 33. Ann Arbor System for Staging Lymphomas

American Society of Hematology
Choosing Wisely Recommendation
Limit surveillance CT scans in
asymptomatic patients after curative-
intent treatment for aggressive
lymphoma

Stage Description

I Involvement of a single lymph node region or extralymphatic oigan/site (Stage IE)

Involvement ol:2 lymph node regions or an extralymphatic site and lymph node regions on same side of diaphragm

Involvement of lymph node regions on both sides of the diaphragm;may or may not be accompanied by single extra lymphatic site
or splenic involvement

Diffuse involvement of one or more extralymphatic organs including BM

II

III

IV

• subtypes
A = absence of B-symptoms ( tec Approach to Lymphaclcnopathy, H 12 )
B = presence of B-symptoms

Table 34. Chromosome Translocations
• Ann Arbor staging can be used for

both Hodgkin and non-Hodgkin
lymphoma,but gradefhistology is
more important for non-Hodgkin
lymphoma because the outcome
differs significantly depending on
type of lymphoma

• Prognostic scores are different for
indolent vs.aggressive lymphomas

• Highly aggressive lymphomas act like
acute leukemias

Translocation Gene Activation Associated Neoplasm

«(2:5) ALK1 mutation Anaplastic large cell lymphoma

Burkitt's lymphoma

Follicular lymphoma

Mantle cell lymphoma

Mucosa-associated lymphoid tissue (MAlt)

t(8;14)

t(14;18)

c-Myc activation

Bcl-2 activation

Overexpression of cyclin D1protein
MAlfl activation

1(11:14)

«(11:18)

Hodgkin Lymphoma
Definition
• malignant proliferation of lymphoid cells with Reed-Sternberg cells

Epidemiology
• bimodal distribution with peaks at 20 yr and >50 yr
• association with Lpstein - Barr virus in up to 50% of cases and causal role not determined

Clinical Features
• asymptomatic Ivmphadenopathy (70%)

non-tender, rubbery consistency
cervical/supraclavicular (60-80%), axillary (10-20%), inguinal (6-12%)

• splenomegaly (50%) ± hepatomegaly
• mediastinal mass

• found on routine CX R, may be symptomatic (cough)
rarely may present with superior vena cava syndrome and pleural effusion

• systemic symptoms
B-symptoms (>1 of: unintentional weight loss >10% of body weight within previous 6 mo,
temperature >38°C,or night sweats for 2 wk without evidence of infection ), extreme fatigue
especially in widespread disease, and pruritus

• non-specific/paraneoplastic
• starts at a single site in lymphatic system ( node) and spreads first to adjacent nodes

disease progresses in contiguity with lymphatic system

Hodgkin Is distinguished from non-
Hodgkin lymphoma by the presence of
Reed-Sternberg cells

Hodgkin lymphoma classically presents
as a painless,non-tender, firm,rubbery
enlargement of superficial lymph nodes,
most often in the cervical region

Investigations
• CBC

anemia (chronic disease, rarely hemolytic), eosinophilia, lymphopenia, platelets normal or
increased early disease, and decreased in advanced disease

• biochemistry
• HIV, HBV.HCV serologies

liver enzymes and/or LI is (liver involvement)
renal function tests (prior to initiating chemotherapy)

• ALP, Ca 2*(bone involvement)
ESR (prognosis), LLtH (staging, monitor disease progression)
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•imaging
CT chest (lymph nodes, mediastinal mass), CT abdomen/pelvis (liver or spleen involvement), and
PET scan

• cardiac function assessment (MUGA scan or echocardiography): for patients at high-risk of pre-
treatment cardiac disease (age >60, history of HTN, CHE, PUD, CAD, Ml, CVA), treatment can be
cardiotoxic
PETs: if history of lung disease (COPD, smoking, and previous radiation to lung)

•excisional lymph node or core biopsy confirms diagnosis
•BM biopsy to assess marrow infiltration (only necessary if B-symptoms, PET' positive marrow on

imaging, nr cytopenia)

Treatment
•stage 1-11: chemotherapy (ABVD (adriamycin, bleomycin, vinblastine, dacarbazine)) followed by

involved field or involved site radiotherapy (XRT)
•stage 111-1V:chemotherapy (ABVD or BEACOPP (bleomycin, etoposide, adriamycin,

cyclophosphamide, vincristine, procarbazine, and prednisone)) ± XRT for bulky disease
•relapse, resistant to therapy: high dose chemotherapy and autologous stem cell transplant, anti-CD30

Ab therapy
• PE T scan results essential in assessing disease response

Complications of Treatment
•cardiac disease:secondary to XRT, adriamycin cardiomyopathy (1% of patients)
•pulmonary disease:secondary to bleomycin (interstitial pneumonitis)
•infertility: <3% with ABVD (important to discuss sperm banking/egg retrieval prior to initiation of

chemotherapy)
•secondary malignancy in irradiated field

• <2% risk of MDS, AML (secondary to treatment, usually within 8 yr)
solid tumours of lung or breast (>8yr after treatment)

• non-Hodgkin lymphoma
•hypothyroidism: post XRT

Prognosis
•Hasendever adverse prognostic factors:

1. serum albumin <40 g/L
2. Hb <105 g/L
3.male
4. stage IV disease
5. age S45 yr
6. leukocytosis ( VVBC >15 x I0’/L)
7. lymphocytopenia (lymphocytes <0.06 x I0*/L or <8% of WBC count or both )

•each additional adverse prognostic factor decreases freedom from progression at 5 yr (EEP)

Treatment of HL depends on stage:
treatment of NHL depends on histologic
subtype

International Prognostic Factors
Project 1998
Prognostic Factors FFP

84%
77%1

2 67%
3 60%

51%4
5-7 42%
FFP-freedom from progression at 5 yr

Non-Hodgkin Lymphoma
Definition
• malignant proliferation of lymphoid cells of progenitor or mature B- or T-cells

Classification
• can originate from both B- (85%) and T- or NK- (15%) cells

• B-cell NHL:e.g. diffuse large B-cell lymphoma, follicular lymphoma, Burkitt’s lymphoma, and
mantle cell lymphoma
WHO/REAL classification system:3 categories of NHLs based on natural history
1. indolent (35-40% of NHL):e.g. follicular lymphoma, small lymphocytic lymphoma/CLL, and

mantle cell lymphoma
2. aggressive (-50% of NHL): e.g. diffuse large B-cell lymphoma
3. highly aggressive (-5% of NHL):e.g.Burkitt s lymphoma
'1-cell NHL:e.g. mycosis fungoides (indolent TCL of the skin), peripheral T-cell lymphoma-not
otherwise specified (PTCL-NOS), and anaplastic large cell lymphoma

Clinical Features
• painless superficial lymphadenopathy, usually >1 lymph node region, rapid growth in aggressive

lymphomas
• can have localized or widespread adenopathy (more common in indolent NHL)
• constitutional symptoms are less common in Hodgkin lymphoma
• cytopenia: anemia ± neutropenia ± thrombocytopenia can occur when BM is involved
• abdominal signs ± hepatosplenomegaly, retroperitoneal, and mesenteric involvement
• oropharyngeal involvement in 5-10% with sore throat and obstructive apnea
• extranodal involvement: most commonly Gl tract, testes, bone, and kidney
• CNS involvement in 1% (often with HIV, testicular DLBCL or >2 extranodal sites)

r i
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Investigations. C;BC;
normocytic normochromic anemia
autoimmune hemolytic anemia rare (more common in CLL)
advanced disease: thrombocytopenia, neutropenia, and leukoerythroblastic blood him

• peripheral blood film may show lymphoma cells
• flow cytometry of peripheral blood only if lymphocytosis is present. biochemistries, HIV, HBV, HCV serologies

• increase in uric acid
abnormal Ll'Ts in liver metastascs
increased LDH (rapidly progressing disease and poor prognostic factor)

• SPEP and immunoglobulin quantitation (screen for high IgM monoclonal protein and hyperviscosity
in indolent lymphomas, specifically lymphoplasmacytic lymphoma)

• staging: CT neck, chest, abdomen, pelvis, and BM biopsy
• PET imaging pre- and post-therapy to ensure post treatment remission
• diagnosed by:

lymph node biopsy:excisional biopsy is preferred, core biopsy (ENA is unreliable)
BM biopsy: sub-optimal mode of diagnosis as BM is involved in only 30% of high-grade
lymphomas

Treatment
indolent NHL, localized disease (e.g. stage 1or II)

radiotherapy to primary site and adjacent nodal areas
splenectomy: splenic marginal zone lymphoma

• goal of treatment in stage 111 or IV indolent NHL is symptom management
watchful waiting

• radiation therapy for localized symptomatic disease
• bendamustine plus rituximab, an anti-CD20 Ab, is superior to CHOP and rituximab (CHOP-R)

for advanced stage disease
• obinutuzumab ( novel anti-CD20 Ab) is superior to rituximab for advanced stage follicular

lymphoma (GALLIUM Trial)
• aggressive lymphoma:goal of treatment is curative

combination chemotherapy:CHOP is mainstay, plus rituximab if B-cell lymphoma
• radiation for localized / bulky disease

CNS prophylaxis with high-dose methotrexate if certain sites involved (e.g. testes)
relapse, resistant to therapy: high dose chemotherapy, autologous SCT,CAR T-cell therapy in
second relapse

• highly aggressive lymphoma
• Burkin lymphoma: short bursts of intensive chemotherapy:"CODOX-M” chemotherapy regimen

also often used ± IVAC with rituximab
CNS prophylaxis and (TLS) prophylaxis

Complications
• hypersplenism
• infection
• autoimmune hemolytic anemia and thrombocytopenia
• vascular obstruction (from enlarged nodes)
• bowel perforation
• (TLS particularly in very aggressive lymphoma):sec Tumour Lysis Syndrome, H 54

Prognosis
• follicular lymphoma: Follicular Lymphoma International Prognostic Index is used: age >60; >4 nodal

areas; >6 cm nodal areas; elevated LDH; Lugano stage 11I-1V; Hb <120 g/ L; high p-2 microglobulin;
BM involvement

based on calculated risk, mean 5 yr survival ranges from 53-91%
rarely curative, typically relapsing and remitting course with risk of transformation to aggressive
lymphoma such as diffuse large B-cell lymphoma

• diffuse large B-cell lymphoma: 'Ihe International Prognostic Factor Index is used (5 adverse prognostic
factors):age >60; Ann Arbor stage (Ill-IV ); performance status (ECOG/Zubrod 2-4); elevated LDH; >1
extranodal site

based on calculated risk, mean 5 yr survival ranges from 26-73%-40% rate of cure

NHL:Associated Conditions
Immunodeficiency (e.g.HIV)
Autoimmune diseases (e.g.SLE)
Infections (e.g. EBV)

Common Chemotherapeutic Regimens
R-CHOP:cyclophosphamide,
hydroxydoxotubicin (Adriamycin!),
vincristine (Oncovin 1), prednisone
ABVO:adriamycin, bleomycin,
vinblastine, dacarbazine
BEACOPP: bleomycin, etoposide,
adriamycin.cyclophosphamide,
vincristine, procarbazine, and
prednisone
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Table 35. Characteristics of Select Non-Hodgkin Lymphomas
Follicular Lymphoma DLBCL Burkitt Lymphoma Mantle Cell Lymphoma

Percentageof NHLs 22-30% 33% <1% adult NHLs
30% childhood NHLs
c-Myc activation

6%

Genetic Mutation Bd -2 activation Bd -2, Bd - G, Myc
rearrangements
Aggressive|highgrade|
Previous CLl (Richter 's
translormation: 5% CIL
patients progress to
DL8CL)

Overeipressionofcydin
01 (Bd-1activation )

Indolent
Male|M:F-4:1)

Classification
Risk Factors

Very aggressive
1. Endemic: African

origin. EBV associated
2. Sporadic:no EBV
3. HIV- related: AIDS

defining illness
Widespread painless LAD* Rapidly progressive LAD Endemic form: massive

and extranodal infiltration jaw LAD
Frequent transformationto 50% present at stage I/ ll. "Starry-sky" histology
aggressive lymphoma
Very responsive to
chemoradiation treatment

Indolent
Middle-age -elderly

Clinical Features Often presents as stage IV with
palpable LAD
Involvement of Gl tract

50% widely disseminated High-risk of tumour lysis (lymphomatosis polyposis),
syndrome upon treatment Waldeyer's Ring

5 yr survival 25%
B symptoms present in 14 of
patients

t BM involvement

Malignant Clonal Proliferations of Mature
B-Cells

Table 36. Characteristics of B-Cell Malignant Proliferation
CLL Lymphoplasmacytic Lymphoma Myeloma

Rouleaux formation on peripheral
blood smear, if not artifact,denotes
hyperglobulinemia (but not necessarily
monoctonality)

Cell Type

Protein
lymph Nodes
Hcpatosplcnomegaly

Bone Lesions
Hypercalcemia

Plasmacyloid Plasma cellLymphocyte

IqM if present
Very common
Common

IgG. A. light chain (rarefy M. D.or E )I q M

Common
Common

Rare
Rare
Common
Common

Rare Rare
Rare Rare

Rare Rare CommonRenal Failure
Immunoglobulin Complications Common Rare Rare

Chronic Lymphocytic Leukemia
Definition
• indolent disease characterized by clonal malignancy of mature B -cells

Epidemiology
• most common leukemia in Western world
• mainly older patients; median age 70 yr

M>F

Pathophysiology
accumulation of neoplastic lymphocytes in blood, BM, lymph nodes, and spleen

Clinical Features
25% asymptomatic ( incidental finding)
5- 10% present with B -symptoms (SI of: unintentional weight loss > 10% of body weight within
previous 6 mo, temperature >38°C, or night sweats for >2 wk without evidence of infection), extreme
fatigue
lymphadenopathy (50-90%), splenomegaly (25-55%), hepatomegaly (15-25%)
immune dysregulation: autoimmune hemolytic anemia (DAT positive), I I P, hypogammaglobulinemia
± neutropenia
BM failure: late, secondary to marrow involvement by CLL cells r “i

L J

nvestigations
CBC: clonal population of B lymphocytes >5 x lO'Vl.
peripheral blood film

• lymphocytes are small and mature
• smudge cells

flow cytometry characteristics of peripheral blood
CD5, CD20dim, CD23, light chain restriction

cytogenetics: FISH (dictates response to therapy and prognosis) imaging must be done post-therapy to
ensure post treatment remission

+
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•B\1 aspirate
infiltration of marrow by lymphocytes in 4 patterns: nodular (10%), interstitial (30%), diffuse
(35%, worse prognosis), or mixed (25%)

Natural History and Treatment
•natural history: indolent and incurable; most cases show slow progression
•small minority present with aggressive disease; usually associated with chromosomal abnormalities

(e.g. p53 deletion)
•first line therapy is dictated by cytogenetic status and patient co-morbidities

observation if early, stable, asymptomatic
treatment options vary by region;commonly fludarabine + cyclophosphamide + rituximab
(l-'CR) in fit patients age <65, with normal creatinine clearance and lack of 17p deletion/p53
disease

» chlorambucil (or venetoclax t obinutuzumab in the elderly)
ibrutinib or acalabrutinib in patients with unmutated IgVH and/or 17p deletion/p53
positivity

autoim mune phenomena:corticosteroids, rituximab
radiotherapy for isolated bulky nodes

•molecular therapies
idelalisib- PJ3K inhibitor
ibrutinib, acalabrutinib - BTK (Bruton’s tyrosine kinase) inhibitor

• venetoclax - Bcl-2 inhibitor

Smudge cells are artifacts of damaged
lymphocytes from slide preparation

Prognosis
•9 yr median survival, but varies greatly
•prognosis: Kai staging, Binet staging or Revised CLL International Prognostic Index (includes age >65,

Rai/ Binet stage, B2M, KiHV mutation status, I 7p del or TP53 mutation positivity)

Complications
•BM failure
•immune complications: AIHA,1TP, immune deficiency (hypogammaglobulinemia, and impaired

T-cell function)
•polyclonal or monoclonal gammopathy (often IgM )
•hyperuricemia with treatment
•5% undergo Richter’s transformation: aggressive transformation to diffuse large B-cell lymphoma (see

Table 35, H50 )

gMultiple Myeloma
Definition
• neoplastic clonal proliferation of plasma cells producing a monoclonal immunoglobulin resulting in

end organ dysfunction
• usually a single clone of plasma cells, although biclonal myeloma also occurs; rarely non-secretory
• preceded by smoldering myeloma or MGUS

Epidemiology
• incidence 3 in 100000, most common plasma cell malignancy
• increased frequency with age; median age of diagnosis is 68 yr; M>1;

Pathophysiology
• malignant plasma cells secrete monoclonal Ab

95% produce M protein (monoclonal lg = identical heavy chain + identical light chain, or light
chains only)

IgG 50%, IgA 20%, IgU 2%, IgM 0.5%
15-20% produce free light chains or light chains alone found in either:
- serum has an increase in the quantity of either kappa or lambda light chain (with an

abnormal kappadambda ratio)
- urine has Bence-Jones protein

<5% are non-secretors

Clinical Features and Complications
• bone disease: pain (usually back), bony tenderness, pathologic fractures

• lytic lesions are classical (skull, spine, proximal long bones, ribs)
• increased bone resorption secondary to osteoclast activating factors such as P'l'HrP

• anemia: weakness, fatigue, pallor
secondary’ to BM suppression

• weight loss
• infections

usually S. pneumoniae and Gram-negatives
secondary to suppression of normal plasma cell function

• hypercalcemia: N/V, confusion, constipation, polyuria, and polydipsia
secondary to increased bone turnover

<§>
Multiple Myeloma

SUM CRAB
Sixty percent plasma cells In BM
specimen
Light chain ratio >100
MRI lytic lesion >0.5cm
Calcium >2.80 mmol/L
Renal failure (Cr >176 mmol/L)
Anemia
Bony lesions (lytic lesions or
osteoporosis felt to be caused by
myeloma)

Amyloid. The general term for a variety of
proteinaceous materials that have a
similar structural organization and
are abnormally deposited in tissues

> Found in a variety of clinical
disorders and can cause systemic
(e.g. MM (light chains)) or localized
amyloidosis (e.g. Alzheimer disease
(AB amyloid))

LJ
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•renal disease/renal failure
most frequently causes cast nephropathy (see Nephrology.NP35)

•bleeding
secondary to thrombocytopenia, may see petcchiac, purpura
can also be caused by acquired VWD

•extramedullary plasmacytoma
soft tissue mass composed of monoclonal plasma cells, purplish colour

•hyperviscosity: may manifest as headaches, stroke, angina, and Ml
rare in MM as secondary to increased viscosity caused by lgM protein (more common in WM/
LPL)

•amyloidosis
accumulation of insoluble fibrillar protein (lg light chain) in tissues; can cause infiltration of any
organ system:cardiac infiltration - diastolic dysfunction, cardiac arrhythmias, syncope, sudden
death; G1 involvement - malabsorption, beefy large or laterally scalloped tongue; neurologic
involvement- orthostatic hypotension, carpal tunnel syndrome
may cause factor X deficiency if fibrils bind factor X -> bleeding (raccoon eyes)

•neurologic disease: muscle weakness, pain, and paresthesias
• radiculopathy caused by vertebral fracture and extramedullary plasmacytoma
• spinal cord compression (10-20% of patients) is a medical emergency

Investigations
•CBC Routine urinalysis will not detect light

chains as dipstick detects albumin.Need
sulfosalicytic acid or 24 h urine protein
(or immunofixation or electrophoresis

normocytic anemia, thrombocytopenia,and leukopenia
rouleaux formation on peripheral film

•biochemistry
increased Ca- 1, increased tSR, decreased anion gap, increased Cr, albumin, [12-microglnbulin,
and LDH (as part of staging), and proteinuria (24 h urine collection)

•monoclonal proteins
SPEP:demonstrates monoclonal protein spike in serum in 80% (i.e.M protein)
UPEP:demonstrates light chains in urine = Bence-Jones protein (15% secrete only light chains)
immunofixation:demonstrates M protein and identifies lg type; also identifies light chains
serum free light chain quantification:kappa and lambda light chains, calculated ratio

•BM aspirate and biopsy
» often focal abnormality, greater than 10% plasma cells, abnormal morphology, clonal plasma

cells; send for fluorescence in situ hybridization (F1SH) or cytogenetics (prognostic implications)
•skeletal series (x-rays), MR1 if symptoms of cord compression, PET imaging to pick up lytic lesions in

asymptomatic MM
presence of lytic lesions and areas at risk of pathologic fracture
bone scans are not useful since they detect osteoblast activity

•elevated p2-microglobulin and LDH, and low albumin, are poor prognosticators
HBV surface and core Abs, and HBV surface antigen

Light Chain Disease
• 15% of MM produce only light chains
• Renal failure is a major problem
• Kappa > lambda light chain has

better prognosis

Serum Free Light Chain Ratiois an Independent
Risk Factor for Progression in MGUS
Hoad 2005:106:812-817
Purpose fodetermine whether the presence ol
monoclonal free kappa or lambda immunoglobulin
light chains« MGUS incieases the ink of progression
to malignancy.
Methods:Retrospective study with median folow up
of 15 yr.6aset re serum samples obtained from1383
MGUS patientsseen at the Mayo dime between 1960-
1884.1148 baselhe samples were obtained within
38 defd igoss i
Results: Malignant piogiession had occjned m 8?
(7.6%) patients. In 379 (33%) patients, an abnormal
serum life l gM chain|FIC) ratio was delected.
There was a sign rficantly highernsJcof progression
in patients with an abnormal FLC ratio relative to
patients with a normal ratio (hazard ratio.3.5:96%
Cl 2.3-5.S; P'0.001).This finding was independent
of the size and typeof the sera m nonodonal (M)
proton. In high- risk MGUS pa bents (abnormal seium
FIC ratio, non IgGMGUS. high seium M protein level
|>1.5 gm/dlD. the risk of piogiession at 20 yr was 58%
compared to 37% in high-intermediate-risk MGUS
(two irsk factors).21% low- intermediate risk (with
one risk factor)and 5% low- risk (no risk factors).
Condusinos:The presence ol an abnormal FLC ratio
is a clinically aod statistically significant predictor ol
progression n MGUS.Ibe low-risk subset of patents
with MGUS accoimts lor 40% of Ml MGUS patients and
hart a small lifetime risk ol progression, thus less
fotlow- up can be justified.

Diagnosis
•International Myeloma Working Group Criteria (“SLiM CRAB”):

• >60% clonal plasma cells on BM examination
light chain ratio (free, involved/uninvolved) of SlOO in the blood (involved must be at least 100
mg/L)

• MRI with more than one hone lesion (£5 mm )
CRAB - presence of end-organ damage related to plasma cell dyscrasia, such as:

increased serum Ca -1 '
renal failure
anemia
lytic bone lesions

Treatment
•non-curative
•treatment goals

improvement in quality of life (improve anemia, reverse renal failure, prevent fractures)
prevention of progression and complications
increase overall survival

•autologous transplant if £70 yr
usually preceded by 4-6 mo of cytoreductive therapy: steroid based with novel agents (i.e. IMIDs
or Pis)

•transplant ineligible if >70 yr or comorbidities
pending on patient comorbidities can include a combination of: melphalan, prednisone,
cyclophosphamide, PI (i.e. bortezomib), IMIDs (revlimid),anti-CD38 agents (e.g. daratumumab)

•supportive management
bisphosphonates for those with osteopenia or lytic bone lesions (requires renal dosing)
local XRT for bone pain, spinal cord compression
kyphoplasty for vertebral fractures to improve pain relief and regain height
treat complications: hydration for hypercalcemia and renal failure, bisphosphonates for severe
hypercalcemia, prophylactic antibiotics, EPO for anemia, and DVT prophylaxis

•all patients will relapse; choice of retreatment regimen depends on duration of remission, organ
involvement, patient’s comorbidities, and preferences

LJ

+

Activate Windows
Go to Settings to activate Windows.



H53Hematology Toronto Notes 2023

Prognosis
• International Staging System (ISS) ( f>2-microglobulin and albumin) used to stage and estimate

prognosis
• revised ISS for risk stratification:combination of original ISS, cytogenetic profile (i.e. p53 mutation

associated with poor survival and resistance to chemotherapy), and LDH
• median survival based on stage, usually 5-10 yr

Monoclonal Gammopathy of Unknown Significance
Definition
• presence of M protein in serum in absence of any clinical or laboratory evidence of a plasma cell

dyscrasia or lymphoproliferative disorders
incidence: 0.15% in general population, 5% of people >70 yr
asymptomatic

Diagnosis
• presence of a serum monoclonal protein (M protein) at a concentration <30 g/L
• <10% plasma cells in BM
• absence of SUM CRAB
• 03-1% of patients develop a hematologic malignancy each yr

» patients with M protein peak 15 g/L, abnormal free light chain ratio, or patients with IgA or IgM
MGUS are at higher risk of malignant transformation
patients with abnormal serum free light chains ratio are at increased risk of malignant
transformation

• monitor with history q6-12 mo, physical, CBC, Cr, calcium,albumin, LDH, and SPEP (considered
pre-malignant)

Lymphoplasmacytic Lymphoma
Definition
• LPL/VValdenstrom s macroglobulinemia
• proliferation oflymphoplasmacytoid cells

presence of monoclonal IgM paraprotein

Clinical Features
• chronic disorder of elderly patients; median age 64 yr
• symptoms:weakness, fatigue, bleeding (oronasal), weight loss, recurrent infections,dyspnea, CHE

(triad of anemia, hyperviscosity, plasma volume expansion), neurological symptoms, peripheral
neuropathy, and cerebral dysfunction

• signs: pallor, splenomegaly, hepatomegaly, lymphadenopathy, and retinal lesions
• key complication to avoid: hyperviscosity syndrome

• because IgM (unlike IgG) are large and confined mainly to intravascular space

Investigations and Diagnosis
• BM shows plasmacytoid lymphocytes
• bone lesions usually not present
• blood work rarely shows hypercalcemia
• cold hemagglutinin disease possible: Raynaud’s phenomenon, hemolytic anemia precipitated by cold

weather
• normocytic anemia, rouleaux, and high ESR if hyperviscosity not present
• HBV, HCV serologies (note:can be associated with HCV; HCV eradication can put LPL into remission)

Treatment
• chemotherapy + rituximab (most commonly bendamustine + rituximab)
• if HCV positive- treat HCV prior to a trial of chemotherapy
• corticosteroids
• plasmapheresis for hyperviscosity:acute reduction in serum IgM

Waldenstrom's macroglobulinemia
accounts for 8S% of all cases of
hyperviscosity syndrome

Complications of Hematologic Malignancies

Hyperviscosity Syndrome
Definition
• refers to clinical sequelae of increased blood viscosity (when relative serum viscosity >5-6 units),

resulting from increased circulating serum Igs or from increased cellular blood components in
hyperproliferative disorders (e.g.multiple myeloma, leukemia, PV )

• Waldenstrom’s macroglobulinemia accounts for 85% of cases
+
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Clinical Features
• hypervolemia causing:CH!:, headache, lethargy, dilutional anemia
• CNS symptoms due to decreased cerebral blood flow: headache, vertigo, ataxia, and stroke
• retina shows venous engorgement and hemorrhages
• bleeding diathesis

due to impaired platelet function,absorption of soluble coagulation factors (e.g.nasal bleeding,
oozing gums)

• ESR usually very low

Treatment
• plasmapheresis,chemotherapy

Tumour Lysis Syndrome
Definition
• group of metabolic complications that result from spontaneous or treatment-related breakdown of

cancer cells
• more common in diseases with large tumour burden and high proliferative rate (high grade

lymphoma, acute leukemia)

Clinical Features
• metabolic abnormalities

cells lyse, releasing K •.uric acid, FO+s-flncreased levels)
PO-i ‘ binds Ca -(decreased Ca -’)

• complications
lethal cardiac arrhythmia (increased K •)
acute kidney injury (formerly known as renal failure) see Nephrology, NP20

Treatment
• prevention

aggressive IV hydration
alkalinization not recommended due to risk of calcium phosphate or xanthine precipitation in
renal tubules
allopurinol (prevents uric acid accumulation) or rasburicase (lowers existing uricacid)
correction of pre-existing metabolic abnormalities

• dialysis

Blood Products and Transfusions

Blood Products
•RBCs, platelets, and coagulation factors (FP, cryoprecipitate, factor concentrates) are available for

transfusion
•donated blood (I U = 450-500 mL) is fractionated into these various components

centrifugation separates whole blood into RBCs and plasma
plasma is further fractionated

need to pool multiple units of platelets and WBCs to obtain therapeutic amounts
FP (previously known as FFP) is plasma frozen within 24 h of collection
cryoprecipitate is the high MW precipitate generated when FP is thawed at low temperatures

single donor platelets and plasma can also be obtained by apheresis donations

Specialized Products
•irradiated blood products

prevent proliferation of donorT-cells in recipients at risk of GVHD
used for patients with severe T-cell immunodeficiency, on purine analogue chemotherapy, with
Hodgkin lymphoma,candidates for BM transplant,or receiving directed transfusions from first-
degree relatives, HLA-matched products,or intrauterine transfusions

•CMV-negative blood products
seronegative pregnant women
intrauterine transfusions

Blood Groups
Group Antigen Antibody

(on RBC) (in serum)

0 H Anti-A, anti-B
Anti-BA A

B B Anti-A
AB AandB Nil

In Canada, blood products are
leukodepleted via filtration immediately
after donation; therefore it is considered:
• Low in lymphokines, resulting

in a lower incidence of febrile
nonhemolytic transfusion reactions

• CMV safe (because CMV is found in
leukocytes) nRed Blood Cells L.J

®Packed Red Blood Cells
• stored at 4'C
• shelf life is 42 d after collection
• infuse each unit over 2 h (max of 4 h)

+1 unit of pRBC will increase Hb by
approximately10 g/L
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Indications for Packed RBC Transfusion
• Hb <70 g/L; this may change as per patient’s tolerance or symptoms

maintain Hb between 70 and 90 g/L during active bleeds
• consider maintaining a higher Hb for patients with:

• CAD/unstable coronary syndromes
• uncontrolled, unpredictable bleeding

Selection of Red Cells for Transfusion
• when anticipating an RBC transfusion, the following should be ordered:

• group and screen: determines the blood group and Rh status of the recipient as well as the
presence of auto- or alloantibodies against major/minor blood group antigens in the patient’s
plasma
cross-match: involves mixing the recipient’s blood with potential donor blood and looking for
agglutination (takes 30-45 min)

• when blood is required, several options are available
• lst-line: fully crossmatched blood, electronic crossmatch is becoming more widely used ( not

always available in emergency situations)
• 2nd-line: donor blood of the same group and Rh status as the recipient
• 3rd-line: O- blood for females of reproductive age:0 'blood for all others

American Society of Hematology
Choosing Wisely Recommendation
Do not transfuse more than the minimum
number of RBC units necessary to
relieve symptoms of anemia or to return
the patient to a safe Hb range (70-80
g/L) in stable non-cardiac patients

Platelets

Table 37. Platelet Products
Product Indication
Random Donor (Pooled)

Single DonorPlatelets
HIA Matched Platelets

Thrombocytopenia with bleeding

Potential BMIrecipients.Refractory to pooled platelets

Refractory to pooled or single donor platelets,presence of HLA Abs

See Landmark Hematology Trials
for more information on the FOCUS
trial. It details the efficacy of liberal
or restrictive transfusion in high-risk
patients after hip surgery• stored at 20-24°C

• random donor platelets come in a pool of 4 units; while a unit of apheresis platelets comes from a
single donor

• 1 platelet pool should increase the platelet count by >fox 10’/L
• if an increase in the platelet count is not seen post-transfusion: autoantibodies (i.e. I I P),

alloantibodies (Anti-HLA or Anti-HPA), consumption (bleeding, sepsis, DIG), or hypersplenism may
be present

Table 38. Indications for Platelet Transfusion
Pit (x lO’/l) Indications
«10 Non-immune thrombocytopenia

Procedures not associated withsignificant bloodloss
Procedures associated with blood lossot major surgery (>500 mt estimated blood loss)

Pre-neurosurgery or head trauma

Platelet dysfunction (or antiplatelet agents) and marked bleeding

<20
«50
«100
Any

Relative Contraindications of Platelet Transfusion
• TTP, HIT, post-transfusion purpura, and HELLP

Coagulation Factors

Table 39. Coagulation Factor Products
Product Indication
FP Oepletion of malt p'e coagulation factors (e.g. sepsis.OIC. dilution.TTP HUS.Inrer disease),emergency

reversal of life-threatening bleeding secondary to warfarin overdose when factor concentrates are not
available
Hemophilia A (Factor VIII deficiency) and von Willebrand disease - use in emergencies when specific factoi
concentrates arenot available
Hypofibrinogenemia
Hypofibrinogenemia

von Willebranddisease and Hemophilia A
factoi VIII deficiency (Hemophilia A)

Factor IX deficiency (Hemophilia B)

Facloi VII deficiency withbleedmgi'surgery.Hemophilia A oi B with inhibitors,tlanrmann's thrombasthenia

Reversal of warfarin therapy or vitamin K deficiency in bleeding patient or inpatient requinng uigent («6 h)
surgical procedure,urgentnon-specific “reversal" of direct Xa inhibitors

Group & Screen vs.Cross-Matching:
G&S:ABO group+Rh factor
Cross-Matching:match recipient's serum
with donor's packed RBC or Abs

Cryopreciprtate (enriched
fibrinogen.VWF.VIII.XIII)

Fibrinogen Concentrate (FC)

HumatePorWilate
Factor VIIIconcentrate r1

L J
Factor IX concentrate

Recombinant factor Vila

Prothrombin complex concentrate:
PCC +(0ctaplex .Beriplex:)

Activated prothrombin complex
concentrate:aPCC (FEIBA)

Hemophilia A or B with inhibitors
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Acute Blood Transfusion Reactions
DDx of Post-Transfusion Fever

• Acute hemolytic transfusion reaction
• Febrile non hemolytic transfusion

reaction (FNHTR)
• Bacterial contamination
• Allergy

IMMUNE

Acute Hemolytic Transfusion Reactions
• ABO incompatibility resulting in intravascular hemolysis secondary to complement activation, occurs

immediately alter transfusion
• most commonly due to incorrect patient identification
• risk per unit of blood is <1/40000- presentation:fever, chills, hypotension, back or flank pain, dyspnea, hemoglobinuria
• acute renal failure (<24 h) and DIC
• treatment

stop transfusion
notify' blood bank and check for clerical error
send new specimen to blood bank for repeat testing and draw hemolysis labs:CBC, bilirubin,
LDH, reticulocytes, DAT

• maintain BP with vigorous IV fluids ± inotropes
• maintain urine output with diuretics, crystalloids, dopamine

Febrile Nonhemolytic Transfusion Reactions
• due to alloantibodies to VVBC, platelets or other donor plasma antigens, and release of cytokines from

blood product cells
• occurs within 6 h of transfusion
• risk per unit of blood is 1/100 (minor), 1/10000 to 40000 (severe)
• presents with fever ± rigors, facial flushing,headache, myalgia
• look for serious symptoms of shaking, chills/rigors, hypotension, tachycardia, anxiety, dyspnea, back/

chest pain, N/V
• treatment

rule out hemolytic reaction or infection
• if temperature <39°C and no serious symptoms, continue with transfusion but decrease rate and

give antipyretics
if temperature >39°C or presence of serious symptoms, stop transfusion, investigate the reaction,
and start supportive measures

Allergic Nonhemolytic Transfusion Reactions
• alloantibodies (IgH) to proteins in donor plasma result in mast cell activation and release of histamine
• occurs mainly in those with history of multiple transfusions or multiparous women
• risk per unit of blood is 1/100
• presents mainly as urticaria and occasionally with fever
• can present as anaphylactoid reaction with bronchospasm, laryngeal edema, and hypotension

(1/40000)
• can occur in some IgA deficient patients with anti-IgA
• treatment

mild:slow transfusion rate and give diphenhydramine
moderate to severe:stop transfusion,give IV diphenydramine,steroids,epinephrine, IV fluids,
and bronchodilators

DDx of Post-Transfusion Dyspnea
• Transfusion-associated circulatory

overload (TACO)
• Transfusion-related acute lung injury

(TRAL1)
• Allergy (bronchospasm/anaphylaxis)

Transfusion-Related Acute Lung Injury
• new-onset acute lung injury that occurs during transfusion or within 6 h of transfusion completion

profound hypoxemia (PaO’/FiOT <300 mmHg)
bilateral pulmonary edema on imaging
no clinical evidence of left atrial hypertension or if present, judged not to be the main contributor

• pathogenesis uncertain; perhaps due to binding of donor Abs to WBC of recipient and release of
mediators that increase capillary permeability in the lungs

• typically occurs 2-4 h post-transfusion and resolves in 24-72 h
• risk per unit of blood is 1/10000

• is currently the leading cause of transfusion-related morbidity and mortality
• treatment:supportive therapy (oxygen)
• inform blood bank; patient and donor testing will be arranged

NONIMMUNE

Transfusion-Associated Circulatory Overload
• due to impaired cardiac function and/or excessively rapid transfusion
• presentation:dyspnea, orthopnea, hypertension, tachycardia, crackles at base of lungs, and increased

venous pressure
• incidence: 1/100
• risk factors: age >70 yr, heart failure, history of Ml, renal failure, positive fluid balance
• treatment: stop transfusion, give diuretics, and oxygen. Transfuse at lower rate ± diuretics to prevent

+
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Bacterial Infection
• Gram-positive: S.aureus,S’, epidermidis.Bacillus cereus
• Gram-negative: Klebsiella, Serratia, Pseudomonas, Yersinia
• overall risk is 1/100000 for RBC and 1/10000 for platelets
• never store blood >4 h after bag has left blood bank
• treatment:stop transfusion, blood cultures, IV antibiotics, fluids

Hyperkalemia
• due to K ’ release from stored RBC
• risk increases with storage time and if blood is irradiated; decreases with fresh blood
• occurs in 5% of massively transfused patients
• treatment:see Nephrology. NP14

Citrate Toxicity
• occurs with massive transfusion and in patients with liver disease - patients are unable to clear citrate

from blood
• citrate binds to Ca - 1 and causes signs and symptoms of hypocalcemia and exacerbates coagulopathy
• treatment IV calcium gluconate 1 g

Dilutional Coagulopathy
• occurs with massive transfusion (>10 units)
• pRBC contains no coagulation factors, fibrinogen, cryoprecipitate, or platelets
• treatment FP,cryoprecipitate, and platelets

Delayed Blood Transfusion Reactions
IMMUNE

Delayed Hemolytic
• due to alloantibodies to minor antigens such as Rh, Kell, Duffy, and Kidd
• level of Ab at time of transfusion is too low to be detected and to cause hemolysis; Ab levels increase

later due to secondary stimulus and causes extravascular hemolysis
• occurs 3-14 d after transfusion
• presentation:anemia and mild jaundice
• treatment no specific treatment required; important to note for future transfusion
• N.B.serologic transfusion reactions are the development of alloantibodies in the absence of frank

hemolysis

Transfusion-Associated Graft Versus Host Disease
• transfused T-lymphocytes recognize and react against “host" (recipient)
• occurs 4-30 d following transfusion
• most patients already have severely impaired immune systems (e.g. Hodgkin lymphoma or leukemia)
• presentation: fever, diarrhea, liver function abnormalities, and pancytopenia
• can be prevented by giving irradiated blood products

Allogeneic SCTGVHD
To reduce risk of GVHD development
after allogeneicSCI.administer
inhibitors of T-cefl activation, including
cyclosporin A or tacrolimus

NONIMMUNE

Iron Overload
• due to repeated transfusions over long period of time (e.g. p-thalassemia major)
• can cause secondary hemochromatosis
• treatment iron chelators or phlebotomy if no longer requiring blood transfusion and not anemic

Viral Infection Risk
• HBV 1/7000000
• HCV 1/12000000. HIV 1/20000000
• Human T-lvmphotropic virus (HTLV ) 1/600000000
• other infections include HBV, CM V, WNV (West Nile virus)

r
L J

+

Activate Windows
Go to Settings to activate Windows.



H58 Hematology Toronto Notes 2023

Common Medications

Antiplatelet Therapy
• see iigurc 12a, H27
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Figure 17. Mechanisms of action of antiplatelet therapy

Table 40. Antiplatelet Therapy
Mechanism of Action Typical Dose/

Route of
Administration

Onset/Peakf
Duration

Specific Side
Effects

Remarks

Aspirin5 Irreversibly acetylates COX,
inhibiting thromboxane A2|tXA2) 300 mg P0.followed Peak:0.25-3 h
synthesis,thus inhibiting platelet by dose of 75 -100 mg Duration:3-6 h

P0 daily

Single loading 200- Onset: 5-30 rain Gl ulceo'bleeding
Tinnitus
Bronchospasm

(platelet inhibition Angioedema
lasts 7-10 d) Reye's syndrome in

pediatric patients

Indicated for stroke/MI prophylaxis
Reduce incidence of recurrent Ml
Decrease mortality in post-MI patients
Contrandicated in patients with Glulcers

(ASA)

aggregation

Dipyridamole increases
intracellular cAMP levels. 1capsule P0 810 Peak:75 min More effecbve than ASA in secondary prevention of stroke

Dipyridamole potentiates antiplatelet action of ASA
H/AAggrenox

(ASA *
Dipyridamole) which inhibits TXA2 synthesis,

leading todecreased platelet
aggregation

Dyspepsia
N/V
Abdominal pain
Cardiac failure
Kemorrboids

Clopidogrel
(Plavix )

Onset: 2 h
(loading dose)
Peak:6 h
(loading dose)
Duration:5 d

Irreversibiity inhibits ADP
binding toplatelets,thus
decreasedplatelet aggregation

loading dose 300
mg PO.then 75 mg

URI Prevention of cardiovascular events inhigh-risk patients
Clopidogrel is a prodrug icquiring two- step activation lo active metabolite
CYP2C19 poor metabolirers have diminished response to clopidogrel
Caution with hepatic/renal impairment

Chest pain
daily HA

Flu-like syndtome
Depression r T
Utl ij

Gl hemorrhage
Pancytopenia
May cause TIP

Onset:30 min Oiaainess
(loading dose) HA
Peak: 4h (loading Nervousness
dose)
Duration:5-10 d

Sameasclopidogiel loading dose 60
mg.then5-10mg
P0 daily

Alternative lo clopidogrel for prevention of cardiovasculai events in high-risk
patients
Higher potency compared to clopidogrel
No significant drug-drug interactions,although more data is required

Prasugrel
(Effient | +

Blurry vision
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Table 40. Antiplatelet Therapy
Mechanism of Action Typical Dosel

Route of
Administration

Onset/Peak/
Duration

Specific Side
Effects

Remarks

Ticagrelor
(Brilinta )

Reversibly inhibits ADP binding
to platelets

Loading dose180
rag. then 90 rag
P0 BID

Onset 30 nun
(loading dose)
Peak:1.5 h for
prodrug.2.Sb for
active metabolite

Difficulty or laboured Alternative todopidogrel for prevention of cardiovascular events inhigh-risk
patients

Shortness of breath Higher potency compared to dopidogrel
lightness in chest
Oneness

breathing

Ticagrelor does not need metabolic activation to serve its antiplatelet
function
Drug-drug interactions with CYP3A4 inhibitors and inducers
Prasugrel is a prodrug requiring metabolic actnrabon mainly by CYP3A5 and
CYP2B6

Glycoprotein
llb/llla
Inhibitors
Reopror
(abciiimab).
Integrilin'
(eptifibatide)

BockingGPblti'HIa receptor
inhibits fibrinogen and VWF
binding,leading to decreased
platelet aggregation

Variable IV Used most commonly in cardiac catheteruaton
Contraindicated in PUD
Monitoring aPTT/activated dotting time

Variable Hypotension
Back pain
NY
Chestpain
Abdominal pain
Thrombocytopenia

Anticoagulant Therapy

Table 41. Anticoagulant Therapy
Dose/Route of Onset/Peak/ Reversing Monitoring
Administration Duration Agent

Specific Side
Effects

Mechanism of
Action

Remarks

Onset:Heparin Inhibition of factor Variable,depends
Xa and factor on indication:can
lla.mediatedvia be used IV or SC
antithrombin

Warfarin Vitamin If
antagonist inhibits dosing by
production of monitoring
Factors IUVII.DC.X. PT/INR:P0
proteins C and S
Mainly fador Xa

(enoiaparin. inhibition,some
dalteparin. Ftla inhibibon.
tinzaparin) both mediated via

antithrombin
Fondaparinui Selective factor

Xa inhibition,
mediated via
antithrombin

Rivaroiaban Dired factor Xa
inhibitor

Protamine
Immediate (IV): sulfate
20-30 min (SC)

aPTT (intrinsic Hemorrhage
pathway).UFH (anti- HIT
Xa) levels

Pregnancy:sale (does not cross placenta)

Increased liver
enryraes
Hemorrhage
Cholesterol embolism
syndrome
Intraocular
hemorrhage

Individualized Onset: 24-72 It Vitamin K
Peak:5-7d PCC
Duration:2-5 d fP

INR:maintain 2-3
(2.5-3.S for certain
mechanical valves)

Pregnancy:not used,can crossplacenta (teratogenic)

LMWH Variable,
weight-based
dose,depends on
indication;SC/IV

Onset1-2 h
Peak:3-5 h
Duration:
12-24h

Partial
reversibility

Anh-Xa levels in Hemorrhage
pediatrics,eitremes fever
of weight,or renal Increased liver
insufficiency

Higher bioavailability than heparin
Can accumulate in patents with low CrCl (<30mb'min)
Standard treatment of VTEinpregnancy and patients
with malignancy

with
protamine
sulfate

enzymes
«1% HIT

Onset:2 h
Peak:2-3 h

Long half-life (17-21h)
Contraindicated in renal failure

Variable
SC daily

Hot reversible Hone Anemia
fever
Nausea
Rash

Onset1-3h
Peak:1-3 h

Syncope
Gt hemorrhage
Menorrhagia
Gastroenlritis

Indicated for treatment of acute VTE.secondary
VIE prevention, thrombopropbylaiis inorthopaedic
patients and strokeprophylaiis m non-valvular Afib:
ensure CrCl>30ml,‘min:must be taken with lood:
contraindicated in mechanical heart valves
Indicated for treatment of acute VIE.secondary
VIE prevention,thrombopropbylaiis inorthopaedic
patients and strokeprophylaiis innon-valvular Afib;
ensure CrCl >25 ml/min:contraindicatedin mechanical
heart valves
Indicated for treatment of acute VIE.secondary VTE
prevention,stroke prophytans innon-valvular Afib;
contraindicatedin mechanicalheart valves;dose
reduction in renal insuffidency.avoidinCrCl <15 mL/min
Indicated for treatment ofheparin-induced
thrombocytopenia.PCI:contraindicated in mechanical
heart valves
Indicated for treatment of acute VIE(after 5-10 d
parenteral therapy),secondary VIE prevention,
thrombopropbylaiis in orthopaedic patients and
stroke prophylaiis innoa-valvular Afib:ensure CrCl
>30ml/min:shouldbe stored inoriginal packaging:
conlraindicated in mechanical heart valves

Variable,depends
on indication:PO

Andeianet o Anti Xa levels
validated for
rivaroiaban may
be used todetect
presence of drug only Cough

Apiiaban Direct Factor Xa
inhibitor

P0 BID Onset:1-3 h
Peak:1-3 h

Andeianet a Anb-Xa levels
validated for
apiiaban may be
used to detect
presence of drug only

Andeianet a Hot typically
available

Hemorrhage
Nausea
Anemia

Direct factor Xa
inhibitor

P0 daily Onset1-2h
Peak:1-2h

Edoiaban Hemorrhage

Direct thrombin
inhibitor

Onset 5-10min Hot reversible aPTT
Duration:20-40

Dyspnea
Hypotension
fever

Idarucizumab Dilute thrombin G!upset
bme may be used to Dyspepsia
detect presence of
drug only:IIalso
sensitive lor drug
presence

VariableArgatroban
IV

min
Direct thrombin
inhibitor

150 mg P0 BID Onset:1-3h
Peak:1-3h

Dabigatran

Adverse Reactions to Heparin
• hemorrhage:depends on dose, age, and concomitant use of antiplatelet agents or thrombolytics
• HIT a hematologic emergency associated with venous or arterial thrombosis (see Table 22, H30)
• osteoporosis:with long-term use

Low Molecular Weight Heparin (enoxaparin, dalteparin, tinzaparin)
• increased bioavailability7 compared to unfractionated heparin
• increased duration of action
• SC route of administration
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• do not need to monitor aPTT
• adverse reactions less common than U1 H
• patients with renal failure (CrCl <30 mL/min) can accumulate LMWH, therefore may need to adjust

dose
• only partially reversible with protamine sulfate
• HIT is less common

Table 42. Recommended Management of a Supratherapeutic INR
Bleeding Present Recommended ActionINR

^Therapeutic No
to 4.5
>4.5 to 10.0 No

Lowerwarfarindose or omit a dose andresume warfarin at a lower dose when INR is in therapeutic
range or no dose reduction needed if INR isminimally prolonged
Omit thenext1-2 doses of warfarin,monitor INR more frequently and resume treatment at a lower
dose when INR is in therapeutic rangeOR omit adose and administer oral vitamin K1-2.5 mg in
patients with increased risk of bleeding
Hold warfarinandadminister oral vitamin K 2.5 to 5 mg:monitor INR more frequently and
administer more vitamin K as needed:resume warfarin at a lower dose when INR is in therapeutic
range
Hold warfarin andadminister vitamin K 10 mgby slow IV infusion:supplement with four-factor
prothrombin complex concentrate:monitor and repeat as needed

>10.0 No

Serious or life
threatening

Any

Adapted from:American Callage of Chest Physicians Evidence-Based Clinical Practice Guidelines.Chest 2012:(2 suppq:e152S

Chemotherapeutic and Biologic Agents Used in Oncology

Table 43. Selected Chemotherapeutic and Biologic Agents
Class Example Mechanism of Action or Target

Damage 0NA via alkylation of base pairs
Leads to cross-linking of bases, abnormal base-pairing. DNA
breakage

chlorambucil,cyclophospham.de.melphalan
(nitrogen mustards)
carboplatin, cisplatin
dacarbazine.procarbazine
busulfan
bendamustine

Alkylating Agent

Antimetabolites methotrexate (folic acid antagonist)
6-mercaptopurine.Iludarabine(purine
antagonist)
5-fluorouracil (5-FU) (pyrimidine antagonist)
hydroxyurea
cytarabine

adriamycin (anthracycline)
bleomycin
mitomycin C
daunorubicin

Inhibit DNA synthesis

Antibiotics Interfere with DNA and RNA synthesis

Stabilize microtubules against breakdown once cell division
complete

Taxanes paditaxel
docetaxel

Vinca -alkaloids vinblastine
vincristine
vinprelbine

Inhibit microtubule assembly (mitotic spindles),blocking cell
division

Topoisomerase Inhibitors irinotecan, topotecan|topoI)
etoposide (topo II)

Interfere with DNA unwinding necessary for normal replication
and transcription

ImmunosuppressionSteroids prednisone
dexamethasone

Interferes with DNA synthesisPurine Analogues fludarabine
cladribine

HER2 antagonist
VEGF antagonist

rituximab (Rituxan - ). olatumumab (Arzerra'). CD20 antagonist
obinutuzumab|Gayzva:) EGFR antagonist
cetuximab|Erbituxs)
daratumumab

Monoclonal Antibodies trastuzumab (Herceptm ')
bevacizumab (AvasbnT)

CD38 antagonist

BCR- ASL inhibitor
BCR ASt inhibitor
BCR ASL inhibitor
BCRASL inhibitor
EGFR antagonist
EGFR antagonist
26S proteasorre inhibitor
VEGFR.PDGFR antagonist
BTK inhibitor
P13K inhibitor
JAK2 inhibitor
BCRABL inhibitor
Bcl-2 inhibitor
Immunomodulators

imatinib mesylate (Gleevec!)
dasatinib
nilotinib
bosutinib
erlotinib (Tarcevar)
gefitinib (Iressa - )
bortezomib (Velcade;)
sunitinib (Sutent1)
ibrutinib (Imbruvica ')
idealasib (Zyedlig * )
nixolitinib (Jakavi - )
venetodax
lenalidomide.pomalidomide

Small Molecule Inhibitors

r

+
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Landmark Hematology Trials
Trial Name Clinical TrialDetailsReference

Hematologic Malignancies and RelatedDisorders

Long term outcomes of imatinib
treatment for chronic myeloid
leukemia

NEJM 2017;376:917-927 Title:Long-Term Outcomes of Imatinib Treatment forChronic Myeloid Leukemia
Purpose:To compare the efficacy of imatinib with that of IFN-aplus low-dose cytarabine innewly diagnosed chronic-phase CML.
Methods:T10 patients with Ph-positive CML in the chrome phase were randomized1:1to imatinib or interferonaplus cytarabine.
Crossover to matinrb were allowed if no response by 6mo or major cytogenetic response by 12mo.
Results:Assessing the imatinib arm after a median of11years of follow-upspecifically at the sixth year point,the complete
cytogenetic responserate was 83%.Among patients who attained a major molecular response after 18 mo olimatinib therapy, the
overall survival at 10-years was 93% and freedom from CML-related death 100%
Conclusions. This 116-year update ol IRIS demonstrates the efficacy and safety of imatinib as first !me therapy for CML patients.
Title: Ibrutmib Versus Ofatumumab in PreviouslyTreatedChronic Lymphoid Leukemia
Purpose:To evaluate the efficacy of ibrutinib inpatients with CLL and small lymphocytic lymphoma (SLL) at risk for poor outcomes.
Methods:391patients with relapsed or refractory CLL or SLL were randomly assigned to daily ibrutmib or ofatumumab.
Results:Ibrutinib significantly improved progression-free survival (hazard ratio.0.22;P<0.001).overall survival (0.43;P -0.005)
with a higher overall response rate (42.6% vs.4.1%.P<0.001) as compared with pabents on ofatimumab.Overall survival was 90%
in the ibrutmibgroup and 81% in the ofatumumab group at 12 mo.
Conclusion:Ibrutinibsignificantly improved progression- free survival, overall survival, and response rate among patients with
previously treated CLL or SLL.
Title: Daratumumab.lenalidomide.and Dexamethasone for Multiple Myeloma
Purpose: Toassess if daratumumab lengthens PfSwhen added tolenalidomide and dexamethasone therapy inpatients with
relapsed or refractory myeloma.
Methods:569patients with MM who had been previously treated were randomly assigned to either lerralidomide and
dexamethasone (control group) or daratumumab plus lenalidomide and dexamethasone (daratumumab group).The primary
endpoint was PFS.
Results:PFSat12mo was 83.2% in the daratumumab group and 60.1% in thecontrol group.Daratumumab had a significantly higher
overall response as compared to the control group (P< 0.001).Neutropenia was more frequent m the daratumumab group (51.9%
vs.37.0%).
Conclusion:PFS was significantly lengthened by addition of daratumumab to lenakdomide and dexamethasone for patients with
relapsed or refractory MM but was associated with higher rates of neutropenia.

Ibrutinib Versus Ofatumumab in
PreviouslyTreated Chronic Lymphoid
Leukemia.Byrd et al.2014

KJM 2014:371:213-23

POLLUX NFJM 2016:375:1319-31

NEJM 2017:377:1331-44 Title:Obmutuzumab for the First -Line Treatment of Foi.iculat lymphoma
Purpose: Tocomparerituximab-based chemotherapywithoii-utuzumab-based chemotherapy in patients with untreated
advanced-stage follicular lymphoma.
Methods:1202patients were randomlyassigned to receive induction treatment with obinutuzumab-based chemotherapy
(obinutuzumab) or rituximab-based chemotherapy (rituxiraab).
Results:Risk of progression,relapse,or death was significantly lower on obinutuzumab vs-rituemab (estimated 3-yr PFS.80.0% vs.
73.3%;hazardratio for progression,relapse,or death.0.66:95% Cl.0.51-0.85;P-0.001|.There were more adverse events in the
obinutuzumab group (grade 3-5: 74.6% vs.67.8%:seriousevents:46.1% vs.39.9%).
Conclusion:Obinutuzumab- based chemotherapy resultedin longer PFS than rituximab-based therapy but more frequent high-grade
adverse events.

6AUIUM

Long-Term Follow-up of C019 CAR NEJM 2018:378:449 -59
Therapy in Acute lymphoblastic
Leukemia.Parket al. 2018

Title:Long-Term Follow -up of C019 CAR Therapy in Acute lymphoblastic leukemia
Purpose: To investigate the use of C A R T in relapsed 8-cellALL
Methods:Phase1trial including 53 adults with relapsed B-cell ALLreceived an infusion of autologous T cells expressing the 19-28z
i.:-1

Results:Severe cytokine release syndrome occurred in 26% of patients following infusion (95% Cl.15-40):1patient died.83% of
patients expenenced complete remission.At median 29 mo follow-up.median overall survival was129mo (8.7-23.4) and median
event-free survival was 6.1mo (5.0-11.5).
Conclusion:Median overall survival was 12.9mo in the entire cohort.More adverse events occurred inpatients with high disease
burden.

Thrombosis
NEJM 2003:349:146-53 Title: Low-Motecular-Neight Heparin Versus a Coumarin for the Prevention ol Recurrent Venous Thromboembolism in Patients with

Cancer
Purpose: To compare the efficacy of LMWH with an oralanticoagulant for preventing recurrent thrombosis in cancer patients.
Methods:Cancer patients with acute, symptomatic ptoumal DVT.PE. or both were randomly assigned to daHeparin (LMWH) for 5-7 d
plus a coumarin derivative for 6 moor dalteparin alone for 6 mo.
Results:A!6 mo.the rate of recurrent thromboembolism was17%in the oral-anticoagulant groupand 9% in the dalteparin group.
Rates ofmajor bleeding were not significantly differentbetween groups (6% vs.4%,respectively):any bleeding (14% vs.19%).
Conclusions:Dalteparin wassuperior to an oral anticoagulant in cancer patients for reducing recurrent thromboembolism rates
without increasing bleeding risk

3MJ 2011:342:d3036 Title:Influenceof Preceding length of Anticoagulant Ireatment andInitial Presentation of Venous Thromboembolism on Risk of
RecurrenceAfter Stopping Ireatment:Analysis of IndividualParticipants' Data From Seven Trials
Purpose: To determine how length of anticoagulation of VIE influences recurrence risk after treatment isslopped.
CAR:Individual participants' data was pooled from 7 RCTs including 2925 men or women witha first VTE who did not have cancer
and had varying durations of anticoagulant treatment.
Results:Recurrence was higher if anticoagulation wasstoppedat1-1.5 mo vs.at >3mo (hazard ratio1.52.1.14-2.02) and similar if
treatment was stopped at 3 mo vs.>6mo (1.19.0.86-1.65).
Conclusion:Risk of recurrent VTE wassimilar when anticoagulation was stopped after 3 mo vs.stopping after a longer course of
treatment.

NEJM 2012:366:1287-97 Title:Oral Rivaroiaban for the Treatment of Symptomatic Pulmonary Embolism
Purpose:1o investigate the efficacy and safety of a fixed- dose rivaroiaban regimen for the treatment of PE.
Methods:4832 patients who had acute symptomatic PE e DVT were randomly assigned to rivaroiaban or standard therapy with
enoxaparm foUowed by a vitamin K antagonist.
Results: Rnraroxaban was noninferior to standard therapy for the primary efficacy outcome (symptomatic recurrent VTE), 2.1% in
rivaroiaban vs.1.8% instandard-therapy (hazardratio.1.12:95% Cl.0.75-1.68).Clinically relevant bleeding occurred in10.3% of
patients on rivaroxaban and11.4% of those on standard-therapy (0.90:0.76-1.07:P-0.23).
Conclusion:For initial and long-term treatment of PE.fixed-dose rivaroxaban alone was noninfenor to standard therapy with a
potentially better benefit-risk profile.

CLOT

Influence olPreceding Length
of Anticoagulant Treatment and
Initial Presentation of Venous
Thromboembolism on Risk
of Recurrence After Stopping
Treatment Analysis of Individual
Participants' Data From Seven Trials.
Boubtie et al.2011
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Trial Name Reference Clinical Trial Details

AMPLIFY NEJM 2013;369:799-808 Title;Oral Apixaban for the Treatment of Acute Venous Thromboembolism
Purpose: To Investigate the efficacy and safely of fixed-dose apixaban for the treatment of VIE.
Methods: 639S patients with acute VIE were randomly assigned to receive apixaban or conventional therapy (SC enoxaparin,
followed by wailarin).
Results: Apixaban was noninferior to conventional therapy lor the primary efficacy outcome (symptomatic recurrent VIE or death
from VIE)|P<0.001|.Major bleeding or clinically relevant nonmajor bleeding occurred in 4.3% of patients on apixaban vs.9.7% ol
those on conventional-therapy ( RR . 0.44; 95%Cl.0.36-0.55;P'0.001).
Conclusion:For the treatment of acute VIE. fixed- dose apixaban alone was noninferior toconventional therapy with significantly
less bleeding.
Title: Idarucizumab for Dabigatran Reversal
Purpose: to investigate the efficacy and safety of idarucizumab for reversing the anticoagulant effects of dabigatran.
Methods:90 patients with either a serious bleed or one requiring an urgent procedure secondary to dabigatran received
idarucizumab.
Results: Iddiuclrumabnoimalircd test results in 88 98% of patients,which was evident within minutes.Unbound dabigatran
concentrations remained *20 ng/ml at 24 h in 79% of patients.
Conclusion: Thcanticoagulant effect of dabigatran was completely reversed by idarucizumab within minutes.
Title:Anticoagulant Iherapy for Symptomatic Calf Deep Vein Thrombosis (CACTUS): A Randomised.Double-Blind.Placebo-Controlled

RE VERSE AD NEJM 2015;373:511-20

CACIUS lancet Haematol
2016;3:e556-e562 Trial

Purpose:To investigate the efficacy and safety of anticoagulant treatment inpatients with acute symptomatic DVT of the calf.
Methods:259 low-risk outpatients without active cancer or previous VTE with a first acute symptomatic call DVT were randomly
assigned to receive either nadroparin ( LMY/H) or placebo for 6 wk.
Results: No significant difference between groups was seen in the composite primary outcome (extension of calf DVT to proximal
veins,contralateral proximal DVT.and symptomatic pulmonary embolism at day 42).Bleeding occurredin 4% of patients on
nadroparin and no patients on placebo (risk difference 4.1,95% Cl 0.4 -9,2; p‘0.0255).
Conclusion: Inlow risk outpatients with symptomatic call DVT. nadroparin was non-superior to placebo inreducing the risk of
proximal extension or VIE.but it did Increasebleeding risk.

Blood Products and Transfusion

fOCUS NEJM 2011:365:2453- Title:Liberal or Restrictive Transfusion in High-Risk Patients after Hip Surgery (FOCUS)
Purpose: To determine whether a higher threshold for blood transfusion would improve recovery in patients who had undergone
surgery for hip fracture.
Methods: 2016 patients >50 yr with a history of or risk factors for cardiovascular disease and Hb level below10 g/dl after hip
fracture surgery were randomly assigned to a liberal transfusion strategy (a Hb threshold of 10 g/dl) or a restrictive transfusion
strategy (anemia symptoms or at physician discretion foi a Hb level less than 8 g/dl).
Results: The primary outcome was death or inability to walk across a room without human assistance on a 60 d follow-up. Primary
outcome rates were 35.2% in the liberal transfusion strategy group and 34.7% in the restrictive transfusion strategy group.Rates of
complications were similar in the two groups.
Conclusion:A liberal transfusion strategy did not reduce mortality rates or the inability to walk independently on 60 d follow-up
compared to a restrictive transfusion strategy in elderly patients with high cardiovascular risk factors after hip surgery.

NEJM 1999;340:409-17 Title: A Multicenter.Randomized, Controlled Clinical Trial of Transfusion Requirements in Critical Care.Transfusion Requirements in
Critical Care Investigators.Canadian Critical Care Trials Group
Purpose: To determine if equivalent results can be achieved by a restrictive strategy of red -cell transfusion and a liberal strategy in
critically ill patients.
Methods 838 critically illpatients with euvolcmia (after initial treatment and Hb <9 g/dlwithin 72 h of ICU admission) received
cither (1) a restrictive strategy (transfusion it Hb«7.0 g/dl.maintained at 7-9 g/dl) or |2) a liberal strategy (transfusions if Hb <10.0
g/dl,maintained al10-12 g /dl).
Results: Mortality rates at 30 d were similar between groups.However,among less acutely illpatients and those <55 yr of age.
mortality rates weresignificantly lower in RS than IS:8.7% vs.16.1%,P-0.03 and 5.7% vs.13%,P~0.02.respectively.
Conclusion:In critically ill patients,a RS of red cell transfusion is as effective as a LS transfusion.

Lancet 2012;380:1309-16 Title:Therapeutic Platelet Transfusion Versus Routine Prophylactic Transfusion inpatients With Haematological Malignancies:An
Open-label.Multicentre. Randomised Study
Purpose: To investigate the influence ola novel therapeutic platelet transfusion strategy on the number of transfusions and safety
in patients with hypoproliferative thrombocytopenia.
Methods: Patients (16 - 80 yr) undergoing chemotherapy foi AMI or autologous haemopoictlc stem-cell transplantation were
randomly assigned to receive either platelet translusion when bleeding occurred (therapeutic strategy) or when morningplatelet
counts were <10<109/l(prophylactic strategy:current standard of care).
Results:In all patients,the therapeutic strategy reduced the mean number of platelet transfusions by 33.5% (95% Cl 22.2-43.1;
p<0.0001).Major haemorrhage was not increased inpatients who had undergone autologous transplantation.Risk of non-fatal
grade 4 bleedingwas increased in patients with AML.
Conclusion:The therapeutic strategy should be considered for patients following autologous stem-cell transplantation but not for
patientswith AML.

NEJM 2013:368:11 21 Title: transfusion Strategies for Acute Upper Gastrointestinal Bleeding
Purpose: lo compare the efficacy and safely of a restrictive transfusion strategy with a liberal translusion strategy in patients with
acute upper Gl bleeds.
Methods:921patients with severe acute upper Gl bleeding were assigned to either a restrictive strategy (transfusion when Hb <7 g/
dl; target Hb ~ 7-9 g/dl) or a liberal strategy (transfusion when Hb <9 g/dl;target Hb 9-11g/dl).
Results:Survivalat 6 wk was higher in the restrictive-strategy group than in the liberal-strategy group (95% vs.91%:hazard rabo,
0.55;95% Cl.0.33*0.92:P’0.02).Further bleeding was more common in patients on restrictive-strategy than liberal-strategy (10%
vs.16%;P-0.01): adverse events were also more common (40% vs. 48%;p-0.02).
Conclusion: A restrictive transfusion strategy led to better outcomes than a liberal strategy in patients with acute upper Gl bleeding.

2462

TRICCBP

Therapeutic Platelet Translusion
Versus Routine Prophylactic
Transfusion in Patients With
Haematological Malignancies:
An Open -Label,Multicenlie,
Randomised Study.Wandl et al. 2012

Transfusion Slralcgies for Acute
Upper Gastrointestinal Bleeding.
Villanueva etal. 2013
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Trial Name Reference Clinical Trial Details
Anemia
CHOIR NEJM 2006:355:2085 08 Title:Correction of Anemia with Epoetin o in Chronic Kidney Disease

Purpose:Todetermine the optimal level of Hemoglobin correction by recombinant human erythropoietin (epoetin o) inanemic CKO
patients.
Methods:1432 patients with CKD were randomly assigned to receive a dose ol epoetin alfa targeted to achieve a hemoglobin level
of13.5 g/dl or a dose targeted to achieve a level of 11.3 g/dL.
Results: 125 composite events (death.Ml,hospitaliration tor CHf, or stroke) were seen in the high hemoglobin group,as compared
with 97 events in the low- hemoglobin group (harard ratio.1.34;95% Cl.1.03-1.74;P'0.03).
Discussion: In patients with anemia and CKO. targeting a lower Hb reduced incidence of death.Ml. CHf related hospitaliration.and
stroke.

Other
CRASH-2 Health Technot Assess

2013:17|10):1-79
Title: The CRASH-2 Trial:A Randomised Controlled Trial and Economic Evaluation of the Effects of Tranexamic Acid on Death.Vascular
Occlusive Events and Transfusion Reguirement in Bleeding Trauma Patients
Purpose:To assess how early administration of a short course of tranexamic acid (TXA) influences rates of death,vascular occlusive
events and blood transfusions in trauma patients.
Methods:20211adult trauma patients within8 h of injury that had,or were at risk for.significant bleeding were randomized to
receive TKAor matching placebo.
Results: TXA significantly reduced all-causemortality at 28 d (14.5% in TXA vs.16.0% in placebo:p'0.0035).Death rates caused by
bleeding were significantly reduced (4.9% vs.5.7%;p'0.0077). the risk of death due to bleeding was increased by treatment given
alter 3 h (4.4% vs. 3.1%; p-0.004|.
Conclusion:The risk of death was safely reduced by early TXA in bleeding trauma patients.8cyond 3 h of Injury,treatment is likely
Ineffective.
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Principles of Microbiology

Bacteriology
Bacteria Basics
• bacteria are prokaryotic cells that divide asexually by binary fission
• Gram stain divides most bacteria into two groups based on their cell wall

• GP:thick, rigid layer of peptidoglycan
• GN:thin peptidoglycan layer + outer membrane composed of lipoproteins and lipopolvsaccharides

clinical significance:Gram stain results are used to guide tailored empiric treatment prior to
availability of culture and susceptibility testing results

• acid-fast bacilli:high mycolic acid content in cell wall, “acid fast" as washout phase with acid-alcohol is
ineffective in acid-fast bacteria (e.g. Mycobacteria)

• partially acid-fast bacilli: some bacteria have moderate amounts of mycolic acid content that will
decolourize with the acid-alcohol used in A1:B stains but are considered partially acid-fast positive
using a modified acid-fast stain with a weaker acid during the washout phase (e.g.Socardia ); note that
Nocardia will be acid-fast stain negative but modified acid-fast stain positive while mycobacteria will be
acid-fast stain positive and modified acid-fast positive

• “atypical" bacteria: not seen on Gram stain and difficult to culture
• obligate intracellular bacteria: e.g. Chlamydia
• bacteria lacking a cell wall: e.g. Mycoplasma
• spirochetes: e.g. Treponema pallidum

• O:can be either vital or detrimental to growth
obligate aerobes: require 02
obligate anaerobes:require environment without 02
facultative anaerobes:can survive in environments with or without 02

0
Coccus Coccobacillus

&
Diplococci Bacillus

Staphylococci Diplobacilli

•t /
Mechanisms of Bacterial Disease
1.adherence to and colonization of skin or mucous membranes

fimbriae (pili):microfilaments extending through the cell wall attach to epithelial cells (e.g.E. coli in
the urinary tract)

2. invasion or crossing epithelial barriers
3. evasion of host defense system through:

inhibition of phagocytic uptake via polysaccharide capsule (e.g.S', pneumoniae, S. meningitidis, H.
influenzae )

• presence of surface proteins (e.g. Staphylococcus,Streptococcus)
4. toxin production

exotoxins are secreted by living pathogenic bacteria and cause disease even if the bacteria are not
present (e.g.Clostridium)
endotoxins are structural components of GN bacterial cell walls and may be shed by live cells or
released during cell lysis

5. intracellular growth
• obligate intracellular: Rickettsia,Chlamydia
• facultative intracellular: Salmonella, Neisseria, Brucella, Mycobacteria, Listeria, Legionella

6.biofilm
• an extracellular polysaccharide network forming mesh around the bacteria (e.g.S', epidermidis)

which can coat prosthetic devices such as IV catheters

Streptococci Spirochete
© Paul Kelly 2011

Figure 1. Bacteria morphology

+

Activate Windows
Go to Settings to activate Windows.



ID3 Infectious Disease Toronto Notes 2023

Table!Common Bacteria
GP Bacteria GN Bacteria Not Seen on Gram Stain
Cocci (round) Bacilli (rod-like) Diplococci Bacilli (rod-like) Acid-Fast Others

Staphylococcus
S.aureus
S.soprophyticus
S. epidermidis
S. lugdunensis

Streptococcus
S.pneumoniae
S. pyogenes (GAS)
J. ogaloctioe|GBS)
S. onginosus group

Interococcus
l.taecatis

Peptostrcptococcus

Obligate intracellular
Rickettsiae
Chlamydia

C. trachomatis
C. pneumoniae

Aerobes Bacillus
B. onthrocis
Listeria
A/ocordia(moditied acid-
fast positive)

Reisseria
H. meningitidis
A!, gonorrhoeae

Moroxella
M. coturrlmlis

Cnterobacterates
[. coli
Klebsiella
Salmonella
Shigella
Yersinia

Campylobacter
Legionella
Pseudomonas
Haemophilus

H. inlluemoe

Mycobacteria
M. tuberculosis
M. leprae
M. avium complex

Ho cell wall
Mycoplasma

Spirochete (spiral)
treponema pallidum

Clostridioidesditlicile
Clostridium

C. letoni
C. botulinum
C. perlringens

Cutibacterium
IPropionibacterium) acnes

Anaerobes Bocteroides
B, Itogilis

Table 2. Commensal Flora
OrganismsSite
Coagulase- negative staphylococci.Corynebocterium. C. atnes. Bacillus. S. aureus
Vitidans group streptococci.Haemophilus, Heisserla, anaciobes (Peptoslreptococius.Bacteroides.Veillonello, fasobaclerium. Actinomyces, Prevotello)
l. coli,anaerobes (low numbers)
l coli. Klebsiella, Interobacter, Interococcus,anaerobes {8otleroides, Peplostreptococcus, Clostridium)
Lactobacillus acidophilus,vitidans group streptococci,coagulase negalive staphylococci, facultative anaerobes

Skin
Oropharynx
Small Bowel
Colon
Vagina

Bacteria
1I T

Obligate intracellular bacteria Non-obligatc intracellular bacteria

i I
I

Rickettsia rickcttsii Spiral shaped
Chlamydia trachomatis

Coxiclla burnetii

Cocci or bacilli

1 1f J *Treponema pallidum
Borretia burgdorferi

Leptospira spp.
Gram-positive Gram-negative Acid fast

4 4V 4
Bacilli/Coccobacilli M tuberculosis

M. leprae
Cocci COCCIBacilli

I

* I * I
Aerobic Anaerobic AnaerobicAerobic

1 i i ir .
Catalase tve Catalase -ve Pcptococcus

Peptostreptococcus
VcilloncllaN. gonorrhoeae

N. meningitidis
Moraxella spp. ::

Aerobic Anaerobic

44
Spore forming Non-spore formingStaphylococcus Bacteroides fragilis

I 1; 4 4 4 4 4
Coagulase +ve Coagulase -ve Growth on sheep No growth on sheep

blood agar
Aerobic Anaerobic Aerobic Anaerobic

blood agar4 4 4 4 4 4 4S. aureus S. epidermidis
S.saprophyticus

Bacillus anthracis C. botulinum
Bacillus cereus C. tetani

C.perlringens
C. difficile

Listeria
monocytogenes
C.diphthcriac

Lactobacillus
Actinomyces

Cutibacterium
Haemophilus influenzae
Legionella pneumophila

4 4I *Enterococci Streptococci Oxidase * ve Oxidase -ve

14' 4 4 4 4 4 4 r “ip-homolytic y-hcmolytic Glucose fermenter Non-glucose fermenter Lactose fermenter Non-lactose fermentera-homolytic L J

44 4 4 4 4 4
S. pneumoniae Group A Strep S. gallolyticus

Vmdans group Strep IS. pyogenesI
Group B Strep
IS. agalacliael
Group C Strep
Group G Strep

Figure 2. Laboratory identification of bacterial species
Bold - commonly encoifrteied bacteria

Vibrio cholorao Bordatella pertussis
Cardiobacterium Campylobacter jejuni

Pastcurclla Pseudomonas aeruginosa
Eikcnclla

Moraxella

Salmonella typhiEscherichia coli
Klebsiella pneumoniae Shigella dyscntchac

Acromonas Proteus mirabilis
Yersinia pcstis +
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Virology
Viral Basics
• viruses are infectious particles consisting of RNA or DNA covered by a protein coat

• infect cells and use host metabolic machinery to replicate
• nucleic acid can he double stranded (ds) or single stranded (ss)

can be enveloped or naked
• virions are mature virus particles that can be released into the extracellular environment
• host susceptibility is governed by the host cell and virus surface proteins (viral tropism) and cellular

immunity

Viral Disease Patterns
1 . acute infections (e.g. adenovirus)

• host cells are lysed in the process of virion release
some produce acute infections with late sequelae (e.g. measles virus-induced subacute sclerosing
panencephalitis)

2. chronic infections (>6 mo) (e.g. HBV, HIV )
host cell machinery is used to produce and chronically release virions

Helical

Icosahcdral

3. latent infections
viral genome remains latent in host cell nucleus
can reactivate (e.g. HSV,VZV)

Table 3. Common Viruses
Nucleic Acid Enveloped Virus Family Major Viruses Medical Importance

URTIAdenovirusdsDNA No Adenoviridae
Conjunctivitis
Gastroenteritis Complex

Papillomaviridae HPV1.4
HPV6.11
HPV16.18,etc.

No Plantar warts
Genital warts
Cervical/anal dysplasia and cancer
Oral, ocular, and genital herpes; encephalitis
Genital, oral, and ocular herpes: encephalitis
Chicken pox,shingles
Mononucleosis, viral hepatitis
Retinitis, pneumonitis, hepatitis, encephalitis
Roseola
Kaposi's sarcoma,multicentric Castleman’s disease,body cavity
lymphoma
Progressive multifocal leukoencephalopathy
Hepatitis
Monkeypox
Smallpox

HHV1-HSV1
HHV2-HSV2
HHV3-V2V
HHV4-EBV
HHV5-CMV

Ves Herpesviridae as
5

EnvelopedHHV6*
HHV8-KSHV

Figure 3.Virus morphology
JC virus
Hepatitis 8
Monkeypox
Smallpox

Polyomaviridae
Kepadnavindae

Poxviridae

No

Yes

Yes

DNA Viruses: FamiliesErythema intectiosum (Filth disease)Parvoviridae Parvovirus 819ssDNA No
Caticivindac Gastroenteritis

Acute hepatitis

Poliomyelitis
URIIs, viral meningitis
URIIs
Hand.foot -and- mouth, viral meningitis,myocarditis
Acute hepatitis
URIIs.SARS.MERS.C0VID -19
Yellow lever
Dengue fever
Hepatitis
Encephalitis, flaccid paialysis
Zika virus disease

(v) ssRNA Noioviiuses
Hepatitis E
Poliovirus
Echoviius
Rhinovirus
Coxsackie virus
Hepatitis A
Coronavirus
Yellow lever
Dengue fever
Hepatitis C
West Nile

No HHAPPPPy
Hcpadnaviridae
Herpesviridae
Adenoviridae
Papillomaviridae
Parvoviridae
Polyomaviridae
Poxviridae

PicomaviridaeNo

Coionaviridae
Elaviviridae

Yes
Yes

2ika

Rubella (German measles)
Chikungunya

Yes Togaviridae Rubella
Chikungunya

AIDS( ) ssRNA-RT Yes Retroviridae HIV
HTLV-1 T cell leukemia and lymphoma

(-) ssRNA Lassa fever
Hemorrhagic fever
Influenza
Measles
Mumps
URIIs, croup,bronchiolitis
Bronchiolitis,pneumonia

Rabies

Yes Arenaviridae Lassa
Ebola.Marburg

Orthomyxoviridae Influenza A. B. C
Paramyxoviridae Measles

Mumps
Parainfluenza

FiloviridaeYes

Yes r t
Yes (.J

RSV

Rhabdoviridae RabiesYes +GastroenteritisReoviridae RotavirusdsRNA No
Note: viridae = family. .virus * genus./ = species (e.g.Retroviridae HIV-2)
'Roseolovirus.Herpes lymphotropic virus
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Mycology
Fungal Basics
• fungi are eukaryotic organisms, they can have the following morphologies

1. yeast (unicellular)
2. moulds, Le. filamentous fungi (multicellular with hyphae)
3. dimorphic fungi (found as mould at room temperature but grow as yeast-like forms at body

temperature)
a
S

i
i-Table 4. Membrane and Cell Wall Compositions 1Membrane Sterol Cell Wall
2

Mold: septate hyphae IBacteria Peptldoglycan
5Human Cell

Fungi
Cholesterol
Frgosterol

Z
&Chitin (complex glycnpolysaccltariile)
I
5Mechanisms of Fungal Disease

• primary fungal infection by:
overgrowth of normal flora (e.g.Candida spp.)

• inhalation of fungal spores
traumatic inoculation into skin

• toxins produced by fungi (e.g. ingestion of aflatoxins)
• allergic reactions to fungi (e.g. bronchopulmonary aspergillosis)

=
Mold: non-septate hyphae 5

QJ
Figure 4.Common fungus
morphology

Parasitology
Parasite Basics
• parasite:an organism that lives in or on another organism (host) and damages the host in the process
• parasites with complex life cycles require more than one host to reproduce

reservoir host:maintains a parasite and may be the source for human infection
• intermediate host:maintains the asexual stage of a parasite or allows development of the parasite

to proceed through the larval stages
• definitive host allows the parasite to develop to the adult stage where reproduction occurs

• 2 major groups of parasites:protozoa and helminths
• see table 25, ID35 and table 26, ID39 for examples of clinically important parasites

Table 5. Differences Between Protozoa and Helminths

Apicomplex Sporozoite
(no obvious means of locomotion)

HelminthsProtozoa

Unicellular
Motile trophozoite,inactive cyst

Multiplication
Eosinophilia unusual

Indefinite life span

Multicellular
Adult -»egg -»larva

No multiplication in human host
Eosinophilia (proportional loeitenloi tissue invasion)*

Definite tile span

Amoeba
(pseudopod)

"Adult Asearii (tounOwoin) docs rot causeeosinophilia: mlgiotory larval pluses ol Ascaris.however,cause high-giade eosinopMta

Characteristics of Parasitic Disease
• symptoms are usually proportional to parasite burden
• tissue damage is due to the parasite and host immune response
• chronic infections may occur with or without overt disease
• immunocompromised hosts are more susceptible to manifestations of infection, reactivation of latent

infections, and more severe disease
• eosinophilia may suggest a parasitic worm infection

Mechanisms of Parasitic Disease
1. mechanical obstruction (e.g.ascariasis, clonorchiasis)
2. competition with host tor resources (e.g. anemia in hookworm disease, vitamin Bi’deficiency in

diphyllobothriasis)
3. cytotoxicity leading to abscesses and ulcers (e.g.amoebiasis, leishmaniasis)
4. inflammatory

acute hypersensitivity (e.g.pneumonitis in Loeffler's syndrome)
delayed hypersensitivity (e.g. egg granulomas in schistosomiasis)
cytokine-mediated (e.g.systemic illness of malaria, disseminated strongyloidiasis)

5. immune-mediated injury
autoimmune (e.g.myocarditis of Chagas disease, tissue destruction of mucocutaneous
leishmaniasis)
immune complex (e.g. nephritis of malaria, schistosomiasis)

Ciliate
(cilia)

r
.

Flagellate
(flagella/whip-like)

-
.

Figure 5.Classification of protozoa
based on movement

Parasite sampling may need tobe
repeated on several occasions before
infection can be ruled out

+
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Transmission of Infectious Diseases
Table 6.Mechanism of Transmission
Mechanism Mode of Transmission Preventative MeasureExamples
Contact Direct physical contact, or indirect contact

with a fomite
Skin-to-skin (MRSA)
Sexual (Af.gomtihoeae, C.
liachomatis.HSV, HIV|
Blood - borne (HIV, HBV. HCV)

For patients in healthcare facilities:
Contact precautions
Barrier precautions
Safe needlestick/sharp practices

Droplet/Contact Respiratory droplets|>5 pm) can be projected Influenza, mumps,
short distances («2 m|and deposit on mucosal H.meningitidis.Bordetelo pertussis Contact/droplet precautions
surfaces of the recipient je.g. by coughing,
sneezing, or talking): transmission can also
occur by direct physical contact of respiratory
fluids or indirect contact with a fomite
contaminated with respiratory lluids
Airborne droplet nuclei («5 pm) remain
infectious over time and distance
Ingestion ol con laminated food or water

For patients in healthcare facilities:

Airborne Af tuberculosis, disseminated VZV. For patients in healthcare facilities:
measles
V. cboleioe.Salmonella. HAV, HtV Prophylactic vaccinations where

available
Ensure clean food/waler supply
For patients in healthcare facilities:

Contact precautions used loi admitted
patients with fecal incontinence
when stool is unable to be contained
in diapers

Airborne precautions
Food/
Waterborne

Zoonotic/Vector- Disease transmission from animals to humans Direct animal transmission (rabies. Prophylactic medications, vaccinations
0 fever)either directly or via an insect vector, or

disease transmission from human to human via Arthropod mediated transmission mosquito nets, tick inspection
an insect vector

Protective clothing, insect repellent.borne

(malaria.Lyme disease.West
Nile virus)

Vertical Spread of disease from parent to offspring Congenital syndromes (TORCH
infections)
Perinatal (HIV. HBV. GBS)

Prenatal screening
Prophylactic treatment

Nosocomial Infections
• definition: infections acquired >48 h after admission to a healthcare facility OR within 30 d from

discharge
• risk factors: prolonged hospital stay, antibiotic use, surgery, hemodialysis, intensive care, colonization

with a resistant organism, immunodeficiency
patients with nosocomial infections have higher mortality, longer hospital stays, and higher
healthcare costs

• hand hygiene is an essential precaution

Table 7.Common Nosocomial Infectious Agents
Bacteria Characteristics Manifestation Investigations Management

Admission screening culture Contact precautions
Irom nates and peri-anal region For infection:vancomycin or daptomycin or linezolid
identifies colonization To decolonize: chlorhexidine 2% wash once daily (•rifampin
Culture of infection site (doxycyctine or 1MP/SMX) mupirocin cream BIO to nates) x 7 d

MRSA GP cocci Skin and soft tissue infection
Bacteremia
Pneumonia
Endocarditis
Osteomyelitis U R

Contact precautions’
Ampicillin if susceptible
Otherwise, linezolid. hgccychne.or daptomycin depending on
site of infection
Ho effective decolonization methods identified

Majority are l. loecium
Resistant if minimum
inhibitory concentration ol Bacteremia
vancomycin l$ >32 pg/mL Endocarditis

Meningitis
Releases exotoxins A and B Fever, nausea, abdominal pain
Hypervirulent strain (MAPI ,’ Watery diarrhea
BI/027) has been responsible Pseudomembranous colitis
for increase in incidenceand Severe:toxic megacolon

Riskof bowel perforation
Associated with antibiotic use
Leukocytosis

Rarely causes disease in healthy people Rectal or perirectal swab OR
slool culture for colonization
Culture of Infected site

VRE
un

Stool PCR for toxin A and B genes Contact precautions
Stool immunoassay for
toxins A and B (less sensitive
than PCR)
Abdominal x-ray (may see
colonic dilatation)
Sigmoidoscopy for
pseudomembranes:avoid if
known colonic dilatation

Clostridioides
difficile
(C.difficile)

Stop culprit antibiotic therapy (primarily fluoroquinolones and
clindamycin)
Supportive therapy (IV fluids)
Empiric treatment with either vancomycin orfidaxomicin
If access to empiric treatment is limited, then metronidazole may
be used

severity

For fulminant C. difficile infection (previously called severe), oral
vancomycin is used. IV metronidazole added to regimen if ileus
present
Contact precautions’
Carbapenems or non- jt - ladam antibiotics can be used for empiric
therapy

Extended Spectrum Resistant to most
p-lactam Producers (t -lactam antibiotics Pulmonary infection
(c.g. ESBl producing except carbapenems e.u. Bacteremia
l. cob.K. penicillins, atlreonam , and liver abscess in susceptible patients
pneumoniae)
Carbapcnemase -
producing
Enterobacterales
(CPE)

U l l Blood , sputum, urine, or
aspirated body fluid culture
Imaging at infection site (CXR.
CT, 0/S|

cephalosporins Meningitis
Resistant to It'laclam
antibiotics including
caibapcnems

Contact precautions
Colislin. ligecycllnc can be usedvarying on susceptibility
Cefrdcrocol. ceflazidime -avibactam , plazomin are other options
available through the Special Access Program

Ull Blood , sputum, urine, or
aspirated body fluid culture
Imaging at infection site (CXR.
Cl, U/S)

Pulmonary inlection
Bacteremia
liver abscess in susceptible patients
Meningitis

+
'the use of contact precautions for VRE and ESBL varies depending on institutional policies."Not available in Canada
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Respiratory Infections When Klebsiella causes pneumonia:
see red currant jelly sputum

Pneumonia
• see Paediatrics, P93

Definition
• infection of the lung parenchyma

Etiology and Risk Factors
• impaired lung defenses

poor cough/gag reflex (e.g. illness, drug-induced)
• impaired mucociliary transport (e.g.smoking, cystic fibrosis)

immunosuppression (e.g. steroids, chemotherapy, AIDS/HIV, DM, transplant, cancer)
• increased risk of aspiration

impaired swallowing mechanism (e.g. impaired consciousness, neurologic illness causing
dysphagia)

• mechanical obstruction
• no organism identified in 75% of hospitalized cases, and >90% of ambulatory cases

3 As of Klebsiella
Aspiration pneumonia
Alcohol use disorder and patients with
diabetes
Abscess in lungs

Aspiration pneumonias more commonly
manifest as infiltrates in the right middle
or lower lobes due to the larger calibre
and more vertical orientation of the right
bronchus

Table 8. Common Organisms in Pneumonia
Healthcare-Associated Infectious aid
Antimicrobial Resistance inCanadian Ante Care
Hospitals
Can CtiEBua Os fea 2020:46̂ 9-112
Pirpose to describe feSards of realScare
assoc atEd 'factors (HAS) a:dartn.eoia!
res-stance|AH!1horn 2014 to 2018 -srgs_rre la-ce
data from tie Canalan lasoco-a tafecim
Surveillance Prog-am.
Methods Data iratecoi lectedfrom 70 Casadiet
sentinel rosprias regardingClessd entes 4T5o e
rfactron (COI).URSA dcodstreeir riectas.Vt£
moods:ream infcrtinus.aMeabapeneruase-
pradubngEntarcbectrnatece.
Resnlts:tabsper 10.000 patent-dap creased
tor MUSA(59%:0.66105.W.023) a'drtf
pcodstrem nfec:ons (143%;0.B-(m.NU)23j.
Hanerer.COI etas decreased ty125% fhoc
6.16-5.39.^0842).Cafepenoaseptakdag
Eatemtectenaceae colonization rcreased by 375%
(0.04-0.19:Nl-014)b.1in'ecton raxs -erered
kmand stable.
Conclusion: Stacda-dired s_rre lance data frs-
acute care tosp talsnaddsor bantnr troiial
stewantsb p mtl becrucial turtle nrgn rgp-ererton
of HAIsard AMRnCanada.

Community-Acquired Nosocomial Aspiration Immunocompromised Patients Alcohol Use Disorder
Typical Bacteria
Streptococcuspneumoniae
Moraxella color rholis
Haemophilus influenzae
Staphylococcus aureus

Pneumocystis jimvecii
Fungi (e.g.Cryptococcus)
Hocordia

Klebsiella
Enteric GNS
S.aureus
Oral anaerobes (aspiration)

Enteric GHB
(e.g. f.coli )
Pseudomonas
oeruginoso
S. aureus
(including
MR &A)

Oral anaerobes
(e.g.Bocteroides)
Enteric GNB
S. aureus
Gastric contents
(chemical
pneumonitis)

CMV
HSV IS

GAS IB
Atypical Bacteria
Mycoplasmapneumoniae
Chlamydia pneumoniae
Legionella pneumophila

Viral
Influenza virus
Adenovirus
SARSCoV-2

’See Paediatrics.P93. Table 45.Common Causes and treatment o!Community-Acquired Pneumonia

Clinical Features
• cough (± sputum), fever, pleuritic chest pain, dyspnea, tachypnea, tachycardia
• elderly often present atypically; altered LOG is sometimes the only sign
• evidence of consolidation (dullness to percussion, bronchial breath sounds, crackles)
• features of parapneumonic effusion (decreased air entry, dullness to percussion)
• complications:ARDS, lung abscess, parapneumonic effusion/empyema, pleuritis ± hemorrhage

Investigations
• pulse oximetry to assess severity of respiratory distress
• CBC and differential, electrolytes, urea, Cr, arterial blood gas (ABG) (if respiratory distress)
• sputum Gram stain/C&S, blood C&S, ± viral detection (influenza testing) ± serology, ± pleural fluid

C&S (if effusion >5 cm or respiratory distress)
• CXR ± CT chest shows distribution (lobar consolidation or interstitial pattern), extent of infiltrate ±

cavitation
• bronchoscopy ± washings for:
• (1) severely ill patients refractory to treatment and (2) immunocompromised patients

Treatment
• airway/breathing/circulation, 02, IV fluids, consider salbutamol ( nebulized or metered-dose inhaler)
• determine prognosis and need for hospitalization and antibiotics

Criteria for Hospitalization
• along with clinical judgment, validated clinical prediction rules for prognosis can be used to

determine the need for hospitalizations in adults diagnosed with community-acquired pneumonia
(e.g. the CURB-65 Score or Pneumonia Severity Index (PS1))

Forarejortonnosoccna rfrectozs n trallS.
jlease refer D:HEJH 2014:370:1138-208.Coesut
ps cca!hospital statsZcsbrte aosdatolcable
rforaation forper Bertniece.

Diagnosis of Ventilator-AssociatedPneumonia in
CriticallyIIAdultPatients:A Systematic Revien
and Meta-Analysis
Intensite Ca-e Bed 2020:46:1170 79
Purpose: To identifyaMcoapantktacccacy of
9e fj.onmg tceasresfordiag'as'g VIP:ptyscal
camration,dies!raingra jb y.ecdorracei
asbi-ete (ETA),b-onczoscobicsanj.ng cat-res
(protected specie:trust|PSB) a'dbruncboa'teolar
aiage|BAU|.and CPIS>6.
Study Selection: El g tie otiservatroa st-des
and RCIs oebded >90% patients wer 16 y 'o rr.B
measures condcc.eduttelCU.rebdeg talests
urtbniiiEna4la of itrasne raectancal ied£atm.
Resnlts:Ite co: lectie sess tnty atdstec:5cdy
of VAP phys ca!eras: setts Srdcgsnere»ot:
fever (66.4% asd 538%.respectively) andpatient
seeretnas(77.0%.39.0%):earp nStratens chest
radngrajby (888%.26.1%t ETA(752%.678%).
Among broecboscopic sen- egnettods.PSB 161.4 %.
765%):IAI(711%.73.6%).CP1S-6 (738%.66.4%).
Conclusion VAP Tsdiagsossasdpjta-iely
unnecessaryaatimooMusa aay cesut froc
reliance osclassicalctekal measures used in
isolates.

Table 9. CURB- 65 Score- Pneumonia Clinical Prediction Tool
Component' Points Total Score Mortality DispositionMeasurement(s) ri
Confusion
Urea/BUN
Respiratory Rale

Blood Pressure

0 -1 <5% Can treat as outpatient

Consider hospitalization

Consider ICU

Altered menial status

Urea >7 mmol/L or BUN >20 mg/dl
>30 brealhs/min

1

2-3 5-15%1
45 15 30%1

sBP "90 mmHg or dBP *60 mmHg
65 or older

1 +Age 1
*A CRB-55 score may also be applied in community acquired pneumonia.Its criteria depends on clinical assessment alone

Activate Windows
tO S6tt
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Table 10. Pneumonia Severity Index - Clinical Prediction Rule for Prognosis
PointsRisk Factor Total Score Risk Class Mortality Recommendation

Demographics <51 0.1%I Consider outpatient
Age (yr)
Age|yr) - 10

Men
Women
Nursing home resident

Coexisting Illness
Neoplastic disease
Liver disease
Congestive heart failure
Cerebrovascular disease
Renal disease

Physical Exam
Altered mental status
Respiratory rater30 breathsfmln
s8P <90 mmHg
T *35‘C or tdO'C
HR »125 bpm

Investigations
Arterial pH<7.35
BUN >30mgfdL
Sodium <130 mmol/L
Glucose»250 mg/dL
Hematocrit <30%
Partial pressure of arterial 02 <60 mmKq
Pleural effusion

•10
Consider outpatient5170 0.6%II

•30
20
10
10
10

71-90 09-2.8%III Consider outpatient Lobar Pneumonia
•20
20

•20
•15
•10

91-130 82-9.3% HospitalizeIV
30
20

27.0-29.2% Hospitalize20 >130 V
10
10
10

•10
Adapted with permission hum Diagnosis and Treatment of Community-Acquired Pneumonia.February 1.2006. Vol 73.No 3.American Family
Physician Copyright 2006 American Academy of Family Physicians.All Rights Reserved Bronchopneumonia
Table 11. IDSA/ATS Community-Acquired Pneumonia Treatment Guidelines 2019
Setting Circumstances Treatment

Outpatient No comorbidities or risk factors for MRSA or P.aeruginosas Amoxicillin OR
Doxycydine OR
Macrolide (localpneumococcal resistance <25%)'

Comorbidities1 Amoxicillinlclavulanalc or cephalosporin*AND
Macrolidezot doxycydine
OR
Respiratory fluoroquinolones

S-lactam?t macrolide 2
OR respiratory fluoroquinolone5

Severe inpatientpneumonia«and no risk factors for MRSA piactarrf •macrolide )0R
or P. aeruginosas

Nonsevere inpatient pneumonia%td no risk factors for
MRSAorP.aeruginosa1

Inpatient

Interstitial Pneumonia
p-lactairv* fluoroquinolone s

©Stuart Jantzon 2012
Given different regional resistance patterns, therapy should be based on local epidemiology and site-specific recommendations
Refers to empiric treatment to be started. Appropriate antibiotic therapy should be tailored IIpothogcri Is Identified
1.Previous respiratory isolation of MRSA or P. uvruymouj or recent hoipltellxatton AND parenteral antibiotic useIn last 3mo t locally validated risk
(actors
2. Macrolide: use azithromycin or clarithromycin
3. Comorbidities:chronic heart, lung, liver,or renal disease.DM,alcohol use disorder,malignancy,asplenia
4. Cephalosporin:celpodoxime or cefuroxime
5.Respiratory fluoroquinolone:moxilloxacin.levofloxacin
6.Severe =1major criterion or >3 minor criteria.Minor criteria: respiratory rate >30 breaths'min,Pa02/Fi02 ratio 1250.multilobar infiltrates,
confusion/disorientation.BUN >20 mg/dL.WBC <4000/pL due to infection.Pit *100000/pL.T *36’C, hypotension with aggressive fluid
resuscitation. Major criteria:septic shock withvasopressors, respiratory failure withmechanical ventilation
7. (Hactam:ampicillin sulbactam*, cefotaxime.ceftriaxone, cettaroline*
IDSA:Infectious Oiscases Society of America
ATS: American Thoracic Society
’Available In Canada through the Special Access Program

Figure 6. Lobar, broncho-, and
interstitial pneumonia

Diagnosis and Treatment nf Adults with
Community-Acquired Pneumonia:An Official
C linical Practice Guideline of the American
Thoracic Society and Infectious Diseases Society
ol America
Am JRespr C'it Care Med 2019:200:e45 e6?. Ihe Pneumonia Seventy Index is preferred PI*I(he CURB 65 tool for determin nq inpatient vs.

outpatient treatment.
• Test for influenza with a rapid influenza motecutar

assay when it iscirculating in the community.
• Obtaining blood CiSocsputum Gram stair.'CiS

routinely in adults with CAP managed m the
outpatient setting is not recommended.

• Ohtairing pre-treatment blood CIS and sputum
Cram sUiwUSis recommendednadults with
CAP managed in Ihe hosptal settingwho (1)aie
classified as seme CAP or (2|are be-nq empneaty
healed lor MRSA or P.aeruginosa or (3) were
previously inlected with MRSA or P.aeruginosa
or (4) were hospitalized and receitd parenteral
antibiotics in the last 90 d.

r s
i- J

+
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Table 12. IDSA/ATS Hospital-Acquired (HAP) and Ventilator-Associated (VAP) Pneumonia Clinical
Practice Guidelines 2016
Setting Treatment

Does this Patient hate Community-Acquired
Pneumonia?
Diagnosing Pneumonia by History and Physical
(lamination
JAM*1997:278:1440 141S
Study. Systematc retie*of articles assessing the
sensitivity and specificityof clinical eram maneuvers for
the diagnosis of adult conrunity-acquired p-neumor:a.
Results: the presence of fever or immunosuppression
hada positive likelihood ratio (HR|of 2.whilea history
oIdementia had a -18of 3:however, these hatsate
not confirmatory, the presence of an abnormality«any
vital sign, including tachytardia. tachypnea, or feter
had a-18 ra ng ng trim 2-4.mb ich was rot significantly
ejected by differentcut-points.The absence of vital
sign abnormality had a -LRrangingfrom 0.S-0.8.The
combination of respratory rate <30 bteathsi'mh. heart
rate <100 bpm , andttmperatgre < 37.8‘C hada -18
ol 0.18. findingson chest turn rased the likelihood
ol diagnosis but were uncommonly seen m studies
(e.g.presence of asymmetric respirations essentially
confirmed the d agnoss but wasonly present in 4%
ol patientd. In patientsvhthadinical diagnosis but
normal radiograph, only *10% will develop radiographic
find rigs in 72 It.
Conclusions: Evidence suggests no single item on
clinical tistory or physical eum is sufficient to rule m
or out pneumonia without CXR.Vital sign abnormal tes
were correlated with a dagnosisof pneunoria.findings
on chest eucam significantly raised the fekelihoodof
pneumonia but were uncommonly seen in studies.

Clinically suspected HAP (non-VAP) with no increase in likelihood One of:
of MRSA and not at high-risk of mortality pipeiacillin- tazobactam

OR cclepime
OR levolloxacin
OR imipenem
OR meropenem

Clinically suspected HAP (non-VAP) with increasing likelihood of One of:
MRSA and not at high - risk ol mortality pipeiacillin- tazobactam

OR cclepime or ceftazidime
OR levolloxacin or ciprofloxacin
OR imipenem oc meropenem
ORaztreonam*

PLUS one of:
vancomycin or linezolid for MRSA coverage

Clinically suspected HAP (non-VAP) with high -risk of mortality or Two of the following (avoid 2 p-lactams):
pipeiacillin- tazobactam
OR cefepime or ceftazidime
OR levolloxacin or ciprofloxacin
OR imipenem or meropenem
OR aztreonam*

OR amikacin or gentamicin or tobramycin
PLUS cither MRSA or MSSA coverage:

MRSA: vancomycinor linezolid
OR MSSA: pipeiacillin -tazobactam.cclepime. levolloxacin, imipenem.
meropenem

recipient of IV antibiotics in last 90 d

Clinically suspected VAP in units where empiric MRSA coverage One of:
and double antipseudomonal /GN coverage arcappropriate (3-laclam/p-lactamase inhibitor (piperacillinftazobactam)

OR antipseudomonal cephalosporin (cefepime or ceftazidime)
OR antipseudomonal carbapcnem (imipenem or meropenem)
OR monobadam (aztreonam’)

PLUS one of:
antipseudomonal fluoroquinolone (ciprofloxacin or levofloxacin)
OR aminoglycoside (amikacin,gentamicin, or tobramycin )
OR polymyxins (colislin or polymyxin B)

PLUS one of:
vancomycinor linezolid lor MRSA coverage

Refeis to empiric treatment to be started.Appropriate antibiotic therapy should be tailored it pathogen is identified
'Available in Canada through the SpecialAccess Program
Risk factors for mortality include need for ventilatory support due to pneumonia and septic shock
Risk factors for MDR VAP;prior IV antibiotic use within 90 d.septic shock at time of VAP.ARDS preceding VAP.5* d of hospitaliiation prior to VAP
onset, acute tonal replacement therapy prior to VAP onset
Ravk factors for MDR HAP. MRSA VAP/HAP.ot MDR Ptmutotnonm VAP.'MAP:Prior IV antibiotic use within 90 d
Note; Indications for MRSA coverage Includes IV antibiotic treatment during thu prior 90 dand treatment In a unit where prevalence of MRSA of S.
OUtfUS isolates Is not known or Is *20%
Note: These guidelines may be less applicable in Canada given lower rates of antibiotic resistance among common nosocomial pathogens

Prevention
• Public Health Agency of Canada recommends the following

• vaccine for influenza A and B annually for ail ages 2:6 mo
pneumococcal polysaccharide vaccine (Pneumovax*) for all adults £65 yr and in younger patients
>24 mo at high-risk for invasive pneumococcal disease (e.g. functional or anatomic asplenia,
congenital or acquired immunodeficiency)

• pneumococcal conjugate vaccine ( Prevnar-13*) for children and adolescents ages 5-17 yr at high
risk for invasive pneumococcal disease and who have not previously received Prevnar-13* (CDC
recommends giving Prevnar-13* to all adults at high-risk for Invasive pneumococcal disease)

• Pfizer-BioNTech (Comirnaty*) COV1D- I9 vaccine for children ages 5-11 yr, Moderna (Spikevax*)
COVID-19 vaccine (half-dose, 50 pg) for children ages 6-11 yr, and mKNA COV1D-19 vaccine for
all ages >12 vr who do not have contraindications

Beware! Do Not Confuse H. influenzae
with Influenza Virus
H. influenzae, a bacterium (Types A. B.
C. D, E.and F refer to capsule)
Influenza:a virus (Types A and B refer
to strain)

Vacclnesfor Preventing Influenza in Healthy
Adults
Cochrane DB Syst Rev 201S.C00012G9
Study: 5!RCIsand quiuRCIs evaluating mllut'zi
vaccines compared to placebo or no Intervention
in healthy individuals 16 -65 ylo.Observational
comparative studies were not included.
Results: Inactivated nfluenza vaccines reduce
influenza in healthy adults from 2.3% to 0.9% and
reduce influema -kke llnm(ll|from 21.5% to18.1%.
the preventative effect of vaccination is small, with
71 healthy adults need ngto he vaccinated to prevent
one from experiencing influenza, and 29 need ng
to be vaccinated to prevent onefrom experiencing
III.Vaccination leads to a small reduction m the risk
of hospitalization from 14.7% to 14.1%,and a sra l
reduction in days off work. Effectiveness of the
influenza vaccine is less in mochers and newborns
compared to the general population.
Conclusions: Influeaza vaccines have a very modest
effect in zeducing influenza, associated symptoms,
hospitalization, and days off work In healthy adults.

Influenza
Definitions and Etiology
• influenza viruses A and B
• influenza A further divided into subtypes based on envelope glycoproteins

• hemagglutinin ( H ) and neuraminidase ( N )
• seasonal (epidemic) influenza

• main circulating influenza viruses: influenza A ( H INI ), influenza A ( H3N 2), and influenza B
associated with antigenic drift (gradual, minor changes due to random point mutations)
may create a new viral subtype resulting in a seasonal epidemic (disease prevalence is greater
than expected )
outbreaks occur mainly during winter months (late December to early March )

• pandemic influenza
associated with antigenic shift: abrupt, major changes due to mixing of two different viral strains
from different hosts
may create a new viral strain resulting in a pandemic outbreak (worldwide)
antigenic shift occurs only in type A

• transmission:droplet, possibly airborne
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Table 13. Difference Between Influenza Strains
Influenza A Influenza B

Host(s)
Antigenic Drift
Antigenic Shift
Epidemics
Pandemics

Humans, birds,mammals
Yes, new strains
Yes.new subtypes

Humans only
Yes, new slrains Acute Myocardiallnfarction alter laboratory-

Confirmed Influenza Inlection
H EJM 2018;378:345-353
Purpose:To investigate the association between
laboratory-confirmed influenza iafectnaand
acute Ml.
Methods: Self -controlled case senes, disk interval
definedasfirst 7 d after respiratocy soecimen
collection and control Interval as1 jr before and1yr
after the risk interval.
Results:Increased incidence ratioof an adm ission for
acute Ml during risk interval vs.control inletval (6.05.
95% Cl 3.86 9.50). No increased incidence alter fd.
Increased incidence ratios for acute Ml within I d after
detection of influenza B ItO.tl.95% Cl 4.31-23.38),
influenza A (5.11, 95% Cl 3.02-8.84).and respiratory
syncytial virus (3.51,95% Cl1.11-11.12).
Conclusions:Sigrificantassociaton between
respiratory infections, especially ioDueuia.and
acute Ml.

No
Yes Yes
Yes No

Clinical Features
• incubation period 1-4 d and symptoms typically resolve in 7-10 d
• acute onset of systemic (fever, chills, myalgias, arthralgias, headache, fatigue) and respiratory

symptoms (cough, dyspnea, pharyngitis)
• complications: respiratory (viral pneumonia, secondary bacterial pneumonia, otitis media, sinusitis),

muscular ( rhabdomyotysis, myositis), neurologic (encephalitis, meningitis, transverse myelitis,
(vuillain-Barre syndrome)

• severe disease more likely in the elderly, children, pregnant women, immunocompromised patients,
asthma, COPD, cardiovascular disease (CVD), DM,and obesity

Investigations
• diagnosis is primarily clinical based on symptoms during the influenza season
• nasopharyngeal swabs for RT-PCR (gold standard), or rapid antigen detection (DTA, direct fluorescent

antibody) which has lower sensitivity
• lower respiratory specimens for RT-PCR
• serology: rarely used for clinical management

Treatment and Prevention
• primarily supportive unless severe infection or high-risk for complications
• neuraminidase inhibitors: oseltamivir (Tamiflu*) or zanamivir (Relenza*) for treatment and

prophylaxis against types A and B or peramivir (Raplvab") for the treatment against types A and B
decreases duration (by -1 d) and severity of symptoms if given within 48 h of onset
treatment beyond 48 h time window may be warranted in immunosuppressed and critically ill
patients

• vaccine for influenza A and B viruses is recommended annually for all ages >6 mo
• vaccine is reformulated each year to reflect circulating influenza A and B strains

High-risk for Complications
• anyone who is hospitalized, patients with severe illness/chronic medical conditions,

immunocompromised patients, children <2 yr, elders >65 yr, pregnant women or women <2 wk
postpartum

COVID-19
Definitions and Etiology
• an acute infectious respirator)' disease caused by the SARS-CoV-2 virus
• SARS-CoV-2 is an enveloped, positive-sense,ssRNA virus
• transmission:droplet and airborne transmission
• incubation period 2-14 d, usually -5 d

Pathophysiology
• invasion of host cells via the viral spike protein which binds to angiotensin-converting enzyme 2

(ACE2) expressed on the surface epithelium of the lungs
• virus induced cytotoxic damage particularly to the alveolar epithelium
• dysregulated immune response can lead to a cytokine storm causing organ failure or death

Clinical Features
• can be asymptomatic (estimated to be I in 3 of those infected)

children are more likely to be asymptomatic or to have mild disease
• most common:fever, fatigue, dry cough
• common:dyspnea, loss of smell and/or taste (may vary depending on the variant circulating), loss of

appetite, myalgia
• less common: nausea, vomiting, abdominal pain, sore throat, headache, thromboembolic events
• course: can range front mild disease (lasts l -2 wk) to severe or critical disease ( lasts 3-t- wk); may be

complicated by post-COVID condition which is associated with a wide range of diverse symptoms
across multiple organ systems that may fluctuate in intensity,often exacerbated by mental and
physical over-exertion

Diagnosis
• nasopharyngeal swabs for RT-PCR (gold standard) or nasal/oral-nasal swabs for rapid antigen

detection point of care tests which have lower sensitivity
• lower respiratory specimens for RT-PCR

Treatment (accurate as of April 1, 2022)
• please see updated guidance through the Ontario Science Table (https://covidI9-sciencetable.ca/

science-briefs/#infectious-diseases-clinical-care)
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• for critically ill adults >18 yr requiring ventilatory and/or circulatory support:
• dexamethasone HO or IV for 10 d (or until discharge)
• tocilizumab if on recommended steroid dose » admitted to hospital or diagnosed with (.'OVID-19

in hospital within 14 d
• prophylactic low molecular-weight or unfractionated heparin

• for adults >18 yr requiring low-flow supplemental 02:
dexamethasone HO or IV' for 10 d (or until discharge)

• remdesivir IV for 5 d
• tocilizumab if serum CRH 75 mg/ L t disease progression despite 24-48 h of recommended

steroid dose t admitted to hospital or diagnosed with COVID-19 in hospital within 14 d
• prophylactic low molecular-weight or unfractionated heparin

• for mildly ill adults >18 yr who do not require supplemental ()2 in any setting:
• stratify by risk of severe disease (i.e. >5% risk of hospitalization )
• for patients with >5% risk of hospitalization:

• nirmatrelvir/ritonavir ( Haxlovid) if presenting within 5 d of symptom onset
remdesivir if presenting within 7 d of symptom onset

• for patients with <5% risk of hospitalization: reassurance and self-monitoring of symptoms

Table 14. Risk of Hospitalization in Mildly III Adults >18 yr with COVID-19 (accurate as of April1, 2022). Higher risk individuals are those who have a »5% risk of hospitalization if they develop COVID-19.Standard risk individuals are those who have a of hospitalization.
• Indigenous people.Black people,and members of other racialized communities may be at increased risk of disease progression due lo disparate rates of comorbidity,increased barriers to

vaccination,and social determinants of health.They should be considered priority populations for access to COVIO-19 drugs and therapeutics.
Age (Years) Risk FactorsNumber of Vaccine Doses

Obesity (BMI »30 kg/m2)
Diabetes
Heart disease, hypertension,congestive heart
failure
Chronic respiratory disease,including cystic fibrosis
Cerebral palsy
Intellectual disability
Sickle cell disease
Moderate or severe kidney disease|eGfR '60 ml/

0 Doses
Higher risk if >3 risk factors1 Standard risk t

Higher risk il>3 risk factors Higher risk if >3 risk factors Standard risk
Higher risk if >1risk factors Higher risk if >3 risk factors Standard risk

Higher risk Higher risk if >1risk factors Higher risk if >3 risk factors
Higher risk: therapeutics should always be recommended lor immunocompromised individuals not
eipeded lo mountan adequate immune response to COVIO-19 vaccination or SARS- CoV - 2 infection due
lo their underlying immune status,regardless of age or vaccine status U

Higher risk1

1or 2 Doses 3 Doses
Standard risk >«20i

20 to 39
40 to 69
>70
Immunocompromised1individuals
olanyage

min)
Moderate or severe liver disease (e.g.Child Pugh
Class B oi C cirrhosis)Standard riskStandard riskPregnancy

1. Evidence for the vilely.ind efficacy of ^otrovlmob and nirmotrdvlf /rilonavlr (Paxlovid) In children •18 yean of ageI* limited While early evidence on ilsk factor * for moderate and severe COVIO-19
In children!* emerging, theability to reliably predict di*ea*c progression in children remain* very limited,and the frequency of progrc**ionI*tore. While not routinely recommended In children <18
year* of age. the u*eof the*e agent* may be consideredin exceptional circum*tanco* (e.g. tevora Immunocompromise and/or multiple ti*k factor*,clinical progrc**ion) on a ca*e -by-ca*e basis.
Multidisciplinary consultation with Infectious Disease* (or Pediatric Infectious Diseases) and the tuam primarily responsible for thechild's care is recommended to review the individual consideration
of thesemedications.

2. Examples of Immunocompromised or immunosuppressed individuals include receipt ol treatment lor solid tumours and hematologic malignancies (including individuals with lymphoid malignancies
who arc being monitored without active treatment),receipt olsolid-oigan transplant and taking immunosuppressive therapy,receipt olchimeric antigen receptor (CAR)- T-cell or hematopoietic stem
cell transplant (within 2 years of transplantation or taking immunosuppression therapy),moderate or severe primary immunodeficiency (e.g.DiGeorge syndrome.Wiskott-Aldrich syndrome,common
variable immunodeficiency. Good’s syndrome,hyper IgE syndrome), advanced or untrealed HIV Infection,active treatment with high-dose corticosteroids (i.e. £20 mgprednisone or equivalent per
day when administered for >2 weeks), alkylating agents, antimetoboliles. transplant-ielated immunosuppressive drugs,cancer chemotherapeutic agents classified as severely immunosuppressive,
tumour-necrosis factor ( TNF) blockers, and other biologic agents that are immunosuppressive or immunomodulatory. These individuals shouldhave a reasonable expectation for 1-year survival prior
to SARS-CoV-2 inlection.

3. Therapeutics should always be recommended for pregnant individuals who have received zero vaccinedoses.

Prevention (accurate as of June 7, 2022)
• complete series of mRNA COVID-19 vaccine for all ages >12 yr who do not have contraindications
• Hfizer-BioNTech (Comirnaty*) COVID-19 vaccine for children ages 5-11 yr, Moderna (Spikevax*)

COVID-19 vaccine (half-dose, 50 pg) for children ages 6-11 yr, and mRNA COVID-19 vaccine for all
ages >12 yr who do not have contraindications

Skin and Soft Tissue Infections

Cellulitis
Definition
• acute infection of the skin principally involving the dermis and subcutaneous tissue

Etiology
common causative agents: p-hemolytic streptococci (most common cause of non-purulent cellulitis), S.

aureus, and occasionally S. lugdunensis
• immunocompromised patients or water exposure: may also include CiN rods and fungi
• bite wounds: consider skin tlora of “bitec" and mouth flora of “biter"
• risk factors

• trauma with direct inoculation, recent surgery
peripheral vascular disease, lymphedema, DM, cracked skin in feet /toes (tinea pedis)

Clinical Features
• pain, edema, erythema with indistinct borders ± regional Ivmphadenopathy, systemic symptoms

(fevers, chills, malaise)
• can lead to ascending lymphangitis (visible red streaking in skin along lymphatics proximal to area of

cellulitis)
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Investigations
• CBC and differential, blood C&S if patient has malignancy, severe systemic features, or unusual

predisposing factors, such as immersion injury, animal bites, neutropenia, and severe cell-mediated
immunodeficiency

• skin swab ONLY if open wound with pus

Treatment
• consult local guidelines for appropriate antibiotic therapy
• antibiotics: cephalexin (broader coverage if risk factors for (iN rods)
• if extensive erythema or systemic symptoms, consider cefazolin IV
• if MRSA is suspected, empiric coverage for MRSA may be considered (see A Simplified Look at

Antibiotics, ID46 )
• limb rest and elevation may help reduce swelling

Necrotizing Fasciitis
Definition
• life- and limb-threatening infection of the deep fascia characterized by rapid spread

Etiology
• two main forms

• Type 1: polymicrobial infection - aerobes and anaerobes (e.g. S.aureus, Bacteroides,
Entcrobacterales)

Type 11: monomicrobial infection with GAS,or less commonly S.aureus

Clinical Features
• pain out of proportion to clinical findings and beyond border of erythema
• edema ± crepitus (subcutaneous gas from anaerobes)
• infection spreads rapidly
rapid onset of systemic symptoms (e.g. tachycardia, hypotension, lightheadedness, disorientation,

lethargy, ana fever)
• late findings

skin turns dusky blue and black (secondary to thrombosis and necrosis)
• induration, formation of hemorrhagic bullae

loss of sensation in the affected area (paresthesias)

Investigations
• clinical/surgical diagnosis -do NOT wait for results of investigations before beginning treatment
• blood and tissue C&S
• serum Creatine Kinase (CK) - elevated CK usually means myonecrosis (a late sign)
• plain film x-ray or CT (soft tissue gas may be visualized)
• surgical exploration for debridement of infected tissue

Treatment
• resuscitation with IV' fluids
• emergency surgical debridement to confirm diagnosis and remove necrotic tissue (may require

amputation)
• IV' antibiotics

unknown organism:meropenem or piperacillin/tazobactam + clindamycin IV ± vancomycin if
MRSA is considered
Type 1 (polymicrobial): piperacillin /tazobactam + clindamycin IV'
Type II (monomicrobial ): with confirmed GAS infection, penicillin G + clindamycin IV; with
confirmed S. aureus infection, cefazolin (or doxadllin ) + clindamycin IV
with Type II, evaluate for streptococcal toxic shock syndrome and the need for IVIg

Acquired Oral Lesions
Etiology
• infection (e.g. candidiasis, gonococcal infection), HSV
• malignancy (e.g. adenocardnoma, leukoplakia)
• poor oral hygiene (e.g.caries, periodontal disease)
• trauma (e.g. abuse)
• toxic ingestion
• xerostomia (e.g. age, medications)
• systemic diseases (e.g. lichen planus, Behcet disease)
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Table 15. Comparison between Oral Infection vs. Oral Carcinoma
Oral Candidiasis Oral Squamous Cell Carcinoma

Risk Factors Antibiotics, chemotherapy, radiation therapy
Immunocompromised, inhaled corticosteroids
Age - infants, older adults with dentures

Tobacco use (smoked and smokeless)
Betel use
Alcohol
HPV,especially HPV-16

Morphology Pseudomembranous:confluent,white patches or Alesion of three or more weeks duration:
plaques,can be wiped off with a gauze,exposing an Redor red and white lesion
erythematous base
Atrophic candidiasis: red patches localized mainly to
the palate and dorsum of the tongue

Diagnosis Cytology, biopsy, or culture
Treatment Topical antifungal

Ulcer
Lump
Especially when in combination or if indurated (firm on palpation)
Biopsy and histopathologic examination

Referral to ENT

Gastrointestinal Infections
• sec Gastroenterology.Gl 4 and Paediatrics. NO

Traveller’s Diarrhea
• see Gastroenterology.G18

Chronic Diarrhea
• see Gastroenterology.(i19

Peptic Ulcer Disease (Helicobacter pylori)
• see Gastroenterology. Gl 3

Bone and Joint Infections

Septic Arthritis
Definition
• infection of one or more joints by pathogenic microbes

Routes of Infection
• hematogenous (most common)
from distant infection (e.g. abscesses, wound infection, bacteremia)
• direct inoculation via skin/trauma

iatrogenic (e.g. surgery, arthroscopy, arthrocentesis, joint injection)
• trauma (e.g. open wounds around the joint, penetrating trauma)

• contiguous spread (e.g. septic bursitis, osteomyelitis)

Etiology
• gonococcal

N.gonorrhoeae: previously accounted for 75% of septic arthritis in young sexually active adults
• non-gonococcal

S. aureus: affects ail ages, rapidly destructive, accounts for most non-gonococcal cases of septic
arthritis in adults (especially in those with rheumatoid arthritis)
Streptococcus spp. (Group A and B)

• GNs: affect neonates, elderly, injection drug users, immunocompromised.S’, pneumoniae: affects children
Kingclla kingac: affects children <4 yr

• Haemophilus influenzae type B (Hib) now rare due to Hib vaccine: consider in unvaccinated
children

• Salmonella spp.: characteristic of sickle cell disease
• coagulase-negative Staphylococcus spp.: prosthetic joints

• if culture-negative:partially treated infection (prior to oral antibiotics), reactive arthritis, rheumatic
fever, less common bacterial causes such as Borrelia spp. (Lyme disease) or Tropheryma whipplei
(Whipple’s disease), and non-infectious causes

Medical Emergency
Septic arthritis is a medical emergency!
If untreated, rapid joint destruction will
occur

Disseminated Gonococcal Infection
Triad
• Migratory arthralgias
• Tenosynovitis next to inflamed joint
• Pustular skin lesions
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Risk Factors
• gonococcal
• age <40 yr, multiple partners, unprotected intercourse, MSM
• non-gonococcal

• most affected children are previously healthy with no risk factors: occasionally preceding history
of minor trauma
bacteremia (extra-articular infection with hematogenous seeding,endocarditis)
prosthetic joints/recent joint surgery
underlying joint disease (e.g. rheumatoid arthritis, osteoarthritis)
immunocompromised (e.g. DM,chronic kidney disease, alcohol use disorder, cirrhosis)

» loss of skin integrity (e.g.cutaneous ulcer, skin infection)
• age >80 yr

Clinical Features of Gonococcal Arthritis
• two forms (although often overlap):

» septic arthritis form: local symptoms in involved joint (swelling, warmth, pain, inability to weight
bear, decreased range of motion)
bacteremic form: systemic symptoms of fever, malaise, chills

Clinical Features of Non-Gonococcal Arthritis
• acute onset of pain, swelling, warmth, decreased range of motion ± fever and chills; in children,

refusal to weight bear
• most often in large weight-bearing joints (knee, hip, ankle) and wrists
• usually monoarticular ( polyarticular risk factors: rheumatoid arthritis, endocarditis, GBS)

Investigations
• consider rheumatologic causes for monoarthritis (see Rheumatology, Table 4, RH3)
• gonococcal: blood C&S, as well as endocervical, urethral, rectal, and oropharyngeal testing
• non-gonococcal: blood C&S
• arthrocentesis (synovial fluid analysis) is mandatory, CBC and differential, Gram stain,C&S,examine

for crystals
infectious = opaque, increased WBCs (>15000/mm >.likelihood of infection increases with
increasing WBCs), PM Ns >90%, culture positive

• growth of N.gonorrhoeas from synovial fluid is successful in <50% of cases
• ± plain x-ray: assess for osteomyelitis, provides baseline to monitor treatment

Treatment
• medical

« empiric IV antibiotics: specific choice depends on clinical scenario and local guidelines; for
most adults, cefazolin ± vancomycin is reasonable; for fully vaccinated children, cefazolin or
cloxacillin IV unless MRSA is a consideration - delay may result in joint destruction
Gram stain and cultures guide subsequent treatment
gonococcal: ceftriaxone (+ azithromycin for concurrent treatment of C. trachomatis),7 d of
therapy usually sufficient

• non-gonococcal: antibiotics against Streptococcus spp. (2-3 wk IV followed by PO), S.aureus (4 wk
IV minimum), or GNB (4 wk, newer evidence suggests early switch to PO is safe and effective)

• surgical intervention if (see Orthopaedic Surgery, OR11)
would consider surgical intervention on all cases of septic arthritis if possible
persistent positive joint cultures on repeat arthrocentesis
hip joint involvement, especially in paediatric population
prosthetic joint

• daily joint aspirations until culture sterile
• physiotherapy

Prognosis
• gonococcal: responds well after 24-48 h of initiating antibiotics (usually complete recovery)
• non-gonococcal: in children, generally good outcome if treated promptly; in adults, up to 50%

morbidity (decreased joint function/mobility)

Intra articular steroids are
contraindicated until septic arthritis has
been excluded

IW60F Guidance on the Diagnosis and
Management of toot Infections in Persons with
Oibelts - Recommendations lor Diagnosing
Osteomyelitis
Diabetes Metab Res Rev 2016:32:45 74
Perfotm a probe-to bone test lor an infected open
wound:a negative lest likely rMesootosteomyelitis
in tow-risk patients.whilea positive test is Ikely
diagnostic in high-risk patients.
In suspected cases, dramatically derated serum
inflammatory markers (especially ESI) are suggestive
olosteomyelitis.

hew in doubt, positive results on microbiological
or histological eram ol an aseptic bone sample are
usually required lor a definitive diagnosis ol bone
infection.
tone infection a probable if there are positive results
on a combination of diagnostic tests (probe-to-bone,
serum nflammatory markers, plain i-ray.MR I.or
radionuclide scanning).
for all cases of non-superlicial drabeticfoot infection ,
plain x-rays of the foot shou Id be obtained.
When advanced imaging is required for diagnosis.
Mil is preferred.

See Landmark Infectiujs Disease Trials table for more
information on the OVIVA trial. It details whether
oal antibiotic therapy is noninferiorto IV antibiotic
therapy for the management of cmploorthopaedic
infections.

Diabetic Foot Infections
Etiology
• neuropathy, peripheral vascular disease, and hyperglycemia contribute to foot ulcers that heal poorly,

and are predisposed to infection
• organisms in mild infection:Streptococcus spp., S. aureus
• organisms in moderate/severe infection: polymicrobial svith aerobes (S. aureus, Streptococcus,

Enterococcus,GNB) and anaerobes (Peptostreptococcus, Bacteroides, Clostridium)

Clinical Features
• not all ulcers are infected
• consider infection if: probe to bone (see below), ulcer present >30 d, recurrent ulcers, trauma, PVD,

prior amputation, loss of protective sensation, renal disease, or history of walking barefoot
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•diagnosis of infected ulcer: 2 of the cardinal signs of inflammation ( redness, svarmth, swelling, pain)
OR the presence of pus

•± crepitus, osteomyelitis, systemic toxicity
•visible bone or probe to bone: osteomyelitis
•infection severity

mild = superficial (no bone/joint involvement)
moderate = deep (beneath superficial fascia, involving bone/joint) or erythema >2 cm
severe = infection in a patient with systemic toxicity (fever, tachypnea, leukocytosis, tachycardia,
hypotension)

Investigations
•curettage specimen from ulcer base, aspirate from an abscess or bone biopsy ( results from superficial

swabs do not represent organisms responsible for deeper infections)
•blood C&S if febrile
•assess for osteomyelitis by x-ray (although not sensitive in early stages) or MKl/bone scan if high

clinical suspicion
•if initial x-ray normal, repeat 2-4 wk after initiating treatment to increase test sensitivity

Treatment
•mild to moderate:cefazolin or cephalexin
severe:options include: 1. ceftriaxone + metronidazole; 2. piperacillin/tazobactam ± vancomycin; 3.

meropenem ± vancomycin
•optimize glycemic control, pressure offloading, wound care, consider revascularization

• this is empiric treatment, and specific treatment needs to be adjusted based on culture and
response to therapy

Osteomyelitis
• see Orthopaedic Surgery, OR 11

Cardiac Infections

Infective Endocarditis
Definition
• Infection of cardiac endothelium, most commonly the valves
classifications:acute vs. subacute, native valve vs. prosthetic valve, right sided vs. left sided
• leaflet vegetations are made of platelet-fibrin thrombi, WBCs, and bacteria

Risk Factors and Etiology
• predisposing conditions

» high-risk: prosthetic cardiac valve, previous infective endocarditis (IE), congenital heart disease
(unrepaired, repaired within 6 mo, or repaired with defects), cardiac transplant with valve
disease (surgically constructed systemic-to-pulmonary shunts or conduits)
moderate risk:other congenital cardiac defects, acquired valvular dysfunction, hypertrophic
cardiomyopathy
low/no risk:secundum atrial septal defect (ASD) or surgically repaired ASDcventricular septal
defect (VSD), patent ductus arteriosus (PDA), mitral valve (MV ) prolapse, ischemic heart disease,
previous coronary artery bypass graft (CABG)

* opportunistic bacteremia: IVDU, indwelling venous catheter, hemodialysis, poor dentition, DM,
HIV

• frequency of valve involvement M V»aortic valve (AV )>tricuspid valve (T'V )>pulmonary valve (PV)
in 50% of IVDU-related IE the tricuspid valve is involved

Table 16. Microbial Etiology of Infective Endocarditis Based on Risk Factors
Native Valve IVDU Prosthetic Valve (recent

surgery <2 mo)
Prosthetic Valve (remote
surgery >2 mo)

Strep fococa/5
,(36%)

S.aureus (28%)
Cnterococcus (11%)
5. epidermidis
GNB
Other1

5.aureus
Streptococcus (13%)
[nterococcus

S. aureus (36%)
S. epidermidis (17%)
enterococcus

Streptococcus (20%)
S.aureus(20%)
S.epidermidis (20%)
fnterococcus (13%)
Other1

GNB EM
OtherCandida

Other’
Organisms In bold arc lltc moil common isolates
1. Streptococcus includes mainly vitidans group streptococci
2.Other Includes less common organisms such ns:

•Streptococcus gattofytKui (previously known asS. bows; usually associated with underlying 61 malignancy and cirrhosis)
•Ciilturc-ncydtlvt:organism* including Ablotroplua.GrunuiiiulvHu. Ban
• Hoomophlhn.Aggn jpf boettt Cotdioboctorium.BfkonoilQ,andKfngt to(HACItQ
•Candida

3. IVDU endocarditis pathogens depend on substance used to dilute the drugs (i.e.tap water = Pseudomonas, saliva = oral llora.toilet water « 61flora) +
Clinical Features
• systemic

fever (80-90%), chills,weakness, rigors, night sweats, weight loss, anorexia
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•cardiac
dyspnea, chest pain, clubbing (subacute)

• regurgitant murmur (new onset or increased intensity)
• signs of CHI-' (secondary to acute mitral regurgitation (MR), atrial regurgitation (Alt))

•embolic/vascular
• petechiae over legs, splinter hemorrhages (linear, reddish-brown lesion within nail bed )

laneway lesions (painless, 5 mm, erythematous, hemorrhagic pustular lesions on soles/palms)
focal neurological signs (CNS emboli), headache (mycotic aneurysm)
splenomegaly (subacute)
microscopic hematuria, flank pain (renal emboli) ± active sediment

•immune complex
Osier’s nodes (painful, raised, red /brown, 3-15 mm on digits)

• glomerulonephritis
arthritis
Roth 's spots (retinal hemorrhage with pale centre)

Diagnosis
•Modified Duke Criteria

• definitive diagnosis if: 2 major, OR 1 major + 3 minor, OR 5 minor
• possible diagnosis if: 1 major + 1 minor, OR 3 minor

(§)
Clinical Features of Infective
Endocarditis

FROM JANE
Fever
Roth's spots
Osier's nodes
Murmur
Janeway lesions
Anemia
Nail-bed hemorrhages (i.e. splinter
hemorrhages)
Emboli

Table 17. Modified Duke Criteria
Major Criteria (2)

1.Positive blood cultures for IE
•typical microorganismsfor IE from 2 separate blood cultures (Streptococcus viridans.HACEK group,Streptococcus gallolyticus.Staphylococcus

aureus,community-acquired enterococci) OR
•Persistently positive blood culture, defined as recovery of a microorganism consistent with IE from blood drawn >12 h apart OR
•All of 3 or a majority of 4 or more separate blood cultures, with first and last drawn >1h apart OR
•Single positive blood culture for Coxiello burnetii or antiphase1 IgG antibody tiler >1:800

2.Evidence ol endocardial involvement
• Positive echocardiogram for IE (oscillating intracardiac mass on valve or supporting structures, or in the path ol regurgitant jets, or on

implanted material in the absence ol an alternative anatomic explanation OR abscess OR new partial dehiscence ol prosthetic valve); and new
valvular regurgitation (insufficient ifincrease or change in pre-existing murmur)

Q
TEE Transesophageal echo

Transthoracic echoTTE

Minor Criteria (5)

1. Predisposing condition (abnormal heart valve, IVDU)
2. Fever (38.0“C/100.4“F)
3.Vascular phenomena:major arterial emboli, septic pulmonary infarcts, mycotic aneurysms, intracerebral hemorrhage (ICH), conjunctival

hemorrhages. Janewaylesions
4. Immunologic phenomena:glomerulonephritis, rheumatoid lactor, Osier 's nodes. Roth's spots
5. Positive blood culture but not meeting majoi criteria OR serologic evidence of active inlection with organism consistent with IE

Investigations
• serial blood cultures:3 sets (each containing one aerobic and one anaerobic sample) collected from

different sites >1 h apart
persistent bacteremia is the hallmark of an endovascular infection (e.g. IH)

• repeat blood cultures (at least 2 sets) after 48-72 h of appropriate antibiotics to confirm clearance
• blood work: CBC and differential (normochromic, normocytic anemia), HSR (increased), rheumatoid

factor (RP)( i ), urea/Cr
• urinalysis (proteinuria, hematuria, red cell casts) and urine C&S
• EGG: prolonged PR interval may indicate perivalvular abscess
• echo findings: vegetations, regurgitation, abscess- TTE (poor sensitivity) indicated for all suspected IE, inadequate in 20% (obesity, COPD,chest

wall deformities)
THE indicated if TTH is non-diagnostic in patients with at least possible endocarditis or if suspect
prosthetic valve endocarditis or complicated endocarditis (e.g. paravalvular abscess/perforation)
(-90% sensitivity)

Treatment
• medical

usually non-urgent and can wait for confirmation of etiology before initiating treatment unless
patient is septic
empiric antibiotic therapy if patient is unstable;administer ONLY after blood cultures have
been taken. Generally,.S', aureus,coagulase-negative Staphylococcus (CNST), and GN coverage is
important
* first line empiric treatment for native valve: vancomycin t ceftriaxone OR gentamicin

first line empiric treatment for prosthetic valve: vancomycin + gentamicin t rifampin
targeted antibiotic therapy: antibiotic and duration (usually 4-6 wk) adjusted based on valve,
organism, and susceptibilities
monitor for complications of IE (e.g. heart failure (HE), conduction block, new emboli) and
complications of antibiotics (e.g. renal disease)
post-treatment prophylaxis only recommended for high-risk individuals listed above with dental
procedures that may lead to bleeding OR invasive procedure of the respiratory tract that involves
incision or biopsy of the respiratory mucosa, such as tonsillectomy and adcnoideclomy OR
procedures on infected skin, skin structure, or musculoskeletal tissue

+

Activate Windows
Go to Settings to activate Windows.



ID17 Infectious Disease Toronto Notes 2023

• dental /respiratory procedures: amoxicillin single dose 30-60 min prior; clindamycin if truly
penicillin-allergic
infected skin/soft tissue procedures: cephalexin single dose 30-60 min prior; clindamycin if truly
penicillin-allergic (modify based on etiology of skin/soft tissue infection)

Set Lanamark Iniectious Diseases Inals1« note
nfotmationon the POEf tnal.which imestigated
the efficacy and safety of slatting from IV to oral
antibiotics in patients with IE.•surgical

most common indication is refractory CHT
• other indications include: valve ring abscess, valve perforation, unstable prosthesis, large

vegetation >lcm, recurrent emboli despite adequate antimicrobial treatment, antimicrobial
failure (persistently positive blood cultures), fungal etiology, S. aureus on a prosthetic valve

Corticosteroids lor Acute Bacterial Meningitis
Cochiare OB Syst Rev 20IS:C000440S
Purpose: loeiamine the effect of adjuvant
corticosteroid therapy vs. placebo on mortality,
hearing loss, and neurological segue lae with acute
bacterial meningitis.
Methods : RCls ol corticosteroids loracute bacterial
meningitis.
Results: 25 studies. 4121 participants.
Corticosteroids were associated with non -significant
morSa irty reductions (RR 0.90.95% Cl 0.80-1.01).
Corticosteroids were associated with tower rates
of hearing toss (88 0.24, 95% Cl 0.63-0.87) and
neurological sequelae (RR 0.83.9S% CI 0.69 -1.00).
Corticosteroids were associated with increase m
recurrent fever (881.27. 95% Cl 1.09-1.47).
Conclusions: Corticosteroids sign hcantly reduced
hearing loss and neurological sequelae butdid not
reduce mortality.Data supports use in high-income
countries but no benefit in low- mcomecountries.

Prognosis
•adverse prognostic factors:CHT, prosthetic valve infection, valvular/myocardial abscess,

embolization, persistent bacteremia, altered mental status
•mortality: prosthetic valve It (25-50%), non-IV' DU S. aureus It (30-45%), IVDU .S', aureus or

streptococcal It ( 10-15%)

CNS Infections
Meningitis

• see Paediatrics, P65

Definition
• inflammation of the meninges

$Etiology
Brudzinski's Sign
Passive neck flexion causes involuntary
flecion of hips and knees

Table 18. Common Organisms in Meningitis
Viral OtherBacterial Fungal

Age 0-4 wk Age 1-3 mo Age >3 mo Kernig's Sign
Resistance to knee extension when hip
is flexed to 90”

S. pneumoniae
Af. meningitidis
L. monocytogenes
(likely if age »50 and
comorbidities)

HSV-1.2 Crypfococcus
Coccidroides

GB5 GBS tyme disease
Hvurosyphrlism[.coll

L.monocytogenes
Klebsiella

l. coli
5. pneumoniae
It. meningitidis
H. influenzae

Enteroviruses
Parechoviruses
West Kile

IB
Jolt Accentuation of Headache
Headache worsens when head turned
horizontally at 2-3 rotations:more
sensitive than Brudzinski's and Kernig'sRisk Factors

• lack of immunization against H. influenzae type B, .S', pneumoniae,and N. meningitidis in children
• most cases of bacterial meningitis are due to hematogenous spread from a mucosal surface (nasopharynx)
• direct extension from a parameningeal focus (otitis media, sinusitis) less common
• penetrating head trauma or iatrogenic
• anatomical meningeal defects - CST leaks
• immunodeficiency (corticosteroids, HIV, asplenia, hypogammaglobulinemia, complement deficiency, etc.)
• contact with colonized or infected persons

Clinical Features
• neonates and children: fever, lethargy, irritability, vomiting, poor feeding
• older children and adults: fever, headache, neck stiffness, confusion, lethargy,altered LOC, seizures,

focal neurological signs, nausea/vomiting, photophobia, papilledema
• petechial rash in meningococcal meningitis (purpura fulminans), seen more frequently on trunk or

lower extremities

CSF Gram Stain Findings
• S. pneumoniae -GP diplococci. N. meningitidis- GN diplococci
• H. influenzae- Pleomorphic GN

coccobadlli
• t. monocytogenes - GP rods

Does this Adult Patient have Acute Meningitis!
JAMA »99:281:175-181
Study Systematic review ol literature inalyung the
accuracy and precision of the clinical examination m
the diagnosis ol adult meningitis.
Results: Clinical history items nave a low accuracy fur
the diagnosis of meningitis in adults. Ihe sensitivity
for headaches is 50% and the sensitivity lor nausea/
vomiting is 30%. On physical elimination , absence
of fever, neck stiffness, and altered mental status
ehm nates meningitis with a sensitivity of 99%.
Conclusions: Ihe clinical elimination aids In
eidudmg a diagios s of meningitis in adults with a
tow-fish clinical presentation.In high-risk patients,
clinicians need tn proceed directly to lumbar puncture
given the serious implications of the infection.

Investigations
• blood work:CBC and ditferential, electrolytes (for S1ADH), blood C&S

CST:opening pressure, cell count + differential, glucose, protein,Gram stain, bacterial C&S
ATB, fungal C&S, cryptococcal antigen in immunocompromised patients, subacute illness,
suggestive travel history or TB exposure
PCR for HSV, VZV,enteroviruses; in infants <6 mo, parechovi ruses

• West Nile virus serology in blood and CST during summer and early fall if viral cause suspected
• imaging/neurologic studies: CT, MR1, EEC if focal neurological signs present

Table 19. Typical CSF Profiles for Meningitis r
L JCSF Analysis Bacterial Viral

Glucose (mmol/l)
Protein (gfl)

Decreased
Markedly increased
500-10000/pl
Heutrophils

Normal
Increased
10-500/pl
lymphocytes

WBC +Predominant WBC
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Treatment
• bacterial meningitis is a medical emergency: do not delay antibiotics for CT or LP
• empiric antibiotic therapy

age £28 d: ampicillin H cefotaxime
age 29 d-3 mo:ceftriaxone/cefotaxime t vancomycin ± ampicillin
age >3 mo: ceftriaxone i vancomycin

add ampicillin IV if risk factors for infection with L. monocytogenes present: age >50, alcohol
use disorder, immunocompromised

• steroids in acute bacterial meningitis:dexamethasone IV within 20 min prior to or with first dose of
antibiotics

continue in those patients with proven pneumococcal meningitis
not recommended for patients with suspected bacterial meningitis in some resource-limited
countries

• not recommended for neonatal meningitis

Prevention
• see Paediatrics. P65
• immunization

children: immunization against H. influenzae type B (Pentacel*), S. pneumoniae (Synflorix*,
Prevnar-13*), N. meningitidis (Menjugate*, Menactra*, Nimenrix*, Menveo*, Bexsero*)
adults: immunization against iV. meningitidis in selected circumstances (immunocompromised,
outbreaks, travel, epidemics) and S.pneumoniae ( Pneumovax*) for high-risk groups

• prophylaxis:close contacts of patients infected with H. influenzae type B should be treated with
rifampin if they live with an inadequately immunized (<4 vr) or immunocompromised child (< I8 yr);
ciprofloxacin, rifampin, or ceftriaxone if close or household contact of a patient with N.meningitidis;
meningococcal vaccines are also recommended for post-exposure prophylaxis for close contacts and
in outbreak control

Public Health Agency of Canada
Indications for Adult Immunization

Pneumococcal Polysaccharide Vaccine
(i.e. Pneumova* )
>65 yr (option to also give pneumococcal
conjugate vaccine; if so. to give
polysaccharide vaccine8wk after
conjugate vaccine)

Pneumococcal Polysaccharide Vaccine
(i.e. Pneumovax ) and Pneumococcal
Conjugate Vaccine
Chronic cardiovascular/respiratory/
hepatic/renal disorders, asplenia ,
sickle cell, or immunosuppression
(polysaccharide vaccine to be given 8 wk
after pneumococcal conjugate vaccine)

Meningococcal Ouadrivalent Vaccine
(Menactra ’ or Menomune ' )
Healthy young adults
Asplenia
Travellers to high-risk areas
Military recruits or laboratory personnel
Complement factor D. or properdin
deficiency or acquired terminal
complement deficiency through receipt
of eculizumab

Prognosis
• complications

death, headache, seizures, cerebral edema, hydrocephalus, S1ADH, residual neurological deficit
(especially CN VIII ).deafness

Multicomponent Meningococcal
Serogroup B Vaccine (Bexsero' )
Asplenia
Military recruits or laboratory personnel
Complement, factor D. or properdin
deficiency, or acquired terminal
complement deficiency through receipt
of eculizumab

• mortality
• S.pneumoniae 25%; N.meningitidis 5-10%; H. influenzae 5%

worse prognosis if: extremes of age, delays in diagnosis and treatment, stupor or coma, seizures,
focal neurological signs, septic shock at presentation

Encephalitis
Meningitis and encephalitis patients
can be distinguished based on their
cerebral function.Cerebral function is
abnormal in encephalitis patients (e.g.
altered mental status, motor or sensory
deficits, altered behaviour, speech
or movement disorders), but may be
normal In patients with meningitis. Note
however, that there is considerable
overlap between the two syndromes
("meningoencephalitis")

Definition
• inflammation of the brain parenchyma

Etiology
• identified in only 40-70% of cases

» when cause is identified, the most common etiology is viral: HSV, VZV, EBV, CMV, enteroviruses,
parechoviruscs, West Nile and other arboviruses, influenza and other respiratory viruses, HIV,
mumps, measles, rabies, polio
bacteria: L.monocytogenes, mycobacteria, spirochetes (Lyme, syphilis), Mycoplasma pneumoniae

• parasites: protozoa (e.g. Toxoplasma) and helminths (rare)
fungi: e.g. Cryptococcus
post-infectious (e.g.acute disseminated encephalomyelitis (ADEM))

Pathophysiology
• acute inflammatory disease of the brain due to direct invasion or pathogen-initiated immune response
viruses may reach the CNS via peripheral nerves (e.g. rabies, HSV )
• herpes simplex encephalitis

acute, necrotizing, asymmetrical hemorrhagic process with lymphocytic and plasma cell reaction
which usually involves the medial, temporal, and inferior frontal lobes
associated with HSV-1, less likely caused by HSV-2

• influenza and other respiratory viruses are associated with acute necrotizing encephalopathy (ANE);
likely mediated by pathogen-initiated immune response

Clinical Features
• constitutional: fever, chills, malaise, nausea /vomiting
• meningeal involvement (meningoencephalitis): headache, nuchal rigidity
• parenchymal involvement: seizures, altered mental status, focal neurological signs
• herpes simplex encephalitis

acute onset (<1 wk) of focal neurological signs: hemiparesis, ataxia, aphasia, focal or generalized
seizures
temporal lobe involvement:behavioural disturbance
usually rapidly progressive over several days and may result in coma or death

• common sequelae: memory and behavioural disturbances
rare complication: development of encephalopathy and Kluver-Bucy syndrome characteristics I
mo after completion of treatment for HSV encephalopathy

n
LJ

+

Activate Windows
Go to Settings to activate Windows.



1D19 Infectious Disease Toronto Notes 2023

Investigations
• CSE:opening pressure; cell count and differential; glucose; protein; Gram stain; bacterial C&S; PGR

for HSV, VZV, EBV, enteroviruses/parechoviruses, M. pneumoniae,and selectively for other less
common etiologies

• serology: may aid diagnosis of certain causes of encephalitis (e.g. EBV, West Nile virus, rabies,
Bartonella henselae)

• imaging/neurologic studies; CT, MRl, EEG to define anatomical sites affected
• invasive testing:brain tissue biopsy may be required for culture, histological examination, and

immunocytochemistry (if diagnosis not clear via non-invasive means)
• findings in herpes simplex encephalitis (must rule out due to high mortality)

CT/MRI:medial temporal lobe necrosis
EEG: early focal slowing, periodic discharges

Treatment
• general supportive care
• monitor vital signs carefully
• IV acyclovir empirically until HSV encephalitis ruled out

Generalized Tetanus
Etiology and Pathophysiology
• caused by Clostridium tetani: motile, spore forming, anaerobic GP bacillus
• found in soil, splinters, rusty nails, Gl tract (humans and animals)
traumatic implantation of spores into tissues with low oxygenation (e.g.puncture wounds,burns, non-

sterile surgeries or deliveries)
upon inoculation, spores develop into C.tetani bacilli that produce tetanus toxins

toxin travels via retrograde axonal transport to the CNS where it irreversibly binds presynaptic
neurons to prevent the release of inhibitors’neurotransmitters (e.g.GABA)

• net effect is the disinhibition of spinal motor reflexes which results in tetany and autonomic
hyperactivity

Clinical Features
• generalized tetanus

initially present with painful spasms of masseters (trismus or “lockjaw")
sustained contraction of skeletal muscle with periodic painful muscle spasms (triggered by
sensory stimuli, e.g. loud noises)

• paralysis descends to involve large muscle groups (neck, abdomen)
• apnea, respiratory failure,and death secondary to tonic contraction of pharyngeal and respiratory

muscles
• autonomic hyperactivity

diaphoresis, tachycardia, HT'N, fever as illness progresses Antimicrobial therapy (e.g.
metronidazole) may fail to treat C. tetani
unless adequate wound debridement is
performedInvestigations

• primarily a clinical diagnosis, often although not always with a history of a traumatic wound and lack
of immunization

• culture wounds, CK may be elevated

Treatment
• stop toxin p

wound <

• antimicrobial therapy: IV metronidazole; IV p
• neutralize unbound toxin with tetanus immune globulin (Tig)
• supportive therapy: intubation, spasmolytic medications ( benzodiazepines), quiet environment,

cooling blanket
control autonomic dysfunction:o- and (5-blockade (e.g. labetalol ), magnesium sulfate

roduction
debridement to clear necrotic tissue and spores

cnicillin G is an effective alternative

Prevention
• infection with C. tetani does not produce immunity - vaccinate patients on diagnosis
• tetanus toxoid vaccination (see Paediatrics, P5 and Emergency Medicine, ER17)

Rabies
Definition
• acute progressive encephalitis caused by RNA virus (genus Lyssavirus of the Rhabdoviridae family)

Etiology and Pathophysiology
• any mammal can transmit the rabies virus

most commonly transmitted by raccoon, skunk, bat, fox,cat, and dog; monkeys also a risk in the
tropics and sub-tropics

• transmission: breaching of skin by teeth or direct contact of infectious tissue (saliva, neural tissue)
with skin or mucous membranes
• almost all cases due to bites

animals can be carriers for several days before manifest signs of disease

r -t
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•virus travels via retrograde axonal transport front PNS to CNS
•virus multiplies rapidly in brain, then spreads to other organs, including salivary glands
•development of clinical signs occurs simultaneously with excretion of rabies virus in saliva

infected animal can transmit rabies virus as soon as it shows signs of disease

Clinical Features
•five stages of disease

1. incubation period
1-3 mo on average (can range from days to years, depending on distance from bite site to CNS)

2. prodrome (<1 wk)
low-grade fever, malaise, anorexia, nausea/vomiting,
pain, pruritus, and paresthesia may occur at wound site
once prodromal symptoms develop, there is rapid, irreversible progression to death

- progression from prodrome to coma and death may occur without an intervening
neurologic syndrome

3. acute neurologic syndrome: 2 types (<1 wk)
a. encephalitic (most common): hyperactivity, fluctuating LOC, hydrophobia, aerophobia,

hypersalivation, fever, seizures
- painful pharyngeal spasms on encountering gust of air or swallowing water cause
aerophobia and hydrophobia, respectively

b.paralytic:quadriplegia, loss of anal sphincter tone, fever
4. coma

headache, sore throat

acute

complete flaccid paralysis, respiratory, and cardiovascular failure
5. death (within days to weeks of initial symptoms)

Investigations
•purpose of diagnosis by investigations is to limit patient contact with others and to identify others

exposed to the infectious source
•antemortem:direct immunofluorescence or PCR on multiple specimens:saliva, skin biopsy, serum,

CSF
•post-mortem: direct immunofluorescence in nerve tissue, presence of Negri bodies (inclusion bodies

in neurons)

Treatment
•post-exposure prophylaxis depends on regional prevalence and circumstances surrounding injury
•mandatory to report animal bite/contact that may result in rabies to Public Health Authority
•if not previously immunized:

wound care: clean wound promptly and thoroughly with soap and running water for 15 min
• passive immunization: rabies immunoglobulin (RIG) infiltrated into wound site, with any

remaining volume administered IM in anatomical site distant from vaccine administration. Due
to variable response rates, vaccine should not be administered into gluteal muscle
active immunization: inactivated human diploid cell rabies virus vaccine ( HDCV ) - series of 4
shots post-exposure on d 0, 3, 7 and 14. Vaccine administered into deltoid

•if previously immunized:
•wound care: clean wound promptly and thoroughly with soap and running water for 15 min
•two doses of HDCV into deltoid on d 0 and 3
•no RIG administered
•treatment is supportive once victim manifests signs and symptoms of disease

Prevention
•pre-exposure vaccination

recommended for high-risk persons: laboratory'staff working with rabies, veterinarians, animal
and wildlife control workers, long-term travellers to endemic areas

Systemic Infections

Sepsis and Septic Shock
• see Respiroloav, R32

SOFA score >2-10% mortality risk in
patient with suspected infection
Hospital mortality with septic shock
>40%

Definitions
• bacteremia: bacteria in blood from primary bloodstream infection or secondary to infection of

another body system
• sepsis: severe organ dysfunction resulting from dysregulated host response to infection

• organ dysfunction identified via acute change in SOFA score >2 points
qSOFA score used initially to screen patients for suspected sepsis using three criteria:

1. respiratory rate 222/min
2. sBP <100 mrnHg
3. altered mentation (GCS <15)

• septic shock:subset of sepsis with circulatory and cellular/metabolic dysfunction; clinically defined in
cases where despite adequate volume resuscitation there is both

1. persistent hypotension requiring vasopressors to maintain MAP 65 mrnHg AND
2. serum lactate >2 mmol/L

[]

qSOFA score
1.Respiratory rate >22/min
2. sBP <100 mrnHg
3.Altered mentation (GCS <15)

+
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Pathophysiology
• causative agents are identified in only 50-70% of cases
• when organisms are identified, GP and GN organisms are the cause in 90% of cases
• bacteremia -> local immune response -> pro-inflammatory cytokine release -> spread of immune

response beyond local environment > unregulated, exaggerated systemic immune response >
vasodilation and hypotension > distributive shock and reduced 0 : delivery to tissues -> anaerobic
metabolism and lactic acid production -> metabolic acidosis -> multiple organ failure

Clinical Features
history:symptoms and signs specific to an infectious source (e.g. cough, headache, dysuria, purulent

exudate, rash)
• general symptoms of infection: fever, chills, pain, dyspnea, cool extremities, fatigue, malaise, anxiety,

confusion
physical:abnormal vitals (e.g. fever, tachypnea, tachycardia, hypotension), flushed skin, altered mental

status, local signs of infection (e.g. pharyngitis, septic arthritis, neck stiffness,skin wounds/ulcers, or
murmurs)

Investigations
• CBC and differential, electrolytes, urea, creatinine, liver enzymes, ABG, lactate,1NR, PTT, troponin,

blood C&S x2, urinalysis, urine C&S, and cultures of any wounds or lines
• CXK (other imaging depends on suspicion of focus of infection )
• nasopharyngeal swab/stool/sputum cultures, throat swabs, genital swab, LP as indicated

Treatment (see Respiroloav, R33)
• respiratory support:O’± intubation
• cardiovascular support: IV fluids ± blood transfusion i vasopressors + ICU
• IV antibiotics (empirical, guided by suspected source)

consider broad spectrum antibiotics (e.g. piperacillin/tazobactam or meropenem ) ± additional
agents depending on patient risk factors, suspected etiology or focus of infection, and local
microbial susceptibilities (± aminoglycoside for drug-resistant Gram-negatives or vancomycin for
MRSA)
breadth of empiric coverage should take into account i) estimated adequacy of spectrum of
activity and ii) degree of instability or severity of infection
narrow once organism and susceptibilities are known

• source control: procedure to control focus of infection (catheter removal, abscess drainage)
• hydrocortisone IV may be added in patients with septic shock unresponsive to fluid resuscitation and

vasopressors

The Third International Consensus
Definitions for Sepsis and Septic Shock
(Sepsis-3) in 2016 re-defined sepsis
using the Sequential Organ Failure
Assessment (SOFA) score for diagnosis
and Ouick-SOFA (qSOFA) for screening
of end-organ failure.The terms
severe sepsis and systemic response
inflammatory response syndrome
(SIRS) arc no longer part of the sepsis
definition

Leprosy (Hansen’s Disease)
Etiology
• Mycobacterium leprae: obligate intracellular bacteria, slow-growing (doubling time 12.5 d), survives

in macrophages
• bacteria transmitted from nasal secretions, potentially via skin lesions
• invades skin and peripheral nerves leading to chronic granulomatous disease

Clinical Features
• lesions involve cooler body tissues (e.g. skin, superficial nerves, nose, eyes, larynx)
• spectrum of disease determined by host immune response to infection

i. paucibacillary “tuberculoid” leprosy (intact cell-mediated immune response)
S hypoesthetic lesions, usually hypopigmented, well-defined, dry

early nerve involvement, enlarged peripheral nerves, neuropathic pain
may be self-limited, stable, or progress over time to multibacillary "lepromatous"form

ii. multibacillary “lepromatous" leprosy (weak cell-mediated immune response)
>6 lesions, symmetrical distribution
leonine facies (nodular facial lesions, loss of eyebrows, thickened ear lobes)
extensive cutaneous involvement, late and insidious nerve involvement causing sensory loss
at the face and extremities

iii.borderline leprosy
lesions and progression lie between tuberculoid and lepromatous forms

Investigations
• skin biopsy down to fat or slit skin smears for Al-'B staining, PCR
• histologic appearance: intracellular bacilli in spherical masses (lepra cells), granulomas involving

cutaneous nerves
LJ

Treatment
• regimens based on WHO recommendations
• paucibacillary: dapsone daily + rifampin monthly + clofazimine monthly AND low dose clofazimine

once daily x 6 mo
• multibacillary: dapsone daily + rifampin monthly + clofazimine monthly x 12 mo AND low dose

clofazimine once daily for 12 mo

+
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•treatment of leprosy (along with other precipitants of immune responsiveness such as viral illness,
immunization, hormonal fluctuations of pregnancy and parturition) can cause an immune reaction
to killed or dying bacteria (e.g. erythema nodosum leprosum [a type of antigen-antibody complex
deposition panniculitis] and reversal reaction [upgrading cell-mediated immune response!):
symptomatic management with NSAlDs if mild, prednisone with 12-24 wk taper if severe;
thalidomide for erythema nodosum leprosum

Prognosis
•curable with WHO approved treatment regimens
•complications: muscle atrophy, contractures, blindness, trauma/superinfection of lesions, crippling/

loss of digits and limbs, erythema nodosum leprosum, social stigmatization due to clofazimine
hyperpigmentation

•long post-treatment follow-up warranted to monitor for relapse and immune reactions

sLyme Disease
Etiology/Epidemiology
• spirochete bacteria: Borrelia burgdorferi (North America), B.garinii, B. afzelii (Europe and Asia)
• transmitted by Ixodes tick
• reported in 49 of the 50 U.S. states, but most cases occur in the Northeast, the Midwest, and Northern

California
• as a result of climate change, Lyme disease has spread into higher latitudes. In Canada, reported

in southern and southeastern Quebec, southern and eastern Ontario, southeastern Manitoba, New
Brunswick, and Nova Scotia, as well as southern British Columbia

• small rodents (mice) serve as primary reservoir, while larger animals (white-tailed deer) serve as hosts
for ticks

• human contact usually May-August in fields with low brush near wooded areas, but may start earlier
in the spring or later in the fall as a result of warmer winters due to climate change

• infection usually requires >36 h tick attachment
• as a result of climate change,other tick-borne diseases are expected to increase in prevalence:

Anaplasmosis, Babesiosis, Powassan virus, and B. miyamotoi disease

Clinical Features
• stage 1 (early localized stage: 7-14 d post-bite)

malaise, fatigue, headache, myalgias
erythema migrans: expanding, non pruritic bulls-eye (target) lesions (red with clear centre) at
site of tick bite

• stage 2 (early disseminated stage: weeks post-infection)
CNS:aseptic meningitis, CN palsies (CN VII palsy), peripheral neuritis
cardiac: heart block or myocarditis

• stage 3 (late persistent stage: months to years post-infection)
may not have preceding history of early-stage infection
MSK:chronic monoarticular or oligoarticular arthritis

• acrodermatitis chronicum atrophicans (due to B.afzelii)
• neurologic: encephalopathy, meningitis, neuropathy

Investigations
• order Public-Health-Lab-approved Lyme disease testing and interpret results on basis of symptoms
• a negative test for Lyme Disease does not preclude a tick-borne disease; further testing may be

indicated if symptoms are present

Prevention
• early identification, investigation of symptoms, and reporting of tick-borne illnesses
• use of protective clothing (tuck pants into socks), insect repellent, inspection for ticks, and prompt

removal of tick
• doxycydine single dose prophylaxis within 72 h of removal of an engorged Ixodes scapularis tick in

hyperendemic area (local rate of infection of ticks S20%) for patients >8 yr who are not pregnant or
lactating

Treatment
• stage 1:doxycycline/amoxicillin/cefuroxime
• stage 2-3:ceftriaxone or doxycydine

BAKE a Key Lyme Pie
Bell's palsy
Arthritis
Kardiac block
Lyme
Erythema chronicum migrans

r n
LJToxic Shock Syndrome

Etiology
superantigens produced by some strains of S.aureus or GAS cause widespread T-cell activation and pro-

inflammatory cytokine release (1L-1, IL-6, TNF)
• course of disease is precipitous and leads to acute fever, shock, multiorgan failure
• staphylococcal Toxic Shock Syndrome (TSS) involves the production of superantigen toxic shock

syndrome toxin I (TSST-I)
• streptococcal TSS involves the production of superantigens SPEA, SPEB, SPEC

+
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Risk Factors
• staphylococcal: tampon use, nasal packing, wound infections (e.g. postpartum vaginal or cesarean or

surgical infections)
• streptococcal:minor trauma, surgical procedures, preceding viral illness (e.g.chickenpox), use of

NSAlDs

Clinical Features and Investigations
• acute onset
• staphylococcal TSS

• T >38.9°C
sBP 290 mmHg

• diffuse erythroderma with subsequent desquamation,especially on palms and soles
• involvement of 3 or more organ systems:Gl (vomiting, diarrhea), muscular (myalgia, increased

CK), mucous membranes (hyperemia), renal, hepatic, hematologic (thrombocytopenia),CNS
(disorientation)
isolation of S.aureus is not required for diagnosis ( S.aureus is rarely recovered from blood in
TSS)

• streptococcal T SS
• sBP <90 mmHg

isolation of GAS from a normally sterile site (e.g. blood, pleural, tissue biopsy, or surgical wound)
>2 of coagulopathy, liver involvement, ARDS, soft tissue necrosis (necrotizing fasciitis, myositis,
gangrene), renal impairment, erythematous macular rash that may desquamate

Treatment
• supportive care, fluid resuscitation, surgical debridement of infected tissue
• streptococcal: IV penicillin and clindamycin and ± IVIG
• staphylococcal: for methicillin-susceptible S. aureus: clindamycin + doxacillin (IV); for MRSA:

clindamycin + vancomycin x 10-14 d

Cat Scratch Disease
Etiology
• Bartonella henselae: intracellular bacteria
• cat-to-human transmission via cat scratch/bite

Clinical Features
• skin lesion appears 30 d post-inoculation
• may be followed by fever, malaise, tender regional lymphadenopathy
• in some patients, organism may disseminate causing 1 UO, hepatosplenomegaly, retinitis,

phalopathy, infective endocarditis, uveitiscnce
• in patients with advanced HIV, can present with violacious nodular skin lesions t underlying bone

involvement, known as “bacilliary angiomatosis”
• usually self-limited

Investigations
• serology, PGR, lymph node biopsy

Treatment
• the disease may be self-limited but treatment is recommended by the Infectious Disease Society'of

America with a 5 d course of azithromycin for immunocompetent patients with mild to moderate
illness

• needle aspiration of painful suppurative lymph nodes may hasten the relief of symptoms
• combination therapy consisting of doxycycline or azithromycin plus rifampin often used for

disseminated disease (neuroretinitis, hepatosplenic involvement)

Rocky Mountain Spotted Fever
Etiology
• Rickettsia rickettsii:obligate intracellular GN organism
• reservoir hosts: rodents,dogs
• vectors: Dermacentor ticks in North America; Rhipicephalus ticks in Mexico and Central America
• organisms cause inflammation of endothelial lining of small blood vessels, leading to small

hemorrhages and thrombi
• can cause widespread vasculitis leading to headache, and CNS changes;can progress to death if

treatment is delayed

Clinical Features
• usually occurs in summer following tick bite
• influenza-like prodrome: acute onset fever, headache, myalgia, nausea/vomiting, anorexia
• macular rash appearing on d 2-4 of fever

begins on wrists and ankles, then spreads centrally to arms/legs/trunk/palms/soles
• occasionally “spotless” (10% of patients)

LJ
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Investigations
• skin biopsy and serology (indirect fluorescent antibody test)

Treatment
• empiric doxycycline, usually 5-7 d (treat for 3 d after defervescence)

West Nile Virus
Epidemiology
• virus has been detected throughout the United States and much of southern Canada (Ontario and

Manitoba)
• case-fatality rates in severe cases are -10%

Transmission
• primarily from mosquitoes that have fed on infected birds (crows, blue jays)
• transplacental, blood products (rare), organ transplantation
• rising temperatures linked to increased mosquito survival and geographical range, increased biting

rates, increased replication of virus within mosquitoes, shorter reproduction rates, and longer
transmission seasons. Climate change also affects bird migration patterns and timing, causing
changes in virus spread

Clinical Features
• 80% are asymptomatic
• most symptomatic cases are mild (West Nile fever):acute onset of headache, back pain, myalgia,

anorexia, maculopapular non-pruritic rash involving chest, back,arms
• severe complications: encephalitis, meningoencephalitis, and acute flaccid paralysis (especially in

those >60 yr)

Investigations
• IgM antibody in serum or CS1: is the best test (cross reactivity with yellow fever and lapanese

encephalitis vaccines, and with dengue fever and St. Louis virus infection); may not reflect current
illness as IgM antibody can last for >6 mo

• viral isolation by PCR from CSF, tissue, blood, and fluids (all have low sensitivity due to transient
viremia)

• CS1-: elevated lymphocytes and protein if CNS involvement

Treatment and Prevention
• treatment: supportive
• prevention: mosquito repellant ( DLL I ', picaridin ), drain stagnant water, community mosquito control

programs

Syphilis
Etiology
• Treponema pallidum: thick motile spirochetes historically detectable by dark-field microscopy
• transmitted sexually, vertically, or parenterally (rare)

Clinical Features Argyll Robertson Pupil
Accommodates but does not react to• see Dermatology. D38 and Gynaecology. CiY30

• multi-stage disease
1. primary syphilis (3-90 d post-infection )

painless chancre at inoculation site (any mucosal surface)
regional lymphadenopathv
acute disease lasts 3-6 wk, 25% progress to secondary syphilis without treatment

2. secondary syphilis = systemic infection (2-8 wk following chancre)
maculopapular non-pruritic rash including palms and soles
generalized lymphadenopathy, fever, malaise, headache, aseptic meningitis, ocular/otic
syphilis

condvlomata lata: painless, wart-like lesion on palate, vulva, or scrotum (highly infectious)
3.latent syphilis

asymptomatic infection that follows untreated primary/secondary syphilis
early latent (<1 yr post-infection) or late latent/unknown duration (>l yr post-infection)
increased transmission risk with early latent; longer treatment duration required for late
latent

4.tertiary syphilis (1-30 yr post-infection)
gummatous syphilis: nodular granulomas of skin, bone, liver, testes, brain

• aortic aneurysm and aortic insufficiency
5.congenital syphilis

causes spontaneous abortions, stillbirths, congenital malformations, developmental delay,
deafness
most infected newborns arc asymptomatic
clinical manifestations in early infancy include rhinitis (snuffles), lymphadenopathy,
hepatosplenomegaly, pseudoparalysis (bone pain associated with osteitis), and rash (usually
maculopapular and involving palms and soles)

light

Those with Untreated 1* or 2° Syphilis
1/3Cure
1/3 L atent indefinitely
1/33° syphilis

<§>
Causes of False Positive VDRL and
RPR Tests

Vi (uses ( mononucleosis, hepatitis)
Drugs and substance misuse
Rheumatic fever
Lupus and leprosy

n
j
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late onset manifestations (>2 yr of age) include saddle nose, saber shins, Glutton joints,
Hutchinson’s teeth, mulberry molars, rhagades, CN VIII deafness, interstitial keratitis, juvenile
paresis

6. neurosyphilis
headache, dementia, difficulty in coordination, paralysis, sensory deficits, personality
changes, Argyll -Robertson pupils, tabes dorsalis
can occur from secondary stage onward

Patients with 2° or 3°syphilis treated
with penicillin may experience a
JarischHerxheimer reaction, lysis ol
organisms releases pyrogens thought to
cause fever, chills, myalgia, and flu-like
symptoms that may last up to 24 h

Investigations
•syphilis tests are conducted by Public Health labs. Thus, order set for syphilis is simplified and does

not require specification of which test to complete. Below are details on what tests are conducted at the
Public Health lab VDRL Venereal Disease Research

Laboratory
RPR Rapid Plasma Reagin
EIA Enzyme Immunoassay
CHA Chemiluminescent

ImmunoAssay
CMIA ChemiLuminescent

Microparticle ImmunoAssay
FTA-ABS Fluorescent Treponema

Antibody-Absorption
MHA-TP Microhemagglutination

Assay T. pallidum
T. pallidum Particle
Agglutination Assay
T. pallidum immobilization

•initial screening tests: traditionally non-treponemal tests (RPR, VRDL), or treponemal tests in some
jurisdictions (EIA,CMIA, CL1A) '.confirmatory tests: treponemal tests (TPPA, FTA-ABS, MHA-TP, T PI)

•LP for neurosyphilis if: seropositive and symptoms of neurosyphilis or treatment failure/other tertiary
symptoms,or with HIV and late latent/unknown duration syphilis; consider in others

•for congenital syphilis, LP is essential;long bone x-rays may also be helpful

Treatment
•for r, 2", early latent: benzathine penicillin (i 2.4 million units IM x I
•for 3", late latent: benzathine penicillin G 2.4 million units IM weekly x 3
•if truly allergic to penicillin: doxycydine 100 mg PO BID x 14 d is a second line therapy (x 28 d in late

disease)
•for pregnant patients allergic to penicillin, oral desensitization techniques are considered safe
• neurosyphilis: aqueous penicillin G 16-24 million units/d IV x 14 d ± single dose ofhenzathine penicillin
•for congenital syphilis, penicillin GIV x 10 d
•see Family Medicine, FM46 for generalized ST1 workup

TPPA

TPI
test

Tuberculosis
Etiology, Epidemiology, and Natural History
• 1/3 of the world’s population is infected with TB
• contracted by aerosolized inhalation of Mycobacterium tuberculosis, a slow growing aerobe (doubling

time 18 h) that can evade innate host defenses, survive, and replicate in macrophages
• inhalation and deposition in the lung can lead to one of the following outcomes

1. immediate clearance of the pathogen
2. latent TB: asymptomatic infection contained by host immune defenses (represents 90% of

infected people)
3. primary TB: symptomatic, active disease ( represents 5% of infected people)
4. secondary TB: symptomatic reactivation of previously dormant TB (represents 5-10% of those

with latent TB, most often within the first 1-2 yr of initial infection) at a pulmonary or extra-
pulmonary site

Tuberculous Polyserositis
Pleural* pericardial * peritoneal
effusions (usually from granuloma
breakdown that spills TB into pleural
cavity-very rare)

Risk Factors
• social and environmental factors

travel or birth in a country with high TB prevalence (e.g.Asia, Latin America,Sub-Saharan
Africa, Eastern Europe)

• the incidence of TB is 25 times higher in Canadian-born Indigenous peoples (highest in lnuit)
compared to Canadian-born non-lndigenous peoples

• personai/occupational contact, crowded living conditions, low socioeconomic status (SES), people
experiencing homelessness,1VDU

• host factors
• immunocompromised (especially HIV), including extremes of age
• immunosuppressed (TNF-a inhibitors, glucocorticoids)

silicosis
chronic kidney disease requiring dialysis
diabetes

• malignancy and chemotherapy
substance use (e.g. drug use, alcohol use disorder, smoking)

Clinical Features
• primary infection usually asymptomatic, although progressive primary disease may occur, especially

in children and immunosuppressed patients
• secondary infection/reactivation usually produces constitutional symptoms (fatigue, anorexia, night

sweats, weight loss) and site-dependent symptoms
1.pulmonary TB

chronic productive cough f hemoptysis, fever, night sweats, weight loss, chest pain, anorexia
CXR consolidation or cavitation, lymphadenopathy, predominantly upper lung findings but
variable +
non-resolving pneumonia despite standard antimicrobial therapy

2. miliary'TB
widely disseminated spread especially to lungs, abdominal organs, marrow, CNS
CXR: multiple small 1 -5 mm millet seed-like lesions throughout lung
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3.extra-pulmonary TB
• can occur in any organ • lymphadenitis, pleurisy, pericarditis, hepatitis, peritonitis, meningitis,

osteomyelitis (vertebral = Pott disease), adrenal (causing Addison disease), renal, ovarian

Investigations
•screening for latent TB may be done via TST or IFN-y release assay (1GKA)

both can be used to diagnose prior TB exposure. IGRA has fewer false positives as it does not
detect antigens In B(Xi vaccine or most types of non-tuberculosis mycobacteria

neither should be used for active TB diagnosis or monitoring anti-TB treatment response
• TST preferred when repeat testing planned to assess risk of new infection (e.g.serial testing in

healthcare)
•IGRA preferred when BCG vaccine after 1 y/o, vaccination more than once, or unable to return for

reading
•diagnostic tests/investigations for active pulmonary TB

• sputum specimens (either spontaneous or induced) should be collected for APB smear and
culture; the three specimens can be collected on the same day,a minimum of 1 h apart
BAL if other lung pathology (e.g. lung cancer) also suspected, or TB suspected despite negative
sputum samples

• CXK

Positive TST Test
If induration at 48-72 h
>5 min if immunocompromised, dose
contact with active TB
>10 mm all others; positive PPD: CXR;
decision to treat depends on individual
risk factors
False(-) : poor technique, anergy.
immunosuppression, infection <10 wk
or remotely
False(f ): BCG after12 mo of age in a
low-risk individual, nontuberculous
mycobacterial (NTM)
Booster effect: initially false(-) result
boost to a true)*) result by the testing
procedure itself (usually if patient was
infected long ago so had diminished
delayed type hypersensitivity reaction or
if history of BCG)

classic triad: apical-posterior infiltrates, lung volume loss, cavitation
atypical features: hilar/mediastinal lymphadenopathy, non-cavitary infiltrates
si
G

gns of complications: endobronchial spread, pleural effusion, pneumothorax
hon complex: a parenchymal granuloma, indicating a previous tuberculosis infection, and

an involved hilar lymph node on the same side

Prevention
•primary prevention

airborne isolation for active pulmonary disease
BCG vaccine

~80% effective against paediatric miliary and meningeal TB
effectiveness in adults debated (anywhere from 0-80%)
recommended in high-incidence communities in Canada for infants in whom there is no
evidence of HI V infection of immunodeficiency; widely used in other countries

•prevention of reactivation of latent infection
rifampin (R11-) (10 mg/kg (600 mg maximum)) daily for 4 mo (active disease must be ruled out)
isoniazid (INH ) (15 mg/kg (900 mg maximum)) + pyridoxine (B6) and rifapentine (RPT) (dose by
weight) weekly for 3 mo

• INH (5 mg/kg (300 mg maximum)) + pyridoxine (B6) daily for 9 mo (previous standard regimen,
recommended when rifamycin regimens cannot be used)
INH (5 mg/kg (300 mg maximum)) + pyridoxine (B6) daily for 6 mo
INH (5 mg/kg (300 mg maximum)) + pyridoxine (B6) and RIF (10 mg/kg (600 mg maximum))
daily for 3 mo

Treatment of Active Infection
•given the nuances of TB treatment, active TB infection should be managed by an experienced TB

clinician
pulmonary TB: INH + rifampin + pyrazinamide + ethambutol x 2 mo (initiation phase), then INH +

rifampin x 4 mo in fully susceptible TB (continuation phase), total 6 mo. Extend continuation phase
to 7 mo if >65 y/o, pregnant, or risk of hepatotoxicity

•exlrapulmonary TB: same regimen as pulmonary TB but increase to 12 mo in bone/ joint, CNS, and
miliary/disseminated TB + corticosteroids for meningitis, pericarditis

•for patients taking INH,pyridoxine should be added in cases of diabetes, renal failure, malnutrition,
substance use disorders, seizure disorders, pregnancy/breastfeeding, risk of neuropathy

•empiric treatment of suspected MDR or extensively drug-resistant (XDR) TB requires referral to a
specialist
• MDR = resistance to INH and rifampin ± others

XDR = resistance to INH t rifampin i fluoroquinolone + >1 of injectable, second-line agents
very difficult to treat, global public health threat, 5 documented cases in Canada from 1997-
2008

suspect MDR TB if previous treatment failed, exposure to known MDR index case, or
immigration from a high-risk area

•note: TB is a reportable disease to Public Health (please see Public Health Agency of Canada website
for more information)

TB Treatment

RIPE
Ri tampln
INH
Pyrazinamide
Ethambutol
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HIV and AIDS w
p24 - capsid protein
gp41 * fusion and entry
gp120- attachment to host TcellEpidemiology

Canadian Situation (Public Health Agency of Canada, 2016)
• estimated 65040 Canadians living with HIV infection at the end of 2016, 20% unaware of HIV-positive

status
• 2090 new infections were reported in 2013: MSM account for 53% of cases, PWID 19%
Global Situation (WHO and UNAIDS Core Epidemiology Slides, July 2018)
• estimated 36.7 million people living with HIV/AIDS at the end of 2016
« estimated 1.8 million newly infected in 2016
• estimated 1 million AIDS-related deaths in 2016

m
Homozygosity for A32 mutation in CCR5
gone confers relative resistance to HIV
infection
Heterozygosity for A32 mutation in CCR5
gene associated with slower disease
course

Etiology gpi20

gp4l p17 matrix
• HIV is a retrovirus that causes progressive immune system dysfunction, predisposing patients to

various opportunistic infections and malignancies
• HIV virion includes an envelope (gp41 and gpl20 glycoproteins), matrix (pl7),and capsid (p24),

enclosing 2 single-stranded copies of RNA plus enzymes in its core
• virion glycoproteins bind CD4 and CCR5/CXCR4 on CD4+ T lymphocytes (T-helper cells) to fuse and

enter the cells
• RNA converted to dsDNA by viral reverse transcriptase; dsDNA is integrated into host genome by

viralintegrase
• virus DNA transcribed and translated using host cell machinery, post-translational modifications

include proteolytic activity of virally encoded protease enzymes
• newly produced virions bud out of host cell, incorporating host cell membrane;additional maturation

steps are required before virion is considered infectious
• exact mechanisms of CD4 depletion incompletely characterized but likely include direct viral

cytopathic effects, apoptosis, and Increased cell turnover

Lipid -
bilaycr

-p24 capsid

Reverse
transcriptase

Integrase —.Modes of Transmission

Table 20, Modes of Transmission in Adolescents and Adults by Site and Medium
Sub-Location Transmission Medium Transmission Probability

per Exposure Event
1 in 200 to1 in 2000

HIV Invasion Site <R>
Female genital tract
Male genital tract

Vagina, edocervix. endocervix Semen
Inner foreskin, penile urethra Cervicovaginal and rectal

secretions and desquamations

Semen

1in 700 to1 in 3000
Pi

Rectum 1in 20 to1 in 300Intestinal tract

Upper Cl tract Semen
Maternal bioodlgemtal secretions 1in S to1in 10
(intrapartum)
Breastmilk

1in 2S00

1in S to1 in 10
INAp7Chorionic villi 1 in10 to1in 20

95 in 100 to1 in 150
Placenta
Blood stream

Maternal blood (intrauterine)
Contaminated blood products
Sharp/needleslick injuries

nucleocapstd
Protease

p24 capsid
Adapted with permission horn Macmillan Publishers Ltd. , triad Ik F. McEMhMJ, Setting Uie stage: host Invasion by HIV. Nat Rev Immunol
2008:8:447-457.
NOTE: these estimates are lor'all comers' i.e. they estimate Uansinission risk lor anyone with HIV Inlcction and do not take into account treatment
statusof the HIV* person (In contrast to results ol PARTNER study)

iPStuort Janlzen 2012 J

Figure 7. HIV viral particle

r
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Natural History
Sciual Activity without Condoms a ltd Ink ol
HIV Ttansmissioa in Scrodiffcrcnt Couples when
t he HIV - Positive Partner is using Suppressive
Antiretroviral therapy
JAMA 2016:316f 2):171-181
Purpose: to evaluate the rate ot withsi-coupte HIV
transmission (tieteroseiual and MSM) during periods
of se« wthoutcondoms and when the HIV* partner
had HIV-1 IHA «200 topes/ml.
Methods Prospective, observational PAIINIR study,
enrolled 1IWHIY serodifferent couples(in which the
HIV* partner wastakng ART|who reported having
condo mlessso.Primary outcome was risk of with in -
couple HIVtransmtssion to HIV- partner.
Results: Enrol led couples p'ovded 1238 elghie
couple-years ol follow-up.Couples reported
condomless sev for a median ol 2 yr and condon ess
set with other partners was reported by 108 HIV- MSM
and 21 heteroseicais.While 11 HIV - partners became
HIV* (10 MSM;1 ireteiose» ual|, no phylogeneticaiiy
linked transmissions occurred over eligible couple-
years ol fo ow - up ( within -couple HIV transmission *
0, 95% Cl 0.30-0.71 pei100 couple-years).
Conclusions: A-ong serodrfferer.t heteroseual end
MSM couples in which HIV* partner was usi-g ART a-d
who reported cordomless sev, during median 1.3pf
couple follow -up.there weie no documented cases of
wilhui-coupSe transmission.

C04cell count
Anti-HIVI antibodies
Viral loads

Figure 8. Relationships between CD4 T-cell count, viral load, and anti-HIV1antibodies

Acute (Infection) Retroviral Syndrome
• -10-90% experience an acute non-specific illness (may include fever, pharyngitis, lvmphadenopathy,

rash, arthralgias, myalgias, headache, Cil symptoms, oral ulcers, weight loss) 2-6 wk post-exposure
lasting 10*15 d

• hematologic disturbances ( lymphopenia, thrombocytopenia)
• 10-20% present with aseptic meningitis, CN palsies, or other neurological presentations; HIV RNA

and/or p24 may be detected in CST
• associated with a high level of plasma viremia and therefore high-risk of transmission

Asymptomatic (Latent) Stage
• during latent phase, HIV infects and replicates in CD4 t T lymphocytes ( lymph nodes)
• normal CD4 count in adults: 500-1100 cells/mm3
• CD4 count drops 60-100 cells/mm3 per yr but is variable
• by 10 yr post-infection, 50% have advanced HIV (i.e. AIDS), 30% demonstrate milder symptoms, and

<20% are asymptomatic if untreated

Definition of AIDS
• HIV-positive AND one or more of the clinical Illnesses that characterize AIDS, including:

opportunistic infections (e.g. Pneumocystis jiroveci pneumonia (P|P, previously PCP), esophageal
candidiasis, CM V, Mycobacterium avium complex (MAC), TB, toxoplasmosis), malignancy (Kaposi's
sarcoma, invasive cervical cancer), wasting syndrome OR CD4 <200 (or <15%); this is largely
historical because ART can reverse CD4 count decline

Seroconversion:Development of
detectable anti-HIV antibodies
Window Period: Time between infection
and development of anti-HIV antibodies:
when serologic tests (ELISA. Wcslern
blot) are negative

All infants born to HIV-infected
mothers have positive enzyme linked
Immunosorbent assay (ELISA) tests
because of circulating maternal anti-HIV
antibodies,which disappear by 18 mo:
early diagnosis is made by detection ol
HIV RNA in plasma

Table 21. Symptomatic Stage (CD4 count thresholds for classic clinical manifestations)
HLAB-S701 Testing
Abacavir hypersensitivity reactions
usually only occur in individuals
carrying this HLA allele (“5-7% of White
individuals, lower prevalence in other
ethnic groups)
Routine screening for HIA-B'S701at
baseline and definitely prior to abacavir

CD4 Counts Possible Manifestations
<500 cells/mm 3 Often asymptomatic

Constitutional symptoms: fever, night sweats, fatigue, weight loss
Mucocutaneous lesions:seborrheic dermatitis. HSV, VZV (shingles), oral hairy leukoplakia (EBV ). candidiasis (oral,
esophageal, vaginal). KS
Recurrent bacterial infections, especially pneumonia
Pulmonary and extrapulmonary tuberculosis
lymphoma

Pneumocystnitrorecl pneumonia (formerly PCP)
use

<200 cells/mm'
I.:
Oral thrush
Local and/or disseminated fungal infections:Cryptococcas neofoimans. Coccidioides immitis.Histoplasma capsulatum

Progressive multifocal leukoencephalopathy (PMl) - JC virus
CHS toxoplasmosis

CMV infection: retinitis, colitis, cholangiopalhy, CNS disease

HIV Status
• CD4 count:progress and stage of

disease
• Viral load:rate of progression

<100 cells/mm*
*50 cclls/mm’

I ' - :
Bacillary angiomatosis (disseminated Bartonella)
Primary CHS lymphoma ( PCNSl)

HIV Non-disclosure Laws in Ontario
In 2017.Ontario changed HIV non-
disclosure laws for people living with
HIV.where non-disclosure of HIV
status to a sexual partner Is no longer
considered a criminal offense if one of
the following criteria is met:
• On antiretroviral therapy with a viral

load <200 copies/mL for at least
6 mo

• Viral load between 200-1500 copies/
mland a condom is used properly
and does not break

Laboratory Diagnosis
• anti-HIV antibodies detectable after a median of 3 svk, virtually all by 3 mo (therefore 3 mo window

period)
• initial screening test (3rd generation antibody test ): ELISA detects serum antibody to HIV; sensitivity

>99.5%
• increasingly, combination p24 antigen/ HIV antibody tests (4th generation) used for screening;

improved sensitivity in early or acute infection and sensitivity/specificity approach 100% for chronic
infection

• confirmatory test: if positive screen, Western blot confirmation by detection of antibodies to at least
two different HIV protein hands (p24, gp41, gpl 20/160); specificity >99.99%

r t
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•rapid ( point-of-care) antibody tests: higher false positives, therefore need to confirm positive results
with traditional serology

•p24 antigen: detection by ELISA may be positive during “window period" r and 2“ prophylaxis may be
discontinued if CD4 count is above
threshold for >6 mo while on ARTManagement of the HIV-Positive Patient

•verify positive HIV test
•complete baseline history and physical exam, then follow-up every 3-6 mo
•laboratory evaluation

if non-stable and non-suppressed viral load, order routine CD4 count to measure status of the
immune system

I 1 V

Anti Retroviral Pie- Exposure Prophylaxis for
PiexentiigHIV in High-RiskIndividsals
Cochrane 01Syrst lev 20 V2;7:CDOOP189
Purpose: lo evaluate the efficacy of ora et-
retrowal prophylactic therapy n preietteg HR
efection.
Stidy.Syste-nabc review of 12 recteaiotrc- ed
Crab wiDi S trials forming the tore aslyss.
Population: 9849 HIV-urrnfected oatetts at »gi
rsx or'mnCrecting HIV including HSU snwfcortenf
cooples.and others.
Outcome: New infection with HR.
Results: Daily oral tenofonir disoproiJ f.rjice

(TOP) pi us emtricitabi ne (fit) reduced the rsk of HIV
acquishoc tom pared lo place ho|!I O.ft 95t 0
028-0.8S). lOf alone also showed sign huut nsh
reduction in trials with fewer patents ft*033:951
Q020-0.55). Iherewas no sgnS
adierse Clients in any of the treafreetgetas.Sexual
practces and adherence did not drier between
beacmert and placebo arms.
Conclusions: Pre-exposure prophylais with TOP
nrQ or without fIC effectively reduces the rsx of
HR acgulsition inhjgh-risk. HR-ucinfeded patents
wr Chou!causing significao!adverse effecs.

• routine HI V-RNA levels (viral load ) also important indicator of effect of ART
• baseline HIV resistance testing to guide ARV therapy
• HLA-B'5701 genetic test to screen for abacavir hypersensitivity if considering abacavir in

treatment regimen
CCR5 tropism testing if considering CCR5 antagonist in treatment regi
baseline tuberculin skin test (PPD): induration greater than 5 mm is positive
baseline serologies (hepatitis A, B, and C, syphilis, toxoplasmosis, CMV, VZV )
routine biochemistry and hematology, OCR, urinalysis
annual fasting lipid profile and fasting glucose (due to ART side effects)

•education

:v. r.

• regular follow-up on viral loads (q3-6 mo) as well as strict adherence to AR T improves prognosis;
routine monitoring of CD4 counts until consistently over 500 cells/uL with suppressed viral load

• prevention of further transmission through safer sex and clean needles for 1DU
• HIV superinfection (transmission of different HIV strains from another H1V+ person ) can rarely

occur so barrier protection during sex is still recommended
discuss importance of disclosing HIV status to partners including risk of criminal prosecution of
non-disclosure in jurisdictions where applicable
connect to relevant community groups and resources

•health care maintenance
assessment of psychosocial concerns and referral to psychiatry or social work if appropriate

• vaccines: influenza annually, 23-valent pneumococcal every 5 yr, HBV (if not immune), HAV (if
seronegative), HPV
annual screening ( PAP smear), regular ST1 screening

• management of comorbid conditions and provision of general primary care

castixtas m

Reasons for Deterioration of a Patient
with HIV/AIDS
• Opportunistic infections
• Neoplasms. Medication-related toxidties. Co-infections (e.g. HBV.HCVSTIs)
• Non-AIDS-related comorbidities

(e.g.cardiovascular, renal, hepatic,
neurocognitive. bone disease)

Table 22. Prophylaxis Against Opportunistic Infections in HIV-infected Patients
Indication for Prophylaxis Preferred Prophylactic RegimenPathogen
CD 4 count «200 cells r.rPneumocystis jirovecii

Toxoplasma gondii

TMP/SMX1SS or DS once daily

IMP.' SMX1 DS once dailyIgG antibody to Toxop.'osrcjand CD4 count
<100 cells/mm1

PPD reaction >5 mm or contact with case of INH * pyntome daily x 9 mo
active IB

CD4 count <50 cells/mm5

Mycobacterium tuberculosis

No propbylaxs if patients are started on ARTsUrcobocterivm avium complex oSS = single strength:DS = double strength
See USPHS/IDSA guidelines for preventing opportunistic infections among HIV-infected persons (Relevant Sections updated 2013.2015).Available
from:http://aidsinfo.nih.gov/ Treatment Failure

• Assess adherence
• Assess drug Interactions. Resistance testing
• Rule out opportunistic infections
• Rule out marrow suppression
• Construct new combination drug

regimen

Anti-Retroviral Treatment
Overall Treatment Principles
• recommended that all HIV-positive patients initiate combination ART to restore and preserve

immune function, reduce morbidity, prolong survival, and prevent transmission
• patients starting ART should be committed to treatment and understand the importance of

adherence; poor compliance can lead to viral resistance; may defer treatment on the basis of clinical
and psychosocial factors on case-by-case basis

• consider results of baseline resistance testing and complete ART history before initiating or re-
initiating ART

• goal: keep viral load below limit of detection i.e. <40 copies/mL (undetectable); viral load should
decrease 10-fold within 4-8 wk, be undetectable by 6 mo, and restore immunological function

• strong evidence against intermittent ART' or ‘drug holidays’
• patient with undetectable viral load adhering to ART does not transmit HIV to sexual partners

ART Recommendations for Treatment of Naive Patients
• 2 NRTIs + 1 1NSTT or “boosted” PI (combined with ritonavir or cobicistat for improved

pharmacokinetics)
• note:guidelines are subject to frequent change.Combination therapy is suggested, preferably with

single pill regimens

Treatment Failure
• defined primarily by viral load (persistently >200 copies/mL)
• ensure that viral load >40 is not just a transient viremia or ‘blip’; confirm medication adherence,

assess drug interactions, perform resistance testing
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Table 23. Anti-Retroviral Drugs
Class Drugs Mechanism Adverse Effects
Nucleoside reverse abacavir (ABC)
transcriptase inhibitors emtricltabine|FTC)
(hails)

Incorporated into the growing viral DNA Lacbc acidosis (often secondary lo
chain, thereby compettnrely inhibiting mitochondrial toxicity)
reverse transcriptase and terminating Lipodystrophylamivudine (3TC)

lenofovir disoproxil fumarate (IDF) viral DNA growth
tenofoviralafenamide ( TAF)
zidovudine (AZT)

Lactic Acidosis
• Occurs secondary to mitochondrial

toxicity
• Symptoms include abdominal pain,

fatigue,nauseavomiting,muscle
weakness

Bash
Nausea.'vomiting/diarrhea
Bone marrow suppression (AZT)
Peripheral neuropathy (ddl. d4!)
Orug induced hypersensitivity (ABC)
Pancreatitis (ddl.'dAT)
Myopathy (AZT)

drdanosine (ddl)
stavudme (d41)
Combination Tablets:

AZTilTC (Combivir 'l
AZT/3TC/ABC (Trizivir *)
ABC/3TC (Kivexa‘)
TDFi'TIC (Truvada')
TAF ’FTC (Oescovy :)

Non-nucleoside reverse delavitdine (DLV)
transcriptase inhibitors doravinne (DOR)

efavirenz (£FZ)
etravirine (ETR)
nevirapine (NVP)
rilphririne (RPV)

Non-competitively inhibit function
of reverse transcriptase,thereby
preventing viral RNA replication

Rash.Stevens-Johnsonsyndrome
CNS:dizziness,insomnia,somnolence,
abnormal dreams (efavirenz)
Hepatotoxicity (nevirapine -avoid
in females with CD4>250.men with
CD4»400)
CYP3A4 interactions
Lipodystrophy,metabolic syndrome
Nausea.1 vomiting/diarrhea
Nephrolithiasis (indinavir)
Rash (APV)
Hyperbilirubinemia (atazanavir.
Indinavir)
CTP3A4 interactions
Hyperlipidemia

Lipodystrophy
Body fat redistribution (mainly with old
ARVs)
• Lipohypertrophy (e. g.dorsal fat

pad.breast enlargement increased
abdominal girth) thought to be
caused primarily by protease
inhibitors

• Lipoatrophy (e.g. facial thinning,
decreased adipose tissue in the
extremities) is thought to be caused
by thymidme analogue NRTIs such as
d4T and AZT

• Metabolic abnormalities: lipids
(ixreased LDL increased TGs).
glucose (insulin resistance.T2DM).
increased risk of CVD

(NNRTIs)

Protease inhibitors
(Pis)’

atazanavir (ATV)
amprenavir (APV)
darunavir (DRV)
darunavi' cobicistat (DRV/c)
Iopinavir. ritonavir (LPV/f)
nelfinavir|NFV)
ritonavir (RTV)
tipranavir (TPV)
indinavir
bictegravir
cabotegravir
dolutegravir (DIG)
ehritegravir (EVG)
raltegravir (RAL)
enfuvirtide (T-20)

Prevent maturation olinfectious
virions by inhibiting the cleavageof
polyproteins

Integrase strand
transfer inhibitors
(INSTIs)

Inhibits integration olHIV DNA mlo the
human genome thus preventingHIV
replication

Fusion inhibitor
(only usedif resistance)
CCR5 antagonist maraviroc (MVC)

Inhibit viral fusion with T-celts by Injection site reactions,rash,
inhibiting gp41.prevelling cell infection infection,diarrhea, nausea, fatigue
Inhibit viral entryby biockung host OCRS Fever,cough,dizziness
co-receptor

'Standard of care ts topharracologically boost most Pis with ritonavir to increase concentrations

Single Tablet ART Regimens
• reduces pill burden and increases adherence
• generally better tolerated

Table 24. Single Tablet ART Regimens
Contents Common Side EffectsName
bictegravir I'emtricitabinehenofovii alafenamide good side effect profile
lenolonr 'emtricilabine/elvilegravirfcobicistal
rilphrirmei'emtricitabineiTenofovir
nlprnrinei'emlricitabineilenofovir alafenamide
elxritegravir.'cobicista(/emIricilabine/tenofovir
dolategraviriabacavir.lamivudine
efamreni'tenofovir.'emtricitabine

Biktanry ‘

Genvoya5

Complera:

Odefsey:

Stribild'

Triumeq:
Atripla;

good side effectprofile
good side effectprofile
good side effect profile
good side effect profile
good side effeetprofile use only in HLAB*5701negative patients
psychiatric events,vivid dreams

Recommended ARV Regimens for Treatment-Naive HIV-infected Adults
• initial regimens for treatment (most include an integrase inhibitor and a pair of NRTTs):

1. bktegravir/TAF/FTC
2.Dolutegravir/ABC/3TC (in patients confirmed to be HLB‘5701 negative)
3.dolutegravir + (TAF or TDF)/(FTC or 3TC)
4. raltegravir + TAF (or TDF)/FTC
5.DTG/3TC

• note: not all regimens are available in all regions
Recommended ARV Regimens for Individuals of Childbearing Potential
• there is an increased risk of neural tube defects in infants born to women on dolutegravir at time of

conception
• it is not known if other INSTIs also increase risk of neural tube defects
• therefore, before beginning an INSTl-containing treatment regimen in individuals of childbearing

potential, the following should be considered:
completing a pregnancy test

• a discussion on risks and benefits of dolutegravir, and lack of information on other INSTIs
« for individuals attempting to conceive: RAL + TDF/FTC,TDF/3TC,or ABC/3FC are preferred

regimens; D IG regimens to be used as an alternative only
• for individuals not attempting to conceive but are sexually active and not using contraception,

consider effectiveness/tolerability, patient preferences in decision
for individuals using effective contraception, treatment approach is similar to that of individuals
in the general population with HIV
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TARGETSITES FOR ANTIRETROVIRAL DRUGS
(A) Fusion inhibitor
IBICCR5 antagonist Early identification of HIV is essential for

patients to receive the maximal benefit
from ART

ICINucleosidereverse transcriptase inhibitors (NRTIsl
(ClNucleotidereverse transcriptase anhibitors
(ClNon-nucleosidereverse transcriptase inhibitors INNRTIs)
101Integrase strand transfer inhibitors (INSTIs)
IEIProtease inhibitors (Pis)

PROCESS OF Efficacy. Safety, and Elfect on Sexual Behaviour
of On -Demand Pre-Exposure Prophylaxis for HIV
iiMen who have Sex with Men: An Observational
Cohort Study
Lancet HIV 2017:4:402-410
Purpose: Assess the efficacy, safety, ard effect of
on-demand pre-exposure prophylaxis (Pr(P|on sexual
behaviour.
Methods: Men and transgender women who have
sex with men.previously enrolled in the placebo-
controlled ANRSIPERGAU trial. On demandtenofovir
dsopioail fumarate (300 mg) and emlricitabine (200
mg) to be taken before and after sexual intercourse
and participants assessed for incidence of HIV. PrtP
adherence, safety, and sexual behaviour.
Jesuits: if IV incidence was 0.19.'100 person-years
(95% Cl 0.01-1.081 vs. 6.60,1100 person-)*a>s (95%
Cl 3.60-11.05) in the placebo group, relative risk
reduction of 97%. Drug -related 61events were
reported in 14% of participants buiwete sen-limiting.
Parte pants reporting condomless sexattheir last
receptive anal intercourse increased from 77 to86%
at 18 mo follow-up.
Conclusions:On-demand oral PiEP is highly effective
a1preventing HIV infeebon among high-risk MSM.Ibis
represents an alternative to daily PrEP.

MULTIPLICATION
1.Binding
2.Fusion and uncoating
3 Reverse transcription
4. Integration
5 Translation
6 Assembly and budding
7. Maturation

2 FUSIONAND
UNCOATING

1 BINDING

3.REVERSE
TRANSCRIPTION

^ TRANSLATION

Use of a Vaginal Ring Containing Dapivirine for
HIV-1 Prevention inWomen
HEIM 2016:375:2121-2132
Purpose:Toevaluate whether longer-acting
methods of anti-retroviral therapy (i.e. vaginal rings)
may sim pi ify use of medications an d provide HIV-1
protection.
Methods: Phase 3. randomized, double-blind,
placebo-cnntrolled trial of monthly vaginal ring
containing dapivirine In women (aged 18-45) ,n
Malawi.South Africa, Uganda, and Zimbabwe.
Results: Among 2629 women enrolled, tne Incidence
of HIV-1 infection was 3.3/100 person-years in
dapivirine group and 4.&T00 person-years in placebo
group. Post hoc analysis identified higher rales of
HIV-1 protection in women >21 yr (56%, 95% Cl 31-71)
but notamong those <21 yr (-27%, 95% Cl -133- 311.
which correlated with reduced adherence.
Conclusions: Monthly vaginal ring containing
dapivirine reduced risk of HIV-1 infection among
African women.

6.ASSEMBLY AND
BUDDING

7 M A' - R A V U '.

'Stuart Januen 2012

Figure 9. Mechanism of HIV replication

Prevention of HIV Infection
• education, including harm reduction

• safer sexual practices:condoms for vaginal and anal sex, barriers for oral sex
• harm reduction for 1VDU: avoid sharing needles

prevention of vertical HIV infection: treatment with ART should be initiated prior to pregnancy or
as early as possible during pregnancy.The risk of vertical HIV transmission can be reduced to <1%
if maternal AR T is started in a timely manner and the maternal viral load is undetectable prior to
delivery

• universal blood and body precautions for healthcare workers
• post-exposure prophylaxis (PEP) after occupational (e.g. needle-stick injury) and non-

occupational (e.g. consensual sex, sexual assault) exposure to HIV: 2- or 3-drug regimen initiated
immediately (<72 h) after exposure and continuing for 4 wk

• recent data has demonstrated efficacy of pre-exposure prophylaxis (oral PrtP or topical microbicides)
in preventing HIV

• ART associated with 96% reduction in risk of transmitting HIV to sexual partners
• screening of blood and organ donation
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Types of Testing
1. Nominal/Name-Based HIV Testing
• person ordering the test knows the identity of the person being tested for HIV
• HIV test is ordered using the name of the person being tested
• person ordering the test is legally obligated to notify Public Health officials if test results are positive

for HIV
• test result is recorded in the healthcare record of the person being tested

2. Non-Nominaf Non-Identifying HIV Testing
• similar to nominal/name-based testing on all points except:
• HIV test is ordered using a code or the initials of the person being tested

3. Anonymous Testing
• available at specialized dinics
• person ordering the HIV test does not know the identity of the person being tested
• HIV test is carried out using a unique non-identifying code that only the person being tested for HIV

knows
• test results are not recorded on the healthcare record of the person being tested
• patient identification and notification of Public Health required to gain access to ART

HIV Pre- and Post-Test Counselling
• a diagnosis of HIV can be overwhelming and is often associated with stigma and discrimination
• consider pre- and post-test counselling, regardless of the results
• goals include: assessing risk, making informed decision to be tested,education to protect themselves

and others from virus exposure, where to go for more information and support
• HIV-positive individuals should be connected with local support sendees

FUNGAL INFECTIONS

Skin and Subcutaneous Infections
Superficial Fungal Infections

. see Dermatology. D32,D33,D37,D45D46,and D49

Dermatophytes
• see Dermatology. D31

Subcutaneous Fungal Infections
Etiology
• subcutaneous inoculation by fungi that naturally reside in the soil, including Sporothrix schenckii,

which usually occurs in gardeners injured by a rose thorn or splinter

Clinical Features
• causes subcutaneous nodules at the point of entry, may develop into an ulcer
• fungi may migrate up lymphatic vessels creating nodules along the way- “nodular lymphangitis”

Treatment
• oral azole
• IV' amphotericin B for severe or disseminated infection

+
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Endemic Mycoses
Etiology
• fungal infection that occurs through the inhalation of spores (from soil, bird droppings, vegetation) or

inoculation injury
• thermally dimorphic organisms: mould in cold temperature (e.g.soil), and yeast at higher

temperature (e.g. tissue)
• in North America, the three major endemic mycoses are: histoplasmosis, blastomycosis, and

coccidioidomycosis

Clinical Features
• maybe asymptomatic
• all can cause pneumonia and may disseminate hematogenously
• may reactivate or disseminate during immunocompromised states

Histoplasmosis is commonly associated
with exposure to chicken coops, bird
roosts, and bat caves

Table 25. Endemic Mycoses
Disease Endemic Region Clinical Features Investigations
Histoplosma capsulatum Ohio and Mississippi River Asymptomatic (in most people)

valleys in central USA, Primary pulmonary
Ontario,Ouebec;widespread Fever,cough,chest pain,headache,myalgia,anorexia

CXR (acute): pulmonary infiltrates T hilar lymphadenopathy
CAR (chronic):pulmonary infiltrates,cavitary disease
Disseminated (rate)
Occurs primarily inimmunocompromised patients
Spread to bone marrow (pancytopenia).Gl tract (ulcers),lymph nodes (lymphadenitis),skin,
liver,adrenals, CNS

Blastomycesdermotitidis States east of Mississippi May be asymptomatic
River,Northern Ontario,and Primary:acute or chronic pneumonia
along the Great Lakes Fever,cough,chest pain,chills,night sweats,weight loss

CXR (acute):lobar or segmental pneumonia
CAR (chronic): lobar infiltrates,fthronodular interstitial disease
Disseminated
Spread to skin (verrucous lesions that mimic skin cancer,ulcers,subcutaneous nodules),bones
(osteomyelitis,osteolytic lesions),genitourinary tract (prostatitis,epididymitis)

Primary
"Valley fever":subacute fever,chills,cough,chest pain,sore throat,fabgue that lasts for wk
to mo
Can develop hypersensitivity with arthralgias,erythema nodosum
Disseminated
Rare spread to skin (ulcers), joints (synovitis),bones (lytic lesions),meninges (meningitis)
Common opportunistic infection in patients with HIV

Fungal culture,fungal stain
Antigen detection (urineand serum)
Serology

Sputum smear and culture
Direct examination of clinical
specimens for characteristic broad-
based budding yeast (sputum,tissue,
purulent material)

Cocddioides immitis Deserts in southwest USA.
northwest Mexico

Sputum culture
Direct examination of clinical
specimens forcharacteristicyeast
(sputum,tissue,purulent material)

Opportunistic Fungi

Pneumocystis jirovecii (formerly P. carinii ) Pneumonia: PJP
or PCP

Etiology
• respiratory exposure to unicellular fungi (previously classified as a protozoa)
• can be transmitted from person to person
• without prophylaxis, HIV-positive patients with a CD-I count <200 cells/mm 'have an 80"u lifetime

risk of PIP
• most cases of PJP occur in patients who are unaware of their HIV infection, do not seek medical care

for HIV, or who do not use prophylaxis
• in HIV-negative patients, PJP occurs almost exclusively in immunocompromised patients (e.g.organ

transplant patients, inflammatory conditions, hematological malignancies)

Clinical Features
• symptoms of pneumonia: fever, non-productive cough, progressive dyspnea (and hypoxia)
• classic CXR findings of interstitial pneumonia
• most clinical disease is due to reactivation of latent infection or reinfection by a different genotype in

immunocompromised patients (steroid use, HIV)

Investigations
• CXR: bilateral symmetrical interstitial infiltrates
• ABG: reduced pO:and elevated alveolar-arterial (A-a) gradient
• serum LDH: elevated (>2201U/ L)
• induced sputum or lower airway sampling: positive for Pneumocystis, traditional test was

immunofluorescence however many labs using quantitative PCR

CXR in P.provedi
• Bilateral,diffuse opacities
• CXR may be normal (20-30% cases)
• CT shows cysts (hence the name

Pneumocystis) but almost never
pleural effusions
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Treatment and Prevention
• oxygen to keep SaO’ >90%
• antimicrobial options

TMP/SMX (PO or IV) is preferred therapy
dapsone and TMP

• clindamycin and primaquine
pentamidine (IV ) is second line in severe disease
atovaquone

• corticosteroids used as adjuvant therapv in those with severe hvpoxia ( pO:<70 mmHg or A-a gradient
OB >35 mmHg )

• prophylactic TMP/SMX for those at high-risk of infection (HIV patients when CD4 <200 cells/mm Jor
non-HIV immunocompromised patients under specific conditions)

Cryptococcus spp.

OEtiology
• inhalation of airborne encapsulated yeast from soil contaminated with pigeon droppings (C.

neoformans ) or certain tree species such as Eucalyptus or Douglas fir (C. gatti )
• C. neoformans tends to affect immunocompromised hosts vs.C. gatti which tends to affect

immunocompetent hosts

Clinical Features
• asymptomatic
• pulmonary

• usually asymptomatic or self-limited pneumonitis
only 2% of HI V+ patients present with pulmonary symptoms including productive cough, chest
tightness, and fever

• disseminated
frequently disseminates in HIV+ population
CNS: meningitis (leading cause of meningitis in patients svith HIV)
skin: umbilicated papules that resemble large lesions of MoDuscum contagiosum
other: bone, lymph nodes, bone marrow, soft tissues, eyes, prostate

Investigations
• serum cryptococcal antigen
• CSF for meningitis: India-ink stain or cryptococcal antigen test, culture to confirm
• lateral flow' cryptococcal antigen assay from serum and CSE
• LP with measurement of opening pressure

Treatment
• in patients with HIV' who have cryptococcal meningitis or severe pulmonary disease:

amphotericin B (+ flucytosine) is used in the first 2 wk for induction therapy; limited duration
due to side effects

• switch to fluconazole for at least 8 wk as consolidation therapy, then continue at lower dose for
prolonged maintenance
serial lumbar puncture or other method of managing increased ICP an important adjunct to
therapy

C. gottii has a limited geographical
distribution including Vancouver Island.
Northern Australia, and Papua New
Guinea

o
India-ink sensitivity for Cryptococcus is
only 50% (higher in HIV patients);now
replaced by cryptococcal antigen test in
most laboratories

Candida albicans a
Etiology
• overgrowth ofC albicans (normally found as part of the microbiome of the skin, mouth, vagina , and

G1 tract)
• risk factors for overgrowth:

immunocompromised state (DM, corticosteroids)
critically ill patients (broad-spectrum antibiotic use, central venous catheters, total parenteral
nutrition)
obesity: maceration and moisture in intertriginous areas, pannus. under breasts

Clinical Features
• mucocutaneous

oral thrush, esophagitis (chest pain, odynophagia), vulvovaginitis (see Gynaecology, GY26),
balanitis, cutaneous (diaper rash, skin folds, folliculitis), chronic mucocutaneous
small satellite lesions beyond the margin of the rash

• invasive
candidemia, endophthalmitis, endocarditis, UTI (upper tract), hepatosplenic disease

n
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Treatment
• thrush: clotrimazole troches, miconazole mucoadhesive buccal tablets, or nystatin suspension or

pastilles for mild disease, fluconazole for severe or refractory disease
• vulvovaginal candidiasis: topical agents (imidazole or nystatin), oral fluconazole for recurrent disease
• cutaneous infection: topical imidazole
• opportunistic infections in HIV', other systemic infections: fluconazole or echinocandin
• chronic mucocutaneous: azoles

Aspergillus spp.
Etiology

• infection with Aspergillus fungi ( A. fumigatus, A. flavus) which is found ubiquitously in the air and
the environment

• Aspergillus produces a toxin called aflatoxin that contaminates nuts, grains, and rice

Clinical Features
• allergic bronchopulmonary aspergillosis (ABPA)

lgE-mediated asthma-type reaction with dyspnea, high fever, and transient pulmonary infiltrates
occurs more frequently in patients with asthma and allergies

• aspergilloma (fungus ball)
ball of hyphae in a pre-existing lung cavity
symptoms range from asymptomatic to massive hemoptysis
CXR: round opacity surrounded by a thin lucent rim of air, often in upper lobes (“air crescent”
sign)

« invasive aspergillosis
associated with prolonged and persistent neutropenia or transplantation

• pneumonia - most common
may disseminate to other organs: brain, skin
severe symptoms with fever,cough, dyspnea, cavitation; fatal if not treated early and aggressively
CXR: local or diffuse infiltrates ± pulmonary infarction, pulmonary nodules with surrounding
ground glass (“halo"sign)

• mycotoxicosis
aflatoxin produced by A.flavus (nuts, grains, rice)
results in liver hemorrhage, necrosis, and hepatocellular carcinoma formation

Treatment Options
• voriconazole or amphotericin B for invasive aspergillosis
• surgical resection for aspergilloma
• corticosteroids ± itraconazole for ABPA

See Undnart InfectittssOsease InaStablefat mare
ieforaatm w fie loricotazolets.aspiotenas Bfar
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PARASITIC INFECTIONS

Protozoa- Intestinal/Genitourinary Infections
Brain abscess0,> Ingestion of

] .marcreevst

Entamoeba histolytica (Amoebiasis)
Etiology
• infection with E.histolytica occurs when the cysts are transmitted via the oral-fecal route in areas of

poor sanitation that have been contaminated by other infected humans,or via sexual activity
• seen in migrants, travellers, institutionalized individuals, Indigenous peoples, MSM

Clinical Features
1. asymptomatic carriers
2. amoebic dysentery

• abdominal pain, cramping, colitis, dysentery, low grade fever with bloody diarrhea secondary’ to
local tissue destruction, and ulceration of large intestine

3.amoebic abscesses (liver abscesses, see General and Ihoracic Surgery, GS52)
most common in liver (hematologic spread); presents with right upper quadrant pain, weight loss,
fever, hepatomegaly

• can also occur in lungs and brain

Investigations
• serology, fecal /serum antigen testing, stool microscopic exam (for cysts and trophozoites), colon

biopsy, single stool for multiplex enteric parasite PCR
• E.histolytica indistinguishable microscopically from the non-pathogen E.dispar (distinguish by-

specific stool antigen detection or multiplex stool PCR assay)

<g>
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Lung abscess

Liver abscess
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Figure10.Entamoeba life cycle
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Treatment and Prevention
• metronidazole
• for invasive disease or cyst elimination:follow with iodoquinol or paromomycin
• aspiration of hepatic abscess if risk of abscess rupture, poor response to medical therapy, or diagnostic

uncertainty. asymptomatic cyst shedding: iodoquinol or paromomycin alone
• good personal hygiene, purification of water supply by boiling, filtration ( not chlorination )

Giardia lamblia
Etiology
• infection with (i. lamblia occurs via the fecal-oral route with the ingestion of cysts from water/food

contaminated by infected humans and other mammals (especially in the Rockies)
• risk factors: travel, camping, institutions,daycare centres, MSM

Clinical Features
• giardiasis (“beaver fever")

symptoms vary from asymptomatic to self-limited mild watery diarrhea to malabsorption
syndrome (chronic giardiasis where the parasitecoats the small intestine and thus prevents fat
absorption)
nausea, malaise, abdominal cramps, bloating, flatulence, fatigue, weight loss, steatorrhea
no hematochezia (no invasion into intestinal wall), no mucous in stool

Investigations
• multiple stool samples (daily x 3d) for microscopy; single stool for multiplex enteric parasite PCR;

stool antigen used occasionally
• occasionally small bowel aspirate or biopsy

Treatment and Prevention
• metronidazole; nitazoxanide if symptomatic
• good personal hygiene and sanitation, water purification (iodine better than chlorination), outbreak

investigation

Trichomonas vaginalis
Etiology
infection with T. vaginalis occurs via sexual contact

Clinical Features
• often asymptomatic (10-50%), especially males (occasionally urethritis,prostatitis)
• Trichomonas vaginitis (see Gynaecology.GY26)
• vaginal discharge (profiise, malodorous, yellow-green or grey, frothy), pruritus, dysuria, dvspareunia

Investigations
• wet mount (motile parasites), antigen detection, culture
• urine PCR to detect in males

Trichomonas causes 2S% of vaginitis

Treatment
• metronidazole for patient and partner(s)

Cryptosporidium spp.
Etiology
• infection with Cryptosporidium spp. via the fecal-oral route occurs with the ingestion of cysts from

water contaminated by infected humans and other animals (including cows)
• risk factors: summer and fall, young children (daycare), MSM, contact with farm animals,

immunodeficiency

Clinical Features
• range from self-limited watery diarrhea (immunocompetent) to chronic,severe, non-bloody

diarrhea with nausea/vomiting, abdominal pain, and anorexia resulting in weight loss and death
(immunocompromised)

Investigations
• modified acid-fast stain of stool specimen, microscopic identification of oocysts in stool or tissue, stool

antigen detection by direct fluorescent antibody,single stool for multiplex enteric parasite PCR

Treatment and Prevention
• supportive care
• in HIV+ patients, (reinitiate ART and try to increase their CD-I count to >100; if fails, try

nitazoxanide or macrolides
• good personal hygiene, water filtration
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Blood and Tissue Infections
Mtfluquinr lor Prerenting Malaria during Travel
to Endemic Arras
Gxhrant Ot Spt ler 2O1);CD0OW91
Purpose losuinmarne efficacy and siletycrf
mefloquine used as propter lasts loi malaria in
trartlltts.
Methods tandomned control Inals|l« elficacgr
and saletrl and noo tandonsiied cohoit studies (lor
saleIf) to compere prophflattie meflciqiune with
placebo, no treatment, or alternathre antimalarlal
agent.
lesnlts: Participants weie mote likeif to discontinue
mefloquine (ft) rs.asouaquoiiepioguaml p%|
due toeditrsf effects ( including nausea, vomiting,
abnormal dreams, insomnia, ancetf , and depressed
mood during travel). Do difference in seriousadverse
effects or discontinuation due toedveise effects
wasioond between mefloquine anddoifCfdlne or
mefloquine and cMoroquine.
Conclusions: Absolute ns* ol malaria during
short term travel appears low with mefloqune.
doiftfClme.and atovaguoneprognaml therapy.
Choice ol agent depends on how individual travellers
assess importance olspecific adverse effects, pill
burden,and cost.

Plasmodium spp. (Malaria)
Etiology
• transmission of Plasmodium spp. ( P. falciparum, P. vivax, P. ovale, P. malariac, P. knowlesi ) primarily

occurs during the blood meal of an infected female Anopheles mosquito
• sporozoites injected during the blood meal then infect human liver cells, where they multiply and are

released as merozoites; merozoites infect RBCs and cause disease
• infection with malaria parasites can also occur via vertical transmission (rare) or blood transfusion
• occurs in tropical/subtropical regions (sub-Saharan Africa, Oceania, South Asia, Central America,

Southeast Asia.South America)

Clinical Features
• flu-like prodrome ( may include fever, chills, fatigue, diaphoresis, cough, rash, arthralgias, myalgias,

headache, Gl symptoms)
• paroxysms of high spiking fever and shaking chills (due to synchronous systemic lysis of RBCs) that

can last several hours
P. vivax and P. ovale: chills and fever x 48 h but can be variable
P.malariac: chills and fever x 72 h but can be variable
P. falciparum: less predictable fever interval, can be highly variable

• abdominal pain, diarrhea, myalgia, headache, and cough
• hepatosplenomegalv and thrombocytopenia without leukocytosis
• >90% of patients infected with P.falciparum are ill within 30 d
• relapsing malarial attacks may occur after many months due to the reactivation (entering the

erythrocytic cycle) of dormant liver hypnozoites of either P.ovale or P. vivax
• complications:

P. falciparum (most common and most lethal):CNS involvement (cerebral malaria = seizures and
coma), severe anemia,acute kidney injury, ARDS,primarily responsible for fatal disease
P.knowlesi,and rarely P. vivax,can be fatal

Investigations
• CBC screen (assess for triad of: thrombocytopenia, elevated LDH,and anemia)
• microscopy: blood smearql2-24 h (x3) to rule out infection

thick smear (Giemsa stain) for presence of organisms
thin smear (Giemsa stain) for species identification and quantification of parasites

• rapid antigen detection tests. RCR

$
Malaria is the most common fatal
infectious disease worldwide

Treatment and Prevention
• all spp.of malaria can lead to severe infection ( P. falciparum most likely to cause severe disease and

death)
• markers of severity:clinical features + parasitemia

in any patient with clinical evidence of severe disease: parenteral treatment (artemisinin
combination therapy)

• P. falciparum: most areas of the world show chloroquine resistance - check local resistance patterns
artemisinin combination therapy (e.g. artesunate i doxycydine or artemether-lumefantrine)
atovaquone/ proguanil combination (Malarone*)
quinine i doxycydine or clindamycin

• mefloquine and artemisinin resistance increasing in southeast Asia (check local resistance)
• P. vivax, P. ovale: chloroquine (and primaquine to eradicate liver forms)
• P. vivax,chloroquine resistant: atovaquone/proguanil + primaquine or quinine and doxycydine +

primaquine
• P. malariac, P. knowlesi: chloroquine
• prevention with antimalarial prophylaxis (although quality may vary regionally), covering exposed

skin, insecticide-treated bed nets, insect repellent
• prevention of relapse for P. vivax: primaquine or the newly FDA-licensed tafenoquine (in patients £16

y/o who are receiving appropriate antimalarial therapy for acute R vivax infection)

I Sporozoites enter blood via mosquito bile,
inlect iver

l Hepatic infiltration
3 Inlect red blood cells
4 Trophozoite divides asexually many

times to produce schizont (contains
merozoites)

3 Red blood cell tyses and merozoites
attack other red blood cells (chills and
fever)

6. Male and female gametocytes (from
merozoitesl ingested by mosquito during
bite

7. Male and female gametocytes (from
merozoites) fuse m mosquito gut;
produce ookinete

8. Ookinete matures into an oocyst which
contains individual sporozoites;migrates to
mosquito salivary glands

r i
(
_
J

' +Figure11. Life cycle of Plasmodium
spp.

Activate Windows
Go to Settings to activate Windows.



ID38 Infectious Disease Toronto Notes 2023

Trypanosoma cruzi
Etiology
• found in Mexico,South America, and Central America
• transmission by reduviid insect vector (“Kissing Bug"), which defecates on skin and trypomastigotes

in the stool are rubbed into bite siteor intact mucous membranes by host
trypomastigotes can penetrate intact buccal mucosa when orally inoculated (e.g.via sugar cane-

sweetened unpasteurized juices)
• also transmitted via placental transfer, organ transplantation, blood transfusion,and ingestion of

food or drink contaminated by an infected triatomine
congenital acquisition increasingly recognized as a risk factor for Chagas disease being detected
in non-endemic areas

Clinical Features
• American trypanosomiasis (Chagas disease)

acute: usually asymptomatic, local swelling at site of inoculation (Chagoma) with variable fever,
lymphadenopathy, cardiomegalv, and hepatosplenomegaly
if inoculation via conjunctiva: “Romana’s sign:" usually unilateral
acute myocarditis, pericardial effusion, meningoencephalitis in severe cases
chronic indeterminate phase:asymptomatic but increasing levels of antibody in blood;most
infected persons (60-70%) remain in this phase, and do not go on to manifest a determinate form
of Chagas disease
chronic determinate: leads to chronic dilated cardiomyopathy,esophagomegaly.and megacolon
10-25 yr after acute infection in 30-40% of infected individuals

Investigations
• wet prep and Giemsa stain of thick and thin blood smear, serology, PCR

Treatment and Prevention
• acute: benznidazole or nifurtimox
• indeterminate: increasing trend to treat as acute infection for children and adults under age 50
• chronic determinate: sy mptomatic therapy, surgery as necessary including heart transplant,

esophagectomy, and colectomy; there is unlikely a clinical benefit to antiparasitic treatment at the
determinate stage of disease

• insect control, bed nets

See Landmark Infectious D isessc Trials table lot more
information on the 8MEFIT trial. It details the role
of trypanocidal thera py in patients with established
Chagas cardiomyopathy.

Classic Triad of Congenital
Toxoplasmosis
• Chorioretinitis
• Hydrocephalus
• Intracranial calcifications

;v.
(required for
completion of
sexual cycle)Cat

\ingests
mouseToxoplasma gondii '.I : Sheds resistant

oocysts in stoolparas te

JEtiology
• infection with 21 gondii occurs through exposure to cat feces (oocysts), ingestion of undercooked

meat (tissue cysts), transplacental transmission, organ transplantation,gardening without gloves (cat
oocyst exposure), whole blood transfusions,contaminated water sources

Sporozoites

Mouse
(intermediate host)

Clinical Features Direct ingestion
(handling kitty• congenital

result of acute primary infection of mother during pregnancy (TORCH infection)
stillbirth (rare), chorioretinitis, blindness, seizures, severe developmental delay, microcephaly

• initially asymptomatic infant may develop reactivation of chorioretinitis as adolescent or adult-
blurred vision, scotoma, ocular pain, photophobia, epiphora, hearing loss, developmental delay

Livestock
(ingestion of poorly

cooked meat!

• acquired
• usually asymptomatic or mononucleosis-like syndrome in immunocompetent patient

infection remains latent for life unless reactivation due to immunosuppression
• immunocompromised (most commonly AIDS with CD4 <200)

• encephalitis with focal CNS lesions seen as single or multiple ring-enhancing masses on CT
(headache and focal neurological signs)
lymph node, liver, spleen enlargement, and pneumonitis

• chorioretinitis

Investigations
• serology, CSF Wright-Giemsa stain, antigen or DNA detection ( PCR); pathology provides definitive

diagnosis
• immunocompromised patients: consider CT scan ( ring-enhancing lesion in cortex or deep nuclei) and

ophthalmologic examination

Treatment and Prevention
• no treatment if: immunocompetent, not pregnant, no severe organ damage
• immunocompromised: pyrimethamine + sulfadiazine + folinic acid
• pregnancy: spiramycin if fetal status unknown, pyrimethamine + sulfadiazine + folinic acid if

confirmed or highly suspected fetal infection, avoid undercooked meat and refrain from emptying cat
litter boxes. HIV: TMP/SMX

• proper hand hygiene, cook meat thoroughly to proper temperature

n
uFigure12. Life cycle of Toxoplasma

gondii

+
1/3 of Ontario's population is infected
with Toxoplasmagondii
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Helminths =
E

Roundworms- Nematodes ©

lTable 26. Nematodes (Roundworms)

TNematode Epidemiology Transmission Clinical Presentation Treatment
Human feces,ingestion Often asymptomatic,abdominal

discomfort
Heavy infections may cause
intestinal blockage,growth
Impairment
Cough, dyspnea,pulmonary
infiltrates from larval migration
through lungs (Loffler's syndrome)

Diarrhea|* mucous,blood),
abdominal pain,rectal prolapse,
stunted growth
River blindness (onchocerciasis). Ivermectin * doiycydine
dermatitis

Mebendazole OR
albendazole OR
pyrantel pamoate OR
ivermectin

to: :e ~:st
common in tropical and of contaminated food

Ascaris
lumbricoides

or water containing
eggs

subtropical areas)

Trichuris
trichiura
(whipworn)

Onchocerca
volvulus

Wuchererio
boncrolti

Ingestion of eggs
in soil

Mebendazole OR albendazoleWorldwide (most
common in tropical
areas)
Sub-Saharan Africa.
Latin America
Tropics

Blackfly bite

Mosquito bite Oamage to lymphatics causes Diethylcarbamazine * doiycydine
lymphadenopathy.lymphedema,
lymphatic filariasis (elephantiasis),
hydrocele
Tropical pulmonary eosinophilia

loiasis is mostly asymptomatic. Surgical removal of adult worms,
Symptomscan include episodic diethyrlcarbamazme.albendazole
angioedema (Calabar swellings)
and subconjunctival migration
resulting in eye pain and ifching

1. Embryonated eggs ingestedbytunns
2 Larvae hatch insmall intestine
3. Females migrate out anus at night

West and Central
African rainforest (e.g.
Cameroon.Central
African Republic)

Loo loo Deerfly bite

Figure 13. Life cycle of Enterobius

Enterobius
vermiculoris
(pinworm)

Human host:fecal-oral Asymptomatic earners or severe
self-inoculation and
fomiteperson-to- ani)
person transfer
Adult worms live in

Sticky tape test eggs adhere to tape
nocturnal peri-anal itching (pruritus applied toperianal skin (need S-7

tests to rule out)
Eiammabon of perianal skin at night
may revealadult worms
Usually no eosinophilia as no tissue
invasion
Mebendazole,albendazole;pyrantel
in pregnancy
Change underwear,bathe in
morning,pajamas to bed.wash
hands,trim fingernails
Treatall family members
simultaneously
Reinfection common

Worldwide

Occasional vaginitis,ectopic
migration to appendix or other

cecum and deposit pelvic organs
eggs in peri-anal skin Abdominal pain,nauseaVomiting

with high worm burden

Strongytoides
stercorolis
(threadworm)

Subtropical,tropical. Fecal contamination ol One of few worms able tomultiply
and temperate soil: transmission via in human host
(mclud ng southern US) unbroken skin,walking Mostly asymptomatic infection or

can have pruritic dermatitis at site
of larval penetration
Transient pulmonary symptoms
during pulmonary migration of
larvae|eosinophilicpneumonrtis ^

Loffler's syndrome)
Abdominal pain,diarrhea,pruritus
ani.larva currens (itchy rash)
Hyperinfection:occasional fatal
cases caused bymassive auto-
infection in immunocompromised
host;immunoablative therapy,
including high-dose corticosteroids,
is themost common risk factor for
disseminated infection

Ivermectin anchor albendazole

barefoot
Autoinfection:
penetration of larvae
through Gl mucosa or
perianal skin
Adult worms live
in mucosa of small
intestine

vv-v^'V©
V

1.Larvae penetrate intact skin of host
2.Larvae migrate to lungs via

bloodstream
3. Larvae crawl up trachea and down to

Gl tract (cough/swallow)
4.Adult worms in intestine
5.Eggs produced in bowel
6.Larvae
7.Bowel movement containing larvae

Figure 14. Life cycle of Strongyloides

r ~i
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Flatworms- Cestodes/Trematode

Table 27. Cestodes/Trematodes (Flatworms)
Epidemiology Transmission Clinical Presentation Treatment

CEST00ES
Taeniasolium
( pork tapeworm }

Corticosteroids albendazole * praziquantel for most
cysticercosis
Antiepileptics if seizures
Praziquantel for adult tapeworm in gut (taeniasis)

Praziquantel

Worldwide, but more common Undercooked pork (larvae), Taeniasis:mild Gl symptoms
in places with poor sanitation human leces (eggs} Cysticercosis: mass lesions in CNS.eyes, skin, seizures

Taeniasaginota Worldwide, but more common Undercooked beef (larvae) Taeniasis: mild Gl symptoms
(bed tapeworm) wherever contaminated raw

beelis eaten
Diphyllobothrium Europe. North America, Asia Raw fish
latum

Ichinocoecus
granulosus

Vitamin Bit deficiency leading to macrocytic anemia and Praziquantel
posterior column deficits
Liver/lung cysts (enlarge between 1-20 yr; may cause
mass effect or rupture)
Risk ol anaphylaxis if cystic lluid released during surgical Percutaneous aspiration * perioperative albendazole
evacuation

Rural areas.sheep- raising
countries

Dog feces (eggs) Albendazole t praziquantel alone
Surgery » perioperative albendazole

TREMATODES
Japan, Taiwan.China.
Southeast Asia

Schistosoma spp. Africa , Southeast Asia, focal In Fresh water exposure
Western Hemisphere

Raw fish Exists In bile ducts, causes inflammation and sometimes Praziquantel
cholanglocardnoina

Chronic sequelae secondary lo long term infection|c.g. Praziquantel
chronic liver disease, squamous cell carcinoma|SCC) ol
the bladder )

Clonorchis
sinensis

Schistosoma spp.
Etiology
infection with Schistosoma spp. (S. niattsonl,.S', hcniatobitim, S. iaponicum) occurs following

penetration of unbroken skin by their larvae (cercariae) which are found in infested fresh water
• adult worms live in terminal venules of bladder/bowel passing eggs into urine/stool
• schistosomes cannot multiply in or pass between humans
• more common in individuals from sub-Saharan Africa, South America, Asia, Caribbean, Eastern

Mediterranean / North Africa

Clinical Features
• most asymptomatic; symptoms seen in travellers ( nonimmune)
• swimmer’s itch: pruritic skin rash at site of penetration (cercarial dermatitis)
• acute schistosomiasis (Katayama fever ): hypersensitivity to migrating parasites (4-8 wk after

infection)
fever, hives, headache, weight loss, cough, abdominal pain, chronic diarrhea, high-grade
eosinophilia

• chronic schistosomiasis (can persist for years):
S. mattsoni, S. japonicum

• worms in mesenteric vein, eggs in portal tracts of liver and bowel
heavy infections: intestinal polyps, portal and pulmonary HIN, splenomegaly (2° to portal HTN ),
hepatomegaly
S. hcinatobiiiiii

T. Eggs released into water
2. Snail ( intermediate host)

releases infective larvae
3. Infective cercariae
4 Penetrate skin
5 Migrate to portal

blood stream;
mature in liver

6. Migrate to
Gl and GU

- worms in vesical plexus, eggs in distal ureter and bladder induce granulomas and
fibrosis

- hematuria and obstructive uropathy; associated with squamous cell bladder cancer
neurologic complications: spinal cord neuroschistosomiasis (transverse myelitis), cerebral or
cerebellar neuroschistosomiasis (increased ICP, focal CNS signs, seizures)
pulmonary complications: granulomatous pulmonary endarteritis, pulmonary H TN, cor
pulmonale; especially in patients with hepatosplenic involvement

Investigations
• serology (high sensitivity and specificity), CBC (eosinophilia, anemia, thrombocytopenia), loop-

mediated isothermal amplification, circulating serum antigen test
• S. mansoni, S. japonicum: eggs in stool, liver U/S shows peri-portal fibrosis, rectal biopsy
• S. hematobium: bladder biopsy, eggs in urine and occasionally stool, kidney and bladder U/S

Treatment and Prevention
• praziquantel
• add prednisone if acute schistosomiasis or neurologic complications develop
• proper disposal of human waste, molluscicide (pesticide against molluscs), avoidance of infested fresh

water while travelling

r -»
c.J

Figure 15. Life cycle of Schistosoma
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Ectoparasites
• scabies, lice
• see Dermatology, D33

Table 28. Important Exposures
Insect 8ites
Mosquito Plasmodium spp. (Malaria )

Dengue
Chikungunya
lymphatic filariasis (Elephantiasis)
West Nile encephalitis
Yellow Feyer
Japanese encephalitis
Zika

lick Borrelia burgdorlerULyme Disease)
Rickettsia rickeltsii ( Rocky Mountain Spoiled Fever)

Ityponosoma brucei spp. (African sleeping sickness)
Leishmonio spp. (leishmaniasis)
Bartonella bocillitormis (Bartonellosis)

Yersinia (Plague)
Tunga penetrans (lungiasis)

fty

Flea

Mammal Bites
Oog/Cal
Human
Oral Exposures
Unpasteurired Milk

Undercooked Meat/Fish
Water
Environmental Exposures
Freshwater

Rabies. Pasleurella.anaerobes.Streptococcus, S. aureus.8orlonellohenselae. letanus
Streptococcus. S.aureus,oral anaerobes, Eikenella

Brucella spp., non-tuberculous Mycobacteria, Salmonella,C. coli. Listeria

Enteric bacteria.helminths, protozoa (e.g. Toxoplasma)
Hepatitis A/E. Norovirus.cholera.Salmonella,Shigella, Giardia. poliovirus, Cryptosporidium.Cydospora

Leptospira spp., schistosomes.Acanthamoeba, Naegleria fowled

Hookworms. Toxocara spp. (visceral larva migrans). Leptospira interrogans (leptospirosis)Soil
Adapted with permission Irorn lancet 2003:361:1459*1469

Travel Medicine
General Travel Precautions

•vector-borne: long sleeves, long pants, hats, insecticides (containing permethrin) applied to clothes,
belongings, and bed nets; and skin repellents (e.g. DHET, icaridin) applied to exposed skin

•food /water:avoid eating raw meats/seafood, uncooked vegetables, and milk/dairy products;drink
only bottled beverages, chlorinated water, boiled water

• recreation: caution when swimming in schistosomiasis-endemic regions (e.g. Lake Malawi), fresh-
water rafting/kayaking, beaches that may contain human/animal waste products, near storm drains,
after heavy rainfalls

•prophylaxis: malaria (chloroquine, mefloquine, atovaquone t proguanil, doxycydine), traveller's
diarrhea ( bismuth salicylate, rifaximin)

•standard vaccines up to date (hepatitis B, MMR, tetanus/diphtheria, varicella, pertussis, polio,
influenza)

• travel vaccines: hepatitis A / B, Japanese encephalitis, typhoid fever, yellow fever, rabies, ET'EC, cholera
•sexually transmitted and blood-borne infections: safe sex practices, avoidance of percutaneous injury

through razors, tattoos, piercings

Infectious Diseases to Consider
•vector-borne: malaria, dengue fever, chikungunya, yellow fever, spotted fever rickettsioses, West Nile

virus, trypanosomiasis, Japanese encephalitis, tick-borne encephalitis, leishmaniasis, Zika virus,
filariasis

•sexually transmitted: HIV, HBV, acute HSV, syphilis, usual S'l'ls, e.g. gonorrhea and chlamydia
•zoonotic: rabies, hantavirus, tularemia, Q fever, anthrax, brucellosis, Ebola
•airborne:TB, measles, varicella
•food /water: HAV, HEV, brucellosis, typhoid, paratyphoid, amoebiasis, dysentery, traveller’s diarrhea,

cholera, Campylobacter spp.
•soil/water: schistosomiasis, strongyloidiasis, leptospirosis, cutaneous larva migrans, histoplasmosis,

paracoccidioidomycosis

r i
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Fever in the Returned Traveller
Etiology
• commonly identified causes of fever in the returned traveller

parasitic: malaria (20-30%)
viral: non-specific mononucleosis-like syndrome (4-25%), dengue (5%), viral hepatitis (3%)
bacterial: typhoid from Salmonella (2-7%), rickettsioses (3%)
diverse group of causative pathogens: traveller’s diarrhea (10-20%), respiratory tract infection
(10-15%), UT1/STI (2-3%)
l'ever in a returned traveller from a malaria endemic area is considered malaria until proven
otherwise

• can be caused by routine infections that are common in non-travellers (e.g. UR'TT, UTT)
• less commonly, fever can be due to non-infectious causes (e.g. DVT/PE, drug fever, inflammatory

disorder unmasked by travel-acquired infection)

History
• pre-travel preparation
• travel itinerary: when, where, why, what, who, how?

dates of travel (determine incubation period)
season of travel: wet or dry
destination: country, region (urban or rural), environment ( jungle, desert, etc.)
purpose of trip

• persons visiting friends and family are more likely to be exposed to local population and pathogens
style of travel: lodgings, camping, adventure travelling
local population:sick contacts

• transportation: use of animals
• exposure history

• street foods, untreated water: increased risk of traveller's diarrhea, enteric fever
uncooked meat /unpasteurized dairy: increased risk of parasitic infection

• body fluids (sexual contacts, tattoos, piercings, IVDU, other injections)
increased risk of HBV, HCV, HIV, UC, C. trachomatis, syphilis
animal/insect bites: increased risk of malaria, dengue, rickettsioses, rabies

• fever pattern
• incubation period: use the earliest and latest possible dates of exposure to narrow the differential

diagnosis and exclude serious infections
• <21 d:consider malaria, typhoid fever, dengue fever, chikungunya, Zika, rickettsioses, traveller's

diarrhea, respiratory tract infections (e.g. 1L1, COV1D-19); exclude HBV, TB
• >21 d: consider malaria, TB, typhoid fever; exclude dengue fever, chikungunya, traveller’s

diarrhea, rickettsioses
• body systems affected: Cil, respirator)', CNS, skin

Investigations
• all travellers with fever should undergo the following tests

blood work:CBC and differential, liver enzymes, electrolytes, creatinine, thick and thin blood
smears x3 (for malaria), blood C&S
urine: urinalysis, urine C&S if dysuria or other localizing signs

• special tests based on symptoms, exposure history, and geography
« stool:C&S,O&P. CXR
« viral serology (hepatitis, HIV)

dengue serology for lgM, dengue PCR

Treatment
• empiric treatment if ongoing fever for 48-72 h and negative malaria smears and all cultures pending
• travelled to India,Southeast Asia:azithromycin ± doxycycline
• travelled elsewhere: ciprofloxacin ± doxycycline

n
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Table 29. Fever in the Returned Traveller
Incubation Clinical Manifestations
Period

DiagnosisGeography/ Pathogen
Timing

Illness Treatment

Blood smear (thick and Ihin) x3
Rapid diagnostic test (with smeai
or PCR confirmation)
Antigen detection PCR

Africa.India.
Central and
Sooth America.
Southeast Asia
Usually rural,
night-biting
mosquitoes

SoutheastAsia.
Caribbean
Usually urban,
day-biting
mosquitoes
Global but
mostly Indian
subcontinent

7-30 d to mo Fever and flu-like illness (shakingchills,
headache,muscle aches,and fatigue)
Nauseai'vomitmg and diarrhea
Anemia and jaunSce
Plasmodium falciparum: (severe) kidney
failure,seirures.menial confusion,
prostration,coma,death,respiratory failure

Sudden onset of fever,headache,retro-orbital Anti-dengue IgM positivity
pain,myalgias,and arthralgias
Leukopenia
Thrombocytopenia hemorrhagic
manifestations (rare in travellers)

Sustained fever 39S-40 C (103M04:F)
Abdominal pain,headache,loss of appetite,
cough,constipation

Malaria Artesunate (for severedisease)
* Malarone 8.doxycyclme.or
clindamycin
Quinine sulfate •doiycydine
or clindamycin
Chloroquine * primaquine

Plasmodium
falciparum
Plasmodiumvim
P.maloriae
P.orole
P.knowlesi

oryr

Symptom relief:
Acetaminophen (avoid using
NSAIDs and ASA becauseof
antiplatelet properties)

Dengue viruses 3 d to 2 wkDengue
PCR1-4

3 to 60 d Stool,urine,or bloodculture
positive for
S. Ifphi or 5. Paratyphi

Ouinolone antibiotic (e_g_
ciprofloxarin).ceftriaxone,or
macrolide

Typhoid
(enteriefever)

Salmonella
enterica serotype
Ifphi or serotype
Paratyphi
Sickettsia DoxycyClineTick Typhus 1to 2 v/k Fever,headache,myalgia,spotted rash

Eschar at site of tick bite
Thrombocytopenia
Elevated liver enrymes

Fever,cough,hemoptysis

Serology
Presence of classic tick eschar

Mediterranean.
South Africa.India

Global CXR Isoniasd (lNH).rifampin
(RIF),pyratinamide (PZA).
ethambutol (EMB) •Vitamin B6

M. tuberculosis Variable18
Sputum culture and acid-fast slain
Nucleic Acid Amplification Test
(NAAT)
Atypical lymphocytes on blood
smear and positive heterophilic
antibody (monospol) test

RT-PCR
Serology

30 to 50 dMononucleosis Caribbean.
Central andSouth
America

EBVorCMV Malaise, fatigue,pharyngitis,
lymphadenopathy.splenomegaly

Acetaminophen or NSAIDs.
fluids

Rest,fluids,analgesics/
antipyretics (avoid NSAIDs
until Dengue ruled out),
condom use.avoidpregnancy

Zika Virus
Disease

Africa.Southeast Zika virus
Asia.South
America:
spreading

Unknown. Headache,malaise,myalgia,arthralgia,mild
likely 3 to12 d fever,rash,conjunctivitis

Fever of Unknown Origin
Table 30. Classification of Fever of Unknown Origin (FUO)- Temp >38.3°C/101°F on several
occasions Causes of Nosocomial FUO

B, C,D,E
Nosocomial FUOClassical FUO Neutropenic FUO HIV-associated FUO

Bacterial and fungal infections of
respiratory tract and surgical sites
Catheters (intravascular and urinary)
Drugs
Emboli

Neutrophil count -500 mlor HIV infections
Duration >4 wk for outpatients.>3
d for hospitatriedpatients

Diagnosis uncertain after 3 Diagnosis unceitainafter 3 d of Diagnosis uncertain after 3 d of Dagnosis uncertain after 3 d of
outpatient visits or 3 d inhospital investigation,includingat least 2 investigation,including at least 2 investigation,including at least 2
or 1wk of intensive ambulatory d incubation of cultures
investigation

Duration >3 wk Hospitalized patient
Infection not present/incubating is expected to fall to that level
on admission in1-2 d

d incubation of cultures d incubation of cultures

Etiology of Classic FUO
• infectious causes (-30%)

• TB:extrapulmonary (most common), miliary, pulmonary (if pre-existing disease)
• abscess: subphrenic, liver, splenic, pancreatic, perinephric, diverticular, pelvic, psoas

osteomyelitis
bacterial endocarditis (culture negative)
other:viral (CMY, EBY, HIV'), bacterial (brucellosis, bartonellosis), fungal (histoplasmosis,
cryptococcosis), parasitic (toxoplasmosis, leishmaniasis, amoebiasis, malaria)

• neoplastic causes (-20%)
most commonly lymphomas (especially non-Hodgkin) and leukemias, multiple myeloma,
myelodvsplastic syndrome
solid tumours:renal cell carcinoma (most common), breast, liver (hepatocellular carcinoma),
colon, pancreas,or liver metastases

• collagen vascular diseases (-30%)
• SLH, RA, rheumatic fever, vasculitis (temporal arteritis, polyarteritis nodosa), juvenile RA, Still

disease
• miscellaneous (-20%)

drugs (e.g. anti-microbials, anti-arrhythmics), factitious fever
• sarcoidosis, granulomatous hepatitis, IBD

hereditary periodic fever syndromes (such as familial Mediterranean fever)
• venous thromboembolic disease: RE, DVT
• endocrine: thyroiditis, thyroid storm, adrenal insufficiency, pheochromocytoma
• unknown in 30-50% despite detailed workup

+
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Approach to Classic FUO
• careful and repeated history:travel, environmental/occupational exposures, infectious contacts,

medication history, immunizations,TB history, sexual history, past medical history, comprehensive
review of systems (includingsymptoms that resolved before interv iew)

• thorough physical exam:fever pattern, rashes (skin, mucous membranes), murmurs, arthritis,
lymphadenopathy, organomegaly

• initial investigations as appropriate
• blood work: CBC and differential, electrolytes, urea,Cr, calcium profile, liver enzymes, HSR, CRP,

ferritin, muscle enzymes,RF, ANA, serum protein electrophoresis (SPEP), blood film
• cultures: blood (x3sets), urine, sputum, stool C&Sand O&P, other fluids as appropriate
• serology: HIV, Monospot, CMV IgM, syphilis
• imaging:CXR, abdominal imaging

• if there are diagnostic clues from any of the above steps, proceed with directed exam, biopsies or
invasive testing as required, followed by directed treatment once a diagnosis is established

if no diagnosis with the above, consider empiric therapy vs.watchful waiting
without intervention:patients that remain undiagnosed despite extensive workup have good
prognosis

• immunocompromised hosts have increased susceptibility to infections from pathogens that are
typically low virulence,commensal,or latent

Infections in the Immunocompromised Host
Factors that Compromise the Immune System
• general:age (very young or elderly), malnutrition
• immune disease: HIY, malignancies, asplenia (functional or anatomic), hypogammaglobulinemia,

neutropenia. DM
• iatrogenic: corticosteroids, chemotherapy, radiation treatment, anti-TNF' therapy,other

immunosuppressive drugs (e.g. in transplant patients)

Table 31. Types of Immunodeficiency
Type Conditions Vulnerable To
Cell-Mediated Immunity HIV.Hodgkin,hairy cell leukemia,cytotoxic drugs.SCID,

DiGeorge syndrome
Latent viruses
Fungi
Parasites
Non-tuberculosis mycobacterium (NTM)

Humoral Immunity CU,lymphosarcoma,multiplemyeloma,nephrotic
syndrome,protein-losing enteropathy,burns,sidde cell
anemia,asplenia, splenectomy,selectiveIgdeficiencies. serotype lyphi,G8SI
WiskoU-Aldrich syndrome
Chemotherapy,myelodysplasia,paroiysmal nocturnal Catalase-producing organisms \Slaphylocoaus.
hemoglobinuria,radiation,cytotoxic drug therapy.C3 or C5 Serratia.Mocantia.Aspergillus)
deficiencies,chronic granulomatous disease

Encapsulated organisms(1pneumoniae,H.
inllueiuae.M.meningitidis.Salmonella enterico

Neutrophil Function

Febrile Neutropenia
Definition
• fever (S38.3°C/101*ForS38.0°C/100.4°1; for SI h)
• neutropenia: ANC <1.0
• ANC (absolute neutrophil count) = WBC x (%neutrophils + %bands)
• severe neutropenia:ANC <0.5

Pathophysiology
• decreased neutrophil production

marrow: infection, aplastic/myelophthisic anemia, leukemia, lymphoma, myelodysplastic
syndromes

• iatrogenic: cancer chemotherapy, radiation, drugs
• deficiencies: vitamin Bt:. folate

• increased peripheral neutrophil destruction
• autoimmune: Eelty’s syndrome, SLE, antineutrophil antibodies

splenic sequestration

Epidemiology/Etiology
• most common life-threatening complication of cancer therapy
• 8cases per 1000 cancer patients per yr in the U.S.
• causative organism identified only 1/3of the time
• GN (especially Pseudomonas) historically most common
• GP more common now
• fungal superinfection if neutropenia prolonged or if concurrent antibiotic use (especially Candida,

Aspergillus)
• frequently associated with IV lines, mucosal or GI infection.Typhlitis (inflammation of cecum) is a

rare complication,but can lead toserious infection and poor outcomes

r ^L J
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Investigations
• examine for potential sites of infection:mucositis and line infections are most common
• do NOT perform DRE;examine perianal region for perianal abscess
• blood C&S (x2 sets), urine C&S, culture all indwelling catheter ports, ± sputum C&S and

nasopharyngeal swab for respiratory viruses, stool for C.difficile testing if diarrhea
• CBC and differential,Cr, urea, electrolytes, AST/ALT, total bilirubin, chest imaging (CXR or Cl )

Treatment
• most hospitals have their own specific protocol so check local guidelines first (see l igurc 16 )
• prophylaxis against febrile neutropenia ( I N ) with granulocyte colony-stimulating factor (G-CSF)

and granulocyte-macrophage colony-stimulating factor (GM-CSE) decreases hospitalization without
affecting mortality (indicated if risk of l-'N >20% or if 1;N has occurred in a previous chemotherapy
cycle)

LOW RISK (fulfills all of the following)
•Tolerates P0
•Normotensive
•Solid tumour
•No comorbidities
•No change in mental status
•Normal CXR
•Neutropenia lasting <10 d

Afebrile by d 3-5:
Home with POAbxCan use cipro P0 amos/clav P0 ) *•

piperacillirvtazobactam
orcefepime
orceftaadime
ormipenem ormeropenem IV

HIGH RISK
•Does not meet low risk entena

anaerobic coverage if
•Necrotizing mucositis
•Abscess
•Abdo or pelvic infection
•Anaerobes by C&S

Afebrile by d 3-5 of
persistent neutropenia:
Optimize forC&S
rcsiits but mamain
broad-spectrun
coverage

•metronidazole IV/PO

•vancomycin if
•MRSA
•Catheter-related infection
•Severe mucositis
•Hx quinolone prophylaxis

Febrile through d3-5:
Consider empinc
antifungal therapy

vancomycin IV

+ antifungal if
, *Persistentfeveratd 3-5
•Suspected or proven
fungal infection

+ amphotericin B
orvonconazole
orcaspofungin

Figure16.Example of treatment protocol for febrile neutropenia

Infections in Solid Organ Transplant Recipients
• infection is a leading cause of early morbidity/mortality in transplant recipients
• infection depends on degree of immunosuppression
• common infections <1 mo post-transplant

donor-derived infections
bacterial infection of wound/lines/lungs, herpetic stomatitis

• common infections >1 mo post-transplant
• viral (especially CM V, EBV, VZV)
• fungal (especially Aspergillus,Cryptococcus,P. jirovecii )
• protozoan (especially Toxoplasma )

• unusual bacterial/mycobacterial infections (especially TB, Socardia, Listeria)

Prophylactic Vaccinations Given Before Transplant
• to all transplant patients: DTaP, pneumococcal, influenza, hepatitis A and B,COVTD-19
• in select patients: MMR, varicella, HPV, herpes zoster

Immune Reconstitution Inflammatory Syndrome
Definition
• a harmful inflammatory response directed against a previously acquired infection following a

recovery of the immune system

Etiology
• paradoxical worsening of a successfully or partially treated opportunistic infection
• new onset response to a previously unidentified opportunistic infection
• the majority of cases are in patients with advanced HIV or immunosuppressed patients starting

anti-retroviral therapy or discontinuing immunosuppressive therapy; sudden recover)' from an
immunosuppressive state towards a pro-inflammatory state directed towards subclinical infection
results in fever and inflammation

n
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•can occur in response to multiple infections
• Mycobacteria (tuberculosis, avium complex)

Cryptococcus
Pneumocystis

• Toxoplasma. HBV and HCV
• herpes viruses (VZV reactivation, HSV,CMV)
|C virus (progressive multifocal leukoencephalopathy)

• Molluscum contagiosum
• COVID-19

•clinical features are dependent on the type and location of the pre-existing infection
•thought to be worse with quick increase in CD-I count and with lower pre-treatment CD-I count
•non-HIV conditions with documented immune reconstitution inflammatory syndrome (IRIS):solid

organ transplant recipients, post-partum women, neutropenic patients, anti-TNF therapy

Epidemiology
•in HIV-positive patients starting ART, IRIS reported to affect-10%

Investigations
•IRIS is a diagnosis of exclusion
•rule out drug reaction, medication non-adherence,drug resistance

Treatment
•continue ARV therapy in HIV-positive patients with mild-moderate symptoms, but consider

discontinuation if symptoms are life-threatening or potentially irreversible
•treat underlying infection; initiate treatment for some infections prior to ARV initiation
•consider starting corticosteroids/ NSAlDs to decrease inflammatory response

A Simplified Look at Antibiotics
• general overview, see Table 33, ID49 for more details

Table 32.Antibiotics Overview
Classart Drags GP GN Atypicals OtherAnaerobes

Streptococcus Staphylococcusspp. irderococrasspp. CtBUdle BoaBi|e.g Pseudomonas Legionella, feiefeis Qtany&i Syphilis
tmrknmntk

ft 'inHuemoe ^ Uamydia
pneumoniae.
Hycopksma

S. MSSA MUSA £ £
beats beam

M.
tOttsefcsaprophyheus meningrtiSs goaarrhoeae

SPA)

PHUCIUJKS

Peffiatotimy
fcekata » (W)

J -/ Oral
anaerobes

except
Gram(-)e.g.

B. lragilis

ArvcifaW
Anoinlbc|74)

-/Oral
anaerobes

BKCfl
Gram(-) e.g.
8. fragilis

Ctaaoia-B-LACTAM COHSMATION AGEMTS

/ VAnoooUu-
darJasate
Pipetaolm.
tarobadaa

V J J/

celtctotae-
tazoiadaa

/

CtPHAlOSPODIK (P0-1V)

V J J1st oerersboc:
ceptclein:
cefazote.ceta*oril
2ndgesterat»c
ceftriniK
cefpronl

3rd generatroc
cefodnei
cefotauae.
celtriaicee
3rd geseratroc
cettarrSoe
4th genetshoe:
tefeptoe

J V JJ /
r i
LJ

//V

+
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>/ VV
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Table 32. Antibiotics Overview
Class asdOnijs GP GN Atypicals OtherAnaerobes

Bdettsia Chicmydio Syphilis
trochomotis

Streptococcus Stophytococws spp. [stcrxxcaspp. Ct&ficile Jfeosebesw- ft»W|e.g. Pseudomonas tesfonefc
CUm/dm

H.
inhuemoe ^ icon.W- i MSSA MRSA £ 5.

fotcots fotdmo
I.

Klebsiellosoprophyticus meong&dB gooorrhoeoe spp-l
V y ySill geccrabcc

ceftotHprcle
ceftarofare*

Anr-ogfycosifes
gectacKK
tobranjai
snikicr

y V

/y

MACB0U0ES
yyerythrocyte

danlbooyt*
y y y y

FLUOSOCUIHOLOKES
y yoprcfloean

lenfloisai
monfloECE

/
y /y y y y yy

y y y yy y y / +/• y /
ynorfloECB

‘spcct2c«cs
tederel pentcatis
|S&P) pccptyUns

y y y y /

CABBAPtitK$
y y y y y y y y y

y yy y y y y /n*rcp«c«a
ertep«ea y y y y /

TETUttCUIIES
y y yy y y ydciytytiffr

tebxjdK/
nirocyto

tigecydcr

y/ y

y y y y yy yy y

OTHEBS
y yy v'fao! »/ (aot

m> Vtf )
yMOCOOjtlE

(oral
vancomycin for
cm*gastroenteritis)

yy y y yfeptoerjor

bnezokd y y y y y
yymetreodazote

Dir-jcTTfcr

IMP SMI
nilicfuartrc

y y yy
yy y

y yy y
y y yfosfocycr y y

ycoltsbfi yy

* Availablein Canada through theSpecial AccessProgram
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Antimicrobials
Antibiotics

Reasons for Combination Therapy
• Polymicrobial infection
• Empiric therapy pending culture

results
• Synergy for difficult to treat

pathogens (e.g.Enterococcus spp.
causing endocarditis)

• To prevent emergence of resistance

• empiric antibiotic therapy
choose antihiotic(s) to cover for most likely and lethal organisms for the type of infection prior to
obtaining laboratory results (usually reserved for serious infections)

• adjust antihiotic(s) based on C&S and clinical response
• if causative organism identified, use antibiotic to which organism is susceptible
• if causative organism not identified, re-evaluate need for ongoing antimicrobial therapy (and continue

with empiric antibiotic(s) if indicated)

TOXIC METABOLITES
•Metronidazole

CELL WALL
Penicillins
Cephalosporins
Carbapenems

•Glycopeptides

Bactericidal
Antibiotics

Bacteriostatic
AntibioticsRNA POLYMERASE

•Rifampin
“ECSTaTIC""Very Finely

Proficient At
CCell MurOer"

Vancomycin Erythromycin (and
other macrolidcs)

Fluoroquinolones Clindamycin
Sulfamethoxazole

Aminoglycosides Trimethoprim

Cephalosporins Tetracyclines
Carbapenems Chloramphenicol
Metronidazole

DNAGYRASE
•Fluoioquinolones

PenicillinPROTEIN SYNTHESIS
•Nitrofurantoin

MS RIBOSOME
•Macrolides
•Lincosamides

Daptomycin

3DS RIBOSOME
•Aminoglycosides
•Tetracyclines

FOLIC ACID PATHWAY
•TMP/SMX
•Dapsone•Sulfoxone

MYCOLIC ACID PATHWAY
•Isoniazid
•Ethambutol ©Stuart Jantzen 2012

Figure 17. Mechanism of action of antibiotics
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Table 33. Antibiotics
Class and Orugs Mechanism of Action Adverse Effects Indications ContraindicationsCoverage
CELL WALL INHIBITORS
Penicillins
Benryl penicillin
- penicillin GIY.'IU
- penicillin VPO

Mild tomoderately severe infections
caused by susceptible organisms including:
actinomycosis,streptococcal pharyngitis,
streptococcal skin and softtissue infections,
pneumococcalpneumonia, syphilis

GP eiceptStaphylococcus.
Enlerococcus.
N.meningitidis.
Oral anaerobes
Syphilis

Bactericidal: p-lactam Immediate aHergy (lgE):
inhibits cell wall synthesis anaphylaxis.urticaria
by binding penicillin
binding protein [PBP)
preventing cross-linking of sickness
peptidoglycan

Hypersensitivity to
penicillin

Late-onset allergy (IgG):
urlicana.rash,serum

Interstitial nephritis
Dose related tonicity:
seizures
Diarrhea

See aboveAminopenicillin
- ampicillin IV
- amoiicillin PO (Amonil:)

Same aspenicillin AND
Enterococcus
listeria
Some strains of:
H. influenzae,E. coli.K.
pneumoniae

See above Bacterial meningitis and endocarditis
(IV ampicillin),acute otitismedia (AOM),
streptococcal pharyngitis,sinusitis, acute
exacerbations of COPD.part of multidrug
therapy for H.pylori treatment,Lyme disease,
pneumococcalpneumonia. UII (amoxicillin
and ampicillin) for most enterococci and
susceptible GN pathogens
Bacterial infections caused by staphylococci
and streptococci including skin and soft -
tissue infections

Hypersensitivity to
penicillin or B-lactam
antibiotics

See above See aboveIsoxazolyl penicillin
- clonacillin
methiciltin

- nafcillin
- oxacillin
piactamcombinations
- amoiicillin-davulanate
(Clavulin -.
Augmentin')
- prperacrllra'tazobactam
(Taaocin -)
-ceftolozanetazobactara

Methicillin-sensitive
Staphylococcus aureus)

streptococci

Hypersensitivity to
clonacillin or any
penicillin

p-laclamase produced by See above
certain bacteria inactivate
p-laclams
Lactamase inhibitors
prevent this process,
preserving antibacterial
effect of p-lactams

Same aspenicillin AND
Staphylococcus
H. influenzae
Enterococcus
Anaerobes (oral and gut)
P.aeruginosa (piperacillin-
tazobactam)
Ceftolozane.'tazobactam
primarily used forresistant GN

Various p-lactamase producing bacteria,
amoncillin-clavulanale-sensilive bacteria
including URTI.sinusitis. AOM. skin and soil
tissue infections.UTI.and severe intra-
abdominal and pelvic infections
Ceftolozane-tazobadam used to treat
resistant GN infections

Hypersensitivity
to penicillin or
cephalosporin
History of amoxicillin-
davulale-associated
jaundice or hepatic
dysfunction

Cephalosporins

PO GP GN Bactericidal:p-lactam
inhibits PBP.prevents
cross-linking of
peptidoglycan.
less susceptible to
penicillinases

10% penicillinallergy cross- Skin and soft tissue infections,prevention of Hypersensitivity to
reactivity

IV
T cephalexin cefazolm
(Keflex - ) (Aocef - ) Goal with the

exception of
Enterococcus
end MRSA

E coti.
Klebsiella.
Proteus. H.
influenzae
|not all
isolates)

More coverage See above
than1*
(includes
anaerobes)

surgical site infections (cefazolin);infections cephalosporinsor other
caused bysusceptible organisms (especially B-lactam antibiotics
Staphylococcus anti Streptococcus infections)

See abover cefmoiime Weaker
(Zinacef -) activity
cefoxitin than1‘

See above Upper and lower RTI,pneumococcal
pneumonia, softtissue infectionscefuroirme

(Ceftin 3)
cefprozil
(Cefzil - )
3* cefuime
(Suprax'l

ceftriaxone S aureus *
(Rocephin " ) streptococcal
cefotaxime coverage
(Claforan" ) (cefotaxime
ceftazidime and
(Fortaz - ) ceftriaione)

especially 5.
pneumoniae

Broad coverage See above
(includes
Pseudomonas
for ceftazidime

*1%penicillin allergy cross- Community -acquired pneumonia (cefotaxime. Severe hypersensitivity
ceftriaxone),gonorrhea (ceftriaxone),
community-acquired bacterial meningitis
(ceftriaxone,cefotaxime), abdominal and
pelvic infections (cefotaxime or ceftriaxone in
combination wrth metronidazole), once-daily
administration makes ceftriaxone convenient
for outpatient IV therapy

Empiric therapy for febrile neutropenia

(TypeI) to other B-lactam
antibiotics

reactivity

only)

4° cefepime Broad
(Maupime 3 ) spectrum

Broad coverage See above
including
Pseudomonas
Broad coverage See above
(except
Pseudomonas)

See above See above

5° Ceftobtprole Broad
(Zevtara ) coverage
ceftarotine including
(Teflaro')- MRSA

See above Acute bacterial skin and skin structure
infections,community-acquired pneumonia

See above

Carbapenems

imipenem (Primaiin ') GP eicept MRSA GNincluding
Pseudomonas* Enterobocter.
extended-spectrum
B-lactamases (ESBLs).
anaerobes

See above:does not cover See above
Enterococcus
GP except Enterococcus.MRSA GN See above

including Enterobocter (but not
Pseudomonas),anaerobes

B-lactam inhibits PBP and Penicillin a lergy cross-
prevents cross-linking of reactivity
peptidoglycan

Ireatment of infections caused byGNB Hypersensitivity to
producing extended-spectrum B-lactamases, imipenem
serious infections causedby susceptible Lowers seizurethreshold
organisms

Seizures

r
See abovemeropenem (Merrem:) See above Hypersensitivity to

carbapenems

See above See above:once-daily administration makes Hypersensitivity
it convenient for outpatient IV therapy

erlapenem (Invanz 3 )
to carbapenems +

’Available in Canada throng* the Special Access Program
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Table 33. Antibiotics
Class and Drugs Coverage Mechanism of Action Adverse Effects Indications Contraindications
CELL WALL INHIBITORS

Glycopeptides
vancomycin (Vancocin 5 ) GP including MRSA, nolVRE

C.difficile if P0
Glycopeptide sterically Red Man syndrome
inhibits cell wall synthesis Nephrotoxicity

Ototoxicity
Thrombocytopenia

Severe or life-threatening GP infections,
patients with 0-lactam allergy
May only be taken orally for severe C.difficile
infection

Hypersensitivity to
vancomycin

Other

fosfomycin GN (some coverage for
Pseudomonas but lower

Inhibiting cell wall
synthesis at the

compared to fnlerobaclerales) initial step involving
and GP|includingfrrferococct/s) phosphoenolpyruvate

synthase

P0 - mild nausea,diarrhea P0 - uncomplicated urinary tract infections Hypersensitivity to
fosfomycinpossible IV - complicated urinary tract infections,

nosocomial lower RTI.osteomyelitis;
bacterial meningitis

IV - hypokalemia,
hypernalremia, liver
function test abnormalilies

PROTEIN SYNTHESIS INHIBITORS (50S RIBOSOME)

Macrolides
GP except [nlerococcus
GN:Legionella.B. pertussis
“Atypicals":Cblamydophila.
Mycoplasma

Binds to SOS ribosomal G!upset
subunit inhibiting protein Acute cholestatic hepatitis
synthesis

Susceptible RTI.pertussis,diphtheria.
Legionnaires' disease,skin and soft tissue
infections

Hypersensitivity to
erythromycin
Concurrent therapywith
astemicole.terfenadine

erythromycin
(Erybid:.Eryc;)

Prolonged OT

'This agent is rarely used
duetoGI upset

clarithromycin (Biaxin ') See above,some mycobacteria See above See above Susceptible RTI.skin infections,non-
tuberculous mycobacterial infections,part of macrolides
multidrug therapy for W.pylori treatment
Susceptible RTI, acute exacerbations of
COPD,community -acquired pneumonia,
skin infections,Campylobacter infections if
treatment indicated,chlamydia

Hypersensitivity to

azithromycin (Zilhromax : ) See above,some mycobacteria See above See above Hypersensitivity to
macrolides

Lincosamides
clindamycin (Oalacin') GP except [nlerococcus,most

community - acquired MRSA
anaerobes

Inhibits peptide bond Pseudomembranous colitis
formation at SOS ribosome and C. difficileGl upset

Treatmentof suspected or proven infections
caused by GP, anaerobes including skin and
skin structure infections,oropharyngeal
infections, in combination with GN coverage
for intra -abdominal and pelvic infections

Hypersensitivity to
clindamycin
Infants <30 d
Concurrent use orwithin
2 wk of monoamine
oxidase (MAO) inhibitors

Hypersensitivity to
chloramphenicol

chloramphenicol GP Serious infections by susceptible organisms
when suitable alternatives are not available
including meningococcal disease in patients
with anaphylaxis to 0-lactams
Vancomycin resistant [ nlerococcus toecium
infections including intra -abdominal,
skin and skin structure,and urinary tract
infections.MRSA infections as outpatient
therapy

Inhibits peptidyl
transferase action of tRNA Grey Baby syndrome
at SOS ribosome

Aplastic anemia
GN
Anaerobes

GP including VRE - MRSA Binds SOS ribosome and
prevents functional 70S
initiation complex

HIN lads as MAO inhibitor)
Risks with prolonged use:
myclosupptcssion. optic
neuropathy, peripheral
neuropathy

linetolid (Zyvoxam ) Hypersensitivity to
linetolid, concurrent use
or within 2 wk of MAO
inhibitors

PROTEIN SYNTHESIS INHIBITORS (30S RIBOSOME)

Aminoglycosides
gentamicin
tobramycin
amikacin (Amikin' )
plazomicin*

Pre-existing hearing loss
exist, tills,used in low doses for synergy and renal dysfunction
with 0 - lactams or with vancomycin lor the
licalmenl of serious entcrococcal infections

GN (includes Pseudomonas ) Binds 30S subunit of
ribosome inhibiting
protein synthesis

Nephrotoxicity (reversible) GN infections when alternatives do not
Vestibular and ototoxicity
(irreversible)
Vestibular toxicity is
the most important
aminoglycoside toxicity

Tetracyclines
tetracycline
(Apo-Ietra’,
Hu-letraT )
minocycline
(Mmocinl ' )
doxycydine
(Ooiycin ')
tigecyclincllygacil )

GP Binds 30S subunit of
nbosomc inhibiting
protein synthesis

Gl upset
Hepalotoxlcity
Fanconl 's syndrome
Photosensitivity
Teratogenic
Yellow teeth and stunted
bone growth in children

Blckettsial infections,Cblamydophila. acne
(tetracycline, minocycline).
Pelvic Inflammatory Oiscase|PI0) (step -
down),malaria prophylaxis (doxycydine)

Severe renalor hepatic
dysfunction
Pregnancy or lactation
Children under 12 yr

Anaerobes
"Atypicals":Chlamydopltilo,
Mycoplasma, ffickettsia.Bonelio
borgdorleti
treponema
Malaria prophylaxis
(doxycydine)
Tigccydinc has activity against
MRSA.VRE. and ESBl producing
[. coli/K. pneumoniae

'Available in Conndo through the Special Access Program
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Table 33. Antibiotics
ContraindicationsClass and Drugs Coverage Mechanism of Action Adverse Effects Indications

T0P0IS0MERASE INHIBITORS

Fluoroquinolones (FOs)
ciprofloxacin (Cipro *)
norfloxacin
(Apo-Horflox‘)
ofloxacin (Floxin:|
Respiratory FOs:
levofloxacin
(Levaquinr )
moxifloxacin
(Avelox1)

Upper and lower RTI (not ciprofloxacin
unless susceptible organism isolated).UTI.
prostatitis (not moiifloxacin).bone and
[pint infections for susceptible organisms,
skin and soft tissueinfections (levofloxacin.

(levofloxacin.moxifloxacin) moiifloxadn).infectious diarrhea.
Tendonitis
Tendonrupture

Variable GP activity
GN (includes
Pseudomonos)
"Atypicals"
levofloiacm andmoxifloiacin
coverS.pneumonine
moufloiaun also has additional
anaerobic coverage

Inhibits DNAgytase Headache, dirtiness Pregnancy or lactation
Children under 18 yr
Concomitant use of
medications that prolong
OTinterval

Allergy
Seizures
Prolonged 01
Dysglycemia

meningococcal prophylaxis,intra-abdominal
infections (monfloxacin.ciprofloxacin
in combination with metronidazole
or clindamycin),febrileneutropenia
prophylaxis (ciprofloxacin,levofloxacin)
or management of “low-risk" febrile
neutropenia (ciprofloxacinin combination
with amoxidtiin-clavulanate)

OTHER
rifampin GP cocci

#.meningitidis
H. inSaenae
Mytohactena

Inhibits RNA polymerase Hepatic dysfunction.P450
enzyme induction
Orange tears/saliva,'urine

Part of multidrug treatment for active T3.
alone for treatment of latent IB,part of
multidrug treatment for other mycobacterial
infections, endocaiditis involving proslhetic
valve or other prosthetic device infections
in combination with other antibiotic agents,
prophylaxis for those exposed to people with
M. mtnmgttfts or HiBmeningitis
Protozoal infections (trichomoniasis,
amebiasis,giardiasis),bacterial vaginosis,
anaerobic bacterial infections

Jaundice
Not to be used as
monotherapy (except lor
prophylaxis)

metronidazole (Flagyl ) Anaerobes,protozoa Forms toxic metabolites
in bacterial cell which
damage mictobialDNA

Oisulfiram-type reaction
with EtOH
Seizures
Peripheral neuropathy

Pregnancy with
trichomoniasis
Disulfiram within 2 wk.
alcohol within 3 d
Active neurological
disorders
Hypothyroidism
Hypoadrenalism
Known hypersensitivity
Inactivated by surfactant,
therefore not used in
MRSA pneumonia Tx
Hypersensitivity, renal
failure

daptomycin GP.including MRSA and VRE Binds to cell wall and Skeletal muscle injury
forms channels leading to at high doses (elevated
intracellular K'depletion creatrnephosphokinase)

Peripheral neuropathy
Disrupts bacterial cell Renal toxicity
membranes

Bactererrra.endocarditis,skin and soft
tissue,and other infections due to resistant
GP infections including MRSA and VRE

colistin GN Bacteremia,pneumoniae

ANTI-METABOLITE
GP.especially S aureus
(including most MRSA)
GN:enteric
Moccrdia
Other Pneumoqrstis.
lompktsaa

Inhibits folic acid pathway Hepatitis
(IMP inhibits
dihydrofolate reductase
(DHFR) andSMX

Susceptible UTI.RTI.Gl
Slevens-Johnson syndrome infections,skin and soft
Bone marrow suppression tissue infections caused by staphylococcal

species, treatment
and prophylaxis of P.proveca pneumonia

Hypersensitivity to TMP -
SMX, sulfa drugs
Infants «4 wk
Hepatic or renal
dysfunction
Pregnancy and lactation

trimethoprim-
sulfamethoxazole
(TMP.SMX)
(Septra1.Bactrim1) Hyperkalemia

competes with (para- Drug toxicity (increases
aminobenzoic acid) PABA) free levels of many drugs.

including glyburide.
warfarin)

Inttroaxcus.
S. saprophyticus
GN (coliforms)

Reactive metabolites
inhibit tibosomal protein
synthesis

Cholestasis,hepatitis
Hemolysis if G6PD
deficiency
Interstitial lung disease
with chronic use

lower UTt notpyelonephritis or bacteremia Anuiia. oliguria,
or significant renal
impairment
During or imminent
labour
Infants <1mo of age

nitrofurantoin
(MacroBID .
(Macrodantin “ )

ANTI-MYCOBACTERIALS
isoniazid (INH) Inhibits mycotic acid

synthesis
Hepatotoxicity
Hepatitis
Drug-induced SLE
Peripheral neuropathy
Hepatotoxicity
P450 enzyme inducer
Orange tears,saliva,urine

Part of multidrug treatment for active TB.
alone for treatment of latent TB

Drug-induced hepatitis or
acute liver disease

Mycobacteria

Mycobacteria Inhibits RNA polymerase Part of multidrug treatment for active TB.
alone for treatment of latent TB,part of
multidrug treatment for other mycobacterial
infections,adjunct for treating prosthetic
device infection (bacterial biofilm),always
use incombination withother antimicrobials
to reduce emergenceof resistance
Part of multidrug treatment for active IB and
other mycobacterial infections

Jaundice
Not to be used as
monotherapy (except for
prophylaxis)

rifampin (RIF)

Inhibits mycotic acid
synthesis

Loss of central and colour
vision
Neuropathy
Hepatotoxicity

Renal failureMycobacteriaethambutol

r iSevere hepatic damage or
acute liver disease
Patients with acute gout

Part of multidrug treatment for active IBpyrazinamide (PZA) Mycobacteria Unknown i. J
Gout
Gastric irritation

SULFOHES
Inhibit folicacid synthesis Rash
by competition with PABA Drug fever

Agranulocytosis

Part of multidrug treatment fotU. leprae. G6PD Deficiency
part of treatment for P. proved pneumonia
(withIMP).P.proved pneumonia
prophylaxis,toxoplasmosis prophylaxis with
pyrimethamine

M. leprae.P.jirovecii.
Toxoplasma

dapsone
sulfoxone +

'Available in Canada through tfte Special Access Program
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Table 34. Antibiotics for Selected Bacteria
Pseudomonas S. aureus Enterococcus H. influenzae Anaerobes

ciprofloxacin

gentamicin
tobramycin
amikacin
piperacillin/
tazobactam
ceftazidime
cefepime

doxacillin|MSSA)

1° cephalosporin|MSSA)

ampicillin
amoxicillin

amoxicillin-clavulanate
2"/3'cephalosporin

metronidazole
clindamycin

macrolides (clarithromycin, amoxicillin-clavulanale
azithromycin)

clindamycin vancomycin

cotrimoxazole(including MRSA) nitrofurantoin (lower UII) levofloxacin
vancomycin (including MRSA) linezolid for VRE

cefoxitin
piperacillinftazobactammoxifloxacin

imipenem linezolid (including MRSA) daptomycin for VRE
daptomycin (includingMRSA) tigecydine for VRE

moxifloxacin
erlaponem,imipenem,
meiopenem

tigecydine (Including MRSA)

doxycycline (MSSA /MRSA)
penicillin
imipenem

Antivirals
Table 35. Antivirals

Mechanism of Action ContraindicationsClass and Drugs Coverage Adverse Effects
ANTI-HERPESVIRUS

HSV-1,2 Guanosine analogue inhibits viral DNA
polymerase

PO:well-tolerated
IV:nephrotoxicity.CMS

Hypersensitivity to acyclovir or valacydoviracyclovir
valacydovir
(Vallrex - )
(prodrug of acyclovir)
famciclovir (Famvir • ) HSV-1,2
pencidovir
ganciclovir
(Cytovene •)
valgancidovir
(prodrug of
ganciclovir)

VZV

See above Hypersensitivity to famciclovir or pencidovirHeadache,nausea
VZV

See aboveCMV Hematologic:neutropenia,
thrombocytopenia,anemia

Hypersensitivity to ganciclovir or valgancidovir
Possible cross-hypersensitivity between acyclovir and
valacydovir

HSV-1,2.VZV. HHV 6.
EBV

CMV Pyrophosphate analogue inhibits viral
Acyclovir-resistant HSV. DNA polymerase

Nephrotoxicity
Anemia
Electrolyte disturbance

foscarnet Hypersensitivity to foscarnet

VZV
OTHER ANTIVIRALS

Chronic hepatitis B “Flu-like" syndrome
Depression
Bone marrow suppression
See HIV and AIDS.102/
See HIV and AIDS,102/
Increased serum ALT.bilirubin
Skin rash
Glycosuria,hyperglycemia

Hypersensitivity to any interferon
Cannot use in combination with ribavirin if renal
impairment
See HIV and AIDS.102/
See HIV and AIDS. ID27
Hypersensitivity to entecavir or any component of the
formulation
HIV co-infection (if monotherapy)

Inhibits viral protein synthesis(pcgylaled)
interferon a 2a or- 2b

lamivudine (Epivir )
tenofovir
entecavir

See HIV and AIDS.102/
See HIV ondAIDS.102/
Deoxyguanosine analogue
Inhibits viral DNA polymerase reducing
viral DNA synthesis

Chronic hepatitis B.HIV
Chronic hepatitis B.HIV
Chronic hepatitis B

Cl
Hematuria
Fatigue,headache
Increased serum Cr
Nausea, diarrhea
Fatigue,headache
Pruritus
Increased serum bilirubin

glecaprevir and
pibrentasvir

Chronic hepatitis C glecaprevir: HCV NS3/4A protease
inhibitor
pibrentasvir: HCV Nonstructural protein
SA inhibitor (NS5A) that is essential for
viral RNA replication and virion assembly
velpatasvir:HCV NS5A protein inhibitor
sofosbuvir:prodrug. inhibits NSS6 RNA-
dependent RNA polymerase

Moderate/severe hepatic impairment or history of hepatic
decompensation
Coadministration:atazanavir, rifampin,atorvastatin.
dabigatran.ethinylestradiol,or simvastatin

Chronic hepatitis C Fatigue,headache
Increased serum creatine kinase
Skin rash
Increased serum lipase
Nausea
Insomnia,irritability
Asthenia
HBV reactivation (in H8V/HCV coinfection)
Hemolytic anemia
Rash, conjunctivitis
Highly teratogenic

Hypersensitivity to sofosbuvir,velpatasvir.or any
component of the formulation

sofosbuvir and
velpatasvir

Chronic hepatitis C (in
combination withdirect-
acting antivirals).RSV
Lassa fever
Adenovirus
CMVrcllnitls
Acyclovir and foscarnet
resistant HSV

Guanosine analog with multiple
postulated mechanisms of action

Pregnant women and partners
Hemoglobinopathies
Concomitant o interferon use

ribavirin (Virazole ) r T
i_ J

cidofovir Deoxycylidine analogue Inhibits DNA
synthesis

Nephrotoxicity (proximal tubule
dysfunction)

Renal failure:probenecid can reduce renal toxicity

+
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Table 35. Antivirals
Class and Drugs Coverage Mechanism of Action Adverse Effects Contraindications
Neuraminidase
inhibitors:
zanamivir (Relenaa ~ )
oseltarnivir
(Tamiflu )
remdesivir

Gl:nausea /vomiting, diarrhea
8ronchospasm with zanamivir

Inhibits neuraminidase,an enzyme
treatment and prophylaxis required lor release ol virus liom

infected cells leading to prevention ol
viral aggregation

Influenza A and B: Hypersensitivity to the neuraminidase inhibitors

Hospitalized COVID 19 Adenosine triphosphate analog
Inhibitor of the SAR& CoV- 2 RNA
dependent RNA polymerase
Inhibits viral RNA synthesis

Bradycardia, hypotension
Increased serum All.ASI
Hypersensitivity reactions|e.g.
anaphylaxis,angioedema)
Skin rash

Hypersensitivity toremdesivir or any component of the
formulation

Gl
Prolonged prothrombin lime
Seizure

nirmatrelvir/ritonavir COVID-19 infection within S nirmatielvir:Pcplidomimclic inhibitor ot Hypertension
(Paxlovid )

Hypersensitivity to niimatielvir. ritonavir or any
component ol the formulation
Co-administration ot highly dependent CYP3A substiates
otpotentCYP3A inducers

days ot symptom onset SARSCoV-2 protease
ritonavir:CYP3A inhibitor, increasing
concentrations olnirmatrclvir

Diarrhea. Oysgeusia
Myalgia

Antifungals
Table 36. Antifungals
Class and Drugs Coverage Mechanism of Action Adverse Effects Contraindications
POLYENES

Endemic mycoses:
Histoplasmosis

Hypersensitivity toamphotericin or any componentof the
formulation

amphotericin B
(liposomal
formulation isless Blastomycosis

Coccidioidomycosis
Pulmonary:
Aspergillosis

A polyene antimicrobial: Nephrotoxicity
inserts into fungal cytoplasmic Hypo.'hyperkalemia
membrane causing altered Infusion reactions:chills,fevers,headache
membrane permeability and Peripheral phlebitis
cell death

toxic)

CHS:
Cryptococcus
Candidiasis:
mucocutaneous.Gl.oral Not absorbed from the Gl tract Highly toxic if given IV
(thrush).vaginal

See above Gl: nausea/vomiting, diarrheanystatin (oral,
topical)

Hypersensitivity to nystatin or any component ot formulation

IMIDAZOLES
Oral and vulvovaginal
candidiasis
Oermatomycoses

All azoles:inhibit ergosterol Pruritus,skin irritation
synthesis and thereby
alter fungal cell membrane
permeability

Hypersensitivity toclotrimazole or any componentof formulationclotrimazole
(Canesten - )

miconazole
Mornst .it ,

I licozole )
ketoconazole
(Nizoral •(

Vulvovaginal
candidiasis
Oermatomycoses
Oermatomycoses
Seborrheic dermatitis

Vaginal burning
Nauscafvomiting

Hypersensitivity tomiconazole,milk protein concentrate, or any
component ol formulationI!

Pruritus,skin irritation.Gl nonspecific
Results In decreased andtogen and
testosterone synthesis

Cross-sensitivity with other azoles possible
Hepatic dysfunction
Pregnant women ot those that may become pregnant

TRIA 20LES
fluconazole
(Diflucan )

CarnMa infections All azoles: inhibit crgosteiol
(mucosal and invasive) synthesis and thereby
Ciyptococcal meningitis altei fungal celt membrane
(step-down therapy) permeability
Sporotrichosis
Onychomycoses
Endemic mycoses:
Histoplasmosis
Blastomycosis
Coccidioidomycosis
Aspergillosis
Candidiasis

Elevated liver enzymes Gl nonspecific Cross- sensitivity withother azotes unknown
terfenadine olmultiple doses z400 mg
CYP3A 4 substiates (Oleprolongation risk)

itraconazole
(Sporanox )

Elevated liver enzymes Cross- sensitivity withother azoles unknown
Severe ventricular dysfunction
Pregnant women or planning
CYP2D6 inhibitors or eliglustal
Hepatic and renal impairment

Rash
Gl
Nonspecific H1N
Hyperkalemia
Peripheral edema

voriconazole
(Vfend )

Visual disturbance (30%)
Hepatotoxicity
Cutaneous photosensitivity
Cutaneous squamous cell carcinoma with long- ritonavir,
term use in immunosuppressed patients
Prolonged OT
Periostitis
Neurologic toxicity
Elevated liver enzymes
Headache
Prolonged OT

Cross-sensitivity withotheiazoles unknown
May avoid or alter doses if co administered with other CYP3A4
substratess.rifampin,carbamazepine. long-acting barbiturates,

efavirenz.sirolimus.rifabutin, ergot alkaloids,St.John's
wort venetodai.ivabradine

posaconazole
(Posanol ' ,
NoxafiT' )

Candidiasis
Aspergillosis
Mucormycosis

Coadministration of cisapride,ergot alkaloids, or sirolimus
CYP3A4 substrates:HMG-CoA reductase inhibitors (e.g.
atorvastatin.lovastatin.simvastatin)
OT interval prolonging (e.g.pimozide,quinidine)
Hypersensitivity to isavuconazole or any component of the
formulation
Strong CYP3A4 inhibitors (e.g. ketoconazole, ritonavir)
Strong CYP3A4 inducers (e.g.rifampin, carbamazepine. St.
John's wort. long acting barbiturates)
Moderate CYP3A4/5 inducers (e.g.efavirenz, etravirine)
Familial short OT syndrome
Pregnant women or planning

r t
LJ

isavuconazole Candidiasis
(esophageal) - off label
for HIV patients
Aspergillosis
Mucormycosis

Peripheral edema
Headache, fatigue,insomnia
Hypokalemia
Gl +Elevated liver enzymes
Dyspnea, cough
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Table 36. Antifungals
Class and Drugs Coverage Mechanism of Action Adverse Effects Contraindications
AUYIAMINES

Active liver diseaseterbinafine
(lamlsll®)

Dermatomycoses
Onychomycoses

Inhibits enzyme needed lor
ergosterol synthesis

Rash,local irritation
Gl nonspecific
Transaminitis

ECHINOCANDIMS
caspofungin
micafungin
anidulafungin

Refractory aspergillosis inhibits1-3 0 0 glucan
Candidemia (azole-
resistant)

Hepaloloxicity infusion and injection site
synthesis (needed for fungal reactions
cell wall)

; Griseofulvln Flucytosine

Echinocandins:
Caspofungin

0 0 0
i.V

'feeCell wall

Protein
synthesis -

Mitochondrion

Nucleic Acids |Preci/sors: (Pyrimidines;

H-a dimethylase
Squalene — Ergostero !TanosteroT —^Cytoplasmic

cellmembrane :

Nucleus :
0 0 0

:
I
1

r Azofesr
Fluconazole.Itraconazole,
Ketoconazole,Miconazole
• Morpholines

Terbinafine
Tolnaftate

I! Terbinafine J:
Polyenes:

Amphotericin
Nystatin r.

e
Figure 18. Mechanism of action of antifungals

r T
t. J
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Antiparasitics
Table 37. Antiparasitics
Class and Drugs Coverage Mechanism of Action Adverse Effects Contraindications
AMTIMALARIALS

Malaria:treatment of erythrocytic phase Inhibits parasite heme
of all five species of Plasmodium that polymerase
infect humans Note:High resistance
ol P. falciparum and P man In certain
geographic areas
Malaria:treatment olall five species
of Plasmodium that infect humans,
including chloroquine-resistant Z5.
falciparum

CHS: blurred vision,retinopathy,
dizziness

chloroquine Hypersensitivity to chloroquine or
other 4-aminoquinoline

Nonspccilic Gl (rare with prophylaxis) Retinal or visual field changes

quinine Crnchonism:ears(tinnitus, vertigo). Hypersensitivity to quinine,may
eyes (visual disturbance), Gl (nausea/ have cross-sensitivity with quinidine
vomiting,diarrhea).CHS (headache. Tinnitus,optic neuritis,

hypoglycemia, history of blackwaler
fever or thrombocytopenic purpura
due to quinine use
Prolonged 01
Myasthenia gravis
History of seicures.psychosis,
aniiety.depression,or other mental
health diagnoses

G6PD deficiency
Concurrent or recent use of
quinacrine
Piegnancy

fever)
Hypoglycemia

CHS/Psych: irritability,nightmares,
psychoses,suicide,depression,
seizures,headache

Hemolytic anemia in GGPD deficient
Gl upset (take with food)

Malaria: prophylaxismefloquine (Lariam )

primaquine Malaria:treatment of liver hypnozoites Interferes with mitochondrial
off. mat and P.ovale',prophylaxis of all function
Plasmodium spp.
Pneumocystis jiroyecii (withclindamycin)

Malaria:treatment and prophylaxis ol
P. falciparum

Nausea/vomiling. anorexia, diarrhea. Hypersensitivity lo alovaquone or
abdominal pain (take with food) proguanil

Severe renal impairment

Hypersensitivity to artemisinins

Inhibits mitochondrial electron
transport and dihydrofolate
reductase

Binds iron,leading to formation
of free radicals that damage
parasite proteins

alovaquone/pioguanil (Malarone ' )

artemisinin derivatives (artemetfier,
artesunate, etc.) Note:marketed
throughout the word in both endemic
and non-endemic countries;neither
licensednor maiketed in Canada,
therefore available only via Health
Canada Special Access Program

Transient neurologic deficits
Inystagmus.balance disturbance)
Transient neutropenia (at high doses
of oral artesunate)
Delayed hemolysis

Malaria:treatment of all Plasmodium
spp.
Severe malaria (IV artesunate)
Typically used in combination with a
longer -acting agent from above

OTHER ANTI PROTOZOAL

Contact amebicide that acts in
intestinal lumen byuncertain
mechanism

Gl:nausea/vomiting,diarrhea,
abdominal pain
CHS: headache,seizures,encephalitis Patients with hepatic damage or

optic neuropathy
Piegnancy

Hypersensitivity to any 8-hydroxy-
quinoline or iodine

iodoquinol (Diodoquin -) Amebiasis:£.histolytica.Dientamaeba
fragilis.Balantidium call. Blastocyslis
hominis

Amebiasis: l histolytica.I. vogmahs.
giardiasis.0.fragilis
Cryptosporidium,giardiasis,
cydosporiasis

See antibiotics.1050metronidazole

Hypersensitivity to nitazoxanidenitazoxanide Interferes with parasite
anaerobic metabolism

Hausea/vomiting.diarrhea,
abdominal pain,headache

ANTI-HELMINTHICS

Increases CaZ'permeability
of helminth cell membrane,
causing paralysis and
detachment

Intestinal roundworms Heuracysticercosis Inhibits glucose uptake into
[chinococcus
Hydatid disease

Schistosomiasis and oilier flukes
Tapeworms

Ocular cyslicercosis
Concomitant use with strong CYP4S0
inducers

Hauseaivomiling. lever,dizzinesspraziquantel

albendazole Elevated liver enzymes
Alopecia
Gl nonspecific
Agranulocytosis
Nonspccilic Gl

Piegnancy
Ocular cysticercosis or
intraventricular cysticercosis

susceptible parasites
Microtubule inhibitor

Intestinal roundworms: pinworm,
whipworm,hookworm,roundworm
Ic.g.Asco/rs)
Strongyloidiasis
Onchocerciasis
Scabies

Inhibits microtubule formation
and glucose uptake

Pregnancy
Inlants

mebendazole (Verrno* )

ivermectin Interferes with polarization
of nerve and muscles cells in
susceptible parasites leading
to paralysis

Nausea,bloating,diarrhea,myalgias. Hypersensitivity to ivermectin
lightheadedness,headache Pregnancy

Wuchereria bancrolti
Loa loa

Thought lo immobilize
microfilariae and disrupt surface
membrane lo enhance killing by retinal hemorrhage High- grade microfilaremia due to
host immune system MeizzoMi reaction if coinfected with too loo

onchocerciasis

Anorexia,nauseafvomiting,
headache,drowsiness, encephalitis. Onchocerciasis

Pregnancydiethyfearbamazine

I r
_
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Quick Reference:Common Infections and Their Antibiotic
Management

• see lamilv Medicine.1 M5-4

Landmark Infectious Diseases Trials
Trial Name Reference Clinical Trial Details
Respiratory Infections
EPIC-HR Title:Oral Nirmatrelvir for High-Risk, Non hospitalized Adults with C0VID-T9

Purpose:lo determine whether niimatrelvin’ritonavir is safe and effective lor the treatment of adults who are ill with C0VI0-19 and do
not need to be in the hospital but are at an increased risk of developing severe illness.
Methods:2246participants with confirmed diagnosis of SARS CoV-2 infection were randomized (1:1) to receive nirmalrelvir 'ritonavir or
placebo orally every 12hours for 5 days (10 doses total).
Results:Primary outcome measure was proportion of participants with COVID-19 related hospitalization or death from any cause:
incidence was lower on day 28 by 6.32%innirmatelvir group compared to placebo (relative risk reduction of 89.1%;P-0.0001).
Conclusions:In early treatment of patients with both symptomatic COVID -19 and at high risk of progressing to severe illness,
nirmatrelvir.'ritonavir significantly reduces hospitalization and death.
Title:Dexamethasone in Hospitalized Patients with COVID-19

Purpose:!o assess if glucocorticoids can protect against inflammation -mediated lung injury and reduce progression to respiratory
failure and death.
Methods:6425 hospitalized SARS-CoV-2 patients were randomized to receive either (1) dexamethasone (oral or IV.6mg daily) for up to
10 d or (2) usual standard of care alone.
Results:Dexamethasone significantly reduced incidence of death as compared to usual care alone in patients receiving mvasnre
roecheTcal ventilation (29.3% vs.41.4%:RR 0.64:95% Cl 0.51-0.81) and among those receiving oxygen (23.3% vs.26.2%:RR 0.82:95%
O 0.72-0.94) butnot among those without respiratory support (17.8% vs.14.0%;RR 1.19:95%CI 0.92-1.55).
Conclusion:Inpatients hospitalized with COVID-19, dexamethasone lowers 28-d mortality in those receiving invasive mechanical
ventilation oroxygen alone.
Title:Comparison of 8 vs.15 Days of Antibiotic Therapy for Ventilator-Associated Pneumonia in Adults:A Randomized Trial

Purpose:To identify the optimal duration of antimicrobial treatmentfor ventilator-associated pneumonia (VAP).
Methods:401patients with VAP diagnosed by quantitative culture of bronchoscopic specimens who had received initial empiric
antibiotic therapy were randomly assigned to receive either 8 d or 15 d of antibiotic therapy (regimen selected by treating physioan).
Results:As compared to15-d therapy.8-d therapy did not result in a significant difference in mortality (18.8% vs.17.2% in 8-d and15-d
group,respectively:difference,1.6%:90% Cl, -3.7% to 6.9%) or recurrent infections (28.9% vs.26.0%;difference.2.9%:90% Cl.-3.2%
to 9.1%).8-d therapy was associated with more mean antibiotic-free days (13.1vs.8.7;P-0.001).
Conclusion:8- and15-d antibiotic treatment regimens demonstrated comparable clinical efficacy against VAP amongpatients who had
received appropriate initialempiric therapy.

NEJM 2022:386:1397-1408

NEJM 2021:384:693-704RECOVERY

JAMA 2003:2902588 98PneumA

Meningitis
Dexamethasone in Adults NEJM 2002:347:1549-56
with Bacterial Meningitis.
Cans etal.2002

Title:Dexamethasone in Adults with Bacterial Meningitis
Purpose:To assess the efficacy of corticosteroids as an adjuvant treatment of acute bacterial meningitis in adults.
Methods:301patients were randomly assigned to receive dexamethasone (10 mg) or placebo 15-20 min before of with the first dose of
antibiotics and subsequently every 6 h for 4 d.
Results:Dexamethasone treatment was associated with a significant reduction in the risk of an unfavourable outcome,defined as a
score of1-4 on the 6lasgow Outcome Scale at 8 wk (relative risk (RR),0.59;95% Cl.0.37-0.94;P‘0.03).as well as a significant reduction
ininmortality (RR.0.48.95% Cl,0.24- 0.96;P’0.04).
Conclusion:Inadults with acute bacterial meningitis,early treatment with dexamethasone significantly improves outcomes and does
not increase tberisk of 61bleeding.

Infective Endocarditis
NEJM 2019:380:415-24 Title:Partial Oral versus Intravenous Antibiotic Treatment of Endocarditis

Purpose:To investigate whether a change from IV lo oral antibiotics in stable left -sided IE would result in efficacy and safety profiles
similar to those with continued IV treatment.
Methods:400 adults with IE on the left side of the heart, in stable condition,being treated with IV antibiotics|mmimum10 d) were
randomized to continue IV treatment or to switch to oralantibiotics.
Primary Outcome:Composite of all-cause mortality, embolic events,unplanned cardiac surgery, or relapse of bacteremia with the
primary pathogen, from the time of randomization until 6 mo following completion of antibiotics.
Results:Tneprimary composite outcome occurred in 12.1%in the IV group and 9.0% in the oral group (between-group difference.3.1
percentage points:95% Cl.-3.4 to 9.6:P’0.40), thus meeting noninferiority.
Conclusion:Shifting to oral antibiotics was noninferior to continued IV antibiotics in patients with IE on the left side of the heart in
stable condibon.

POET

Intraabdominal Infections
NEJM 2015:372:1996-2005STOP IT Title:Trial of Short-Course Antimicrobial Therapy for Intraabdominal Infection

Purpose:To determine the appropriate duration of antimicrobial therapy for intraabdominal infection.
Methods:518 patients with complicated intraabdominal infection and adequate source control were randomly assigned to receive a
fixed course of antibiotics for 4t1d (experimental group) or until 2 d following the resolution of fever,leukocytosis,and ileus,up to
maximum10 d(control group).
Results:There were nosignificant differences in the rates of surgical-site infection, recurrent intraabdominal infection,or death
between treatment groups (21.8% vs.22.3% in the experimental and control groups,respectively:absolute difference.-0.5:95% CL
-7.0 to 8.0:P’0.92).The experimental group experienced a significantly shorter median duration of antibiotic therapy (4.0 d vs.8.0 ct
absolute difference.-4.0:95% CL -4.7 to -3.3;P-0.001).
Conclusion:The outcomes after fixed-duration antibiotic therapy were similar to those after a longer course of antibiotics in patients
with intraabdominal infections with adequate source control.

r ~t
u. j
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Trial Name Reference Clinical Trial Details
HIV and AIDS

NEJM 2010:363:2587 99 Title:Preexposure Chemoprophylaxis for HIV Prevention in Men Who Have Sex With Men
Purpose:to investigate the efficacy and safety of antiretroviral chemoprophylaxis for the prevention of HIV acquisition.
Methods: 2499 HIV-seronegative men or transgender women who have sex with men were randomly assigned to receive emtricilabine
plus tenofovir disoproxil fumarate (FTC-TDF),or placebo daily.
Results:During median1.2 yr follow-up,100 participants became infected|36 in the FTC-TDF group vs.64 in the placebo group),
representing a 44% reduction in the incidence of HIV (95% Cl,15 -63; P‘0.005).Similar rates of serious adverse events were observed in
both groups (P~0.57).
Conclusion:Preexposure prophylaxis with antiretrovirals significantly reduced HIV infection risk in HIV-negatrve men and transgender
women whohave sexwith men.
Title:Prevention ol HIV-1 Infection With Early Antiretroviral therapy
Purpose: to investigate if immediate antiretroviral Iherapy could limit the transmission of HIV inserodiscordant couples.
Methods:1763 HIV 1 positive adults with an HIV negative pailncr were randomly assigned lo receive antiretroviral therapy either
immediately or after a decline in the CD4 count or the onset of HIV-1-relatcd symptoms.
Results:Of the 39 HIV-1 transmissions observed,28 were vitologically linked to the infected partner (incidence rale.0.9 per 100
person-years.95% Cl, 0.6-1.3).Of the 28 linked transmissions,1occurred in the early-lherapy group (hazard ratio.0.04;95% Cl,0.01-
0.27:P‘0.001).
Conclusion:Rates of HIV-1transmission and clinical events were reduced by early initiation of antiretroviral therapy,suggesting
personal and public health benefits.
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HEJM 2011;365:493 - 505

Sepsis and SepticShock
C0RTICUS Title:Hydrocortisone Therapy for Patients With Septic Shock

Purpose:To investigate the efficacy of hydrocortisone administration in patients with septic shock who were either responsive or
unresponsive to corticotropin.
Methods: 499 patients were randomly assigned to receive 50 mg IV hydrocortisone or placebo every 6 h for 5 d with dose tapering over
the following 6 d.
Results:Ho significant dillcrcnce inmortality at 28 d between patients in groups lhal did not respond lo corticotropin (39.2% in the
hydrocortisone group and 36.1% In the placebo group.P*0.69) or between those that did response lo corticotropin (28.8% and 28.7%,
P-1.00).
ConclusionrSuivival was not improved by hydrocortisone in patients with septic shock.
Title:Intensive Insulin Theiapy and Pentastarch Resuscitation in Severe Sepsis
Purpose: To investigate the role of intensive insulin therapy and the choice of either crystalloids or colloids inpatients with severe
sepsis.
Methods:Patients received either intensive insulin therapy to maintain euglycemia or conventional insulin therapy and either 10%
pentastarch or modified Ringer's lactate for fluid resuscitation.
Resulls:Trial stopped for safety reasons.Intensive insulin therapy was associated with increased rates of hypoglycemia (17.0% vs.
4.1%,P‘0.001) and serious adverse events (10.9% vs.5.2%.P-0.01).Higher rates of acute renal failure and renal-replacement were
seen in pentastarch as compared to Ringer’s lactate.
Conclusion:In critically illpatients with sepsis,intensive insulin therapy increased the risk of serious adverse events related to
hypoglycemia.Pentastarch washarmful.

NEJM 2008:358:111-24

Intensive Insulin
Therapy and Pentastarch
Resuscitation in Severe
Sepsis. Brunkhorstet
al. 2008

IIEJM 2008:358:125 -39

Bone and Joint Infections
NEJM 2019:380:425 36 Title:Oral versus Intravenous Antibiotics lor Bone and Joint Infection

Purpose:lo assess iloralanlibiolics are noninferior lo IVonlibiolic lieatmenl lor managing complex orthopaedic infections.
Methods:Within1wk post- surgery,1054 patients were randomly assigned to receive IV or oral antibiotics for 6 wk. Both groups were
permitted follow -on oial antibiotics.
Results: There was no significant difference in risk of treatment failure between oral and IV groups (-1.4%:95%Cl. - S.6-2.9), indicating
noninferiority.There was no significant difference in the rales of serious adverseevents between groups.
Conclusion:Oral antibiotics were noninferior to IV antibiotics for the treatment of complex orthopaedic infections when used for 6 wk.
Title:Antibiotic Iherapy for 6 or 12 Weeks for Prosthetic Joint Infection
Purpose:lo identify the appropriate duration of antimicrobial therapy for the management of prosthetic joint infection.
Methods:410 patients with microbiologically confirmed prosthetic joint infection that hadbeen managed with an appropriatesurgical
procedure were randomly assigned to receive either 6 wk or 12 wk of antibiotic therapy as soon as possible after surgery.
Results:Rates of persistent infection were significantly higher in the 6-wk group as compared to the12-wk group (18.1% vs.9.4%:risk
difference.8.7%:95% Cl,1.8%-15.6%).
Conclusion:Antibiotic Iherapy for 6 wk was not noninferior to 12- wk therapy and resulted in more unfavourable outcomes in patients
with prosthetic joint infections managed with standard surgical procedures.

0VIVA

HEJM 2021:384:1991-2001DATIPO

Blood and Tissue Infections
Title:Seasonal Malaria Vaccination with or without Seasonal MalariaChemoprevention
Purpose: the study compared the efficacy ol RTS.S to that of SMC.which is the standard treatment lor children in areas with highly
seasonal malaria transmission.
Methods:Randomly assigned 6861 children 5 to 17 months of age to receive sulladoxme-pyrimethamine and amodiaquine (2287
children fchemoprevention-alone group)),RTS.S/AS01E (2288 children [vaccine-alone groupl),or chemoprevention and RTS.S,'AS01E
(2286 children (combination group])
Results:Demonstrated that notonly is RTS.S comparable to SMC in preventing malaria,but that combining the two interventions is
markedly superior to either intervention alone.
Conclusion:Use of the two interventions together resulted in an
approximately 70 percent further reduction in malaria deaths and hospitalizations, and a 60 percent reduction in uncomplicatedmalaria
overuse of SMC alone.

Seasonal Malaria
Vaccination with or
wilhout Seasonal Malaria
Chemoprevention.Zongo
elal.2021

NEJM 2021:
385:1005-1017

HEJM 2015:373:1295 306 Title:Randomized Trial of Benznidazole for Chronic Chagas' Cardiomyopathy
Purpose: lo investigate the efficacy of trypanocidal theiapy inpatients with Chagas' cardiomyopathy.
Methods: 2854 patients with Chagas' cardiomyopathy were randomly assigned to receive benznidazole or placebo for up to 80 d.
Results:Rates of conversion lo negative Upamomocwvf(M results were 66.2% In the benznidazole group and 33.5% In the placebo
group at lire end of treatment, 55.4% and 35.3% at 2 yr.and 46.7% and 33.1% at >5 yr (P<0.001for all). PCR conversion rales did not
correspond to clinical outcomes.
Conclusion:Inpatients with Chagas' cardiomyopathy, trypanocidal theiapy reduced serum parasite levels but did not improve cardiac
deterioration.
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Trial Name Reference Clinical Trial Details

Fungal Infections
Voriconazole Versus
Amphotericin B for Primary
Therapy of Invasive
Aspergillosis. Herbrechlet
al.2002

Title:Voriconazole Versus Amphotericin B for Primary Therapy of Invasive Aspergillosis
Purpose:To compare voriconazole vs.amphotericin B for primary therapy of invasive aspergillosis.
Methods:277 patients randomly assigned to receive IV voriconazole followed by oral voriconazole BIO or IV amphotericin B
deoiycholate.
Results:Successful outcomes occurred in 52.8% of patients on voriconazole and 31.6% on amphotericin B al wk12 (absolute difference.
21.2%:95% Cl.10-4-32.9).Rate of survival was 70.8% in the voriconazole group and 57.9% In the amphotericin B group [hazard ratio.
0.59:95% 0.0.40-0.88).Voriconazole was associated vrith significantly fewer severe adverse events.
Conclusion:Initial therapy with voriconazoleis more clinically effective with fewer side effects than the standard approach with
amphotericin B.

IIEJM 2002:347:408-15
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Acronyms
CF cystic Fibrosis

copy number variant
exome sequencing
fluorescence in situ
gestational age

GS genome sequencing
GSD glycogen storage disease

long chain 3-hydroxyacyl-(
dehydrogenase deficiency

MCADD medium chain acyl-CoA

dehydrogenase deficiency
MLPA multiplex ligation -dependent SNP

probe assay
pie syrup

PKU phenylketonuria
single nucleotide polymorphism
very long chain acyl-CoA
dehydrogenase deficiency

CNV
ES LCHAD : : A VLCAD
FISH hybridization MSIID ma urine disease

next generation sequencingGA NGS

Introduction to Genetics
Common Terms
• penetrance: probability that a gene variant is observably expressed in an individual who carries it
• expressivity: extent of gene expression - refers to the range of variation seen in a phenotype for a

certain genotype
• genetic heterogeneity: when a phenotype/genetic disorder can be caused by different genotypes,

due to genetic variation within the same gene (allelic heterogeneity) or in different genes (locus
heterogeneity)

• phenotypic heterogeneity: pathogenic variants in the same gene result in multiple clinical
manifestations and varying degrees of severity

• mosaicism: presence of two or more genotypes (e.g. chromosome patterns or gene variants) in the
cells of the same person

• nondisjunction: a cell division error in which chromosomes fail to segregate, resulting in daughter
cells with fewer or more chromosomes than expected

• uniparental disomy: the inheritance of two full or partial copies of a chromosome from one par
origin and no corresponding full/partial chromosome from the other parent

• allele: one of two or more versions of a gene that is located at a given position on a chromosome

ental

Genetic Variation
• a variant is a permanent change in the nucleotide sequence that differs from the most common

nucleotide sequence (reference sequence)
• variants are classified based on their likelihood of disrupting the function of the gene product.

Ihe American College of Medical Genetics and Genomics outlines a commonly used method for
classifying variants for single gene disorders:
• benign: not associated with genetic disease
• likely benign: probably not associated with genetic disease, but insufficient evidence to classify as

benign
variant of uncertain significance: insufficient evidence to classify variant as benign or pathogenic
likely pathogenic:90% likely to be pathogenic, and clinically treated as a pathogenic variant
pathogenic: known to be associated with genetic disease

• nomenclature no longer used in clinical genetics:
mutation:previously synonymous with pathogenic variant. Now this term is only used to
describe the actual process of genetic change

• polymorphism: a variant that is relatively common in the population and not typically associated
with a genetic disease, 'this term is used only in the context of population genetics

Types of Genetic Variation
• deletions or duplications of a whole gene(s) caused by aneuploidy, unbalanced chromosome

rearrangements, or copy number variants (e.g. 22ql1.2 deletion, or DiGeorge, syndrome; 17pl 1.2
duplication, or Fotocki-Lupski, svndrome)

• disruption of a gene: inversions, balanced chromosome rearrangements
• variants that cause alteration in the protein coding sequence: missense (encodes for a different amino

acid ), nonsense (encodes for a premature stop codon) , frameshift (deletion/insertion of a number of
nucleotides that is not a multiple of 3, thus shifting the reading frame)

• variants that affect the transcription of a gene
• variants that affect splicing

Single Gene Disorders
• traits or disorders determined by gene(s) at a single locus, which often follow a Mendelian inheritance

pattern:
• autosomal inheritance: disorder is caused by pathogenic variants of a gene located on chromosomes

1-22 (the autosomes)
autosomal dominant: one copy of a gene with a pathogenic variant is sufficient to cause a trait /
disorder

• autosomal recessive: both copies of a gene must have pathogenic variants to cause a trait /disorder;
an individual with one copy of a pathogenic gene variant is a carrier

• sex-linked inheritance: when disease is caused by pathogenic variants in a gene on the X or the Y
chromosome. Because the X chromosome contains many more genes than the Y chromosome, almost
all sex-linked traits are X-linked. X-linked inheritance generally results in a trait/disorder that is
seen more commonly or with greater severity in males than females (e.g. Hemophilia A, Duchenne
muscular dystrophy)
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Triplet Repeat Expansions
• disorders where the number of trinucleotide repeats in certain genes exceeds the normal number and

results in altered gene expression or production of an abnormal protein
these disorders can demonstrate genetic anticipation, where signs and symptoms are more severe
and appear at an earlier age from one generation to the next due to expansion of the triplet repeat
number

• length of expansion segment is often proportional to severity of clinical phenotype
• e.g. fragile X syndrome, Huntington disease

Imprinting Disorders
• imprinted genes are expressed entirely from either the maternal or paternal allele, depending on the

gene (parent-of-origin gene expression )
• imprinting is determined by allele-specific epigenetic mechanisms ( i,e. modifications to DNA other

than a change in the underlying sequence, such as UNA inethylation and/or histone modifications)
• disorders occur when a pathogenic variant disrupts the normally expressed allele of an imprinted

gene, or through uniparental disomy of the normally silenced allele
• e.g. Prader-Willi syndrome. Angelman syndrome, Beckwith-Wiedemann syndrome

Mitochondrial Disorders
• disorders caused by pathogenic variants in mitochondrial DNA or in nuclear genes whose protein

products are important for mitochondrial function
• high phenotypic heterogeneity
• mitochondrial disorders caused by pathogenic variants in nuclear genes demonstrate Mendelian

inheritance (e.g. Alpers syndrome caused by autosomal recessive pathogenic variants in POLG)
• disorders caused by pathogenic variants in mitochondrial DNA are maternally inherited by all

offspring because all mitochondria and associated mitochondrial DNA in the embryo comes from the
maternal ovum, with no paternal contribution of mitochondria

• e.g. mitochondrial encephalomyopathy and lactic acidosis with stroke-like episodes syndrome
(MELAS)

Common Indications for Genetic Referrals
• preconception and prenatal:abnormal prenatal screening test, fetal anomaly, recurrent pregnancy

loss, personal or family history of a genetic condition, positive carrier screening test, consanguinity
• paediatric: major and/or multiple minor congenital anomalies, developmental delay, abnormal

newborn screen, unusual growth pattern, abnormal pubertal development, connective tissue
disorders,congenital hypo- or hypertonia

• adult: family history of adult-onset genetic condition (e.g. Huntington Disease), personal or family
history of cancer concerning for genetic cause, bleeding or clotting disorder, early onset vision or
hearing loss

Pedigrees
• diagrams of a family tree that show the pattern /distribution of phenotypes for a genetic disorder

within that family, often across multiple generations
• pedigrees generally indicate sex assigned at birth, with or without genetic confirmation of sex

chromosomes; when counselling gender diverse patients, including transgender and non-binary
patients, physicians should affirm the patient's gender identity while clarifying the role of sex assigned
at birth or chromosomal sex in determining genetic features for the pedigree

fO -o Spontaneous abortionMarried/PartnersMale, unalflected

& Termination of pregnancyo DO Divorced/SepaialecFemale, unaflected £ Ectopic pregnancy

o Gender unknown,
unaffected | |==^) Consanguinity

P[o] Adopted sibling

00 99Deceased Infertility
Siblings (listed from
left to right, oldest to
youngest)6"bAffected individual 99 No offspring

by choice
(5b Dizygous twins

(fraternal)[10 Affected individual
>2 conditions r -t

L J0 Pregnancy

© Carrier not likely to
manifest disease Monozygous twins

(identical)00SB SB

Stillbirth (write SB
and gestational age
if known)mo Carrier unaffected at

this time but could
manifest disease later
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Genetic Testing and Counselling
Meta-analysis ot the Diagnostic and Clinical
Utility ol Genome and homeSequencing and
Chromosomal Microarray in Children
Genomic Med 2018:3:16
Purpose lo comparethe diagnostic andclmeil
utility of WCS and WES to that ol chromosomal
microarray.
Methods: ^ systematic review and neta -analyysof
the literature.
Results: 37studies were included (20068 children).
Diagnostic utility ofWGS (0.41, 953.Cl 0.34-0.48]
and WES (0.36, 95 « Cl 0.33-0.40) were greater than
chromosomal microarray|0.10.953.Cl 0.08-0.12).
Ihe clinical utility olWGS|0.27. 953, Cl 0.17 0.40 )
and WES (0.17.96% Cl 0.12-0.24) were higher than
chromosomal microarray|0.06.9S% Cl 0.05-0.07I
and thisdifference was significant lor IGS vs.
chromosomal microarray|P<0.004I|.
Conclusion: Ihe diagnostic and dnical utility of
MGS and WES is greater than that of chromosomal
microarray.

Common Terms
• presymptomatic genetic testing: used to determine whether individuals without current symptoms,

but with a known family history of a genetic disease, carry the familial pathogenic variant associated
with the disease

• newborn screening: performed within the first few days of life lo detect treatable and potentially fatal
disorders before symptoms arise to allow for early therapy

• preconception genetic counselling: pre-pregnancy evaluation to assess the risk of having a child
with an inherited condition

• preimplantation genetic diagnosis:genetic testing of in-vitro fertilized embryos for specific genetic
conditions before uterine transfer

Table 1. Common Genetic Tests
Karyotype FISH Microarray

Analysis
Sanger
Sequencing

NGSTest

Technique Microscopic analysis
of chromosomes
with a nucleic acid
slain that shows
large changes in the
number oi structure
ol chromosomes:can
deled large CNVs
Useful in
identification ol
major aneuploidies.
slrudural
chromosomal
rearrangements,
chromosomal
changes related
lo hematological
conditions, oi
olhei genetic
diseases related
to chiomosome
structure

A fluorescent lagged
DNA piobe used lo
identify a gain, loss,
or rearrangement
of chromosomal
material

5MP array:a
collection of DMA
probes attached to a
solid surface lo which
test ONA hybridize in
order to determine
copy number ol DNA
regions
Microarray analysis
can identify
small deletions
or duplicationsol
genetic material
anywhere in the
genome
Commonly indicated
when there is
developmental delay/
autism OR two or
more congenital
anomalies

A method of DNA High -throughput
sequencing which is method used lo
based on Ihe selective sequence multiple
incorporation of
chain - terminating
nucleotides during
replication

genes in parallel:NG5
is the technology used
for panelsequencing,
WES. andWGS

Can ccHilirm lire
presence or absence
ol specific DNA
sequences and
localicethem. May
be used to detect
aneuploidies
or balanced
rearrangements,
in gene mapping
or identification
oloncogenes, and
in identification of

Uscs/ f ndicalions Ihe “gold standard" limiled indications
vary by province

identification of single but may include:
nucleotide variants limiting further
in Ihe gene(s) known invasive diagnostics,
to cause a suspected facilitating early
syndrome

method lor

intervention, when
there is multisystem
involvement , or
when Ihe differential
diagnosis includes *2
conditions that would
require separate
genetic testscirculating tumour

cells

• see Obstetrics. OB7 for information on prenatal screening tests

Differences in Morphology

Congenital Anomalies
Minor and Major Anomalies
• minor anomaly: physical difference that is of no serious medical or cosmetic consequence to the

patient (e.g. ear pit/tag, single palmar crease)
• major anomaly: physical difference that creates significant medical, surgical, or cosmetic problems for

the patient (e.g. ventriculoseptal defect, cleft lip)

Mechanisms for Anomalies
• malformation: results from an intrinsically abnormal developmental process (e.g. polvdactylv)
• disruption: results from the extrinsic breakdown of, or interference with, an originally normal

developmental process (e.g. amniotic band disruption sequence)
• deformation: alteration of the final form of a structure by mechanical forces (e.g. Potter deformation

sequence)
• dysplasia: abnormal development that results in abnormal organization of cells into tissues (e.g.

skeletal dysplasia)

Multiple Anomalies
• association: non-random occurrence of multiple independent anomalies that appear together more

often than would be predicted by chance, but are not known to have a single underlying etiology (e.g.
VACTERL association)

• sequence: related anomalies that originate from a single initial major anomaly or precipitating
factor that changes the development of other surrounding or related tissues or structures (e.g. Potter
sequence or Pierre-Robin sequence)

• syndrome: a pattern of anomalies that occur together and are known or thought to have a single cause
(e.g. CHARGE syndrome)

VACTERL Association
Vertebral dysgenesis
Anal atresia (imperforate anus) ± fistula
Cardiac anomalies
TracheoEsophageal fistula ± esophageal
atresia
Renal anomalies
Limb anomalies
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Approach to the Patient with Physical Differences
General Approach
• are the anomalies major or minor?
• what is the mechanism underlying the anomaly?
• do the anomalies fit as part of an association, sequence, or syndrome?
• are the anomalies seen in other family members?

History
• prenatal/obstctrical history (sec Obstetrics. OB4) with particular attention to potential teratogenic

exposures, developmental history (see Paediatrics. P26), and past medical history
• complete three generation family pedigree: health history, consanguinity, multiple miscarriages/

stillbirths, neonatal deaths, congenital defects, developmental delay/autism, ethnicity

Check the umbilical cord for 2 arteries
and1vein. The presence of a single
umbilical artery may be associated with
other congenital anomalies

Physical Exam
• compare features with other family members

Face: gestalt

Ears: structure, sire,
placement, rotation

Nose: nasal bridge, nostrils
Philtrum: length, shape

Mouth: lips, palate, tongue, teeth

Spine:scoliosis, kyphosis

Skin: hair tufts,sacral
dimples, sinus

Skull: contour and symmetry

Hair: texture, pattern
Eyes: distance apart, brows, lashes,
folds, creases, coloboma, fundus
Chin:size, position

Neck: webbed, redundant nuchal skin

Thorax: shape, size, nipple spacingLimbs: proportions, amputations

Genitalia: ambiguous

Hands and Feet: creases.
structure, nails

Growth parameters ( head circumference, height, weight)

Figure 2. Physical exam in genetic assessment of a child

Investigations
• screening for TORCH infections (toxoplasmosis, syphilis, varicella-zoster, parvovirus Bl9, rubella,

cytomegalovirus, herpes infection)
• serial photographs if patient is older
• x-rays for bony abnormalities
• abdominal U/S and echocardiography to rule out structural abnormalities of organs
• brain imaging, especially ifneurodevelopmental/neurological findings
• cytogenetic studies

» chromosomal microarray analysis (SNP array) if developmental delay/autism or two or more
congenital anomalies
FISH if aneuploidy syndrome (e.g. trisomy 13, 18,or 21) suspected
consider karyotype if a known aneuploidy syndrome is recognized or if there is a family history
of a chromosomal rearrangement such as a translocation

• biochemistry: various biochemical tests, specific enzyme assays (e.g. for lysosomal storage diseases)
• single gene testing, gene panel testing, FS, GS

Management
• recurrence risk and prenatal counselling
• referral for specialized medical care or genetic care for symptomatic management
• patient education, connect to social and psychological support services

n
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Genetic Conditions
Table 2. Common Chromosomal Aneuploidy Syndromes

Trisomy 21 Trisomy 18 Trisomy 13

Disease Down syndrome

1in 600 800 births
Most common abnormality of autosomal chromosomes
Rises vrith advanced maternal age from1in1500 at age 20 to
1in 20 by age 45
Mild microcephaly,flat occiput, third fontanelle.
brachycephaly

Edwards syndrome

1in 6000 live births
F:M-3:1

Patau syndrome

1in10000 live birthsIncidence

Cranium/Brain Microcephaly,prominent occiput Microcephaly, sloping forehead,scalp defect,
holoprosencephaly
Microphthalmia,corneal abnormalitiesEyes Upslanting palpebral fissures, epicanlhal folds, speckled Microphthalmia, hypolclorism,iris coloboma.

iris (8r ushlicld spots),refractive errors (myopia), acquired retinal anomalies
cataracts,nystagmus,strabismus
low-set.small,overfolded upper helix, frequent acute otitis low-set.malformed
media,hearing loss
Protruding tongue,large cheeks,low flat nasal bridge,small Cleft lip/palate

Small mouth,micrognathia
Intrauterine growth restriction
Clenched fist with overlapping digits,
hypoplastic nails,dinodadyly

low-set.malformedEars

Facial Features 60-80% cleft lip and palate
nose
Short stature
Excess nuchal skin
Joint hyperflexibility (80%) including dysplastic hips,
vertebral anomalies, atlantoaxial instability

50%.particularly atrioventricular septal defect

Small head size
Polydactyly

Musculoskeletal (MSX)

Cardiac Defect 60% (ventricular seplal defect,patent ductus
arteriosus,atrial septal deled)
Hernia, tracheoesophageal fistula

80% (atrial seplal deled,patent dudus
arteriosus,ventricular seplal defect)
None knownGastrointestinal (61) Duodenal/esophageal/anal atresia, tracheoesophageal

fistula,Hirschsprung's disease, chronic constipation

Cryptorchidism,rarely fertile
Hypotonia at birth
low 10.developmental delay,hearing problems
Onset of Alzheimer's disease in 40s

Single transverse palmar crease,dinodadyly. and absent
middle phalanx of the 5th finger
1% lifetimerisk ol leukemia
Polycythemia
Hypothyroidism
long-term management per MP Guidelines (Health
Supervision of Children with Down Syndrome):C6C.
echocardiography,yearly thyroid test,allanto-occipital
x-ray at 2 yr.sleep study,hearing test,and ophthalmology
assessment

Genitourinary (GU)

Central Nervous System (CNS)
Polycystic kidneys,cryptorchidism
Hypertonia

Polycystic kidneys
Hypo- or hypertonia
Seizures, deafness

Small for GA
Rocker -bottom feet

Single umbilical artery
Midline anomalies: scalp,holoprosencephaly.
palate,heart,umbilicus, anus

Other Features

13%1yr survival.10%10 yr survival
Profound intellectual disability insurvivors

20%1yr survival,13%10 yr survival
Profound intellectual disability insurvivors

Prognosis/Management

Table 3. Common Genetic Disorders Involving the Sex Chromosomes
Fragile X Syndrome Klinefelter Syndrome Turner Syndrome

Genotype CGG trinucleotide repeat expansion in FMR1 gene onX 47.XXY (most common)
chromosome:"55- “200 repeats is considered a premutation, 48.XXXY.49JCXXXY
whereas >200repeats is considered a fullmutation
1in 3600 males.1in 6000 females
Most common heritable cause of intellectual disability in boys Increased risk with advanced maternal age

Overgrowth:macroccphaly. prominent jaw.forehead,and Tall. slim, underweight
nasal bridge withlong and thin face, large protuberant ears. No features pre puberty
macroorchidism,hyperexlcnsibllily.and high archedpalate Post-puberty:variable learning/behavioural
Complications:seizures, scoliosis,mitral valve prolapse difficulties,long limbs,gynaccomastia, lack of
Premutation carriers (males more often than females) may facial hair
demonstrate tremor/ataxia syndrome in later life

45.X0 (50% of cases),45 JC/46.XX mosaic (15%
of cases)

Incidence 1in 1000 live male births 1in 4000 live female births
Risk not increased with advanced maternal age

Short stature, short webbed neck,low posterior
hair line,wide carrying angle
Broad chest,widely spaced nipples
lymphedema of hands and/or feet,cystic
hygroma in newborn with polyhydramnios, lung
hypoplasia
Coarctation of aorta,bicuspid aortic valve
Renal and cardiovascular abnormalities,
increased risk of HTN
less severe spectrum with mosaic

Phenotype

Mild to moderate intellectual disability.20% olaffected
males have normal ID
Attention deficit hyperactivity disorder (A0HD) and/or autism
Females with full mutation may show milder intellectual
impairment

Premutation carrier females at risk of developing premature
ovarian failure

lOand Behaviour Mild intellectual disability oi learningdifficulties Typically normal intelligence
Behavioural or psychiatric disorders:anxiety,
shyness, aggressive,and impulsive behaviour
acts

r mGonad andReproductive
Function

Infertility due tohypergonadotropic
hypogonadism

Streak ovaries with deficient follicles,
infertility,primary amenorrhea,impaired
development Df secondary sexual
characteristics
Karyotype

<- J

Diagnosis Molecular testing of FMR1gene:PCR and/or Southern blot
analysis ol trinucleotide repeat length,melhylation analysis

Karyotype +
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Table 4. Examples of Other Genetic Syndromes
Prader-Willi Syndrome22q11.2 Deletion Syndrome

(DiGeorge syndrome)
Angelman Syndrome Noonan Syndrome CHARGE Syndrome

Lack of gene expression
on paternal chromosome
15q11-13 due to deletion,
maternal uniparental disomy of
chromosome 15,or imprinting
defect

2/3 of children with CHARGE
have been found to have a
pathogenic variant in CHD7

Genotype Autosomal dominant;microdeletions of
chromosome region 22q11.2

Lack of gene expression
on maternal chromosome
15q11-13 due to deletion,
paternal uniparental disomy
olchromosome15.or an
imprinting defect
Rarely dire to pathogenic
variants in UBE3A
1in10000

Autosomal dominant
with variable expression,
pathogenic variants in
RAS/MAPK pathway genes
(“RASopathies"):autosomal
recessive with pathogenic
variants in L2IR1

Incidence 1in 4000:second most common
genetic diagnosis (next to Down
syndrome)

"CATCH 22”
Cyanotic suggesting congenital heart
disease (CHD)
Anomalies: craniofacial anomalies,
micrognathia,and low set ears
Thymic hypoplasia: immunodeficiency
Cognitive impairment
Hypoparathyroidism,hypocalcemia
22q11microdelelions
High-risk for schuophrenia and other
psychiatric disorders

1in 15000 1in 2000 1in10000

Clinical Features "H30"
Hypotonia and weakness
Hypogonadism, obsessive
Hypcrphagia
Obesity
Short stature, almond-shaped
eyes, small handsand feel with
tapering of fingers
Hypopigmcnlalron.12DM

Short stature,webbed neck,
hypertelorism, low-set cars,
eplcanthal folds,ptosis,
pectus cxcavalum
Right -sided CHD. pulmonary
stenosis
Increased risk of
hematological cancers,
cardiomyopathy, moderate
Intellectual disability,
delayed puberty

Ataxia with severe intellectual
disability, seitures,
tremulousness,midfacc
hypoplasia, large mouth,
fair hair, inappropriately
happy demeanour/laughter.
fascination with water

“CHARGE"
Coloboma
congenital
Heart disease
choanal
Atresia mental Retardation
GU anomalies
Ear anomalies

Table 5. Examples of Familial Cancer Syndromes
Associated Cancers Screening and MonitoringSyndrome Gene

li-Fraumcni Syndrome Breast, osteosarcoma,leukemia,soil Children:
tissue sarcoma,brain, adrenocortical From birth:abdominal/pelvic U/S every 3 - 4 mo;annualbrain MR!,annual
carcinoma,and numerous other cancers W8MRI

Adults:
Women age 20- 75:annual breast MRI
Age 18: annual dermatologic examination,abdominal/pelvic U/ S.brain MRI,
andWBMfll
Age 25:colonoscopy and upper endoscopy every 2-5 yr
(Moderate recommendation)

MSH2. MLHt, MSHS. PMS2. IPCAM Colorectal, endometrial,ovarian,renal, Age 20- 25 for 2-5 yr younger than earliest age of colorectal cancer diagnosis
pancreatic, liver/biliary dud, stomach, in family): colonoscopy every1-2 yr

Age 30 yr IMSH6) and 35 (PMS2): colonoscopy every1-2 yr
IStrong recommendation)
Age 10:sigmoidoscopy or colonoscopy every1-2 yr.colonoscopy once polyps
develop
IStrong recommendation)

Female:breast, ovarian, pancreatic Age 25-65:annual breast MRI
Male:prostate,breast,pancreatic Age 30:annual breast MRI and mammograms

(Strong recommendation)
Age 2: annualphysical examination, annual ophthalmologic examination,
consider annual catecholamine assessment
Consider baseline audiometry at age of school entry
Ages12,15.and 18: MRI of brain stem,spine,and abdomen,with abdominal
U/S in alternating years
Age 20: MRI every 2yr
(Expert opinion)

Women:
Age 30 (or 5-10 yr before earliest breast cancer in the family):annual
mammography
Age 30:consider random annual endometrial biopsy and/or U/S
Men and Women:
At diagnosis:annual thyroid U/S
Children:evaluation forneurodevelopmental disorders
Age 18:annual comprehensive physical exam
Age 30-35:colonoscopy every 5 yr
(Moderate recommendation)

m3

lynch Syndrome (HNPCC)

brain, breast

FamilialAdenomatous Polyposis (FAP) APE Colorectal, small intestine/stomach
tumours

Hereditary Breast and Ovarian Cancer BKCAi. BBCA2
Syndrome

VonHippel-lindau Syndrome Kidney * tumours (e.g.
pheochromocytoma)

PHI

Cowden Syndrome pm Breast, thyroid,endometrial

Heurofibromatosis (NF)

Type1 Children:evaluation for neurodevelopmental disorders
Annual physical examincluding evaluation of growth,blood pressure,skin
examination,bone examination,neurological examination,and vision
screening
(Expert opinion)

Hft Astrocytoma, optic glioma,
neurofibroma,leukemia

r "i
L J

Type 2 HE2 Vestibular schwannoma, meningioma, Annual physical examincluding audiology assessment
ependymoma, astrocytoma Age10:annua!brain MRI.spinal MRI every 2-3 yr

(Expert opinion)
+
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Table 6. Heritable Connective Tissue Disorders
Loeys-Dietz
Syndrome

Hypermobile
Ehlers- Danlos
Syndrome

Classical Ehlers- Vascular Ehlers- Marian Syndrome
Danlos Syndrome Danlos Syndrome

Incidence of genetic disease vary
markedly by ethnic origin: these values
have historically been derived from
populations of predominantly European
ancestry

Inheritance
Pathophysiology

Autosomal dominant
Pathogenic variants
In KftBI. ICfSBl
SMAD3. I0FB2 genes
affecting the IGE p
pathway

Autosomal dominant Autosomal dominant Autosomal dominant Autosomal dominant
Underlying molecular Pathogenic variants Pathogenic variants Pathogenic variants in
basis unknown in COISAI ot C01SA2 mttOfgone

genes allecting Type V that affect Type III
collagen

fBHIgene

collagen, which is
most abundant type
ol collagen in aortic
extracellular matrix

Incidence
Clinical Features

Unknown
Vascular findings
(aortic aneurysms
and dissections,
generalized
arterial tortuosity ),
craniofacial features
(dell palate,
hypertelorism),
skeletal features,
easy bruising,
allergic/inflammalory chronic pain
disease

Tin 5000 20000 1 in 20000-40000 1 in 100000- 250000 tin 3000-5000
Clinical features vary: Arterial fragility and/ Tall and slender build,
generalized joint
hypermobilily, skin
hypercxtensibilily
and atrophic
scarring, Iragilc
skin, easy bruising,
subcutaneous
spheroids (fatcysts) prominent ears)
on lorearmsand shins

Clinical features
vary:generalized
joint hypermobility,

mild skin
hyperextensibility,
unexplained striae,

recurrent abdominal
hernias, recurrent
joint dislocations in
absence ol trauma.

or rupture,aortic disproportionately
dilatation, intestinal long limbs and digits,
rupture, uterine aortic dilatation,
rupture in pregnancy, lens detachment ,
characteristic facies pneumolhoraces
(translucent skin.thin
lips, pinched nose.

Table 7. Intracellular/Extracellular Transport Receptor Disorders
Hereditary
Hemochromatosis

Wilson Disease CF

Gowers' Sign
Child uses hands to “climb up" the legs
to move from a sitting to a standing
position. Observed in individuals with
weakness of the pelvic and proximal
lower limb muscles.

Inheritance
Pathophysiology

Autosomal recessiveAutosomal recessive
Pathogenic variants In Hft
gene (rarely FC/K HAMP, IFR2,
and SLC40A1genes), disrupting
regulation of iron

1in 300
Iron overload (elevated transferrin Liver disease (acute andlor
saturation and ferritin) , bronze
skin, arthralgia , hormone
disturbance (DM. hypogonadism), Fleischer rings
cirrhosis, caidiomyopalhy

Autosomal recessive
Pathogenic variants In AIP7B Pathogenic variants in CfW gene,
gene, leading to the impairment of which predominantly aflects the
cellular copper transport lungs, but also the Gl tract

Incidence
Clinical Features

Tin 30000 1 in 3200-15000
Severe to mild:

chronic), movement disorders. Malabsorption, failure to
psychiatric disturbance.Kayser - thrive, pancreatic insufficiency

Bronchiectasis, male infertility
More information lound In other
chapters'

More information lound in other
chapters'

Phlebotomy for elevated serum Chela ling agents (c.g.
ferritin and transferrin saturation penicillamine, tnentine)

Management

‘See Respirology.R12 and Paediatrics.P92

Corticosteroids forthe Treatment of Duchenne
Muscular Dystrophy (DMD|
Cochrane OB Syst Rev 2016:5:00003725
Purpose loassessthe eHeds of corticosteroids
on pioloegation ol walking ability, muscle strength,
lunctonal ability, and quality of tile In DMD and
address whether benefit is maintained over long
term, assess adverse events, and compare efficacy of
different regimens.
Methods: Systematic review mcludmg RCTsor
quas -RCTs of corticosteroids given to patients with
definitive DMD dagnosis for at least 3 mo.
Results:12 studies with 662 parti c pants included.
Meta-analyses showed that corticosteroids improved
muscle strength and function vs. placebo over 6 mo.
Evidence horn single dials showed 0.25 mg 'kgi'd
superior to 0.3 mgfkg/d on most strength and function
measures, with little evidence ol further benefit al
1.5 mgdrgld. Improvements were seen ui lime taken
to nse Iron the floor, limed walk, (our-stair climbing
time, abikty to lift weights, leg function grade, and
forced vital capacity. Moderate quality evidence ol
ad-verse effects:excessive weight gain, behavioural
at-mormalitres.Cushingoid appearance, and excessi ve
hair growth.
Conclusions:Moderate quality evidence from RCTs
indicates that corticosteroid therapy in DMD improves
muscle strength and lunctlon in the short term (12
mo),and strength (up lo 2 yr.) Dose of 0.25 mgikg/d
shodd be enough.Adverse effects were common but
not ehiucoD* severe.

Other Single Gene Disorders
SICKLE CELL DISEASE
• autosomal recessive disease caused by mutation of the HBB gene resulting in the production of an

abnormal version of p-globin and subsequently distorted red blood cells
• see Hematology. H 2 I

DUCHENNE MUSCULAR DYSTROPHY

Incidence
• 1 in 4000 males

Etiology
• one type of muscular dystrophy characterized by progressive skeletal and cardiac muscle degeneration
• X-linkcd recessive: 1 /3 de novo pathogenic variants, 2/3 inherited pathogenic variants
• missing structural protein (dystrophin ) » muscle fibre fragility * fibre breakdown * necrosis and

degeneration
r nClinical Features

• proximal muscle weakness by age 3, positive Gowers’sign, waddling gait, toe walking
• pseudohypertrophy of calf muscles (muscle replaced by fat) and wasting of thigh muscles
• decreased reflexes
• non-progressive delayed motor and cognitive development (dysfunctional dystrophin in brain)
• cardiomyopathy

L J
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Diagnosis
• molecular genetic studies of dystrophin gene (DMD) (first line)
• genotype-phenotype correlations:different variants in the gene will cause some dystrophin

production and a milder muscular dystrophy, Becker muscular dystrophy
• family history (pedigree analysis demonstrating X-linked inheritance)
• increased creatine kinase (50-100x normal) and lactate dehydrogenase

muscle biopsy, EMG

Management
• supportive (e.g. physiotherapy, wheelchairs, braces); prevent obesity
• cardiac health monitoring and early intervention
• bone health monitoring and intervention (vitamin D, bisphosphonates)
• steroids (e.g. prednisone or deflazacort)
• surgical (for scoliosis)
• gene therapy trials underway

Complications
• patient usually wheelchair-bound by age 12
• early flexion contractures, scoliosis, osteopenia of immobility, increased risk of fracture
• death due to pneumonia/respiratory failure or CHI-' in second-third decade

Metabolic Diseases
• individually rare but collectively occur in 1 in 1500 births
•inherited disorders of metabolism: most are autosomal recessive
• infants and older children may present with failure to thrive or developmental delay
• organelle disorders can present with dysmorphism
• universal newborn screening in Ontario, Canada includes some treatable metabolic disorders

Table 8. Metabolic Disorders
Protein Metabolism Disorders Carbohydrate Disorders Fatty Acid Disorders Organelle Disorders

Examples of Conditions PKU* Galactosemia*
GSDs:von Gierke,Pompe,Cori.
Andersen.McArdle

MCADD"
VLCAD*
LCHAD*

Congenital disorders of glycosylation
Lysosomal storage diseases:
mucopolysaccharidosis (Hunter.Hurler*),
ttemann-Pick.Tay-Sachs.Gaucher. Fabry,
Krabbe
Peroxisomal defects:Zellweger syndrome.
X-linked adrenoleukodystrophy

Tyrosineraia*
Homocystinurra*

HSUD*

Alkaptonnria
Propionic acidemia*
Urea cycle defects (Ornithine
transcarbamylase deficiency)

Clinical Manifestations Coma,irritab.hty,lethargy,poor feeding Hypoglycemia, hepatomegaly, liver
failure,cardiomyopathy
Growth retardation, failure to thrive

Lethargy,poor feeding
Seirures.coma
Symptoms triggered by lasting
Liver dysfunction
Sudden infant death

Progressive neurological problems
Developmental regression
Chronic encephalopathy
Developmental delay
Bone crises (Gaucher)
Deafness,blindness
Elevated urine oligosaccharides
(oligosacdraridoses)
and glycosaminogtycans
(mucopolysaccharidoses),abnormal
transferrin isoelectric focusing (congenital
disorders of glycosylation).abnormal
very long chain fatty acids (peroxisomal
defects)

Dysmorphic facial features
Macrocephaly (Lysosomal storage
diseases)
Hepatosplenomegaly (Niemann-Pick type
A BC.not Tay-Sachs)
Cherry-red spot onmacula (Niemann-Pick
type AJB.Tay-Sachs.Gaucher)
Corneal clouding (Hurler)
Infantile cataract (Fabry)
Peripheral neuropathy (Fabry.Krabbe)
Spasticity

Seizues
Intellectual disability
Vomiting and acidosis after feeding
initiation
Sweet-smellingurine (MSUD)

Hyperammonemia with normal anion gap Elevated liver enzymes (galactosemia)
(urea cycledefects),hyperammonemia Hypoglycemia,
withhigh anion gap (organic acidemia) lactic acidosis.

hyperlipidemia (GSD)

laboratory Findings Hypoketotic hypoglycemia
Elevated free fatty acids
Elevated creatine phosphokmase

Physical Exam Infantile cataracts (galactosemia)
Hepatomegaly
Muscle weaknessfcramping

HypotoniaTrypertonia
M ctocephaly.musty odour,eczema,
hypopigmentabon (PKU)
Dark urine,pigmented sderae.
arthralgias (alkaptonuria)
Lens subluxabon.Marfanoid appearance
(homocystinuria)

Hepatomegaly
Hypotonia

* Metabolic disorders ird*_dedir Newborn Screen-g Ontario

riInitial Investigations for a Child with Acute Problems Thought to be Due to an Inborn
Error of Metabolism
• important to send lab studies at initial presentation in order to facilitate immediate diagnosis and

treatment
• check newborn screening results
• electrolytes, arterial blood gases (calculate anion gap, rule out acidosis)
• CBC with differential and smear
• blood glucose ( hypoglycemia seen with organic acidemia, fatty acid oxidation defects, and GSDs)

L J
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• lactate,ammonium (hyperammonemia with urea cycle defects or organic acidemias),plasma Cat*
and Mg’’,plasma amino acid screen

• routine U/A: ketonuria must be investigated in a neonate, urinary organic acids
• carnitine levels with acylcarnitinc profile
• others:urate,urine nitroprusside,(1ST glycine,free fatty acids (3-(5-hydroxybutyrate ratio >4 in fatty

acid oxidation defect)

Treatment
• varies according to inborn error of metabolism but includes dietary restrictions, toxic metabolite

sequestrants,enzyme replacement, etc.
• in the presentation of acute decompensation potentially caused by an inborn error ofmetabolism,

discontinue feeding to prevent further buildup of toxic metabolites

Table 9. Presentation and Management of Select Metabolic Disorders
PKU Galactosemia MSUD GSD Type 1(Von Tay-Sachs

Gierke Oisease) Disease
1in 10000:autosomal 1in 60000:autosomal 1in 185000,

recessive disease recessive disease
(mutations inPW
gene)

1in100000:
autosomal recessive autosomal recessive autosomal recessive
disease (pathogenic disease.1in 20000 in disease.1in 3600 in
variants in BCKDHA. Ashkenazi Jewish Ashkenazi Jewish
BCKDH8,and DBT
genes),1in 25000 in
Ashkenazi Jewish.1in
400 InMcnnoniles

1in 320000:Inheritance and
Incidence

Pathophysiology Deficiency ol
phenylalanine
hydroxylase prevents of galactose-

1-phosphate
uridyltransferase
leading to an inability
to process lactose/

Most commonly
due to deficiency

Mutations in C6K Mutations in HIXi
elimination of protein (cause of GSOta) and gene,which encodes
complex needed for SLC3JA4 (cause of alpha subunit of
amino acidsleucine, GSDtb) genes prevent hexosaminidase A:
isoleucine,andvaline effective conversion leads to intracellular

accumulation of GM2

Deduction or

conversion of
phenylalanine to
tyrosine leading
lo buildup of
phenylalanine and its galactose
toxic metabolites

breakdown,leading of glucose-6-
to toxic build-up phosphate to glucose, ganglloside.lysosome

Glucose - 6 phosphate dysfunction,and
Is converted to neurodegeneration
glycogen and fat
which subsequently
accumulate in cells,
especially in the liver
and kidneys

Mothers who
have PKU may
have infants with
multiple congenital
abnormalities

Clinical Features Baby is normal at Signs of liver and
birth, then develops renal failure,
a musty odour. jaundice,failure lo
eczema,hypertonia, thrive,and cataracts
tremors,and mental with ingestion of

lactose/galactose

Feeding intolerance, fypicallyprescnts
failure lo thrive. between 3-6
vomiting,lethargy, mo ol age with
and maple syrup hepatomegaly,
odour inurine and hypoglycemia,poor

fasting tolerance,
growth failure,and
"doll-like'facies
(full cheeks with thin Psychomolor

regression,
hypotonia.increased
startle response,
macular cherry red
spot,seizures,and

hyperlipidemia. hearing impairment
delayed puberty,
renal disease,
hypoglycemic
seizures,hepatic
adenomas,
osteoporosis

Various
presentations:
infantile form (onset
at 3-6 mo), juvenile
form (onset at 2-6 yr),
and adult or chronic
form (onset at >10 yr)

retardation cerumen
May progress
to irreversible
mental retardation,
hyperactivity,severe extremities)
failure to thrive,
seizures,coma,
cerebral edema,and

Hypopigmentation
due to low tyrosine Complications:
levels (lair hair,blue Increased risk of
irises) sepsis,especially

l. coli
If the diagnosis is
not made at birth,
liver and brain
damage may become
irreversible

Complications:
Lactic acidosis.

death if inadequately hyperuricemia,
treated

Diagnosis and
Management

PKU screeningat birth Screened for in many
Life-long dietary
restriction of
phenylalanine
starting within the
first 10 d ol life: f. coli sepsis belore
especially important screening result
during pregnancy reported
to maintainnormal Elimination of

MSUD is screened Hypoglycemia
in most newborn when interval
screening programs, between feeds are

Increased (»3- 4 h).
Clinical suspicion
6-Kexosaminidase
enzyme activity
(scrum)

ladle acidemia. Ashkenazi Jewish
hypertriglyceridemia, carriers often
and hepatomegaly identified by
Treatwith nutrition preconception

screening
Treatment is
supportive

newborn screening
programs but
generally present
with liver failure and

Serum amino
acid evaluation
(leucine, isoleucine,
alloisoleucine,and
valine) andurine
organic acid analysis therapy Ismail
Protein -restricted. frequent feedings,
high-carbohydrate avoid fructose/
diet to limit branched sucrose/galadosc).

continuous overnight
A trial of thiamine feedings,raw
therapy in addition cornstarch (for slow,
may be recommended sustained glucose
for some infants

phenylalanine levels galactose from the
lo prevent maternal diet (e.g.dairy,breast
PKU effects on fetus milk)
large neutral amino Most infants arc led a amino acid intake
acid (tyrosine) soy-based diet
replacement.BH4
enzyme treatment,
phenylalanine lyase
treatment are other
options

release),vitamin +supplementation,
frequent blood
glucose monitoring
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Landmark Medical Genetics Trials
Trial Name Clinical Trial DetailsReference
PHENYLKETONURIA

Glycomacropeptide for Nutritional
Management of Phenylketonuria: A 345
Random!red.Controlled,Crossover

AmiClin Hulr 2016:104(2):334 Title:Glycomacropeptide for Nutritional Management of Phenylketonuria:A Randomircd.Controlled.Crossover Trial
Purpose: To evaluateIhe eflicacy and safety of a low phenylalanine|Phe) diet in combination with either glycomacropeptide
medical foods (GMP MFs) or Iradilional amino acid medical loods|AA MFs) in individuals with phenylketonuria (PKU).
Methods: Thirty early treated individuals aged 15 - 49 yr with PKU participated in a 2 stage,randomircd ciossovcr trial
involving consumption ol a low Pile diet with AA - MFs or GMP MFs for periods of 3 wk each.
Results: Dietary management of PKU with GMP MFs compared lo AA Mfs resulted inhighci intake amongparticipants.
GMP Mfs were rated as more acceptable in terms ol taste and had less side effects.
Conclusions: GMP Mfs are sale lor dietary management of PKU.GMP Mfsmay improve dietary adherence for patients with

Trial

PKU.
Title: Pegvaliase lor Ihe Treatment of Phenylketonuria:Resullsof a longTerm Phase 3 Clinical trial Program (PRISM)
Purpose:Evaluate the eflicacy and safely of pegvaliase trcatmenl in adults with phenylketonuria (PKU).
Methods: Pegvaliase - naive participants with blood Phe >600 pmol/lwere randomircd to receive 20 mg/d or 40 mg/d of
pegvaliase.
Results: Pegvaliase treatment was given to 261participants.Within 24 mo.68 4% of participants achieved blood Phe < 600
pmol/L. Reductions in blood Phe were associated with neuropsychiatric outcomes,which were maintained with long- term
treatment.Ihe vast majority of adverse events (99%) weremild or moderate in seventy.
Conclusions:Results from this trial suggest pegvaliase is safe and elftcacious in treating adults with PKU.

PRISM MolGenet Melab 2018:
124(1):27.38

CYSTIC FIBROSIS
NCT03691779 Am J Respir Crit Care Med.

2021:203(12):1522
Title:Study of Elcxacaftor/Teracaftor/lvacaftor in Children 6 through 11Years ol Age with Cystic fibrosis and at least One
F508del Allele
Purpose:Elexacaflor/teracaftor/ivacaltor as a combination therapy was effective in treatingpatients aged greater than 12
years with CF and an accompanying F508del.This 24-week study served to evaluate the efficacy of treatment in patients
less than <12 yr.
Methods: RCT consisting of 66 children aged between 6 and11 with CF who were assessed for the primary outcome of
interest being safety and tolerability of the proposed treatment of oral Eleiacaflor 100 mg once daily.Tezacaftor 50 mg
once daily,and Ivacaftor 75 mg q12h for children weighing <30 kg and oral Eleiacaflor 200 mg once daily.Tezacaftor 100
mg once daily,and Ivacaftor 150 mg g12 h for children weighing <30kg.Additionally,efficacy of the treatment was also
assessed (FEVi, and Cystic Fibrosis Questionnaire-Revised respiratory domain score).
Results:Commonly reported side effects included cough,headache,and fever.Treatment also resultedin improvements
in predicted FEVi (10% improvement),and Cystic Fibrosis Questionnaire-Revised respiratory domain score (7.0 points
improvement).
Conclusion:Results show that treatment of CF with accompanying F508del using Elexacaftor/Tezacaftor/lvacaftor resulted
in significant improvements in patients aged under 12.

NON-SMALL CELLLUNG CANCER
N Engl J Med. 2018:378|2):113.
Epub 2017 Hov18.

Title:Osimertinib in Untreated EGFR-Mutated Advanced Non-Small-Cell Lung Cancer (NSCLC)
Purpose:To compare Osimertinib (a third-generation EGFR inhibitor) againstenisling standard EGER inhibitors in patients
with previously untreated EGFR mutation-positive NSCLC
Methods: Double-blind, RCT consisting of 556 previously untreated EGFR mutation positive NSCLC patients. Patients were
randomized to receive osimertinib ora standard EGFR - TKI.Outcome of interest includedclinician-assessed progression- free
survival.
Results:MedianprogressionTree survival was greater in osimertinib when compared to standard EGFRTKIs in EGFR
mutation positive NSCLC patients (18.9 mo vs.10.2 mo).
Conclusion: Results of this study show that osimertinib had superior efficacy when compared tostandard EGFRTKIs.

FLAURA

ALKAPTONURIA
S0NIA - 2 lancet Diabetes Endociinol. 2020 Title: Using Once Daily Nitisinonc for Treatment of Alkaptonuria

Purpose: No homogentisic acid (HGA) lowering medications have been for treatment of Alkaptonuria.
Methods: RCT consisting of 138 palients aged 25 or older with confirmed alkaptonuria were randomized to receive either
oral nitisinonc 10 mg daily or no treatment.Ihe outcome of interest was daily urinary HGA excretion (U- HGA24) after 12 mo.
Results: 55 patients in Ihenitisinonc group and 53 in Ihe control group completed Ihe study, u-H6A24 al12 mo was
significantly decreased by 99 -7%In the nitislnone groupcompared with the control group.
Conclusion: Nitisinonc was well tolerated within Ihe treatment group and shows evidenceol bcingan effective treatment
lor alkaptonuria.

Sop:8|9|:762-772.

ACHONDROPLASIA
NC101603095.NCI02055157,
HCI02724223

N Engl jMed. 2019 7ul
4:381(1):25-35.

Title: C Type Natriuretic Peptide Analogue Iherapy in Children with Achondroplasia
Purpose: lo assess Ihe efficacy and safety ol vosoritidc at treating achondroplasia in children
Methods: RCT consisting of 35 children aged 5 lo 14 with achondroplasia. Dosages were stratified based on weight; dose of
2.5 pg per kilogram olbody weight|8 patients in cohort 1). 7.5 pg per kilogram (8 pabents in cohort 2).15.0 pg per kilogram
|10 patients in cohort 3). or 30.0 pg per kilogram|9 patients in cohort 4|.Patients wereobserved for 24 mo. the outcomes of
interest were prevalence of adverse events and growth velocity.
Results: Each patient experienced minor adverse effects such as pyrexia,hypothermia,erythema,cough,swelling and
headaches. 4/35 patients experienced severe adverse effects including giade 3 obstructive sleep apnea,grade1tonsillar
hypertrophy,grade 3 thyroglossal cyst,and grade 3 syrinx.At 6 mo. there were increases in annualized growth velocity in
all cohorts except for that which received 2.5 pg.
Conclusion: Although associated with mild side effects,with larger scale trials,vosonlide may be used as a treatment for
achondroplasia in children. ri
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Acronyms
ISFDG 18-fluofodeoxyglucose
ADC apparent diffusion coefficient

anteroposterior
ARDS acute respiratory distress

syndrome
arteriovenous

BOOP bronchiolitis obliterans
organizing pneumonia

CHF congestive heart failure
CNS central nervous system
CSF cerebrospinal fluid

computed tomography
CIA computed tomographic

angiogram
CVD collagen vascular disease
CVP central venous pressure
DDH developmental dysplasia of the ICS

DWI diffusion-weighted image
ECO ethyl cysteinate dimer
cGFR estimated glomerular filtration IV

ERCP endoscopic retrograde
cholangio-pancreatography

FLAIR fluid-attenuated inversion
recovery

FNA fine needle aspiration
GPA granulomatosis with polyangiitis MRCP
HCC hepatocellular carcinoma
HIDA hepatobiliary iminodiacetic acid MS
HMPAO hcxamethylpropylcneamine

oxime
HSG hysterosalpingogram

inflammatory bowel disease
intercostal space
ileocecal valve
interstitial pulmonary fibrosis PICC
intravenous pyelogram

KUB kidneys, ureters, bladder
left atrium
left lower lobe

LLO left lower quadrant

LUL left upper lobe
left upper quadrant
left ventricle
macroaggregatcd albumin
mertiatide
middle cerebral artery

metaiodobenzylguanidine
magnetic resonance

right atrium
RAIU radioactive iodine uptake
RLL right lower lobe
RLO right lower quadrant
RML right middle lobe

right upper lobe
RUQ right upper quadrant

right ventricle
magnetic resonance angiogram SPECT single photon emission
magnetic resonance
cholangiopancreatography
multiple sclerosis
multiple gated acquisition
posteroantcrior
percutaneous biliary drainage TPN
pulmonary embolism
positron emission tomography TVUS
pulmonary function test
peripherally-inserted central U/S
catheter
percutaneous transluminal
angioplasty
percutaneous transhepatic
cholangiography

RA
LUO

AP
MAArate
MAG3
MCAAV RUL
MIBG
MR RV
MRA

computed tomography
superior vena cava
transient ischemic attack

SVC
CT TIA

MUGA INK tcncctcplase
tissue plasminogen activator
total parenteral nutrition
transrectal ultrasound
transvaginal ultrasound
ureteropelvic junction
ultrasound
voiding cystourethrogram
ventilation/perfusion

PA tPA
PBD

TRUSIBD PE
PET

nip ICV PFT UPJ
DEXA dual-energy x-ray

absorptiometry
DMSA dimercaptosuccinic acid
OSA
DTPA

IPF
IVP VCUG

V/QPTA
digital subtraction angiography LA
dicthylenc triamine pentaacctic LLL PTC
acid

Imaging Modalities

X-Ray Imaging Typical Effective Doses from Diagnostic
Medical Exposures (in Adults)*

Diagnostic
Procedure type

Equivalent Approximate
Number Equivalent
of Chest Period of
X-Rays Natural

Background
Radiation"
|“3 mSv.'yr )

• x-rays: form of short wavelength electromagnetic energy
• as x-ray photons traverse matter, they can be absorbed (a process known as “attenuation”) and/or

scattered
• the density of a structure determines its ability to attenuate or “sveaken” the x-ray beam

air < fat < water < bone < metal
• structures that have high attenuation (e.g. bone) appear svhite on the resulting images

Plain Films
• x-rays pass through the patient and interact with a detection device (film ) to produce a 2-dimensional

projection image
• structures closer to the film appear sharper and less magnified
• contraindications: pregnancy ( relative)
• advantages: inexpensive, non-invasive, readily available, portable, reproducible, fast, easily read
• disadvantages: radiation exposure (minimal), generally poor at distinguishing soft tissues

Fluoroscopy
• continuous x-rays used for guiding angiographic and interventional procedures, in contrast

examinations of the (il tract, and in the OK for certain surgical procedures (e.g. orthopaedic,
urological)

• on the fluoroscopic image, structures that are radiolucent on plain film appear bright, and structures
that are radiopaque on plain film appear dark

• in comparison to continuous fluoroscopy, pulsed fluoroscopy reduces fluoroscopy time and radiation
dose

• advantages: real-time visualization of structures
• disadvantages: increased radiation dose compared to plain films

X-Ray
Skull
Cental spine ID
Ibonclcipini 50
lumbai spine /5
CM (single PA(IMi) I
Shouldei
Mammography 20
Abdomen

5 12 d
3 wk
4 mo
6 no
2 d
1d
7 wk

35 3 nn
35 3 muHip

Pelvis 30 10 wk
0.25Xnee <1d

!r« <
IV uiogiam
Oja ' energy x -ray 0.512
absorptiometry
(witliout/wflh CT )
tipper 01series 300
Small bowel series 200
Rarii.m enema

2 y-20 mo
too 2 hr

CT
100 8 noHeed

Heck 150 IfSpine :::
: ost 3S0
Chest (pulmonary ISO
embolism)
Coronary angiography 800
Abdomen
Pelvis
Radionuclide
6rair ( TO) 705
Bone|SdkmTc) 315
Thyroid ponlc) 240
Thyroid ( ,!t| 95
Cardiac rest -stress

5 yr

5.3 yr
2.7 yrt : :Computed Tomography

• x-ray beam opposite a detector moves in a continuous 360°arc as patient is advanced through the
scanner

anatomical structures are then reconstructed
• attenuation is quantified in Hounsfield units:

windowing and leveling: adjusting the “window width” (range of Hounsfield units displayed ) and
“ window level” (midpoint value of the window width ) to maximally visualize certain anatomical
structures (e.g. CT chest can be viewed using “lung”, “soft tissue", and “bone" settings)

• contraindications: pregnancy ( relative), adverse reactions to contrast agents (e.g. previous anaphylaxis
allergy, renal failure)

• advantages: delineates soft tissues, excellent at delineating bones and identifying lung/liver masses,
may be used to guide biopsies, helical multidetector CT has fast data acquisition and allows 3D
reconstruction, CTA is non-invasive compared to conventional angiography for visualization of
vasculature

• disadvantages: high radiation exposure, soft tissue characterization is inferior to MRI, some studies
require contrast (e.g. IV, oral, rectal), patient anxiety when going through scanner. Increased cost and
decreased availability compared to plain film, requires expert interpretation of images

300 2 ,r

4.) yr
2.1 yr
1.6 yr
8 mo

Ml

( 59nlc 2 dj
Lung ventilation 25
I'UXel
Lung perfusion 100
( MmTt)
Renal1®9mTc)
liver-spleen ( 9%Tt) 105
Biliary tract|HRiTc) 155

: 3 yr
Ay r i
2 no L J

8 no

90-165 7-13 mo
8.4 yr +1 yr

’Source: Radiolc^ 2008:243:2*4-263
"CalculdletJ u\lng fitugr natural background
exposure In Ctfiixli (H«ra4Uh Canada: Iitlp:i7wwvr,h(*M.
flc.CfliHvuVjh-wvi’eihrtron npovvng .pty|
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Ultrasound
• high-frequency sound waves are transmitted from a transducer and passed through tissues;

reflections of the sound waves are picked up by the transducer and transformed into images
• reflection (or “echo”) occurs when the sound waves reflect off tissue interfaces of different acoustic

impedance
• structures are described based on their echogenicity; hyperechoic (echogenic) structures appear bright

(U/S reflected) whereas hypoechoic structures appear dark ( U/S waves are relatively less reflected
with more waves passing through the structure).A simple cyst is anechoic (pure black) as there are no
interfaces to produce any echoes

• a gel is used on the skin surface to reduce the difference of impedance between the skin and
transducer

• use of higher frequencies on U/S results in greater resolution but poorer penetrance, thus decreased
visualization of deeper structures

• artifacts; acoustic shadowing refers to the echo-free area located behind an interface that strongly
reflects (e.g. air) or absorbs (e.g. bone) sound waves; enhancement refers to the increase in reflection
amplitude (i.e. increased brightness) from objects that lie below a weakly attenuating structure (e.g.
cyst)

• duplex scan:grey-scale imaging that utilizes the Doppler effect (sound reflecting off a moving target)
to visualize the velocity of Wood moving past the transducer

• colour Doppler: assigns a colour based on the direction of blood flow (i.e. red = toward transducer,
blue = away)

• advantages: relatively low cost, excellent spatial and soft tissue contrast resolution, non-invasive,
no radiation, portable, real-time imaging, may be used for guided biopsies, many different imaging
planes (axial, sagittal), differentiates cystic vs.solid

• disadvantages: highly operator-dependent, air in bowel may prevent imaging of midline structures in
the abdomen, may be limited by patient habitus, poor for bone evaluation, limited field-of-view

Attenuation
Bone (= bright)> grey matter >white
matter (“fatty" myelin) >CSF>air (~
dark)

Magnetic Resonance Imaging

U• imaging technique that uses electromagnetic properties of tissue (mainly water) to produce images in
virtually any plane. It does not use ionizing radiation

• patient is placed in a magnetic field generated by electric current; protons, typically from water
molecules, align themselves along the direction of magnetization due to their intrinsic polarity. A
pulsed radiofrequency beam is subsequently turned on and deflects all the protons off their aligned
axes. When the radiofrequency beam is turned off, the protons return to their pre-excitation axis,
giving off the energy they absorbed. This energy is measured with a detector and interpreted by
software to generate MR images

• MR image reflects signal intensity picked up by receiver.Signal intensity is dependent on:
1.hydrogen density: tissues with low hydrogen density (e.g. cortical bone, lung) generate little to no

MR signal compared to tissues with high hydrogen density (e.g.water)
2.magnetic relaxation times (T1 and T2): reflect quantitative alterations in MR signal strength due to

intrinsic properties of the tissue and its surrounding chemical and physical environment

Remember that water is "white" on T2
as "World War II"

Methods to Reduce the Risk of
Contrast-Induced Nephropathy

• Optimal: 0.9% NaCI at1mL/kg/h for
12 h pre-procedure and12 h post-
contrast administration

• For same-day procedure:0.9%Nad
or NaHCOaat 3 ml/kg/h for1-3 h pre-
procedure and for 6 h post-contrast
administrationTable 1. Differences Between Diffusion, T1- and T2-Weighted MR Imaging

Signal IntensityImaging Techniques Main Application Advantages
Dilfusion-Weightcd Imaging Signal intensity dependenton the Neuroradiology

free molecular motion of water
Decreased diffusion is
Irypcrinlensc (bright), whereas
increased diffusion is hypointense
(dark)

Sensitive for detection of
acute ischemic stroke and
differentiating an acute stroke
from other neurologic pathologies
Acule infarction and abscess
collections appear hypeiinlenso
due to restricted diffusion
Often considered an anatomic
scan since it providesa reference
for functional imaging

Often considered a pathologic
scan since it will highlight
edematous areas associated with
certain pathologies

11-Wcightcd Fluid is hypointense (dark) and fat Body soft tissues
is hyperintense (bright)

T2-Weighted Fluid is hyperintense (bright) and Body soft tissues
fat is hypointense (dark)

Positron Emission Tomography Scans
<§> L J

• nuclear tracers arc employed (o produce images of functional processes in the body
• current generation models integrate PET' and CT technologies into a single imaging device (PET-CT)

that collects both anatomic and functional information during a single acquisition
• positron-producing radioisotopes, such as 18F, are chemically incorporated into a mctabolically active

molecule (e.g. glucose).These are then injected into the patient, where they travel to and accumulate
in the tissues of interest. As the radioactive substance decays, y rays are produced, and are detected by
the PET scanner

Contraindications to IV Contrast

MADD Failure
Multiple myeloma
Adverse reaction previously

+
Dr.'
Dehydration
Failure (renal, severe heart)
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• contraindications: pregnancy
• advantages: shows metabolism and physiology of tissues (not only anatomic); in oncology, allows for

diagnosis, staging, and restaging; has predictive and prognostic value; can evaluate cardiac viability
• disadvantages: cost, ionizing radiation, availability

Contrast Agents

Table 2. Contrast Agents
FDG PEI Imaging in Patients with Pathologically
Verified Dementia
JNucIMed 2000;4f (11):1920-8
Purpose: loconfirin two beliefs surrounding
bilateral temporo parietal Irypometabolism an
FDG PtI in Aliheimer'sdrsease|AD|:|t) I!is the
metabolic abnormality associated with DO and|2) that
sensitivity, specificity,and diagnostic accuracy of this
metabolic pattern allowsfor ADto be differentiated
from other degenerative causes of dementia.
Methods: FOG PET scans from 22 individuals with
path olog it confirmation of AD d iagnosis we re
visually graded by aneipeiiecced nutlear medicine
physician to identify dassK bilateral lemporo parietal
hypometa holism.
Results: Sensitivity, specificity, and diagnostic
accuiacy ol bilateral temporo parietal
hyporaetabolism for ID neie 93V 63%.and 82 %.
respectively.
Conclusions: Bilateral temporo-parietal
hpometabolism is the classic metabolic abnormality
associated with AD. FOG PET may identify this
metabolic pattern and can be used clinically to
differentiate dementia syndromes.

Imaging Modality Types Advantages Disadvantages Contraindications
Radiopaque substance that
helps lo delineate Intraluminal
anatomy:may demonstrate
patency, lumen integrity, or large
filling defects
Delineates intraluminal anatomy:
may demonstrate patency, lumen
integrity, or large filling defects;
under fluoroscopy, may also
give information on function of
an organ

Previous adveise reaction
to contrast: barium enema
is contraindicated in tonic
megacolon, acute colitis, and
suspected perforation
Previous adverse reaction to
contrast, renal failure.DM.
pregnancy, multiple myeloma,
severe heart failure, and
dehydration
cGFR '60 may require
preventative measures and
followup

Previous adverse reaction
to contrast or end-stage
renal disease (relative
contraindication)

X-Ray Barium (c.g. oral or
rectal)

CT lodinated agents
(routes* oral. rectal.
IV)

Gadolinium Chelates Shortens 11relaxation time,
thereby increasing signal
intensity in 11-weighted
sequences: highlights highly
vascular structures (e.g.
tumours)

tiny gas bubbles crcalemany
Interlaces and appear very
echogenic. The microbubbles
allow for echo-enhancement of
vascular structures or cavities
(l.e.echocardiography)

MR! Risk ol nephrogenic
systemic fibrosis in
patients with end -
stage renal disease

UfS Microbubbles ( IV ) Contraindicated in individuals
with right -to left cardiac
shunts or people with known
hypersensitivity reactions

Chest Imaging

Chest X-Ray
Standard Views
• PA: anterior chest against film plate to minimize magnification of the cardiac silhouette
• lateral: better visualization of retrocardiac space and thoracic spine; more sensitive at detecting small

pleural effusions
• improves localization of lesions when combined with PA view

• AP: alternative to PA view for admitted or acutely ill patients who are unable to tolerate standing
or transport; erect or supine; generally a lower quality film than PA because of magnified cardiac
silhouette

• lateral decubitus: can help to assess for pleural effusion and pneumothorax; however, POCUS can also
be utilized for both of these purposes

• lordotic: angled beam allowing better visualization of apices normally obscured by the clavicles and
anterior ribs on PA and AP views

Posterior-anterior Position Lateral Position
Figure 1. CXR views

Anterior-posterior Position Lateral Decubitus Position Lordotic Position
j

+
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Approach to CXR

Basics
• ID: patient name, medical record number (MRN), sex, age
• date of exam
• markers: right and/or left
• technique: view (e.g. HA, AH, lateral), supine or erect
• indications for the study
• comparison:date of previous study for comparison (if available)
• quality of film: inspiration (10 posterior and 7 anterior ribs should be visible), penetration (thoracic

spine should be visible), rotation (spinous processes should be equidistant from medial ends of
clavicles), magnification (AH films magnify the heart), angulation (clavicles should be S shaped)

Analysis
• tubes and lines: check position and be alert for pneumothorax or pneumomediastinum
• soft tissues: neck, axillae, pectoral muscles, breasts/nipples, chest wall

nipple markers can help identify nipples (may mimic lung nodules)
amount of soft tissue (check for any asymmetry), presence of masses, presence of air
(subcutaneous emphysema)

• abdomen (see Abdominal Imaging, Mill )
free air under the diaphragm, air-fluid levels, distention in small and large bowel

• herniation of abdominal contents (i.e. diaphragmatic hernia)
• hones: cervical spine, thoracic spine, scapulae, ribs, sternum, clavicles, proximal humerus

lytic and sclerotic lesions, fractures
• mediastinum: trachea, heart, great vessels

cardiomegaly (cardiothoracic ratio >0.5 on HA), tracheal shift, tortuous aorta, widened
mediastinum

• hila: pulmonary vessels, mainstem and segmental bronchi, lymph nodes
• lungs:parenchyma, interstitium, pleura, diaphragm

• abnormal iung opacity, pleural effusions or thickening
right hemidiaphragm usually higher than left due to liver

• right vs. left hemidiaphragm can be discerned on lateral CXR due to heart resting directly on left
hemidiaphragm

• please refer to Toronto Notes website for supplementary material on how to approach a C.'XR

Anatomy

Localizing Lesions for Parenchymal Lung Disease
• silhouette sign: when two objects of the same radiodensity abut, they appear indistinguishable on

imaging ( i.e. the silhouette expected at an anatomical border due to difference in density disappears)
can be used to identify lung pathology (consolidation, atelectasis, mass) and localize disease to
specific lung segments
this sign can be applied to imaging studies throughout the body

• spine sign: on lateral films, vertebral bodies should appear progressively radiolucent (dark) as one
moves down the thoracic vertebral column; if they appear more radiopaque, it is an indication of
pathology (e.g. consolidation in overlying lower lobe)

• air bronchogram:branching pattern of air-filled bronchi made visible on a background of
opacification (i.e. solid or fluid-filled alveoli)

(§)
Chest X-Ray Interpretation

Basics ABCDEF
AP. PA or other view
Body position/rotation
Confirm name
Oate
Exposure/quality
Films for comparison

Analysis ABCDEF
Airways and hilar Adenopathy
Bones and Breast shadows
Cardiac silhouette and Costophrenic
angle
Diaphragm and Digestive tract
Edges of pleura
Fields (lung fields)

Table 3. Localization Using the Silhouette Sign
Interface Lost Location of Lung Pathology
SVC/right superior mediastinum
Right heart border

Right hemidiaphragm
Aortic knob left superior mediastinum
Left heart border
left hemidiaphragm

RUL
RML

RLL
LUL

Lingula
ILL

n
L J
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legend
a I anterior 1st rib
»2 anterior 2nd rib

aortic arch
apw aorto'pulmonarv window

anterior airspace
carina
clavicle
coracoid process
costophrenic angle
diaphragm
gastric bubble
inferior vena cava
left atrium

Ibr left mainstem bronchus
Ipa left pulmonary artery

left ventricle
mf major fissure

minor ftssuro
p3 posterior 3rd rib
p4 posterior 4th nb

main pulmonary artery
right atrium

rbr right mainstem bronchus
rpa right pulmonary artery

right ventricle
scapula
spinous process
sternum

sve supenorvenacava
trachea

vb vertebral body

aa

as
ca
cl
co
epa
di
9

VC
la

v

mi

pa
ra

rv
sc
sp
St

PA view Lateral view tr

Figure 2. Location of fissures, mediastinal structures, and bony landmarks on CXR
Note that anterior space is also commonly called retrosternal space

LUL

LLL
t
1r~ m\

Right-Lateral

^ RUL Right Upper Lobe; RML:Right Middle Lobe; RLL: Right Lower Lobe; LUL: Left Upper Lobe; LLL: Left Lower Lobe

Front AP Back AP Left-Lateral w<
Jf

fW £ \Figure 3. Location of lobes of the lung

i\
*— BooeWiidowChest Computed Tomography

Approach to CT Chest
• soft tissue window

• thyroid, chest wall, pleura
heart: chambers, coronary artery calcifications, pericardium

• vessels: aorta, pulmonary artery, smaller vasculature
• lymph nodes: mediastinal, axillary, hilar

• bone window
vertebrae, sternum, ribs: fractures, lytic lesions, sclerosis

• lung window
trachea: patency, secretions
bronchi: anatomic variants, mucus plugs, airway collapse

• lung parenchyma: nodules, fibrosis, interstitial changes, consolidation, atelectasis
pleural space: effusions, thickening

Figure 4. CT thorax windows in axial
view

Table 4. Types of CT Chest
Disadvantage Contrast IndicationAdvantage

Standard Scans lull lung very quickly (<1 mm)
i high resolution reconstructions

CXR abnormality
Pleural and mediastinal abnormality
lung cancer staging
Cancer follow up
Empyema vs.abscess
lung cancer screening
Follow up Inlections, lung transplant,
metastases

Radiation i

LJ

low Dose 1/Slh the radiation Decreased detail No
+

CIA lodinated contrast highlights
vasculature (scan timed for maximum
opacification of vessel being studied)

Contrast can causesevere Yes
allergic reaction and can
cause acute kidney injury

PE
Aortic aneurysms
Aortic dissection

Activate Windows
Go to Settings to activate Windows.



MI7 Medical Imaging Toronto Notes 2023

Lung Abnormalities
Atelectasis
• pathogenesis: collapse of lung tissue due to restricted breathing, blockage of bronchi, external

compression, or poor surfactant
• findings

increased opacity of involved segment/lobe, vascular crowding, silhouette sign, air bronchograms
volume loss:fissure displacement, hilar/mediastinal displacement, diaphragm elevation
compensatory hyperinflation of remaining normal lung

• differential diagnosis
obstructive (most common ): alveolar air distal to obstruction is resorbed causing alveolar
collapse

post-surgical, endobronchial lesion, foreign body, inflammation (granulomatous infections,
pneumoconiosis, sarcoidosis, radiation injury),or mucous plug (cystic fibrosis)

compressive:tumour, bulla, effusion, enlarged heart, lymphadenopathy
traction (cicatrization): due to scarring, which distorts alveoli and contracts the lung
adhesive:due to lack of surfactant

hyaline membrane disease, prematurity
passive (relaxation): a result of air or fluid in the pleural space preventing full aeration

pleural effusion, pneumothorax
• management: in the absence of a known etiology, persisting atelectasis must be investigated (i.e.CT

thorax or bronchoscopy) to rule out bronchogenic carcinoma centrally

Consolidation
• pathogenesis:air in alveoli replaced by fluid (transudate, blood), inflammatory exudates, protein,or

tumour
• findings

air bronchograms: lucent branching bronchi visible through opacification
airspace nodules: fluffy, patchy, poorly defined margins with later tendency to coalesce, may take
on lobar or segmental distribution
silhouette sign

• differential diagnosis
fluid: transudate (pulmonary edema), blood (trauma, vasculitis, bleeding disorder, pulmonary
infarct)
inflammatory exudates: bacterial infections, TB, allergic hypersensitivity alveolitis, COP
(cryptogenic organizing pneumonia), allergic bronchopulmonary aspergillosis, aspiration,
sarcoidosis
protein: pulmonary alveolar proteinosis
tumour: adenocarcinoma, lymphoma

• management:varies depending on the pattern of consolidation, which can suggest different etiologies;
should also be done in the context of clinical picture

Interstitial Disease
• pathogenesis: pathological process involving pulmonary interstitium (i.e."lung scaffolding")
• findings

septal thickening: fine lines caused by thickened connective tissue septae (most commonly due to
pulmonary edema or lymphangitis carcinomatosis)

these manifest on CX R as:
- Kerley A: long thin lines in upper lobes
- Kerley B:short horizontal lines extending from lateral lung margin
- Kerley C: diffuse linear pattern throughout lung

• nodular pattern: 1 -5 mm well-defined or ill-defined nodules distributed throughout lung or with
a lung zone predominance

» seen in metastases, pneumoconiosis, granulomatous disease (e.g. sarcoidosis, miliary TB)
reticular pattern: fine curvilinear opacities

seen in interstitial lung diseases (pulmonary fibrosis)
watch for pneumothorax as a complication

reticulonodular: combination of reticular and nodular patterns
may also see signs of airspace disease (atelectasis, consolidation)

• differential diagnosis
occupational/environmental exposure

inorganic: asbestosis, coal miner's pneumoconiosis, silicosis, berylliosis, talc pneumoconiosis
organic: hypersensitivity pneumonitis, bird fancier’s lung, farmer’s lung (mouldy hay), and
other organic dust

autoimmune:connective tissue diseases (e.g. rheumatoid arthritis, scleroderma, SLE,
polymyositis, mixed connective tissue disease), 1BD,celiac disease, vasculitis

• drug-related:antibiotics (cephalosporins, nitrofurantoin), NSAlDs, phenytoin, carbamazepine,
fluoxetine, amiodarone, chemotherapy (e.g. methotrexate), immunotherapy, heroin, cocaine,
methadone

• infections:TB, non-tuberculous mycobacteria, certain fungal infections, viral infections

Figure 5. Atelectasis: RML collapse

DDx of Airspace Disease
infections such as. Pus (e.g.

pneumonia)
• Fluid (e.g. pulmonary edema)
• Blood (e.g. pulmonary hemorrhage)
• Cells (e.g. bronchioalveolar

carcinoma, lymphoma)
• Protein (e.g.alveolar proteinosis)

Figure 6. Air bronchograms in right
lung

Figure 7. Consolidation:bacterial
pneumonia

n
L J
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idiopathic:1PF, nonspecific interstitial pneumonia (NSIP), organizing pneumonia
for causes of interstitial lung disease classified by distribution, see Respirology, R13

• management: high-resolution CT thorax and ± open lung biopsy, multidisciplinary team discussions

Pulmonary Nodule
• findings

round opacity <3 cm (>3 cm is considered a mass) ± silhouette sign
note:do not mistake nipple shadows for nodules; if in doubt, repeat CXR with nipple markers

• differential diagnosis
cxtrapulmonary density: nipple, skin lesion, electrode, pleural mass, bony lesion
solitary nodule

tumour: carcinoma, hamartoma, metastasis, bronchial adenoma
infection/inflammation: histoplasmoma, tuberculoma, coccidioidomycosis
vascular: AV fistula, pulmonary varix (dilated pulmonary vein), infarct , septic embolus

multiple nodules: metastases, abscess, granulomatous lung disease (TB, fungal, sarcoid,
rheumatoid nodules, silicosis,GPA), septic emboli

• management:clinical information and CT appearance determine level of suspicion of malignancy
if high probability of malignancy, invasive testing (transbronchial or CT-guided transthoracic
biopsy) ± PET/CT is indicated
if low probability of malignancy, follow-up imaging as per Fleischner guidelines 2017

Figure 8.Interstitial disease: fine
reticular pattern

Table 5. Characteristics of Benign and Malignant Pulmonary Nodules
Malignant Benign

Figure 9. Interstitial disease:
medium reticular pattern

Margin
Contour
Calcification
Doubling Time

Other Features

lll-defined/spiculated (“corona radiata")
lobulalod
Eccentric or stippled
20-460 d

Cavitation, collapse, adenopathy, pleural effusion, lytic bone
lesions, smoking history
>3cm
Yes. especially withwall thickness >15 mm.eccentric cavity, and No
shaggy internal margins

Well-defined
Smooth
Diffuse, central,popcorn, concentric

<20 dor >460 d

ODx of Interstitial lung Disease

FASSTEN (upper lung disease)
Farmer- s lung (hypersensitivity
pneumonitis)
Ankylosing spondylitis
Sarcoidosis
Silicosis

Size <3 cm

Cavitation

Satellite lesions No Yes

TB
Eosinophilic granuloma (langerhans cell
histiocytosis)
Neurofibromatosis

Pulmonary Vascular Abnormalities
Pulmonary Edema
• pathogenesis: fluid accumulation in the airspaces of the lungs
• findings

vascular redistribution/enlargement, cephalization, pleural effusion, cardiomegaly (may be
present in cardiogenic edema and fluid overloaded states)
fluid initially collects in interstitium
loss of definition of pulmonary vasculature
peribronchial cuffing
KerleyB lines
ret iculonodular pattern

• thickening of interlobar fissures
as pulmonary edema progresses, fluid collects in alveoli and causes diffuse airspace disease, often
in a “bat wing” or “butterfly" pattern in perihilar regions (outermost lung fields tend to be spared )

• differential diagnosis: cardiogenic (e.g.CHF), renal failure, volume overload, non-cardiogenic (e.g.
ARDS)

BAD RASH (lower lung disease)
Bronchiolitis obliterans organizing
pneumonia (BOOP)
Asbestos
Drugs (nitrofurantoin, hydralazine,
isoniazid. amiodarone, many
chemotherapy drugs)
Rheumatological disease
Aspiration
Scleroderma
Hamman Rich and idiopathic pulmonary
fibrosis (IPF)

<§>
DDx for Cavitating Lung Nodule

WEIRD HOLES
GPA (Wegener's)
Embolic (pulmonary, septic)
Infection (anaerobes, pneumocystis.

Pulmonary Embolism
• pathogenesis: blockage in the pulmonary arteries due to emboli from pelvic or leg veins, rarely from

central venous catheters,air, fat,or amniotic fluid
• findings

generally not possible to definitively diagnose on plain film; diagnosis made by O' pulmonary
angiography or ventilation/perfusion scintigraphy ( VQ scan)
CXR:Westermark sign (localized pulmonary oligemia), Hampton’s hump (triangular peripheral
infarct), enlarged right ventricle and right atrium, atelectasis, pleural effusion, and rarely
pulmonary edema
definitive imagingstudy:CT pulmonary angiography to look for filling defect in contrast-filled
pulmonary arteries
VQ scan:can be used in patients with impaired renal function or in pregnancy

re)
Rheumatoid (necrobiotic nodules)
Developmental cysts (sequestration)
Histiocytosis
Oncological
Lymphangioleiomyomatosis
Environmental, occupational
Sarcoidosis
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Pleural Abnormalities
Pleural Effusion

Table 6. Sensitivity of Plain Film Views for Pleural Effusion
X-Ray Projection Minimum Volume to Visualize

25 mL:most sensitive

50 ml:meniscus seen in the posterior costophrenic sulcus

200ml
Variable (May appear as diffuse haziness)

lateral decubitus
Upright lateral
PA
Supine

Figure 10. LUL mass:bronchogenic
carcinoma•a horizontal fluid level is seen only in a hydropneumothorax (i.e.both fluid and air within pleural

cavity)
•effusion may exert mass effect, shift trachea and mediastinum to opposite side, or cause atelectasis of

adjacent lung
•U/S is superior to plain film for detection of small effusions and may also aid in thoracentesis; FOCUS

is now standard of care in acute situations

Pneumothorax
•pathogenesis: gas/air accumulation within the pleural space resulting in separation of the lung from

the chest wall
•findings

upright chest film allows visualization of visceral pleura as curvilinear line paralleling chest wall,
separating partially collapsed lung from pleural air

• more obvious on expiratory (increased contrast between lung and air) or lateral decubitus films
(air collects superiorly)
more difficult to detect on supine film;look for the “deep (costophrenic) sulcus” sign, “double
diaphragm" sign (dome and anterior portions of diaphragm outlined by lung and pleural air,
respectively), nyperlucent hemithorax, sharpening of adjacent mediastinal structures
contralateral tracheal and mediastinal shift may occur in tension pneumothorax

•differential diagnosis:spontaneous (tall and thin males, smokers), iatrogenic (lung biopsy, ventilation,
central venous catheter insertion, thoracentesis), trauma (associated with rib fractures), emphysema,
malignancy, honeycomb lung

•management: supplemental oxygen and observation, chest tube insertion in 5th ICS anterior axillary
line, or emergent needle decompression in 2nd ICS middavicular line if tension pneumothorax
(followed by chest tube insertion); repeat CXR to ensure resolution

Asbestos
•asbestos exposure may cause various pleural abnormalities including benign plaques (most common;

these may calcify), diffuse pleural fibrosis, effusion, and malignant mesothelioma

Figure 11. Peribronchial cuffing:
interstitial edema

Mediastinal Abnormalities
Mediastinal Mass
• Felson’s method of division outlines three compartments, which provides an approach to the

differential diagnosis of a mediastinal mass
• anterior compartment is bordered anteriorly by the sternum and posteriorly by the heart and great

vessels
4 T's: thyroid, thymic neoplasm, teratoma, terrible lymphoma
cardiophrenic angle mass differential: thymic cyst, epicardial fat pad, foramen of Morgagni
hernia

• middle compartment extends from the posterior border of anterior mediastinum to a line 1 cm
posterior to the anterior edge of thoracic vertebral bodies

esophageal carcinoma, esophageal duplication cyst, metastatic disease, lymphadenopathy (all
causes), hiatus hernia, bronchogenic cyst

• posterior border (posterior to the middle line described above)
neurogenic tumour (e.g. neurofibroma, schwannoma), neurenteric cyst, thoracic duct cyst, lateral
meningocele, Bochdalek hernia, extramedullary hematopoiesis

• any compartment may give rise to lymphoma, lung cancer, aortic aneurysm or other vascular
abnormalities, abscess, or hematoma

Figure 12.Pleural effusion in lateral
view

n
Enlarged Cardiac Silhouette
• heart borders

on FA view, right heart border is formed by right atrium; left heart border is formed by left atrium
and left ventricle
on lateral view, anterior heart border is formed by right ventricle; posterior border is formed by
left atrium (superior to left ventricle) and left ventricle

Figure 13.Pneumothorax
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• cardiothoracic ratio = greatest transverse dimension of the central shadow relative to the greatest
transverse dimension of the thoracic cavity

using a good quality erect PA chest film in adults, cardiothoracic ratio of >0.5 is abnormal
differential of ratio >0.5

cardiomegaly (myocardial dilatation or hypertrophy)
pericardial effusion
poor inspiratory effort/low lung volumes
pectus excavatum

ratio <0.5 does not exclude enlargement
• pericardial effusion: globular heart with loss of indentations on left mediastinal border
• RA enlargement: increase in curvature of right heart border and enlargement of SVC
• LA enlargement: straightening of left heart border;increased opacity of lower right side of

cardiovascular shadow (double heart border);elevation of left main bronchus (specifically, the upper
lobe bronchus on the lateral film); distance between left main bronchus and “double" heart border >7
cm; splayed carina (late sign)

• KV enlargement: elevation of cardiac apex from diaphragm; anterior enlargement leading to loss of
retrosternal air space on lateral; increased contact of right ventricle against sternum

• LV enlargement: rounding of the cardiac apex;displacement of left cardiac border leftward, inferiorly,
and posteriorly

Elevated Hemidiaphragm Suggests
PAL DIP
Pregnancy
Atelectasis
Lung resection
Diaphragmatic paralysis
Intra-abdominal process
Pneumonectomy
Pleural effusion also may result In
apparent elevation

Depressed Hemidiaphragm Suggests
fALC
Tumour
Asthma
Large pleural effusion
COPD

DD* Anterior Mediastinal Mass
4 Ts

Tubes, Lines, and Catheters Thyroid
Thymic neoplasm
Teratoma
Terrible lymphoma•ensure appropriate placement and assess potential complications of lines and tubes

•avoid mistaking a line/tube for pathology (e.g. oxygen rebreather mask for pneumothoraces)

Central Venous Catheter
•used for fluid and medication administration, vascular access for hemodialysis, and CVP monitoring
•ideally located at the SVC/atrial junction to prevent inducing arrhythmias or perforating wall of

atrium
if monitoring CVP, catheter tip must be proximal to venous valves

•tip of well-positioned central venous catheter projects over silhouette of SVC in a zone demarcated
superiorly by the anterior first rib end and clavicle, and inferiorly by top of RA

•course should parallel that of the SVC; if appears to bend as it approaches wall of SVC or appears
perpendicular, catheter may damage and ultimately perforate wall of SVC

•complications: pneumothorax, bleeding (mediastinal, pleural), malposition (artery, pleura), air
embolism

Endotracheal Tube
•frontal chest film: tube projects over trachea and shallow oblique or lateral chest radiograph will help

determine position in 3 dimensions
•progressive gaseous distention of stomach on repeat imaging is concerning for esophageal intubation
•tip should be located 2-4 cm above tracheal carina (avoids bronchus intubation and vocal cord

irritation)
•maximum inflation diameter <3cm to avoid necrosis of tracheal mucosa and rupture; ensure

diameter of balloon is less than tracheal diameter above and below balloon
•complications: aspiration ( parenchymal opacities), pharyngeal perforation (subcutaneous

emphysema,pneumomediastinum, mediastinitis)

Figure14. Lateral CXR showing three
mediastinal compartments

Nasogastric Tube
•tip and side port should be positioned distal to esophagogastric junction and proximal to gastric

pylorus
•radiographic confirmation of tube is mandatory because clinical techniques for assessing tip position

may be unreliable
•complications:aspiration (parenchymal opacities), pneumothorax

Swan-Ganz Catheter
•to monitor pulmonary capillary wedge pressure and estimate diastolic filling of left heart
•tip should be positioned within right or left main pulmonary arteries or in one of their large, lobar

branches
•if tip is located more distally, increased risk of prolonged pulmonary artery occlusion resulting in

pulmonary infarction or, rarely, pulmonary artery rupture/aneurysm
•complications: pneumothorax, bleeding (mediastinal, pleural), air embolism

r -i
L J

Figure15. CXR showing well-
positioned central venous catheterChest Tube

•in dorsal and caudal portion of pleural space to evacuate fluid
•in ventral and cephalad portions of pleural space to evacuate pneumothoraces
•tube may lie in fissure as long as functioning
•complications: bleeding, infection, lung laceration
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Abdominal Imaging

Abdominal X-Ray
Indications
• acute abdomen: bowel perforation, toxic megacolon, bowel ischemia, small bowel obstruction, large

bowel obstruction
• chronic symptoms: constipation, calcifications (gallstones, renal stones, urinary bladder stones, etc.)
• not useful in:G1 bleeds, chronic anemia, vague Gl symptoms

Anatomy
• the abdomen is divided into 2 cavities:

• peritoneal cavity: lined by peritoneum that wraps around most of the bowel, the spleen, and most
of the liver; forms a recess lateral to both the ascending and descending colon (paracolic gutters)
retroperitoneal cavity:contains several organs situated posterior to the peritoneal cavity; the
contour of these can often be seen on radiographs

3 Views of AXR
• Erect/Upright
• Supine
• Left lateral decubitus

Table 7. Differentiating Small and Large Bowel
Property Small Bowel Large Bowel
Mucosal Folds Uninterrupted valvulae conniventes (or plicae

circulates)
Central

Interrupted hauslra extend only partway across lumen 3-6-9 Rule of Dilation
• Small bowel (>3 cm). Large bowel (>6 cm)
• Cecum (>9 cm)

Location Peripheral (picture frame)

6cm (9 cm al cecum)

5 mm
Commonly contains solid lecal material

Maximum Diameter
Maximum Fold Thickness

Other

3 cm
3mm
Rarely contains solid fecal material

Approach to Abdominal X-Ray
• mnemonic:“Free ABDO"
• “Free”: free air and fluid

free fluid
small amounts of fluid: increased distance between lateral fat stripes and adjacent colon may
indicate free peritoneal fluid in the paracolic gutters

large amounts of fluid: diffuse increased opacification on supine film;bowel floats to centre of
anterior abdominal wall
ascites and blood (hemoperitoneum) are the same density on the radiograph and cannot be
differentiated

free intraperitoneal air suggests rupture of a hollow viscus (anterior duodenum, transverse colon,
etc.), penetrating trauma,or recent (<7 d) surgery

• “A”:air in the bowel (can be normal, ileus, or obstruction)
volvulus - twisting of the bowel upon itself resulting in obstruction; from most to least common:
1. sigmoid: massively dilated sigmoid projects to right or mid-upper abdomen with proximal

dilation (“coffee bean" sign )
2. cecal: massively dilated bowel loop projecting to left or mid-upper abdomen with small bowel

dilation
3. gastric: rare
4. transverse colon: rare (usually in younger individuals)
5. small bowel: “corkscrew” sign (rarely diagnosed on plain films, seen best on CT)
toxic megacolon

manifestation of fulminant colitis
extreme dilatation of colon (>6.5 cm) with mucosal changes (e.g. foci of edema, ulceration,
pseudopolyps) and loss of normal haustral pattern

• “B": bowel wall thickening
increased soft tissue density in bowel wall, thumb-like indentations in bowel wall (“thumb-
printing"), or a picket-fence appearance of the valvulae conniventes (“stacked coin" appearance)
may be seen in 1BD, infection, ischemia, hypoproteinemic states, and submucosal hemorrhage

• “D”:densities
bones: look for gross abnormalities of lower ribs, vertebral column, and bony pelvis

• abnormal calcifications: approach by location
RUQ: renal stone, adrenal calcification, gallstone, porcelain gallbladder
RLQ: ureteral stone, appendicolith, gallstone ileus

« LUQ: renal stone, adrenal calcification, tail of pancreas
LLQ: ureteral stone
central:aorta/aortic aneurysm, pancreas, lymph nodes
pelvis: phleboliths (i.e.calcified veins), uterine fibroids, bladder stones

LJ

+• “0”:organs
• kidney, liver, gallbladder, spleen, pancreas, urinary bladder, psoas shadow
• outlines can occasionally be identified because they are surrounded by more lucent fat, but all are

best visualized with other imaging modalities (CT, MRI )
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Biliary vs. Portal Venous Air
"Go with the flow":air follows the flow
of bile or portal venous blood
Biliary air is most prominent centrally
over the liver
Portal venous air is most prominent
peripherally

Figure 16. Normal AXRs: (left) supine anteroposterior AXR, (middle) upright anteroposterior AXR, and (right)
left lateral decubitus AXR

Table 8. Abnormal Air on Abdominal X-Ray
Common EtiologiesAir Appearance

Extraluminal Intraperitoneal
(pneumoperitoneum)

Upright film: air under diaphragm
Left lateral decubitus film:air between liver
and abdominal wall
Supine film:gas outlines of structures not
normally seen:

Inner and outer bowel wall (“Rigler’s" sign)
Falciform ligament
Peritoneal cavity ("football '' sign)

Gas outlining retroperitoneal structures
allowing increased visual ballon:

Psoas shadows
Renal shadows

Lucent air streaks in bowel wall. 2 types:
1.Linear
2. Rounded (cystoides type)
Dilated loops of bowel, air-fluid levels

Perforated viscus
Postoperative (up to10 d to be resorbed)

Perforation of retroperitoneal segments of
bowel: duodenal ulcer, postcolonoscopy

Retroperitoneal

Intramural ( pneumatosisintestinalis) 1. Linear:ischemia, necrotizing enterocolitis
2. Rounded/cystoides (generally benign):

primary (idiopathic), secondary (COPO)

Adynamic (paralytic ) Ileus, mechanical bowel
obstruction
Abscess

Intraluminal

Loculated Mottled, localized in abnormal position
without normal bowel features
Air centrally over liverBiliary Sphincterotomy, gallstone ileus, erosive

peptic ulcer, cholangitis, emphysematous
cholecystitis

Air peripherally over liver in branching patlern Bowel ischemiafinlardionPortal Venous

Table 9. Adynamic Ileus vs. Mechanical Obstruction
Adynamic Ileus Mechanical ObstructionFeature

Calibre ol Bowel loops

Air-fluid Levels
(erect and left lateral decubitus films only)

Normal or dilated
Same level in the same single loop

Usually dilated
Multiple air fluid levelsgiving "step ladder"
appearance, dynamic (indicating peristalsis
present), “string of pearls" (rovr of small
gas accumulations in the dilated valvulae
conniventos)

Distribution ol Bowel Gas Air throughout Gl trad is generalized or
localized
In a localized ileus (e.g. pancreatitis,
appendicitis), dilated “sentinel loop" remains “Hairpin" (180°) turns in bowel
in the same location onserial films, usually
adjacent lo the area of inflammation

Dilated bowel up lo the point of obstruction
(i.e. transition point)
No air distal to obstructed segment

Abdominal Computed Tomography
• indications for plain CT: renal colic, hemorrhage
• indications for CT with contrast:

IV contrast given immediately before or during CT to allow identification of arteries and veins
portal venous phase: indicated for majority of cases
biphasic (arterial and portal venous phases): liver, pancreas, bile duct tumours
caution: contrast allergy (may pre-medicate with steroids and antihistamine)
contraindication: impaired renal function (eGl'R <30 mL/min/1.73 m 2 )

• oral contrast: barium or water-soluble (water soluble if suspected perforation ) given in most cases
to demarcate Gl tract

• rectal contrast:given for investigation of colonic lesions

r1
L J

+
Figure 18. Sigmoid volvulus on plain
film, “coffee bean” sign
Courtesy ot Dr Henry Knipe,Rodmpiiediii.org, rID: —
28620.https://radlop«iedi«i.org<,casvv/28620
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Approach to Abdominal Computed Tomography
• look through all images in gestalt fashion to identify any obvious abnormalities
• look at each organ or structure individually, from top to bottom,evaluating the size and shape of each

area of increased or decreased density
• evaluate the following:

• soft tissue window
liver, gallbladder, spleen, and pancreas
adrenals, kidneys, ureters, and bladder
stomach, duodenum, small bowel mesentery, and colon/appendix
retroperitoneum (aorta, vena cava, and mesenteric vessels; look for adenopathy in vicinity of
vessels)
peritoneal cavity for fluid or masses
abdominal wall and adjacent soft tissue

lung window
» visible lung (bases)

bone window
vertebrae, spinal cord,and bony pelvis

Figure 19. Axial abdominal computed tomography

CT and Bowel Obstruction
• cause of bowel obstruction is rarely found on plain films; CT is the best imaging modality
• the “3,6,9" rule is a very useful guide for determining when the bowel is dilated; the maximum

diameter for thesmall bowel is I cm,for large bowel is 6cm,and for cecum is 9 cm; this can also be
useful to distinguish small and large bowel, and to assess for ‘impending’cecal perforation (e.g. post-
untreated Ogilvie's syndrome)

• closed-loop obstruction: an obstruction in two locations (usually small bowel) creating a loop of bowel
obstructed both proximally and distally; complications (e.g. ischemia, perforation, necrosis) may
occur quickly

CT Colonography (Virtual Colonoscopy)
• emerging imaging technique for evaluation of intraluminal colonic masses (i.e. polyps, tumours)
• two CT' scans of the abdomen (prone and supine) after the instillation of carbon dioxide into a prepped

colon
• computer reconstruction of 2D C T images into a 3D intraluminal view of the colon
• lesions seen on 3D images correlated with 2D axial images
• indications: surveillance in low-risk patients, incomplete colonoscopy,or staging of obstructing

colonic lesions

n
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Contrast Studies
Colorectal Cancer:Cl Colonography and
Colonoscopy lor Detection-Systematic Review
a nd Meta -Analysis
Radiology 2011;259:393- 405
Purpose: loassessthe sensitivityo!computed
tomography|CI|colonography and optical
colonoscopy|0C) for colorectal cancer (CRC)
detection.
Methods: Systematic rev ew and meta -analysis
ol diagnostic studies evaluating Cl colonography
detection of CRC based on a priorieligibly criteria,
m particular requiting both 0C andhistological
confirmation oldsease. Studies that also assessed
true-positiveandfalse-negativedagnoseswithOC
were used to calculate 0C sensitivity.Sensitivity of
CIC and 0C for CRC was the main outcome.
Results: 49 studes on11.151patents undergoing
diagnostic study lor detection olCRC were included.
CIC has a sensitivity of 96.19,(95% Cl 93.8V9)J%|
and OC has a sensitivity of 94.)% (95% Cl 90.4%,
97.2%) for the detectionof CRC.
Conclusion CIC is highly sensitive for the detection
of CR C and may be a hetter mo dality for the iniliaI
investigation of suspected CRC.assuming reasonat e
specificity.

Table 10. Types of Contrast Studies
Study Organ Procedure

Description
Assessment Findings

Cine Esophagogram Cervical esophagus Contrast agent swallowed
Recorded for later
playback and analysis

Dysphagia, swallowing
incoordination, recurrent
aspiration, postoperative
deft palate repair

Aspiration, webs
Ipartial occlusion).
Zenker 's diverticulum,
cricopharyngeal bar.
laryngeal tumour

Achalasia, hiatus hernia,
esophagitis, cancer,
esophageal tear

Ulcers, neoplasms, filling
defects

Barium Swallow Thoracic esophagus Contrast agentswallowed
under fluoroscopy,
selective images captuied

Double contrast study:
1. Barium to coat mucosa
2. Gas pills fat distention
Patient HPO alter midnight
Enterography:patient
drinks 1-2 L of sorbitol,
psyllium,or barium
solution to distend small
bowel
Enterodysis: NJ tube used
to pump barium, psyllium,
or sorbitol contrast media
directly into small bowel

Dysphagia, rule outGERD.
post- esophageal surgery

Upper Gl Series Thoracic esophagus,
stomach, and duodenum

Dyspepsia, investigate
possible upper Gl bleed,
weight loss/anemia, post-
gastric surgery
I80.malabsorption,
weight loss/anemia.
Meckel’s diverticulum

Entire small bowelEnterographyand
Enterodysis (MRI orCT)

Neoplasms. IBD.
malabsorption, infection

Prophylactic Hydration to Protect Renal Function
from Intravascular Contrast Material in Patients
a t High-Risk ol Contrast-InducedNephropathy
IAMACING)
lancet 2011:389:1312-1322
Purpose: Determine the clinical eflectiveness
and cost-eHectntness ol prophylactic hydration
treatment in protecting renal function.
Methods: AMAQHG is a prospective,randomised,
non-inferiority trial.High-nsk patients (with an eGFR
ol 30 -59) >18 yr.undergoing an elective procedure
requiring iodmated contrast were randomly assigned
(1:1) to receiveN0.9% NaCl or noprophylaxis.The
primary outcome was incidence of contrast -induced
nephropathy.deSned at an intitase instium
creatinine from baseline of >25% or 44 pmol.'lwithin
2-6d of contrast exposure,and cost-effectiveness
of nD prophylaxis comparedwith IY hydration in
the prevention ofcontrast-mduced nephropathy.
Oeatinine was measured before. 26 d. and 2-35 d
after contrast-material exposure.
Results:660 consecutive patients were randomly
assignedto receive no prophylaxis (n-332) or IV
hydration (n*328).No hydration and prophylaxis
had srnidar rates olnephropathy.No hydration was
cost-savmg relative to hydration.No haemodialysis
ot related deaths occnrred withm 35 days.5.5%
of patients hadcorspllcations associated with
intravenous hydration.
Conclusion:No prophylaxis was found to be
ron-inferior and cost-saving in preventng contrast-
induced nephropathy compared with IV hydration.

Specific Visceral Organ Imaging
•for the management of urgent and emergent peritoneal masses

Liver
•U/S: assessment of cysts, abscesses, tumours, biliary' tree
•CT ± IV: most popular procedure for imaging the liver parenchyma (primary liver tumours,

metastases, cysts, abscesses, trauma, cirrhosis)
•MRI: excellent in evaluation of primary liver tumours, liver metastases, other parenchymal

conditions; particularly helpful in differentiating common benign hepatic hemangiomas from
primary liver tumours and metastases

•elastography: measures shear wave velocity by U/S ( l ibroScan) or MRI (MR elastography) to non-
invasively quantify liver fibrosis

•findings:
• advanced cirrhosis: liver small and irregular ( fibrous scarring, segmental atrophy, regenerating

nodules)
porto-systemic shunts: caput medusae, esophageal varices, spontaneous spleno-renal shunt

• U/S: cirrhosis appears nodular and hvperechoic with irregular areas of atrophy of the right lobe
and hypertrophy of the caudate or left lobes
CT: fatty infiltration appears hvpodense

•some masses require contrast to be visualized
•upon identifying a liver lesion on imaging (e.g. U/S), the follow-up imaging modality should he CT or

MRI. CT would be four-phase non-contrast, arterial, venous, and delayed to distinguish the common
benign liver lesion hemangioma from other tumours

Spleen
•U/S, CT, nuclear medicine scan (nuclear medicine only to distinguish ectopic splenic tissue from

enhancing tumours)
•CT for splenic trauma (hemorrhage) Normal liver appears more dense than

spleen on CT. If less dense, suspect fatty
infiltration

Liver Mass DDx r “i
L J

SHs
HCC
Hydatid cyst
Hemangioma
Hepatic adenoma
Hyperplasia (focal nodular)
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Table 11. Imaging of Liver Masses
u/s CT Re« ised (stimotcs of Diagnostic TcstSensitivity

and Specificity in Suspected Biliary Trad Disease
*rcli Intern Med 1998:15425732581
Purpose: In assess the sensitivity and specificity
of tests used to diagnose choleithiasis and acute
cholecystitis, including U/5, oral cholecystography,

rad or jdeotide scanning with lech'et um, MRI .

Benign Mass
Hepatic Adenoma Well -defined mass with hyperechoic areas due Well -defined hypervascular lesion with

to hemorrhage enlarged central vessel becoming slightly
Isoattenuating in venous phase

Hemangioma Peripheral globular enhancement in arterial
phase scans:ccnlral filling and persislcnl
enhancement on delayed scans
Hypervascular mass in arterial phase and
isoattenuation to liver in portal venous phase

Low attenuation lesion with an irregular
enhancing wall

low attenuation simple or mulliloculalcd cyst:
calcification

Homogeneous hyperechoic mass
or Cl.
Methods : Meta -analysts of studiesevalualing the
use of different imaging moda >ties in the diagnosis n!
biliary tract disease.Main outcomes were sensitivity
and specificity of the different imaging modalities,
usng the gold standard of surgery,autopsy, or 3
mo clinical follow- up for cholelithiasis. Foi acute
cholecystitis, pathologic findings, confirmation of
an alteriutedisease. or cbmcal resolution during
hospdaluation for cholecysbtn were used as the
standard.
Results: thirty studies were included. For evaluating
choletthiasis, U/S had the best unadiusted sensitivity
(0.97; 95% Cl 0.95-0.99) and speeiWy (0.95,
0.88-1.00) and ad|usted (for indication bias)
sensitivity (0.84 ; 0.76-0.92) and specificity I0.99;
95% CI 0.97-1.00). lor evaluating acute cholecystitis,
radionudeotide scanning has the best sensitivity
(0.97:0.96-0-98)and specificity (0.90; 0.86-0.95).
Conclusion: U /S is the test of choce for degnosmg
cholelithiasis and radionudeotide scanning is the
superior test lor dug nos ng acute cholecystitis.

Well -defined mass, central scar seen in 50%
of cases
Ill-defined, irregular margin, hypoechoic
contents
Simplc/mulliloculatedcysl

Focal Nodular Hyperplasia

Abscess

Hydatid Cyst

Malignant Mass
Single/multiple masses,or diffuse infiltration Hypervascular; enhances in arterial and

washes out in venous phase with portal venous
tumour thrombus

Multiple masses of variable cchotcxturc Usually low attenuation on contrast-enhanced

HOC

Mctastascs
scan

Pancreas
• tumours

• U/S: mass is more echogenic than normal pancreatic tissue
• CT: preferred modality for diagnosis/staging

• ductal dilation secondary to stone/tumour
MRCP: imaging of ductal system using MR I cholangiography; no therapeutic potential

• ERCP:endoscopic injection of dye into the biliary tree and x-ray imaging to assess pancreatic and
biliary ducts; therapeutic potential (stent placement, stone retrieval)

acute pancreatitis is a complication in 5% of diagnostic procedures and 10% of therapeutic
procedures

GallbladdeBiliary Tree
• U/S; bile ducts usually visualized only if dilated, secondary to obstruction (e.g.choledocholithiasis,

benign stricture, mass)
• CT:dilated intrahepatic ductules seen as branching, tubular structures following pathway of portal

venous system
• MRCP, ERCP, PTC: further evaluation of obstruction and possible intervention

Figure 20. ERCP; biliary tree (A)
common bile duct (B) cystic duct
(C) common hepatic duct (D) right
hepatic duct (E) left hepatic duct“itis” Imaging

Acute Cholecystitis
• pathogenesis: inflammation of gallbladder resulting from sustained gallstone impaction in cystic duct,

or in the case of acalculous cholecystitis, due to gallbladder ischemia or cholestasis (see General and
Thoracic Surgery, GS56 )

• best imaging modality: U/S (best sensitivity and specificity); nuclear medicine (H1DA scan ) can help
diagnose cases of acalculous or chronic cholecystitis

• findings: most sensitive findings are presence of gallstones and positive sonographic Murphy’s sign
(tenderness from pressure of U/S probe over visualized gallbladder ). Secondary findings include
thickened gallbladder wall (>3 mm), dilated gallbladder, and pericholecystic fluid

• management: admit, NPO, IV fluids, analgesia, cefazolin, and early laparoscopic cholecystectomy

mm.

Figure 21.Ultrasound: longitudinal
view of aninflamed gallbladder
Arrowheads show thickened walls
and pericholecystic fluid

Acute Appendicitis
• pathogenesis: luminal obstruction -> bacterial overgrowth > inflammation/swelling > increased

pressure > localized ischemia > gangrene/perforation > localized abscess or peritonitis (see General
and Thoracic Suruerv.GS35)

• best imaging modality: U/S or CT
• findings:

U/S: thick-walled appendix, appendicolith, dilated fluid-filled appendix, non-compressible;may
also demonstrate signs of other causes of RLQ pain (e.g.ovarian abscess, 1BD, ectopic pregnancy)
CT:enlargement of appendix (>6 mm in outer diameter), enhancement of appendiceal wall,
adjacent inflammatory stranding, appendicolith; also facilitates percutaneous abscess drainage

• management: admit, NPO, IV fluids, analgesia, cefazolin t metronidazole, and appendectomy

-

r "i
L J

Acute Diverticulitis
• pathogenesis: erosion of the intestinal wall (most commonly rectosigmoid) by increased intraluminal

pressure or inspissated food particles -> inflammation and local necrosis -> micro- or macroscopic
perforation (see General and Thoracic Suruerv, GS39)

• best imaging modality: CT, although U/S is sometimes used
• contrast: oral and rectal contrast given before CT to opacify bowel

+

Figure 22. Ultrasound: inflamed
appendix
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•findings:
cardinal signs: thickened wall, mesenteric infiltration, gas-filled diverticula, abscess
CT can be used for percutaneous abscess drainage before or in lieu of surgical intervention

• sometimes difficult to distinguish from perforated cancer (send abscess fluid for cytology and
follow up with colonoscopy)
if chronic, may see fistula (most common to bladder) or sinus tract (linear or branching
structures)

•management: ranges from antibiotic treatment to surgical intervention:can use imaging to follow
progression

Conput'd Tomography and Ullrasonogtaphy
to Detect Acute Appendicitis in Adults and
A dolescenls
Ann Intern Med 2004;M1:537-5d6
Purpose: To review tile diagnostic accuracy of CT and
lift in thediagnosrs otacute appendicitis.
Methods: Meta analyst of prospective studies
evaluating the use of Clor ll/S,followed try surgical
or cinkal follow-up io patients with suspected
appendicitis. Patients >Uyt with a clinical suspicion
ol appendicitis were eligible.Sensitivity and
specificity using surgery or clinical lollow-upas the
goldstandard were the main outcomesstudied.
Results:Twenty-two studies were included.CT [12
studies) had an overall sensitivity ol0.94 (95% Cl
0.91-0.95) and a specificity ol 0,95[0.93-0.96). 0)5
[14states) had an overall sensitivity of 0.86 (0.83-
0.88)and a specificity of 0.81 (0.78-0.84).
Conclusion: CT is moreaccurate lor diagnosing
appendicitis in adults and adolescents, allhough
verification biasand inappropilale blinding ol
reference standards were noted in the included
si-Ces

Acute Pancreatitis
•pathogenesis: activation of proteolytic enzymes within pancreatic cells leading to local and systemic

inflammatory response (see Gastroenterology,G48);a clinical/biochemical diagnosis
•best imaging modality: imaging used to support diagnosis and evaluate for complications (diagnosis

cannot be excluded by imaging alone)
• U/S good for screening and follow-up

CT is useful in advanced stages and in assessing for complications (1st line imaging test)
•findings:

n U/S:hypoechoic enlarged pancreas (if ileus present, gas obscures pancreas)
n CT: enlarged pancreas, edema, fat stranding with indistinct fat planes, mesenteric and Gerota’s

fascia (renal fascia) thickening, pseudocyst in lesser sac, abscess (gas or thick-walled fluid
collection), pancreatic necrosis (low attenuation gas-containing non-enhancing pancreatic
tissue), hemorrhage

•management: supportive therapy
n CT-guided needle aspiration and/or drainage of abscess when clinically indicated

pseudocyst may be followed by CT and drained if symptomatic
©

Ultrasound, Computed Tomography or Magnetic
Resonantelmaging fur Acute Appendicitis in
Children
Pediatr Radiol 2097;47:186-196
Purpose:Compare the accuracies of IKS.Cl.and MRI
for clinically suspected acute appendicitis in children.
Methods: Search and meta-analysis.Ihe sensitivity,
specificity, and the acta under the curve o( summary
receiver operating characteristics were calculated
and compared.
Results:19 studiesof UTS,6stud iesof CT.and 4
studiesof MRI. Ihe analysis showed that Ihe area
under Ihe receiver operator charictenstcs curve ol
MRI I0.99S) was a title higher than that ol US [0.987)
and Cl (0.982; P>0.0S).
Conclusion: US.CT.and MRI have high diagnostic
accuracies ol clinically suspected acute appendicitis
in chiMten overall with no significant difference.

Chronic Pancreatitis
•pathogenesis: (see Gastroenterology.G50)
•best imaging modality:MRCP (can show calcification and duct obstruction)
•findings: U/S, CT scan, and MKI may show calcifications, ductal dilatation, enlargement of the

pancreas, and fluid collections (c.g. pseudocysts) adjacent to the gland

Angiography of Gastrointestinal Tract

• anatomy of the arterial branches of the G1 tract
celiac artery:hepatic, splenic, gastroduodenal, left/right gastric
superior mesenteric artery: jejunal, ileal, ileo-colic, right colic, middle colic
inferior mesenteric artery: left colic, superior rectal

• imaging modalities
conventional angiogram: invasive (usual approach via femoral puncture),catheter used

flush aortographv: catheter injection into abdominal aorta, followed by selective
arteriography of individual vessels

CT angiogram: modality of choice, non-invasive using IV contrast (no catheterization required )
Angiography requires active blood loss
1-1.5 ml/min under optimal conditions
for a bleeding site to be visualized in
cases of lower Gl bleeding

Genitourinary System and Adrenal
Imaging Modafity Based on
Presentation
• Acute testicular pain - Doppler. UTS
• Amenorrhea - U/S, MRI (brain). Bloating - Plain film/CT (if abnormal). Flank pain =U/S,CT
• Hematuria - U/S. Cystoscopy.CT. Infertility - HSG. MRI
• Lower abdominal mass U/S.CT
• Lower abdominal pain - U/S,CT
• Renal colic =U/S. KUB, CT
• Testicular mass * U/S
• Urethral stricture ~ Urethrogram

Urological Imaging
Kidney, Ureter, and Bladder (KUB) X-ray
• a frontal supine radiograph of the abdomen
• indication: useful in evaluation of radiopaque renal stones (exceptions: uric acid and indinavir stones),

indwelling ureteric stents/catheters, and foreign bodies in abdomen
• findings:addition of IV contrast excreted by the kidney (intravenous urogram) allows better

visualization of the urinary tract hut has been largely replaced by CT urography

Abdominal CT

Renal Masses
• Bosniak classification for cystic renal masses
• class l-ll: benign and can be disregarded
• class Ill-: should be followed
• class 11I-1V:suspicious for malignancy, requiring additional workup

n
LJ

+
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Table 12. Bosniak Classification for Cystic Renal Masses
Classes Definition
Simple RenalCysts

ClassI
Class II

Fluid-attenuating well-defined lesion,no septation.no cakificatioo.no solid components,hailine-thm wall

Same asclassI•* fine calcification or moderately thickened calcification inseptae or walls:also includes
hyperdense cysts|<3 cm) that do not enhance with contrast
•Class IIF:multiple hairline-thin septa withminimal thickening,no enhancingsoft tissue components,
completely intrarenalnon-enhancing high-attenuating renal lesions>3cm

Complex Renal Cysts
Class III Thick irregular wallsicalcifications ±septated.enhancingwalls,or septa withcontrast

Renal CellCarcinoma
Class IV Same asclassIII soft tissue enhancement with contrast (defined as >10 Hounsfield unit increase,

characterizing vascularity) withde-enhancement in venous phase ±areas of necrosis

•plain CT KUB indications: general imaging of renal anatomy, renal colic symptoms, assessment
of renal calculi (size and location) and potential sequalae (infection and obstruction), and
hydronephrosis prior to urological treatment

•CT urography indications: investigation of cause of hematuria, detailed assessment of urinary tracts
(excretory phase), high sensitivity (95%) for uroepithelial malignancies of the upper urinary tracts,
assessment of renal calculi

phases: unenhanced, excretory
•renal triphasic CT indications:standard imaging for renal masses, allows accurate assessment of renal Figure 23. Triphasic CT of an

arteries and veins, better characterization of suspicious renal masses - especially in differentiating
renal cell carcinoma from more benign masses, and preoperative staging

phases:unenhanced, arterial and venous (nephrographic), excretory

angiomyolipoma:showing fat
density with non-contrast scan,
mildly enhancing with contrast

Ultrasound
•indications: initial study for evaluation of kidney size and nature of renal masses (solid vs.cystic

masses, simple vs. complicated cysts); modality of choice for screening patients with suspected
hydronephrosis (no IV contrast injection, no radiation exposure,and can be used in patients with
renal failure); TRUS useful to evaluate prostate gland and guide biopsies; Doppler VIS to assess renal
vasculature

•findings: solid renal masses are echogenic (bright on U/S), cystic renal masses have smooth well-
defined walls with anechoic interior (dark on U/S), and complicated cysts have internal echoes within
a thickened, irregular wall

llttrzHHngrapky vs.Compiled Tcajgrspty far
Sxspected lepkroftiiasb
till 201t37t1W0-THI)
Fwytst: bnratgefe wtziaSe nfiat nfgxg
oetsod for piiexS VTBssspecsd ispknX-̂ css
sfioedd he CT or tt'S-
Metkods fcIbcater.preg*aic.oeparctis
efesraess trial, rasdoaly assgtdd pctleiS«
tttBwilsaspetted xepkroteisa fc> aateyo
IsSzl degaostic n2ss«ogrepfcy perioroed Sy ii
es«gaq pkyseax (POCtfi).115 perfumed Irj
a 3d o' pgst.oraMoosal Cl Cosparsecs:30 d
mctesa of Ib^-rsk dagnses wSl coeplaloo
Sat cosld te reaid tosissed w tfeSjrt tagnsis
fid tieSsoaaiteSie radatxu epassre.
tosdts Atotzl of 2755 paters irdaniert
raodoozctiH.Ike ntxtete of fcgk-risk degsoses
ttt coapkatiotsa tkefirst 30 d dd so!vary

accsfdcg to izagdg retrod Tie ceas 6 DO

cnslafiR radatiooeqnssewassgejocy
losetiiaeU.5groips.SdieneeiesS«eresnJa:
acrossgrasps,letsriED visas.lospiaSzatioes.aid
diagwstt acciracj M miifesigtStaiSjasoog
aagrosps-
Cocdcsiocs I- sSrasocograptjsasassociated

tt loser osolaSi? radetioe fiposrrt Ssaa
eioal CI.»Sortsgrfeast tSeraoces a
tgs-risk dagroses »zk conjlcatens.senoo
advetseevets.pea scores,tetsn(0nsds.or
cosp.ttiiaSoss.

Retrograde Pyelography
•indications:visualize the urinary collecting system via a cystoscope, ureteral catheterization, and

retrograde injection of contrast medium,visualized by radiography or fluoroscopy;ordered when the
intrarenal collecting system and ureters cannot be opacified using intravenous techniques (patient
with impaired renal function, high grade obstruction,or allergy to IV contrast)

•findings:only yields information about the collecting systems (renal pelvis and associated structures),
no information regarding the parenchyma of the kidney

Voiding Cystourethrogram
•bladder filled with contrast to the point where voiding is triggered
•fluoroscopy (continuous, real-time x-ray) to visualize bladder during voiding
•indications:males or young females with recurrent UTls, hydronephrosis, hydroureter, suspected

lower urinary tract obstruction, suspected bladder trauma, or vesicoureteral reflux
•findings:evaluation of bladder contractility and evidence of vesicoureteral reflux

Retrograde Urethrogram
•a small Foley catheter placed into penile urethral opening, followed by instillation of contrast and

radiographic imaging.indications:used mainly to study strictures or trauma to the male urethra;first-line study if signs of
urethral injury are present (i.e. trauma with blood at the urethral meatus,scrotal hematoma,or high-
riding prostate)

MRI
•advantages:better contrast resolution and tissue discrimination, lack of exposure to ionizing

radiation, safer contrast, ability to obtain imaging directly from multiple planes (coronal,sagittal,
oblique)

•indications: indicated over CT for depiction of renal masses in patients with previous nephron-sparing
surgery, patients requiring serial follow-up (less radiation dosage), patients with reduced renal
function, patients with solitary kidneys, clinical staging of prostate cancer (endorectal coil MRI)

+
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Renal Nuclear Scan

Table 13. Renal Scan Tests
Type of Test Uses Radionuclide

IVSSmTc-pentetate (DTPA) or merfcatide (MAG3).and
imaged at1-3s intervals with a gamma camera over the
first 60 s to assess perfusion

Renogram Assess renal function and collecting system:evaluation
of renal failure,workup of urinary tract obstruction and
renovascular HTN.investigation of renal transplant

ARTERIAL^mfc-DMSA
hhnlcglucoheptonate

Morphological Assess renal anatomy:investigation of pyelonephritisand
cortical scars PHASE

Gynaecological Imaging
Ultrasound
• transabdominal and transvaginal are the primary' modalities, and are indicated for different scenarios
• transabdominal requires a full bladder to push out air-containing loops of bowel

indications: good initial investigation for suspected pelvic pathology
• TV US provides a panoramic pelvic view and enhanced detail of deeper/smaller structures by allowing

use of higher frequency sound waves due to reduced distances
• indications: improved assessment of ovaries, first trimester development, and ectopic pregnancy

VENOUS
PHASE

Hysterosalpingogram
• performed by x-ray images of the pelvis after cannulation of the cervix and subsequent injection of

opacifying agent
• indications: useful for assessing pathology of the uterine cavity and fallopian tubes, evaluating

uterine abnormalities (e.g.bicomuate uterus), or evaluation of fertility (absence of flosv from tubes to
peritoneal cavity indicates obstruction)

CT/MRI
• indications: evaluating pelvic structures, especially those adjacent to the adnexa and uterus
• invaluable for staging gynaecological malignancies and detecting recurrence

Figure 24. Triphasic CT of a renal
cell carcinoma: showing arterial
enhancing right renal lesion with
venous washout (shunting)

Sonohysterogram
• transcervical saline introduction into uterine cavity to provide enhanced endometrial visualization

duringTVUS examination
• indications: abnormal uterine bleeding, uterine cavity abnormalities that are suspected or noted on

TVUS (e.g. leiomyomas, polyps, synechiae), congenital abnormalities of the uterine cavity, infertility,
recurrent pregnancy loss

• contraindications: pregnancy, pelvic infection Figure 25. Retrograde urethrogram
demonstrating stricture in the
membranous urethraTable 14. Typical and Atypical Findings on a Sonohysterogram

Finding Typical Atypical

A well-defined,homogeneous,polypoid lesion
isoectioic to tteendometrium with preservation of
the endometnal-myometrial interface
Well -defined,broad-based, hypoechoic. solidmasses Pedunculalion or multilobulated surface
witb shadowing.Overlying layer of endometrium is
echogenic and distorts the endometrial-myometrial
interface

Hyperplasia and Cancer Diffuse echogenic endometrial thickening without
focal abnormality,although focal lesions can occur.
Endometrial cancer is typically a diffuse process,but
early cases can be focal and appear as a polypoid
mass
Mobile,thin,echogenic bands that cut across the
endometrial cavity

Cystic components,multiple polyps,broad base,
hypoechogemciiy or heterogeneity

Polyps

leiomyoma

Figure 26. Transabdominal U/S:
pregnancy, 18 wk fetus

Adhesions Thick,broad-based bands that can completely obliterate
the endometrial cavity, as in Asherman's syndrome

Pregnancy should always be ruled out
by (J-hCG before CT of a female pelvis (or
any organ system) is performed

Figure 27. Hysterosalpingogram: left
hydrosalpinx
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oAdrenal Mass
Modality Based on Neuropathology
Presentation
• Cognitive decline ~ CT
• Cord compression - MRI
• Decreased level of consciousness

- CT
• Fish bone/other swallowed foreign

body -CT
• Low back pain,radiculopathy -MRI
• Multiple sclerosis - MRI
• Neck infection -CT
• Orbital infection - CT
• Rule out bleed - CT
• Rule out aneurysm - CTA.MRA
• Seizure - CT
• Sinusitis - CT
• Stroke - CT, MRI
• Trauma“CT
• Weakness, systemically unwell - CT

• imaging modality:most often identified on CT scan as ‘incidentaloma,’can also use CT/MR1to
distinguish benign from malignant masses

Table 15. Adrenal Mass Findings on CT and MRI
Adrenocortical
Adenoma

Adrenocortical
Carcinoma

Pheochromocytoma MetastasisFactors

Diameter (CT)
Shape (CT)

Usually *3 cm
Smooth margins and
roundi'oval

Homogeneous

Variable around<3 cm
Oval,'irregular with unclear
margins

Heterogeneous withmiied Heterogeneous withcystic Heterogeneous with mired
areas
Usually vascular

'50% at 10 min

Usually >3cm
lound'oval withclear
margins

Usually >4cm
Irregular with unclear
margins

Texlure (CT)
densities
Usually vascular
<50% at 10 min

densities
Usually vascular

'50% al10min

Vascularity (CT)

Washout of Contrast
Medium on CT
Growth

Not highly vascular
>50% at 10min

Stableorveryslowl'1 Usually rapid (>2cnt'y>) Slow (0.5-1cm/yr)
cm/yr)

Usually low density due to Hetrosis.calcifications. Hemorrhage
and hemorrhage
Hyperintense in relation
tokver

Variable

Other Findings Occasionally hemorrhage
intracellular fal

MRI on T 2 Weighted
Imaging

Isointense in relation
to liver

Markedly hyperintense in Hyperinlense in relation
to liverrelation to Inter

Neuroradiology
Skull Films
• rarely performed, generally not indicated for non-penetrating head trauma
• indications:screening for destructive bony lesions (e.g. metastases), metabolic disease, skull

anomalies, postoperative changes and confirmation of hardware placement, skeletal surveys, multiple
myeloma

Figure 28. Epidural hematoma

CT
• CT is often the first line modality for most neuropathology, even in situations where MRI would lead

to better characterization
• CT is frequently the initial study performed because of its speed, availability, and lower cost

acute craniofacial trauma:CT is best for visualizing “bone and blood;" use MR1 when CT fails to
detect an abnormality despite strong clinical suspicion
acute stroke: MRI ideal, CT most frequently used
acute headache with focal neurologic signs
suspected hemorrhage (epidural, subdural, subarachnoid, intraparenchymal)
suspected hydrocephalus

• vascular structures and areas of blood-brain barrier impairment are bright (e.g. hyperdense or
enhancing) with contrast injection

• Danger signs on head CT:space-occupying process, hemorrhage, edema, mass effect, midline shift,
uncal and tonsillar herniation, loss of grev-white matter differentiation, hydrocephalus

Figure 29. Subdural hematoma

Myelography
• introduction of water-soluble, low-osmotic contrast media into subarachnoid space via lumbar

puncture followed by x-ray
• largely replaced by MRI or CT myelogram
• indications:excellent study for disc herniation, traumatic nerve root avulsion, patients with

contraindication to MRI, extensive hardware from spinal surgery that may create MRI artifacts

MRI
• indications: finer neuroanatomic definition, better grey-white matter differentiation (especially '11-

weighted series), better evaluation of edema extent (better tumour detection), allows evaluation of
structures obscured by bony artifacts on CT (posterior fossa structures), multiplanar imaging helpful
in preoperative assessment

Cerebral Angiography/CT Angiography/MR Angiography
• indications:evaluation of vascular lesions such as atherosclerotic disease, aneurisms, vascular

malformations, arterial dissections
• conventional DSA remains the gold standard for the assessment of neck and intracranial vessels;

however, it is an invasive procedure requiring arterial (typically femoral) access and catheter
manipulation, which confers risk of vessel injury (e.g.dissection, occlusion, vasospasm, emboli)

• MRA methods (phase contrast, time of flight, gadolinium-enhanced) and CTA are much less invasive
without risk to intracranial or neck vessels

• MRA and CTA are often used first for the assessment of suspected T1A, subarachnoid hemorrhage,
vasospasm, or aneurysms

Figure 30. Subarachnoid
hemorrhage

Figure 31. Intraparenchymal
hemorrhage

Activate Windows
Go to Settings to activate Windows.



MI20 Medical Imaging Toronto Notes 2023

T *

m In
'

4 v mm § '
Figure 32. Hydrocephalus:ventricular dilatation(may see periventricular low attenuation due to
transependymaICSF flow)

Table 16. Two Types of Hydrocephalus
Type Cause
Communicaling/Eitraventricular Impaired CSF reabsorption with unobstructed flow in ventricular

system: imaging shows all ventricles dilated

Obstruction within the ventricular system (e.g. massobstructing the
aqueduct or loramen ol Monro); imaging shows dilatation ol ventricles
pronimaltothe obstruction

Non-Communicating

Nuclear Medicine
• SPECT imaging using"m'l'c-exametazime ( HMPAO) and"mTc-bicisate (ECU) assesses cerebral

blood flosv, as radionuclides diffuse rapidly across the blood-brain barrier and become trapped within
neurons at a magnitude proportional to cerebral blood flow

• ISEDG PET imaging assesses cerebral metabolic activity
• indications:differentiation of residual tumour vs. radiation necrosis; localization of epileptic seizure

foci, and evaluation of atypical dementia

Figure 33.Sagittal (A) and coronal
(B) views of the vertebrobasilar
circulation (note the incidental
basilar tip aneurysm)

Approach to Head Computed Tomography
• think anatomically, work from superficial to deep
• scan:confirm the time and ima

alignment, and presence of arti
• skin/soft tissue:examine the soft tissue superficial to the skull for thickening suggestive of hematoma

or edema; also evaluate the ear, orbital contents (globe, fat, muscles), parotid glands, muscles of
mastication (masseter, temporalis, pterygoids), visualize pharynx

• bone and airspace (use the bone window):check calvarium, visualize mandible, visualize C-spine
(usually Cl and maybe part of C2) for fractures, absent bone, lytic/sclerotic lesions; inspect sinuses
and mastoid air cells for fractures or opacity that may suggest fluid, pus, blood, or tumour; status of
the orbital floor in cases of facial trauma (coronal series best )

• dura and subdural space: crescent-shaped hyperdensity in the subdural space suggests subdural
hematoma; lentiform hyperdensity in the epidural space suggests epidural hematoma; check
symmetry of dural thickness, where increased thickness may suggest the presence of blood

• parenchyma:asymmetry of the parenchyma suggests midline shift; poor contrast between grey and
white matter suggests possible infarction, tumour, edema, infection, or contusion;a hyperdensity in
the parenchyma suggests an enhancing lesions, intracerebral hemorrhage, or calcification; if central
grey matter nuclei (e.g.globus pallidus, putamen, internal capsule) are not visible, suspect infarct,
tumour,or infection

• ventricles/sulci/cisterns: examine position of ventricles for evidence of midline compression/shift;
hyperdensities in the ventricles suggest ventricular/subdural hemorrhage; enlarged ventricles suggest
hydrocephalus; obliteration of sulci may suggest presence of edema causing effacement, possible blood
filling in the sulci,or tumour;cistern hyperdensities may suggest blood, pus, or tumour

ging of the correct patient, whether contrast was used, patient
ifact

%
Approach to the CT Head
Some- Scan
Sore " Skin/Soft Tissue
Brains - Bone/Airspace
Demonstrate - Dura 'Subdural space
Pushed - Parenchyma
Ventricles - Ventrides/SulciiCistems

TIAs are not associated with radiological
findings

Figure 34. Insular ribbon sign
(arrow):hypodensity of insular
cortex representing early sign of
infarction +
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Selected Pathology w
DOx for Ring Enhancing Cerebral
Lesion•see Neurosurgery, NS11 for intracranial mass lesions- see Neurosurgery. NS35 for head trauma and Plastic Surgery. PL31 for craniofacial injuries

•see Emergency Medicine, ER9 for spinal trauma
•see Neurosurgery. NS28 and Orthopaedic Surgery. OR25 for degenerative spinal abnormalities

MAGIC DR
Metastasis
Abscess
Glioblastoma multKoimc
Infarction (subacute.’chronic)
Contusion/hematoma
Demyelinating disease (e g. MS)
Radiation necrosis

Cerebrovascular Disease (see Neurosurgery. NS21)
•pathogenesis of stroke:see Neurology.N51
•best imaging modality:MRI
•initial imaging modality:Cl

Table 17. Temporal Findings of Infarction with CT and MRI
Time from Stroke CT
Onset

MRI

Hyperacute(0-24h) Usually normalnitnn6 h Hypermteisityon DWI within minutes of arterial occlusion
Edema (loss of grey-white mailer differentiation- due to restriction of water movement indicative of cytotoxic
“insular ribbonsign*,effacement of sulci,mass effect) edema
Hyperattenuating artery “hyperdense MCA sign" Hypointensity on ADC within minutes
representing intravascular Ihrombus/emboh may be Hypennteisily on T 2/FLAIR approi malely 6 h alter onset
seen in ischenac stroke due loedema (loss olgrey-white matter differentiation.
Hyperattenuating acute blood surroundedby edema effacement of sulci,mass effect)
may be seen in hemorrhagic stroke
Increasing edema (seen as hypoattenuakon) may result Continued kyperintensity on DWI

Hypointensity on ADC reaches nadir at 3-5 dand begins to
increase
Continued hyper intensity on T2/FUUB

Resolution of edema leads to increased attenuation of Continued kyperintensity on DWI due to *12 shine through*

infarcted area that may regain near-normal density and Intensity on ADC continues lo rise,pseudo-normalizes at10-
15 d.and then surpasses that ofsurrounding normal tissue
Continued kyperintensity on T2.FlAllt

Encephalomalaea (parenchymal volume toss) appears Hyperintensity on DWI/12/FLAIR progressively decreases
as hypoatlenuationwith negative masseHect

Acute (24 h-1wit)
Figure 35. CT image of early infarct
hyperdense artery

in significantpositive mass effect

Subacute (1-3wk)

mask stroke“fogging phenomenon”

Chronic (>3 wk)
ADC intensity remains elevated

• carotid artery disease
best imaging modality: Duplex (Doppler U/S)

• other modalities: MRA or CTA if carotid angioplasty or endarterectomy is under consideration
(conventional angiography reserved for inadequate MRA or CTA)

Figure 36. DWI of patient with right
frontotemporal infarctMultiple Sclerosis (see Neurology. N55)

• best imaging modality: MRI has high sensitivity in diagnosing MS (>90%) but low specificity (71-74%)
• characteristic lesion locations: juxtacortical (grey-white junction), periventricular, infratentorial, and

spinal cord
• cerebral lesions typical of MS:

involvement of the brainstem, cerebellum, and corpus callosum
“Dawson's fingers” refers to perivenular regions of demyelination that are seen to radiate
outwards into the deep periventricular region

» plaques usually hyperintense on T2, and hypointense on T1
perivascular and interstitial edema may be prominent; enhances with gadolinium contrast when
actively inflamed

• spinal cord lesions typical of MS:
little or no cord swelling
less likely to enhance with gadolinium contrast
incomplete involvement of the cord in cross-section (dorsolateral common)

CNS Infections
• meningitis

pathogenesis: inflammation of the pia or arachnoid mater, most often secondary to hematogenous
spread from infection or via direct seeding of organisms through areas not protected by the
blood-brain barrier (choroid plexus or circumventricular organs)

• pathogens include: S.pneumoniae, H. influenzae, N. meningitidis, L. monocytogenes
• best imaging modality:MRI (T2-weighted/FLAlR)
• findings:

meningeal enhancement (following the gyri/sulci and/or basal cisterns), hydrocephalus
(communicating), cerebral swelling, subdural effusion

• a normal MRI does not rule out leptomeningitis
• herpes simplex encephalitis (see Infectious Diseases, 1D18)

pathogenesis: inflammation of the brain parenchyma secondary to infection with herpes simplex
virus, asymmetrically affects the limbic regions of the brain (i.e. temporal lobes, orbitofrontal
region, insula, and cingulate gyrus)
best imaging modality:MRI ('l l - and 12-weighted)

r TFigure 37. T2-weighted FLAIR
(A) sagittal (B) axial images
of multiple sclerosis with
periventricular "Dawson’s Fingers”
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findings:
acute (within 4-5d):asymmetric high intensity'lesions on T2 MR1in temporal and inferior
frontal lobes strongly suggestive

CT may show hypodensity in temporal lobe and insula; rarely basal ganglia involvement
long-term may show parenchymal loss to affected areas

• DDx:infarct, tumour, status epilepticus, limbic encephalitis
• cerebritis cerebral abscess

» pathogenesis:an infection of the brain parenchyma (cerebritis) which can progress to a collection
of pus (abscess), most frequently due to hematogenous spread of infectious organisms, commonly
located in the distribution of the MCA
pathogens include:S. aureus (often in IV drug users, nosocomial), Streptococcus,Gram negative
bacteria, Bacteroides
best imaging modality:MRI including DWI imaging series (abscess will be DW1 positive); CT still
used as a viable alternative
findings according to one of four stages of abscess formation:

early cerebritis (1-3d): inflammatory infiltrate with necrotic centre, low intensity on TI, high
intensity on T2

late cerebritis (4-9 d): ring enhancement may be present
early capsule (10-13d): ring enhancement
late capsule ( >14 d):well demarcated ring-enhancing lesion, low intensity core, with mass
effect; considerable edema around the lesion, seen as hyperintensity on T2

Figure 38. T2-weighted (FLAIR)
coronal image of herpes simplex
virus encephalitis affecting temporal
lobes

Musculoskeletal System Characterization of totiiofCiff Tears:Ultrasoiid
is.Magnetic Resonance Imaging
Orthopaedics M17;4tem-e13fl
Purpose De:erm c» «•»•_•«U4 or MRI is more
accurate and precise m nabatxg the characteristics
of full-thickness rotatorci5tears in a surgical
pogolation.
Methods:Re-aiew of1H patients who underwent
repair of a full-thickness rotator cuff tear cner a1 jt
period.Of these patents.(1had both preoperatie
MB and U/5for renew. Iwee radiologists etabated
each UJS and MRI m a randomned.blinded fashion
oo 2occasions, tearsic retracton status, muscle
atrophy, and fatty mStratao were analyzed and

rapa red between tte2 sodalities.
Results:114 measuremects were statistically smaher
e both tear size (M.00T) and retraction status
(P-0.001) compared with Mil. MRI showed greater
mterobserver reliability m assessment of tear sac
retraction status, and atrophy.
Conclusion: Independentoisemrsare more Uefy
toagreeon measurements of fie characteristicsa
rotator cuff tears when using Mil compared with111
istear size increases, the 2 siage modakties show
greaser differences in measuredeotof tear we and
retractor status. U rSsapbe best used to identrfga
tear,and Mil issuperior for use in surgical planning
for larger fears.

Modalities
•see Imaging Modalities, M12 for advantages and disadvantages of the following:

Plain Film/X-Ray
•usually initial study used in evaluation of bone and joint disorders
•indications: fractures and dislocations,arthritis, assessment of malunion or nonunion,orthopaedic

hardware, and bone lesions (initial)
•minimum of two orthogonal views (usually AP and lateral) to rule out a ffacture/assess bone lesion
•image the joint proximal and distal to injury site to ensure there is no associated dislocation or second

fracture site, particularly important with bony rings (e.g. radius/ulna, tibia/fibula)
•soft tissue assessment limited, but can identify joint effusions (elbow, knee),soft tissue gas

(necrotizing fasciitis) and radiodense foreign bodies

CT
•evaluation of fine bony detail
•indications: preoperative assessment of complex, comminuted, intra-articular, or detection of

radiographicallv-occult fractures including scaphoid, skull, spine, pelvis, midfoot, and calcaneus
•evaluation of soft tissue calcification/ossification and bone tumours

MRI
•indications:evaluation of internal derangement of joints (e.g. ligaments, joint capsule, menisci,

labrum.cartilage), assessment of tendons and muscle injuries, characterization and staging of soft
tissue and bony masses, infection of bone (osteomyelitis),occult fractureassessment

Ultrasound
•indications: tendon injury (e.g. rotator cuff, Achilles tendon), detection and characterization of soft

tissue masses (i.e.cystic or solid), detection of foreign bodies, U/S-guided biopsy and injections, bone/
joint evaluation pre-ossification (e.g. DDH in early months), dynamic imaging (i.e. snapping hip,
extensor carpi ulnaris subluxation), small joint doppler assessment for arthritis

•Doppler determines vascularity of structures

Nuclear Medicine (Primarily Bone Scan/Skeletal Scintigraphy)
•determines the location and extent of bony lesions using radiopharmaceuticals (99mTc-methylene

diphosphonate)
•increased binding when increased blood supply to bone and/or high bone turnover (active osteoblasts)
•indications:bone lesion characterization,occult fractures (spine, scaphoid,small bones), bone

pain of unknown origin,staging or restaging of cancer with bony metastases (or primary bone
cancer), imaging of polyarthritis, imaging of arthroplasty complications like loosening or infection,
osteomyelitis imaging

when used to assess for osteomyelitis, usually done in combination with gallium or white blood
cell scan

•DDx of positive bone scan:bone metastases (primary breast, prostate, lung, thyroid), primary bone
tumour, arthritis, fracture,infection, anemia, Paget’s disease

•caution:bone tumours that do not elicit osteoblastic response are often occult on bone scan (myeloma,
highly vascular tumours such as RCC,or thyroid carcinoma)
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Approach to Bone X-Rays
• identification: name, MRN,age of patient, type of study, region of investigation
• soft tissues: swelling, calcification /ossification
• joints: alignment, joint space, presence of effusion, osteophytes, erosions, bone density, overall

pattern, symmetry of affected joint
• bone:periosteum, cortex, medulla, trabeculae, density, articular surfaces, bone destruction, bone

production, appearance of the edges or borders of any lesions
Figure 39. X-ray findings of first
carpometacarpal joint:normal
image (left) and osteoarthritis (right)
with joint space narrowing and
subchondral sclerosis

Trauma
Fracture/Dislocation
• description of fractures
• site of fracture (bone, region of bone, intra-articular vs.extra-articular)
• pattern of fracture line (simple vs.comminuted)
• displacement (distal fragment with reference to the proximal fragment)
• soft tissue involvement (calcification,gas, foreign bodies)
• type of fracture (stress vs. pathologic)
• for specific fracture descriptions and characteristics of fractures, see Orthopaedic Surgery.OR5

Arthritis
• see Rheumatology for radiographic features of specific arthritides

Bone and Soft Tissue Tumours
Bone Tumours
• benign bone lesions (e.g. hemangiomas, enostoscs, enchondromas) are more common than malignant

bone lesions
• primary bone tumours are rare after 3rd decade; metastases to bone are relatively common after 3rd

decade
• MRI is helpful for detection, characterization, staging, soft tissue involvement and surgical planning
• plain film is important for assessing pattern of destruction, mineralization, and aggressiveness
• biopsy may be required if no primary is identified, or suspect primary bone tumour
• may present with pathological fractures or bone pain
• most common metastatic bone tumours:breast, prostate, lung
• for specific bone tumours, see Orthopaedic Surgery, OR50

Figure 40. X-ray findings of
rheumatoid arthritis (A) compared
with osteoarthritis (B)

Soft tissue Tumours
• soft tissue masses are most commonly benign
• common benign soft tissue masses include lipomas, benign peripheral nerve sheath tumours, and

vascular malformations
• soft tissue sarcomas are uncommon but require urgent workup and specialized treatment
• U/S is helpful for differentiating lipoma from cyst from mass
• MRI is helpful for diagnostic workup
• if the mass is not clearly benign, biopsy or wide excision is required for diagnosis

Patterns olcortical
disturbance

Patterns of medullary
destruction

Periosteal new
bone formation

Margination
of lesions
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Figure 41.Radiographic appearance of bone remodelling and destruction processes
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Table 18. Distinguishing Benign from Malignant Bone Lesions on X-Ray
Benign Malignant

No periosteal reaction or benign appearing reaction (e.g.uniform
smooth periosteal thickening as seen inahealing fracture)

Acute periosteal reaction- Codman’s triangle-"Onion skin"- "Sunburst"
Poorly definedborders,with a wide tone of transition,or infiltrative
(suggesting fast-growing lesion)

Varied bone formabon
Eitraosseous and irregular calcification
Soft tissue mass present

Aggressive cortical destruction or tumour infiltration without cortical
destruction

Sharp,well-demarcated borders,narrow zone of Iransilion (between
lesion andnormal bone,suggesting slow-growing lesion)

Well-developed bone formation
Intraosseous and even calcification
No soft tissue mass
No cortical destruction or uniform cortical destruction in some low
grade and locally aggressive benign lesions
Adapted from:Suckhoftt RW.Heckman J D.Rockwood and Green's Fractures in Adults.Volume1Philadelphia:lippincott Williams & Wilkins.2001.
. .

Infection
Osteomyelitis
•modern workup includes MRI or x-ray

x-ray can detect osseous destruction seen with subacute osteomyelitis (>1 week) or chronic
change, and can detect lucencies surrounding infected orthopedic hardware

• MRI is more sensitive, with loss of normal fatty T1 marrow signal diagnostic of esteomyelitis, and
can also assess for extra-osseous soft tissue involvement or spread

•nuclear medicine ("mic, followed by 1 “In -labeled white cell scan or gallium radioisotope scan) may
be used where available, or in the setting of hardware

Septic Arthritis
•surgical emergency in large joints (i.e. hip)
•x-ray usually normal early
•aspiration required if concern for septic arthritis
•imaging modalities can detect joint fluid in some points, but imaging cannot rule out septic arthritis

Necrotizing Fasciitis
•surgical emergency
•X-ray can detect gas, but absence does not rule out necrotizing fasciitis
•in the perineum, referred to as Fournier's gangrene
•surgical referral required

Metabolic Bone Disease
Osteoporosis
• reduction in amount of normal bone mass; fewer and thinner trabeculae;diffuse process affecting all

bones
typical sites of fragility fracture:spine, hip, pelvis.

• DEXA:gold standard for measuring bone mineral density, typically'measured hip and lumbar spine
• CAROC guidelines for use of DEXA: diagnosis, determining fracture risk /therapy,and monitoring

diagnosis driven by 'l'-score: the number of standard deviations from the young adult mean, most
clinically valuable

osteopenia:-2.5< T-score <-l
osteoporosis:T-score <-2.5

Z-score: the number of standard deviations from the age-matched mean, helpful in diagnosing
secondary osteoporosis
risk of fracture:patients classified as low, medium or high risk based on bone mineral density,

age, history of previous fragility fractures,steroid therapy. Presence of certain criteria such as hip
or spine fragility fracture automatically places patients in the high risk category

• see Endocrinology, E46

§wrist, humerus, rib

Osteoporosis
Reduced amount of bone

OsteoMalada
Normal amount of bone, but reduced
Mineralization of normal osteoid

Hyperparathyroidism
• most common cause is renal failure (secondary hyperparathyroidism)
• chondrocalcinosis is a common complication
• calcium crystal deposition in hyaline cartilage or hbrocartilage (including arteries and peri-articular

soft tissue)
• resorption of bone typically in hands (subperiosteal and at tufts),sacroiliac joints (subchondral),

skull (“salt and pepper"appearance), subligamentous resorption (ischial tuberosity, trochanters, and
clavicle),osteoclastoma (brown tumours)

• “rugger jersey spine”:band-like osteosclerosis at superior/inferior margins of vertebral bodies

n
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Paget’s Disease
• abnormal remodelling involving single or multiple bones- especially skull, spine, pelvis
• 3 phases: 1st phase = lytic, 2nd phase = mixed (lytic/sclerotic), 3rd phase = sclerotic
• coarsening of the trabeculae with bone expansion
• bone softening/bowing
• bone scintigraphy will reveal high activity
• thickened cortex; widening of diploe in skull, osteoporosis circumscripta (lytic phase in skull); “blade

of grass” sign (lytic phase in a long bone like the femur);“picture frame” appearance to vertebra (due
to thickening and sclerosis of vertebral cortex)

• see Endocrinology, E50

Nuclear Medicine
Brain

. 99mTc-exametazime (HMPAO) and ««mTc-bicisate (ECD) imaging used in SPECT to assess cerebral
blood flow and cellular metabolism

taken up predominantly in grey matter
• used for dementia, traumatic brain injury;and toa lesser extent vasculitis, neuropsychiatric

disorders, and occasionally stroke
• PET imaging to assesses metabolic activity

used for dementia imaging,grading and stagingof brain tumours, occasionally for seizure
disorder imaging, and vasculitis

• CSF imaging via intrathecal administration of minDTPA
to evaluate CSF leak or to differentiate normal pressure hydrocephalus from brain atrophy

• CSF shunt evaluation for obstruction (most commonlv ventriculoperitoneal) with sterile or pyrogen
free «mTc (usually) or '"ln-DTPA iThyroid

Radioactive Iodine Uptake (see Endocrinology. E25)
• index of thyroid function (trapping and organification of iodine)
• radioactive 1231 given PO to fasting patient (small quantity') and percentage of administered iodine

taken up by thyroid is measured
• increased RAIU: toxic multinodular goitre, toxic adenoma,Graves’disease
• decreased RA1U: subacute thyroiditis, late Hashimotos disease, exogenous thyroid hormone or

iodine, falsely decreased in patient with recent radiographic contrast studies, high dietary iodine (e.g.
seaweed, taking supplements containing desiccated thyroid)

• important - iodine uptake helps in the differential of hyperthyroidism only, not hypothyroidism

Thyroid Imaging (Scintiscan)
• "mTc-pertechnetate IV or radioactive iodine (12J1)
• prosides functional anatomic detail
• hot (hyperfunctioning) lesions:usually benign (e.g.adenoma, toxic multinodular goitre), cancer

unlikely (<1%) - No FNA
• cold (hypofunctioning) lesions: cancer must be considered until biopsy negative even though only

6-10% are cancerous - decision to biopsy should be based on clinical and sonographic features
• isointense i.e. “warm" lesions:cancer must be considered as an isointense lesion; may represent cold

nodules superimposed on normal tissue; if cyst suspected, correlate with VIS

Figure 42. Multinodular goitre (top).
Cold nodule (bottom)

Radioiodine Ablation
• UII for Graves’ disease, multinodular goitre, thyroid cancer (in the case of thyroid cancer, ablation

performed at higher dose and after thyroidectomy)
• serum thyroglobulin used to detect recurrent thyroid cancer in a patient who has received ablation
• advice should be given for patient-specific precautions to remain away from family members and

caregivers to reduce radiation exposure after thyroid ablation, do not initiate pregnancy for 6 mo,
small risk of exophthalmos,thyroid storm, secondary malignancy

Respiratory
n
LJ

V/Q Scan
• evaluate areas of lung in which there is a ventilation/perfusion mismatch
• ventilation scan - assess air flow within lungs

• patient breathes radioactive gas (nebulized %nTc-DTPA, 133Xe, or most commonly Technegas ")
through a closed system, filling alveoli proportionally to ventilation

• ventilation scan defects indicate: airway obstruction (i.e. air trapping),chronic lung disease,
bronchospasm, tumour mass obstruction

V/OScan
for PE investigation: normal scan makes i
PE unlikely '
Probability of PE: high 80-100%.
intermediate 20-80%.low <20%.very
low <10%
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• perfusion scan - assess blood circulation within lungs
radiotracer injected IV (MmTc-MAA) -> trapped in pulmonary capillaries (0.1% of arterioles
occluded) according to blood flow
relatively contraindicated in severe pulmonary HTN, right-to-left shunt, previous history of
pneumonectomy, and small children

• indicated to rule out PE
• areas of lung that are well-ventilated but not perfused (unmatched defect) are suspicious for acute

infarction
defects are wedge-shaped, extend to periphery, usually bilateral and multiple
useful in finding clinically important emboli

• modified V/Q scan ( perfusion only, lower dose contrast ) may be used for pregnant patients ifCXR is
normal or if there are ventilatory problems

Ventilation Scan Delects Indicate...
ABC Tumour
Airway obstruction
Bronchospasm
Chronic lung disease
T umour mass obstruction

Perfusion Scan Delects Indicate...
Reduced blood flow due to PE
COPD
Asthma
Bronchogenic carcinoma
Inflammatory lung diseases (pneumonia,
sarcoidosis)
Mediastinitis
Mucous plug
Vasculitis

Cardiac
Myocardial Perfusion Scan/Nuclear Stress Test
• indications: diagnose and assess treatment of coronary artery disease (CAD), preoperative risk

stratification, viability testing before percutaneous intervention or bypass surgery
• "mic-sestamibi or 9%iTc-tetrofosmin is injected:at peak exercise (85% max predicted heart rate

by the Bruce protocol, chest pain, EGG changes), after persantine challenge (vasodilator), or after
dobutamine infusion (chronotropic, again to 85% predicted heart rate)

• persistent defect (present at rest and stress) suggests infarction or myocardial scar
• reversible defect (only present during stress) suggests ischemia
• used to discriminate between reversible (ischemia) vs. irreversible (infarction) changes when other

investigations are equivocal
• COURAGE trial indicates that patients with >10% ischemic myocardium benefit most from

revascularization
• see Cardiology and Cardiac Surgery.06

Radionuclide Ventriculography
• "ml'c-tagged to red blood cells
• non-invasive method of assessing ventricular function and intracardiac hemodynamics (i.e.ejection

fraction, presence of shunts,ventricular volume and regional wall motion)
• cardiac MUGA scan sums multiple cardiac cycles, usually at least 200 beats
• indications: most commonly to monitor potential cardiac toxicity with chemotherapy or herceptin, as

a gold standard of ejection fraction in defibrillator workup

Abdomen and Genitourinary System
HIDA Scan (Cholescintigraphy)
• IV injection of 99mlc-disofenin (DIS1DA) or"mT'c-mebrofenin which is bound to protein, taken up by

hepatocytes, and excreted into the biliary system
• indicated for patients who are suspected of having an obstruction in the biliary tract, to assess for bile

leaks postoperatively, and for biliary dyskinesia
• indicated in workup of cholecystitis when abdominal U/S result is equivocal:

acute cholecystitis: no visualization of gallbladder at 4 h or 1 h after administration of morphine
chronic cholecystitis: no visualization of gallbladder at 1 h but seen at 4 h or after morphine
administration

• DDx of obstructed cystic duct:acute/chronic cholecystitis, decreased hepatobiliary function
(commonly due to alcoholism), bile duct obstruction, parenteral nutrition, fasting <4 h or >24 h

RBC Scan
• IV injection of radiotracer with sequential images of the abdomen ("m'Tc RBGs)
• G1 bleed evaluation

if bleeding acutely at <0.5 mL/min, the focus of activity in the images generally indicates the site
of the acute bleed
if bleeding acutely at >0.5 mL/min, use angiography (more specific, better for localizing, both
diagnostic and therapeutic)

• liver lesion evaluation
hemangioma has characteristic appearance: cold early (limited blood flow to lesion), fills in later
(accumulation of tagged cells greater than surrounding liver parenchyma)

Urea Breath Test
• indication:diagnosis of gastric H. pylori infection
• patient administered MC-labelled urea orally, urea metabolized by H. pylori to ammonia and 14C02,,'*C-labelled C02 is measured via plastic filament detectors or liquid scintillation

Advanced ischemia patients should
receive surgery rather than thrombolysis

Chemoembolization delivers
chemotherapy directly into the tumour
through its feeding blood supply and
traps the drug in place by embolization r “t
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Functional Renal Imaging
• evaluation of renal function and anatomy using 99 mic DTPA (static imaging) or^mTc MAG3

(dynamic imaging)
• frequently used to provide index of relative function between two kidneys
• in adults, used to assess for UP) obstruction, renal transplants, or as a nuclear Gl'R study in patients

wanting to donate kidneys
• in children, used to assess for pyelonephritis and reflux Ultrasoud vs.Fluoroscopic Guided Femoral

Arterial Access ialoicardiac Vascular Patients
J Vase Sor;201*docMIOK
Purpose loceepe'esbeprocedureloctconesand
complicatioo ratesof IJS-gadri cosmos femoral
artery (CM) access3fluoroscopic gu dance in
soocardacwocsdures.
Neibods t BUI of 635 patesa oaderpoing femoral
access for eacurd-.ee d ag-pstc or mferrecbonal
procedures mere rardomied1:1to retene either
fluorascopc or U 5-gu ded access.The primary
endpoint o‘tte study mas successful CFA cannulation.
Besofts:Success1.! CFAunru ation occurred in 93%
ofU S-gu drdofKr4.rescumparedwitk 86% of
fluoroscopy-gxded access (M.0021.US guidance
wes essKated wi: rrcreasedreSs of frit-attempt
success, fewer nadierteit veuipentiures.end
decreased neda- time3cataiaam compared with
fluoroscopy.Petes of com; cetoas dd not dffer at 24
h or 30390 d ii feorasenpy vs.U Sc.ded access.
Coodusioas .- corpansoo So fl.oioscopy. U.'S-
gu ded CFA causiatioo had a frgher rate of success,
faster canuietne.ltd fewer ren.ponctures in the
ahserce of ecreesed com pfrcahoos.

Interventional Radiology

Vascular Procedures
Angiography
• injection of contrast material through a catheter placed directly into an artery or vein to delineate

vascular anatomy
• can be used in the operating room to provide fluoroscopic guidance for exposure of diseased vessel
• indications:diagnosis of primary occlusive or stenotic vascular disease, aneurysms, coronary,

carotid and cerebral vascular disease, PE, trauma, bleeding (GI, hemopty sis, hematuria), vascular
malformations,as part of endovascular procedures (endovascular aneurysm repair, thrombolysis,
stenting, and angioplasties)

• complications ( <5% of patients): puncture site hematoma, pseudoaneurysm,dissection, thrombosis,
infection. AV fistula, embolic occlusion of a distal vessel

• due to improved technology, non-invasive evaluation of vascular structures is being performed more
frequently (colour Doppler U/S, CTA, and MR A )

• see Neuroradiology,MI19

Percutaneous Transluminal Angioplasty and Stents
• introduction and inflation of a balloon into a stenosed or occluded vessel to restore distal blood supply
• common alternative to surgical bypass grafting with 5 yr patency rates similar to surgery, depending

on site
• renal, iliac, femoral, mesenteric, subclavian, coronary, and carotid artery stenoses are amenable to

treatment
• vascular stents may help improve long-term results by keeping the vessel wall patent after angioplasty;

also used for angioplasty failure or complications
• stent grafts (metal mesh covered with durable fabric) may provide an alternative treatment option for

aneurysms and AV fistulas
• complications:similar to angiography, but also includes vessel rupture

Thrombolytic Therapy
• may be systemic (IV ) or catheter directed
• infusion ofa fibrinolytic agent (urokinase, streptokinase, I NK, tPA - used most commonly) via a

catheter inserted directly into a thrombus
• can restore blood flow in a vessel obstructed with a thrombus or embolus
• indications: treatment of ischemic limb (most common indication ), early treatment of Ml or stroke to

reduce organ damage, treatment of deep venous thrombosis (D\T) or PE
• complications:bleeding, stroke, distal embolus, reperfusion injury in delayed intervention with

myoglobinuria, and renal failure if advanced ischemia present

Embolization
• injection of occluding material into vessels
• permanent agents: amplatzer plugs, coils, glue, and onyx
• temporary:gel foam, autologous blood clots
• indications:management of hemorrhage (epistaxis, trauma, Gl bleed, GU bleed), treatment of

arteriovenous malformation, preoperative treatment of vascular tumours (bone metastases, renal
cell carcinoma), ovarian vein embolization for chronic pelvic pain (pelvic venous disease), varicocele
embolization for infertility, symptomatic uterine fibroids

• complications: post-embolization syndrome (pain, fever, leukocytosis), unintentional embolization of
a non-target organ with resultant ischemia

9
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Inferior Vena Cava Filter
• insertion of temporary or permanent metallic “umbrellas" to mechanically trap DVT emboli to

prevent subsequent PE
• inserted via femoral vein, jugular vein, or basilic vein
• usually placed infrarenally to avoid renal vein thrombosis
• indications: contraindication to anticoagulation, failure of adequate anticoagulation (e.g. recurrent

PE despite therapeutic anticoagulant levels), complication of anticoagulation therapy necessitating
termination of anticoagulation (e.g. life-threatening hemorrhage )

i [] )\
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Figure 43. Retrievable IVC filter
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Central Venous Access
• variety of devices available (P1CC, external tunneled catheter (Hickman or dialysis catheters),

subcutaneous port (Bortacath*))
• indications:chemotherapy, TPN, long-term antibiotics, administration of fluids and blood products,

blood sampling
• complications: venous thrombosis, central venous stenosis, infection including sepsis, and

pneumothorax

Indications (or Central Venous Access

FAT CAB
Fluids
Antibiotics
TPN
Chemotherapy
Administration of blood
Blood samplingNonvascular Interventions

Percutaneous Biopsy
• alternative to open surgical procedure
• many sites are amenable to biopsy using U/S, fluoroscopy, CT,or MR guidance
• complications: false negative (sampling error or tissue necrosis), hemorrhage (particularly for splenic

biopsies), pneumothorax in 30% of lung biopsies (chest tube required in ~5%), needle tract seeding,
tients with uncorrectablepancreatitis (pancreatic biopsies), bleeding from liver biopsies in pa

ilopathies or ascites (can be minimized with transjugular approach)
acute
coagu

Abscess Drainage
• placement of a drainage catheter into a deep infected fluid collection
• superficial skin and soft tissue infections are best treated with incision and drainage: needle

aspiration and drainage catheter insertion is not recommended for cutaneous abscesses
• administer broad spectrum IV antibiotics prior to procedure
• routes: percutaneous (most common ), transgluteal, transvaginal, transrectal
• complications: hemorrhage, injury to intervening and nearby structures (e.g. bowel), bacteremia,

sepsis, access failure

Percutaneous Biliary Drainage/Cholecystostomy
• placement of drainage catheter ± metallic stent into obstructed biliary system (PBD) or gallbladder

(cholecystostomy) for relief of obstruction or infection
• percutaneous gallbladder access can be used to crush or remove stones
• indications

cholecystostomy:acute cholecystitis
PBD: biliar)' obstruction secondary to stone or tumour, cholangitis, acute biliary pancreatitis

• complications
acute:sepsis, hemorrhage
long-term: tumour ingrowth and stent occlusion

V

i
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uPercutaneous Nephrostomy
• placement of catheter into renal collecting system
• indications: hydronephrosis, pyonephrosis, ureteric injury with or without urinary peritonitis

(traumatic or iatrogenic)
• complications: bacteremia and septic shock, hematuria due to pseudoaneurysm or AV fistulas, injury

to adjacent organs

Gastrostomy/Gastrojejunostomy
• percutaneous placement of catheter directly into either stomach (gastrostomy) or through stomach

into small bowel (transgastriejejunostomy)
• indications:prolonged inadequate oral intake (e.g. impaired swallowing, oromotor dysfunction,

dysphagia esophageal obstruction,or decompression in gastric outlet obstruction)
• complications:gastroesophageal reflux with aspiration, peritonitis, hemorrhage, bowel or solid organ

injur)', death

1
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Figure 44. Femoral arteriogram:
distal occlusion of superficial
femoral artery

Radiofrequency Ablation
• U/S- or CT-guided probe is inserted into tumour, radiofrequency energy delivered through probe

causes heat deposition and tissue destruction
• indications: hepatic tumours (HCC and metastases), renal tumours, lung tumours
• complications:destruction of neighbouring tissues and structures, bleeding, periprocedural embolism
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Breast Imaging

Modalities
Mammography

Description
• x- ray imaging of the breasts for screening in asymptomatic patients, or diagnosis of clinically-detected

or screening-detected abnormalities (see General and I horack Surgery.GS65)
• routine evaluation Involves two standard views: cranio-caudal and medial-lateral-oblique

Indications
• screening ( for guidelines, see family Medicine. I ,VM )

guidelines may vary bv region
• surveillance

• follow-up of women with previous breast cancer
• diagnostic: includes mammography with special views and/or VIS

workup of an abnormality that may be suggestive of breast cancer including a lump or thickening,
localized nodularity, dimpling or contour deformity, a persistent focal area of pain, overlying skin
changes, and spontaneous serous or sanguinous nipple discharge from a single duct
women with abnormal screening mammograms
suspected complications of breast implants

Table 19. Breast Imaging Reporting and Data System (BI-RADS ) Mammography Categories
Assessment
Categories

Imaging Findings Likelihood of
Malignancy (%)

Follow-Up Recommendations

BI -RADS 0 Incomplete N/A Additional imaging
Comparison to prior films

Routine screening
Routine screening

Unilateral mammogram at 6 mo

BI - RADS1
BI-RADS 2

"0Negative
Benign
Probably benign
Likelihood of malignancy is <2%

Suspicious abnormality
Low suspicion for malignancy

Low suspicion for malignancy
Low suspicion for malignancy

Highly suspicious of malignancy
Malignancy confirmed by biopsy

“0

BI-RADS 3 0-2
3-94BI -RADS 4

BI - RADS 4A
Biopsy
Biopsy

Biopsy
Biopsy

Biopsy
Delinitive therapy

3-10

BI - RADS 4 B

BI - RADS 4C
11-50
51-94
>95BI -RADS 5

BI - RADS 6 100

Breast Ultrasound
Supplemental MilScreening lor Women with
Eitremely Dense Breast Tissue
ME JM 2019:381:2091-2102
Purpose: Eitremely dense breast 1issue is a risk
factor for breasUancer with poor mammography
detection. Data is needed on the use ol supplemental
Ml to unprone early detection and reduce Interval
breast cancers in such patients.
Methods NJ teenier. RCT where 40313 women
with eitremely dense breast tissue and normal
mammography were assigned toa group undergoing
supplemental MRI oi to a group that received
mammography streaming only. Ihe primary Pulcome
was the between-group difference in the incidence^mterval cancers during a 2 yr screening penpd.
Results: he interval-canter rate was 2.5 per 1000
screenuigs m t-e Mil - v talion group and 5.0 per
1000 screenings in the mammography -only gioup
(P<0.001).Ihe MRI cancel-detection rate among the
women who actually underwent MRI screening was
16 5 per WOO screenings. Ihe positive predictive
value was12.4% (95% Cl.14.2 to 21.2) for recall lor
additional testing and 26.3% (95% Cl.21.2lo 31.61
lor biopsy.Ihe false positive rate was 29.8 per 1000
screenings.
Conclusion: Ihe use of supplemental MRI screening
- women with eitremely dense breast tissue and
normal results on mammography resulted in the
diagnosis of significantly fewer interval cancers than
mammography alone.

Indications
• characterization of palpable abnormalities

• U/S is 1st line in <30 yr - denser breast tissue makes mammograms less sensitive in young
females

• first line in lactating and pregnant women
>30 yr need mammogram first

• further characterization of manimographic findings
• guidance for interventional procedures

Breast MRI

Description
• contrast-enhanced MRI of the breasts
• sensitive for detecting invasive breast cancer (95-100%) but specificity variable (37-97%)
• for diagnosis, used only after mammography and U/S investigation
• use as a screening modality is limited to high-risk patients, in conjunction with mammography

Indications
• “problem-solving" of indeterminate findings following complete mammographic and U/S workup
• evaluation of occult primary in patients presenting with axillary metastases
• evaluation of patients with suspected silicone implant rupture and problems associated with breast

implants
• evaluation of previously diagnosed breast cancer: positive margins, recurrence, response to

chemotherapy
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• high-risk screening
• known BRCAI or BRCA2 mutation, or other gene predisposing to breast cancer, or untested first-

degree relative of a carrier of such a gene mutation
family history consistent with a hereditary breast cancer syndrome and/or estimated personal
lifetime cancer risk >25%
high-risk marker on prior biopsy (atypical ductal hyperplasia, atypical lobular hyperplasia,
lobular carcinoma in situ)
radiation therapy to chest (before age 30)

Breast Interventional Procedures
Description
• includes core needle biopsy, stereotactic biopsy, MRl-guided biopsy, abscess drainage, and cyst

aspiration

Indications
• cystic mass: complex cyst, symptomatic, suspected abscess
• solid mass:confirm diagnosis of a lesion suspicious for malignancy (BI-RADS* Category 4 or 5)
• suspicious calcifications: confirm diagnosis of a lesion suspicious for malignancy (BI-RADS’Category

4 or 5) - stereotactic biopsy
• initial percutaneous biopsy procedure that was insufficient or discordant with imaging
• presurgical wire localization of a lesion

Breast Findings
Breast Masses
• definition: a space-occupying lesion seen in two different projections; if seen in only a single

projection it should be called an “asymmetry” until its three-dimensionality is confirmed
tapactof UF-F06 PET.PETIT,asd PET Hit si
Staging aid Naugcantasai Initial Staging
Hodalit;ia Breast Caacet
Ckt tdMad2021:46(4)J7T-232
Pnpost!•mintte;ipactof1SF-FD5 PEI.PEI'CT.adPETillHoastagagadsaaageaeatdr-g
ratalstaging of tireast caoce.
Methods:Studiesntict reported5e proportion
of breast oncer patientsntose cttiicel stage
ormenegeseotnere altered tgPEIscansnere
incorporated intoa raadoas-efetismodel
Results:42J6 petiats froa 29 stridesnere
metoded ia tte pooledraadom-eSects codel.Pooled
prcportions of elterelioss ia stage was 2S4 (954 CL
2ftPi30%) adro maaageneot masS4(953,CL
M41D 2R).
Conclusions lisa rffif -fGGPET.PELUorPEI'
KB leads to signi&cant ctsaages in ŝ gingand
managemeit for tarty dagnosed drees!cancer
paterts.PET staid Pe considered for raataeclrical
nse for mtei staging of Breast caicer

Table 20. Mammographic Features of Benign and Malignant Breast Masses
Benign Malignant

Shape

Margin
Density

Oval,round,lobular Inegular
Indistinct,microlobulated.spiculated
Radiodense

Circumscribed,well-defined
Radiolucent (oil cyst lipoma,fibrolipoma.
galactocele.hamartoma)

Calcifications (amass) Popcorn (hyalinizing fibroadenoma),lucent Pleomorphic (vary insize and shape),
centred(oil cyst/falnecrosis),layering (milk of amorphous(indistinct),linelinear,coarse
calcium),vascular,round,scattered heterogeneous,regional,segmental,clustered

Other Findings
• tubular density/dilated duct:branching tubular structures usually represent enlarged ducts (milk

ducts); if they are clearly identified as such, these densities are of little concern
• intramammary lymph node: typical lymph nodes are well-circumscribed, reniform and often have

a fatty notch and centre; usually <1 cm, and usually seen in the outer, often upper part of the breast;
when these characteristics (particularly fatty centre or notch) are well seen, the lesion is almost always
benign and insignificant

• focal asymmetry:area of breast density with similar shape on two views, but completely lacking
borders and conspicuity of a true mass; must be carefully evaluated with focal compression to exclude
findings of a true mass or architectural distortion

• if focal compression shows mass-like character-or if the area can be palpated - biopsy generally
recommended
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MI31 Medical Imaging Toronto Notes 2023

Landmark Radiology Trials
Trial Name Reference Clinical Trial Details
VASCULAR PROCEDURES
PREPIC NEJM 1998;338:409-416 Purpose;to study the efficacy and safety of vena cava! filters in preventing the formation of PEs in patients with proximalDVI.

Methods: RCT consisting of 400 patients with proximal OVI who were randomiced to receive heparin in conjunction with either a
caval filter or no filter.
Results: 2 patients with* the treatment group and 9 patients within the contiol group had experienced a PE within 12 d.37
patients within the treatment groupand 21 patients within the control group experiencedrecurrent DVT within 2 yr.
Conclusion: 8enefrts of vena caval filters were counterbalanced by their risks.Filtersresulted in no significant difference in
mortality or other outcomes and although they prevented PE within12 d. they increased the risk of recurrent DVT within 2yr.

Purpose:To understand Lie long term implications of endovascular repair of abdominal aortic aneurysms.
Methods:RCT consisting of1252 patients with abdominal aortic aneurysms were randomized to undergo an endovascular or open
repair.The outcomes of interest includedmortality,graft -related complications, and re-mtervenbons.
Results: The 30 d postoperativemortality was lower in the endovascular repair group (1.8% vs.4.3%).However, due to graft
ruptures, the mortality rates equilibrated over time.The rates of graft-related complications andre-interventions were higher in
the group thatunderwent endovascular repair.
Conclusion:Mortality at 30 d post-operation wassignificantly lower for endovascular repair compared to openrepair.At theend
of follow-up (5-10 yr).there was no significant difference inmortality and rates of complication were higher in the endovascular
treatment group.

N Engl J Med 2022;386:1303- Title:Endovascular Therapy for Acute Stroke with a Large Ischemic Region
Purpose:Endovascular therapy is often avoided for patients with large cerebrovascular infarctions,however the benefits of
endovascular therapy in combination with stroke medical carehasnot been studied.
Methods: RCT consisting of 203 patients with occlusion of large cerebral vessels and an Alberta Stroke Program Early Computed
Tomographic Score between3-5.Patients were randomized to receive endovascular therapy in conjunction with medical care or
medical care alone.The primary outcome is a modified Rankin score between 0 and 3.90-d post-tteatmenl.
Results: A larger proportion of patients treated with endovascular therapy inconjunction with medical care achieved a modified
Rankin score between 0 and 3 (31%) compared to medical carealone (12.7%).
Conclusion: In patients with large cerebrovascular occlusions,treatment with endovascular therapy in conjunction with medical
care resulted in improved functional outcomes when compared to treatment with medical care alone.

NEJM 2010;362:1863-1871EVAR

KCT03702413
1313

VASCULAR PROCEDURES
N Engl J Med 2022:386:923 Title: Thyroidectomy without Radioiodine in Patients with Low-Risk Thyroid Cancer

Purpose: To assess the clinicalbenefit of postoperabve rad oiodine.after thyroidectomy in low-risk thyroid cancer.
Methods: RCT consisting of 730 patients with low-risk differentiated thyroid cancer undergoing thyroidectomy.Patients were
randomized to either receive or not receive radioiodine.The outcomes of interest were the presence of abnormal radioiodine foci,
abnormal neck ultrasound,or presence of increased thyroglobulin/lhyroglobulin antibodies.
Results: There was no significant difference in postoperative abnormalities between pabents that received (4.1%) and didnot
receive postoperabve radio!nine (4.4%).
Conclusion: The use of radioiodine isnegligible in theprevenban of post-thyroidectomy abnormalities.

EVAR »2

r "i
L.J

+

Activate Windows
Go to Settings to activate Windows.



MI32 Medical Imaging Toronto Notes 2023

References
Boden WE. O'Rourke RA.leo KK.et at.Optimal medical therapy with or without PCI for stable coronary disease.NEJM 2007:356:1503 1516.
Brant WE,Helms CA.Fundamentals of diagnostic radiology. 5th ed.Philadelphia:Lippincott Williams and Wilkins.2018.
Canadian Association olRadiologists (CAR) standard lor breast imaging.Ottawa:Canadian Association oIRadiologists.2016.
Canadian Association of Radiologists (CAR) standard lor performance of breast ultrasound examination.Ottawa:Canadian Association of Radiologists,2016.
Canadian Association of Radiologists (CAR) standards for the performance of ultrasound-guided percutaneous breast interventional procedures.Ottawa:Canadian Association of Radiologists.2003.
Chen MYM,Pope XL.Ott DJ.Basic radiology.2nd ed.Hew York:Lange Medical BookslMcGraw Hill,2011.
Daffner RH.Clinical radiology: the essentials.4th ed.Baltimore:WilliamsiWilkins.2013.
D'Orsi CJ,Sickles EA.Mendelson EB.et al.ACR BI- RADS1 Allas.Breast Imaging Reporting and Data System.Reston.VA.American College of Radiology; 2013
Erkoncn WE.Smith WL.Radiology101.Philadelphia:Lippincotl WilliamsiWilkins.2005.
Fleckcnslcin P,Iranun-Jensen J.Anatomy in diagnostic imaging.2nd ed.Copenhagen:Blackwell Publishing.2001.
Gay S.Woodcock Jr RJ.Radiology recall.2nd ed. Baltimore: Lippincotl Williams(Wilkins.20007.
Goldstein S.Saline infusion sonohysteiogiam.Rose BD (editor).Waltham:UpToOate. 2012.
Goodman LR. felson's principles of chest roentgenology: a programmed text. 3rded.Philadelphia: Saunders Elsevier. 2007.
Herring W. Learning Radiology:Rccogmcing the Basics. 4th ed.Philadelphia:Elsevier|lmpiml)Elseviei • Health Sciences Division.2019.
Joffe SA.Scrvaes S.Okon S.et al.Multi-detector row Cl urography in the evaluationoihematuria.Radiogiaphics 2003:23:1441 1455.
Juhl JH.Crummy A8.Kuhlman JE (editors). 7th ed.Paul and Juhl'sessentials of radiologic imaging.Philadelphia:lippincolt -Raven. 2005.
Kate DS.Malh KR,Groskin SA.Radiology secrets. Philadelphia:Hanley and Belfus.1998.
MacMahon H.Haidich DP.Goo JM.etal.Guidelines for Management of Incidental Pulmonary Nodules Detected on ClImages:From the Fleischner Society 2017.Radiology 2017:284:228-243.
Mettler FA Jr.Huda W.Yoshicumi IT,etal.Effective doses in radiology and diagnosbc nuclear medicine: a catalog.Radiology 2008:248:254-263.
Novelline RA.Squire's fundamentals of radiology.6th ed.Cambridge:Harvard University Press.2004.
Ouellette H.letreault P.Dinicalradiology made ridiculously simple.Miami:MedMaster.2002.
Owen RJ.Hiremath S.Myers A.elal.Canadian Association of Radiologists consensus guidelines for the prevention of contrast-inducednephropathy:update 2012.Can Assoc Radiol J 2014:65:96-105.
Som PM.Curtin HD.Head and neck imaging,3rd ed.St.Louis:Mosby.1996.
Smith 0L.HeldtJP,Richards GO.etal.Radiation exposure during continuous andpulsed fluoroscopy.J Endourol 2013;27(3):384-388.
Warner E.Messer smith H.Causer P.et al.Cancer Care Ontario's Programin Evidence -based Care. Magnetic resonance imaging screening of women alhigh-risk foi breast cancer:a clinical practice guideline.
2007.
Warner E.Messer smith H.Causer P.et al.Magnetic resonance imaging screeningof women al high-risk for breast cancer:a clinical practice guideline.Program in Evidence Based Care.Cancer Care Ontario, 2007.
Wcissledcr R.Rieumont MJ.Wittenberg J. Primer of diagnostic imaging. 2nd ed. Philadelphia: Mosby.1997.
Young WE.Clinical practice. Ihc incidentally discovered adrenalmass. NEJM 2007:356:601- 610.

j r > 1

[ LJ )

+

Activate Windows
Go to Settings to activate Windows.



Nephrology
David Buchan and Huaqi Li, chapter editors
Karolina Gaebe and Alyssa Li, associate editors
Wei Lang Dai and Camilla Giovino, EBM editors
Dr. Damien Noone, Dr. Gemini l'anna, and Dr. Alireza Zahirieh, staff editors

Acronyms

Basic Anatomy Review.
Embryology of the Kidney
Renal Structure and Function
Renal Hemodynamics
Assessment of RenalFunction
Measurement of Renal Function
Urinalysis
Urine Microscopy
Urine Biochemistry

Electrolyte Disorders
Sodium Homeostasis
Hyponatremia
Hypernatremia
Diabetes Insipidus
Potassium Homeostasis
Hypokalemia
Hyperkalemia
Hyperphosphatemia
Hypophosphatemia
Hypermagnesemia
Hypomagnesemia
Acid-Base Disorders..
Metabolic Acidosis
Metabolic Alkalosis
Polyuria

Acute KidneyInjury.
Parenchymal Kidney Diseases
Glomerular Diseases
Glomerular Syndromes
Tubulointerstitial Disease
Vascular Diseases of the Kidney
Analgesic Nephropathies

Systemic Disease with Renal Manifestation.
Diabetes
Scleroderma
Multiple Myeloma
Malignancy
Chronic Kidney Disease:
Management of Complications of CKD

Hypertension
Hypertensive Nephrosclerosis
Renovascular Hypertension
Renal Parenchymal Hypertension
Cystic Diseases of the Kidney
Adult Polycystic Kidney Disease
Autosomal Recessive Polycystic Kidney Disease
Medullary Sponge Kidney

End Stage Renal Disease.
Presentation of End Stage Renal Disease
Renal Replacement Therapy
Dialysis
Renal Transplantation
Common Medications

Landmark Nephrology Trials

References

NP2

....NP2

NP5

NP8

NP17

NP20

NP22

NP33

NP36

NP37

NP38

NP39

NP41

.NP42
n .NP43 L J

.... NP44

NP48

+

XP1 Nephrology Toronto Notes 2023

Activate Windows
Go to Settings to activate Windows.'



NP2 Nephrology Toronto Notes 2023

Acronyms Pronephros
.§

ACEI angiotensin converting enzyme DIC
inhibitor

ACR albumin to creatinine ratio
ADH antidiuretic hormone
AC anion gap
AIN acute interstitial nephritis
AKI acute kidney injury
ANA antinuclear antibody
ARB angiotensin receptor blocker
ASA acetylsalicylic acid
ASOT anti-streptolysin-0 titer
ATN acute tubular necrosis
AV atrioventricular
AVM arteriovenous malformation
c-ANCA cytoplasmic antineutrophil

cytoplasmic antibody
C4S culture and sensitivity
CHF congestive heart failure
CKD chronic kidney disease

creatinine
CrCI creatinine clearance
CV cardiovascular
CVVHD continuous veno-venous

hemodialysis
OSW 5% dextrose in water
OCT distal convoluted tubule
DDAVP 1-desamino-8-d-arginine

vasopressin
Dl diabetes insipidus

disseminated intravascular
coagulation
diabetic ketoacidosis
diabetes mellitus
extracellular fluid
estimated glomerular filtration

e>aNS normal saline
p- ANCA perinuclear anti-neutrophil

cytoplasmic antibody
PCT proximal convoluted tubule
PJP Pneumocystis jiroveci

pneumonia
PKO polycystic kidney disease

parathyroid hormone
R& M routine and microscopy
RAAS renin-angiotensin-aldosterone

system
RBF renal blood flow
RCC renal cell carcinoma

renal plasma flow
RPGN rapidly progressive

glomerulonephritis
RRT renal replacement therapy
RTA renal tubular acidosis
SI ADH syndrome of inappropriate

antidiuretic hormone
SLE systemic lupus erythematosus
SLED sustained low efficiency dialysis
TBW total body water

tubulointerstitial nephritis
TIP thrombotic thrombocytopenic

purpura
UAG urine anion gap

urinary tract infection

=-DKA ©DM
ECF
eGFR

rate
ESR erythrocyte sedimentation rate PTH
ESRD end-stage renal disease
FENa fractional excretion of sodium

filtration fraction
FSGS focal segmental

glomerulosclerosis
GBM glomerular basement

membrane
GFR glomerular filtration rate

glomerulonephritis
KAART highly active antiretroviral

therapy
HBV hepatitis B virus
HCTZ hydrochlorothiazide
HCV hepatitis C virus
HPF high power field
HSP Henoch-Schonlein purpura
HTN hypertension
HUS hemolytic uremicsyndrome
IVP intravenous pyelogram
IOC level of consciousness
MDRD modification of diet in renal

disease

FF

RPF

GN
U

MesonephrosCr

Degenerating
pronephros

TIN

UTI

Basic Anatomy Review
Embryology of the Kidney

• originates from urogenital ridge of the intermediate mesoderm
• pronephros develops at the end of tvk 3, then degenerates along with adjacent pronephric duct,

disappearing completely by end of wk 4
• mesonephros develops caudal to the pronephros in wk 4, degenerates, and the remnants form the

mesonephric (Wolffian ) duct of the male reproductive system
• metanephros develops caudal to the mesonephros in wk 5 from the metanephric blastema and the

ureteric bud of the mesonephric duct, forming the definitive kidney
excretory system: metanephric blastema -» nephrons (Le.glomeruli, Bowmans capsule, PCT, loop
of Henle,OCT)
collecting system:ureteric bud > collecting ducts, calyces, renal pelvis, ureters

• kidneys ascend from the pelvis into the retroperitoneum, gaining a blood supply from the
abdominal aorta to form the renal arteries

=CF
V

Metanephros

Degenerating
mesonephrosRenal Structure and Function

The Nephron
• basic structural and functional unit of the kidney, approximately 1 million per kidney
• 2 main components: glomerulus and attached renal tubule
• direction of blood flow:afferent arteriole -» glomerular capillaries -> efferent arteriole -> vasa recta (the

capillaries surrounding the tubules) -> renal venules

Metanephric

^ , {Ureteric bud

\j\ephric duct
rn
L

Figure 1. Kidney embryology
The pronephros and mesonephros
develop then degenerate in
succession.Ultimately, the
definitive kidney develops from the
metanephric blastema and ureteric
bud of the mesonephric duct
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Table 1. Major Kidney Functions
Function Mechanism Affected Elements
1.Waste Excretion Glomerular filtration Excretion of nitrogenous products of protein

metabolism (urea.Cr)

Excretion of organic acids ( urate) and organic
bases (Cr)

Breakdown and excretion ol drugs (antibiotics,
diuretics) and peptide hormones (most
pituitary hormones, insulin, glucagon )

Controls volume status and osmolar balance
Controls potassium concentration

Acid-base balance

Acid -base balance
Alters Ca 1\Mg!\ POrHomeostasis
Increase osmolality ol medullary cytoplasm to
match medullary concentration gradient

Red blood cell production

Calcium homeostasis

lubular secretion

Tubular catabolism

2.Electrolyte Balance and Osmoregulation lubular NaCI and water reabsorplion

Tubular K’secretion
Tubular H Secretion

HCOrsynthesis and reabsorplion

TubularCaT*. Mij', POP transport

Osmolytc synthesis

3. Hormonal Synthesis Erythropoietin production (cortex)

Vitamin 0 activation: 25|OH|Vitamin 0
converted to1.2S(0H):Vitamin D (proximal
tubule)

Renin production ( juxtaglomerular apparatus) Alters vascular resistance and aldosterone
secretion
Alters ECF volume

Alters vascular resistance

4. Blood Pressure Regulation Na* excretion
Renin production

Gluconeogenesis (Irom lactate, pyruvate, and Glucose supply maintained in prolonged
amino acids) starvation
Clearance and degradation ol circulating Maintains glucose homeostasis
insulin

5. Glucose Homeostasis

The Glomerulus
• site where blood constituents are filtered through to the kidney tubules for excretion or reabsorption
• filtration occurs across the glomerular filtration barrier (endothelium, GBM, podoevtes) into

Bowman’s space
• there is a filtration barrier to albumin due to its size and negative charge, which is repelled by the

negatively-charged GBM
• consists of following cell types:

I . mesangial cells
structural function:support glomerular capillaries; can alter GI R through contractile
activity

• secretory function: matrix components, pro- and anti-inflammatory cytokines, and
chemokines

secretions are responsible for minimizing the accumulation of macromolecules in the
mesangial space and GBM

2. capillary endothelial cells
part of the glomerular filtration barrier; help form the plasma filtration apparatus due to their
fenestrated nature and glycocalyx; contribute to the production of the GBM
interface with blood - target for antibodies and contact site for neutrophils and lymphocytes

3. visceral cells (podocytes)
part of the glomerular filtration barrier; helps form the plasma filtration apparatus due to
their interdigitated foot process forming slit diaphragms; contribute to the production of
extracellular matrix proteins (collagen and laminin) making up the GBM

4. parietal cells
lines the interior of Bowmans capsule and contains a podocyte progenitor population

5. juxtaglomerular cells
smooth muscle cells in lining of afferent arteriole; produce, store, and secrete renin

r T
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Afferent arteriole

Renal Hemodynamic Parameters
RBF - 20% olCO,-U/mln
RPF - RBF'II-Hct)
GFR - -120 tnL/min in healtliy adult
199% ol this volume is reabsorbed)
FF - GFR/RPF (normally 20%)

Prostaglandins -dilation NSAIOs - constriction
Efferent arteriole

ACEI - dilation AngiotensinII - constriction
Afferent arteriole

Bowman's spaceM.
1' J

1

Proximal
tubulet .

»Juxtaglomerular -̂
cells A •1».

-
,

j

Efferent arteriole
Endothelium -
Mesangial cell 2

8
%

Podocyte
(visceral epithelium) SBowman's capsule

(parietal epithelium)

Figure 2. The glomerulus

The Renal Tubules
• reabsorption and secretion occur between the renal tubules and vasa recta forming urine for excretion
• each segment of the tubule selectively transports various solutes and water and is targeted by specific

diuretics
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Figure 3. Tubular segments of the nephron
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Renal Hemodynamics
9• GIR

GFR is the rate of fluid transfer between glomerular capillaries and Bowman's space, expressed as
the sum of the filtration across all nephrons
average GFR of 180 L/d or 125 mL/min/1.73 m of which 99% of the filtrate is reabsorbed
normal urine output is 0.5-2.0 mL/kg/h in adults

• Cil ' R is highest in early adulthood, and decreases thereafter starting around age 40
• renal autoregulation maintains constant Cil 'R over mean arterial pressures of 70- 180 mrnHg
• 2 mechanisms of autoregulation to maintain Cil 'R homeostasis:

myogenic mechanism: release of vasoactive factors in response to changes in perfusion pressure
(e.g. low Cil 'R > decreased perfusion pressure > release of prostaglandin > afferent arteriolar
dilation > increased Gl-'R)
tubuloglomerular feedback: changes in Na ' delivery to macula densa lead to changes in afferent
arteriolar tone (e.g. high Cil 'R > increased Na 'delivery > afferent constriction > decreased GFR )

• filtration fraction
• percentage of RPF filtered across the glomeruli

expressed as a ratio: IT' = GFR/RPF; normal = 0.2 or 20%
• angiotensin If constricts renal efferent arterioles which increases IT, thereby maintaining Cil ' R

• renin is released from juxtaglomerular apparatus in response to low Na 'delivery to the macula densa,
which is an indicator of decreased RPF

renin is an important enzyme in the RAAS pathway, that converts angiotensinogen to
angiotensin 1

Glometular Filtration Rate
GFR Kf|iP-6(1)

ultrafillration coefficient
hydrostatic pressure difference
between glomerular capillaries
andBowman'sspacc

60 osmotic pressure difference
between glomerular caplllatlcs
and Bowman's space

6P - 411 net outward pressure

XI
6P

Considerable variation in GFR is
observed based on age. biological sex,
ethnicity and BMI

Stimuli for Renin Release
from Kidney:
1.Renal artery

hypotension:1in stretch
of afferent arteriole

2.Sympathetic activation
(via juxtaglomerular cell
Adrenergic receptors)

3. INa delivery to macula
densa in OCT

Angiotensin II Effects:
1.Vasoconstriction
2. T vascular smooth

muscle growth
3. t Na * reabsorption
4. T aldosterone
5. T bicarbonate products

Angiotensinogen

Renin

Angiotensin IIAngiotensin I

Adrenal cortex
Stimulation of Na -
retention in the
kidney

AldosteroneClincically relevant
outcomes:
1. Net T total body water,

sodium
2. t vascular tone

Vasoconstriction
Via angiotensin II receptors0-»o1

Thirst 'Hypothalamust systemic blood
volume and pressure

t Fluid intake

Postorior pituitary g—————————I
' Aloxondro Ho 2022 aftor Francos Young 2005. Nicola Clough 2014

ADH release

Figure 4. Renin-angiotensin-aldosterone system

Assessment of Renal Function

Measurement of Renal Function
• most renal functions decline in parallel with a decrease in GFR
• inulin clearance and iothalamate radiotracer are the gold standard for measuring GFR, but very rarely

used clinically
• clinically, GFR is estimated using serum creatinine concentration, [Cr], known as eGFR

Cr filtered = Cr excreted (at steady state)
Cr reasonably estimates GFR as it is freely filtered at the glomerulus with little tubular
reabsorption

Crfiltered -Crexcreted
[Cr]plasma x GFR -[Cr]urine x urine flow
rate (mL/min)
GFR ~ Cr'urme x urine flow rate
[Cr]plasma

r i
L j
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however, Cr is a metabolite of creatine phosphate, and therefore increased muscle mass increases
Cr production. Ihus,one needs to consider body mass, ethnicity, age, and biological sex when
determining eGT'R
there is also 10% to >50% tubular secretion of Cr, depending on renal function

• newly discovered biomarkers such as Cystatin C, which are not affected by muscle mass, may provide
more accurate eGFR values

At steady state[Cr]serum a1/CrCI

Ways to Estimate GFR Using Serum Creatinine Concentration
1.estimate GFR using CKD-EP1 equation

• the best current and most accurate equation
calculated using serum Cr, age, biological sex, and race
overestimates Gl- R, resulting in lower prevalence of CKD diagnoses when used instead of MDRD
formula or Cockcroft-Gault equation

2. measure CrCl- 24 h urine collection
calculation provides reasonable estimate of GFR
Gl-R/d = (urine|Cr] x 24 h urine volume)/(plasma (Cr])
must use same units for urine [Cr] and plasma [Cr]

3.estimate GFR with new Cr and cystatin C-based equations
serum Cr and cystatin C values used with age and sex to estimate GFR (excludes the race variable)

• more accurate than CKD-EPI with race omitted

CKD-EPI Equation
eGFR (ml/min/1.73 m*) -141* minfSCr/n.
1)a x max(SCr/K.1) “<» x 0.993age
x (1.018 if female) x (1.159 for Black
individuals)
(SCr] measured in mg/dl;1 mg/dL (Cr]-
88.4 pmol/L
K *0.7 tor females and 0.9 for males
a - 0.329 for females and -0.411 for
males
mln/max indicates the minimum/
maximum of SCr/x or 1

Cystatin C
Cystatin C is a renal biomarker shown
to be potentially superior to scrum Cr
In determining eGFR and delecting
impaired filtration rate . However, its
clinical use remains limited pending
Increased adoption and testing
availability

Limitations of Using Serum Cr Measurements
1. must be in steady state

constant GFR and rate of production of Cr from muscles
sudden injury (e.g. AKI ) may reduce GFR substantially, however, serum Cr will not immediately
reflect sudden reduction in Gl'R until new Cr steady state is reached

2.GFR must fall substantially before plasma [Cr] rises above normal laboratory range
with progressive renal failure, remaining nephrons compensate with hyperfiltration

• GFR is relatively preserved despite significant structural damage
3. plasma [Cr] is influenced by the rate of Cr production

• lower production with smaller muscle mass (e.g. female, elderly, low weight)
• e.g. consider plasma|Cr] of 100 pmol/L in both of these patients- 20 yr lean man who weighs 100 kg, GFR = 144 mL/rnin

- 80 yr woman who weighs 50 kg, GFR = 30.6 mL/min
clinical correlation: GFR decreases with age but would not be reflected as a rise in serum Cr due to
the age-associated decline in muscle mass

4. tubular secretion of Cr increases as GFR decreases
• serum Cr and CrCl overestimate low GFR
• certain drugs (cimetidine, trimethoprim) interfere with Cr secretion

5.errors in Cr measurement
• very high bilirubin level causes [Cr] to be falsely low
• acetoacetate (a ketone body) and certain drugs (cefoxitin) create falsely high [Cr]

Clinical Settings in which Urea Level
is Affected Independent of Renal
Function

Disproportionately High Urea. Volume depletion (prerenal azotemia)
• Gl hemorrhage
• High protein diet
• Sepsis
• Catabolic state with tissue

breakdown
• Corticosteroid or cytotoxic agents

Disproportionately Low Urea
• Low protein diet
• Liver diseaseMeasurement of Urea Concentration

• urea is the major end-product of protein metabolism
• plasma urea concentration reflects renal function but should not be used alone as it is modified by a

variety of other factors
• urea production reflects dietary intake of protein and catabolic rate; increased protein intake or

catabolism (sepsis, trauma, Gl bleed) causes increase in urea level
• ECF volume depletion causes a rise in urea independent of GFR or plasma [Cr]
• in addition to filtration, a significant amount of urea is reabsorbed along the tubule
• reabsorption is increased in hypernatremic states
• typical ratio of urea to [Cr] in serum is 1:12 in SI units (using mmol/L for urea and pmol/L for Cr)

Estimating Urine Osmolality
Last 2digits of the specific gravity x 30 -

urine osmolality appro ximately
(e.g.specific gravity of 1.020 =600
mOsm)Urinalysis

•use dipstick in freshly voided urine specimen to assess the following:

1. Specific Gravity
•ratio of the mass of equal volumes of urine/H20
•range is 1.001-1.030
•values <1.010 reflect dilute urine, values >1.020 reflect concentrated urine
•value usually 1.010 (isosthenuria:same specific gravity as plasma) in ESRD

n
u

2. pH
•urine pH is normally between 4.5-7.0; if persistently alkaline, consider

• RTA (types 1-1V)
UT1with urease-producing bacteria (e.g. Proteus )

+
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3. Glucose
• freely filtered at glomerulus and reabsorbed in proximal tubule
• causes of glycosuria include:

1.hyperglycemia >9-11.1 mmol/L leads to filtration that exceeds tubular resorption capacity
2.increased GT'R (e.g. pregnancy: the proximal convoluted tubule is unable to reabsorb the glucose

and amino acids)
3.proximal tubule dysfunction (e.g. laneon i’s syndrome)
4.sodium-glucose cotransporter 2 (SGLT2) inhibitors (i.e. -flozin drugs) which are prescribed for

DM2; lower the threshold for glucosuria by preventing glucose reabsorption from the filtrate

4. Protein
• dipstick only detects albumin; other proteins (e.g. Bence-|ones, Ig, Tamm-Horsfall ) maybe missed
• microalbuminuria (morning ACR of 2.0 - 20 mg/mmol) is not detected by standard dipstick; greater

than these ranges would be macroalbuminuria
• gold standard: 24 h timed urine collection for total protein

24 h Urine Collection
• Discard first morning specimen
• Collect all su bsequent urine for the

next 24 h
• Refrigerate between voids
• Collect second morning specimen

5. Leukocyte Esterase
• enzyme found in VVBC and detected by dipstick
• presence of W BGs indicates infection (e.g. U IT ) or inflammation along the urinary tract including

prostate, bladder, ureter, pelvis, and interstitium (e.g. AIN)

Positive dipstick for leukocyte esterase
and nitrites is highly specific for
diagnosing a UTI

6. Nitrites
• endogenous nitrates in urine are converted to nitrites by some bacteria (most commonly £. coli )
• high specificity but low sensitivity for UTI

7. Ketones
• positive in alcoholic/diabetic ketoacidosis, prolonged starvation, fasting

8. Hemoglobin
• positive in hemoglobinuria ( hemolysis), myoglobinuria ( rhabdomyolysis), and true hematuria ( KBCs

seen on microscopy)

Nitrite Negative Bacteria
Enterococci
Staphylococci

Nitrite Positive Bacteria
Enterobacterioceoe (e.g.f.coli )

Urine Microscopy

Table 2. Comparison of Urinary Sediment Findings
Active Sediment - Suggestive of
Parenchymal Kidney Disease

Bland Sediment * Less Likely
Parenchymal Kidney Disease

Any one or more of the
following seenon microscopy

Red cell casts
White cell casts

Only hyaline casts
Small quantities ol crystals

Muddy-brown granular or epithelial ceil casts Small amount olbacteria
<2 red cells per HPF
<4 white cells per HPF

>2red cells per HPF
»4 while cells per HPF

1. CELLS

Erythrocytes. hematuria >2 RBCs per HPT
• dysmorphic RBCs and/or RBC casts suggest glomerular bleeding (e.g. proliferative GN)
• isomorphic RBCs or no casts suggest extraglomerular bleeding (e.g.bladder cancer)

Leukocytes
• pyuria = greater than upper limit of normal:>4 WBCs per HPT
• indicates inflammation or infection
• if persistent sterile pyuria present (i.e. negative culture), consider: chronic urethritis, prostatitis,

interstitial nephritis, calculi, allergic cystitis, interstitial cystitis, papillary necrosis, renal
tuberculosis, viral infections, N. gonorrhoeae, C. trachomatis infection

Eosinophils
• detected using Wright’s or Hansel’s stain (not affected by urine pH)
• consider AIN, atheroembolic disease

n
L JOval Fat Bodies

• renal tubular cells filled with lipid droplets
• seen in heavy proteinuria (e.g. nephrotic syndrome)

+2. CASTS
• cylindrical structures formed by intratubular precipitation of Tamm-Horsfall mucoprotein; cells may

be trapped within the matrix of protein

Activate Windows
Goto Settrngrto activate Wii



NP8 Nephrology Toronto Notes 2023

Table 3. Interpretation of Casts
Casts Interpretation
Hyaline Costs
RBC Costs
WBC Casts

Physiologic (concontialotl urine,lever, exercise)
Glomerular bleeding (prolilerative GH,vasculitis)
Inlection (pyelonephritis)
Inflammation (interstitial nephritis)

Pigmented GranularCasts (heme granular casts,muddy brown) AIN
Acute proliferative GN
Nephrotic syndrome (proteinuria >3.5 g/d)Fatty Casts

3. CRYSTALS
• uric acid:consider acidic urine, hyperuricosuria, tumour lysis syndrome
• calcium phosphate:alkaline urine
• calcium oxalate:consider hyperoxaluria, ethylene glycol poisoning, nephrolithiasis
• sulfur:sulfa-containing antibiotics

Urine Biochemistry
• commonly measure: Na 1 , K\ C1-, osmolality, and pH
• spot urine more useful to assess renal physiology, 24 h urine collection more reflective of mineral

balance
• no “normal” values; electrolyte excretion depends on intake and current physiological state
• results must he interpreted in the context of a patient's current state, for example:

1.ECF volume depletion: expect low urine ( Na* ) (kidneys should be retaining Na *)
urine [ Na 1 ) >20 mmol/ L suggests a renal problem or the action of a diuretic
urine [ Na 1 j <20 mmol/ L suggests a prerenal problem

2.daily urinary potassium excretion rate should be decreased (<20 mmol/d) in hypokalemia
if higher than 20 mmol/d,suggests renal contribution to hypokalemia

• osmolality is useful to estimate the kidney’s concentrating ability
• FENa refers to the fractional excretion of Na+ (Na excreted in urine/Na filtered through kidney)

l-'ENa <1% suggests the pathology is prerenal
• urine pH is useful to grossly assess renal acidification

low pH (<5.5) in the presence of low serum pH is an appropriate renal response
• a high pH in this setting might indicate a renal acidification defect (e.g. RTA Type I)

Fractional Excretion of Sodium
FENa *[Na*] urine X [Ct]plasmn

plasma X [Cr]urine X 100[Na*]

Electrolyte Disorders
Sodium Homeostasis

• hyponatremia and hypernatremia are disorders of water balance
hyponatremia usually suggests too much
hypernatremia usually suggests too little water in the ECF relative to Na < content

• solutes (such as N a ' , K , glucose) that cannot freely traverse the plasma membrane contribute to
effective osmolality and induce transcellular shifts of water

water moves out of cells in response to increased ECF osmolality
water moves into cells in response to decreased ECF osmolality

• ECF volume is determined by Na+content rather than concentration
Na deficiency leads to ECF volume contraction
Na +excess leads to ECF volumeexpansion

• clinical signs and symptoms of hyponatremia and hypernatremia are secondary to cells (especially
brain cells) shrinking (hypernatremia) or swelling (hyponatremia)

water in the ECF relative to Na 'content

r
c
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Table 4. Clinical Assessment of ECF Volume- (Total Body Na-)
HypervolemicFluid Compartment Hypovolemic

Intravascular
Increased
Normal lo increased

JVP Decreased
Orlhostalic drop
Tachycardia
Normal

8lood pressure
Auscultation ol heart
Auscultation ol lungs
Interstitial
Shin turgor
Edema (dependent)

Other

Urine output
8ody weight
Hematocrit,serum protein
Urine sodium
IVC sire
IVC collapse oninspiration

S3
Inspiratory crackles

Decreased
Absent

Normal/increased
Present

Decreased"
Decreased
Increased
IncreasedlDecreased'"
<2.1cm
>50%

Variable
Increased
Decreased
Decreased
>2.1cm
<50%

'Refers to effective circulating volume (ECV). which is the ECF volumeadequately perfusing tissues
"It there is arenal abnormality (e.g.osmotic diuresis), the urineoutput may beincreased despite the presenceot hypovolemia
'"Inhypovolemia,urine sodium can beIncreased due to renal losses,or decreased due to extra-renal losses
'"’IVC ultrasound during respiration assessescentral venous pressure/right atrial pressure;lung ultrasound lor B-liries can alsobe used lor
assessment ot pulmonary congestion

Hyponatremia
Definition
• serum [Na + J <135 mmol/L
• can be associated with hypo-osmolality (most common), iso-osmolality, or hyperosmolality
• consider if it is associated with “appropriate” (hypovolemia) vs. “inappropriate” (euvolemia) ADH

secretion
• if appropriate ADH secretion, is it real vs. effective volume loss?

If the urine osmolality is unknown,
assume the urine is hypo-osmolar/dilute

[ Hyponatremia )

Iso-Osmolar
1280-295 mOsm/kg)
• Retenbon in ECF ol large volumes

ol isotonic fluids that do not
contain sodium (e g. mannitol)

• Pseudohyponatremia - lab artifact
seen wtUi severe hyperlipidemia
or paraproteinemia (e g.multiple
myeloma)

Hypo-Osmolar (dilutional)
(<280 mOsnVkg)
• Most common cause of
hyponatremia
• Excess water in relation lo

sodium stores which can be
decreased,normal, or increased

• Categorized by volume status
as determined by clinical
assessment

Hyper-Osmolar (Iranslocalional)
(>295 mOsm/kg)
•Extra osmoles in ECF draw

water out ot cells diluting die
Na 'in ECF
•Usually glucose (rarely

hypertonic mannitol)
•Every 10 mmol/L increase in

blood glucose results in
3 mmol/L decrease in Na '

i T
Euvolemic
U„,„>100
• SIADH (normal UNa)
• Adrenal insufficiency
• Hypothyroidism

Hypovolemic
Uu >20
• Diuretics (especially thiazides)
• Salt-wasting nephropathy

Hypervolemic
U„<20 and Feu<1% (renal losses)
• CHF
• Cirrhosis and ascites
• Nephrotic syndrome
• Pregnancy Hi,<10 and Feu <1% (extra-renal losses)

• Diarrhea
• Excessive sweating
• Third spacing (e.g. peritonitis,
pancreatitis,burnsl

Uo,*<100
•Psychogenic polydipsia
•Low solute - "tea & toast"

l)„>20 and Fe-,,>1% (renal losses)
• AKI.CKD

Figure 5. Approach to hyponatremia

Signs and Symptoms
• depend on degree of hyponatremia and. more importantly, velocity of progression from onset
• hyponatremia = swollen cells
• acute hyponatremia (<24-48 h) more likely to be symptomatic
• chronic hyponatremia (>24- 48 h ) less likely to be symptomatic due to adaptation

• adaptation: normalization of brain volume through loss of cellular electrolytes (within hours) and
organic osmolytes (within days)

• neurologic symptoms predominate (secondary to cerebral edema ): headache, nausea, malaise,
lethargy, weakness, muscle cramps, anorexia, somnolence, disorientation, personality changes,
depressed reflexes, decreased LOC

Symptoms of Central Pontine
Myelinolysis
• Cranial nerve palsies
• Ouadriplegia. Decreased LOC

ri

+
Complications
• cerebral edema and increased intracranial pressure resulting in nausea, headaches, decreased LOC,

seizures, coma, brain herniation, and death
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•risk of brain cell shrinkage with rapid correction of hyponatremia
• can develop osmotic demyelination of pontine and extrapontine neurons; may be irreversible (e.g.

central pontine inyelinolysis)
symptom onset may be delayed 2-6 d; begins as dysarthria, dysphagia, paresis, movement
disorders -> later on seizures, lethargy, confusion, disorientation, obtundation, coma

Risk Factors for Osmotic Demyelination
« low serum [Na ' ] of <115 mmol/L at presentation and/or duration of hyponatremia >2 d
•associated hypokalemia, malnutrition, liver disease, alcoholism
•overly rapid correction of|Na '), i.e. rise in|Na *|>8 mmol/L/24 h if chronic hyponatremia,e.g.:

inappropriate sodium replacement
suppression of ADH by restoring euvolemia with isotonic fluid, or by stopping a reversible
stimulus of SIADH (organic disorders; medications e.g. SSKIs; limbic system activation e.g.
nausea, pain, surgical stress; see 'Table 5, N P I I )
discontinuation of thiazides; depriving water in patient with psychogenic polydipsia

Investigations for Hyponatremia
• EC1-' volume status assessment (see Table 4, NP9)
• serum electrolytes, glucose, Cr
• serum osmolality, urine osmolality
• urine Na +(urine Na +<10-20 mmol/L suggests volume depletion as the cause of hyponatremia)
• assess for causes of S1ADH (see Table 5)
• TSH, free T4, and cortisol levels
• consider CXR and possibly CT chest if suspect pulmonary cause of SIADH (e.g. paraneoplastic

syndrome by small cell lung cancer)
• consider CT head if suspect CNS cause of SIADH (i.e. subarachnoid hemorrhage)

Treatment of Hyponatremia
• general measures for all patients

1. treat underlying cause (e.g. restore ECE volume if volume depleted, remove offending drug, treat
pain, nausea,etc.)

2.restrict free water intake in S1ADH (<1000 mL/d)
3.promote free water loss
4.carefully monitor serum Na+, urine volume,and urine tonicity
5.monitor frequently that correction is not too rapid

• monitor urine output frequently: high output of dilute urine is the first sign of dangerously rapid
correction of hyponatremia as the stimulus for ADH is diminished with the correction of hypovolemia

A. Known Acute (known to have developed over <24-48 h )
• commonly occurs in hospital (dilute IV fluid, postoperative increased ADH )
• less risk from rapid correction since adaptation has not fully occurred
• if symptomatic

correct rapidly with 3% NaCl at 1-2 cc/kg/h up to serum|Na t| 125-130 mmol/L
may need furosemide to address volume overload

• if asymptomatic, treatment depends on presence of risk factors for ODS
goal is to promote a negative balance of free water
restrict free water intake
promote free water loss by administration of furosemide with salt tablets, oral urea, or
vasopressin receptor 2 antagonists (e.g. tolvaptan)
if ODS risk factors present, aim to correct serum sodium more slowly
do not give 3% NaCl if hyponatremia is autocorrecting due to water diuresis

B.Chronic or Unknown
1. if severe symptoms (seizures or decreased LOC)

must partially correct acutely
aim for increase of Na1by 0.5-1 mmol/ L/h for 4 -6 h
limit total rise to 8 mmol/L in 24 h

• IV 3% NaCl at 1-2 cc/kg/h
may need furosemide

2. ifasymptomatic
water restrict to <1 L/d fluid intake

• consider IV 0.9% NS + furosemide (reduces urine osmolality, augments excretion of H’O)
consider NaCl tablets as a source of Na +

3.refractory
furosemide and oral salt tablets
oral urea (osmotic aquaresis)
vasopressin receptor 2 antagonists (e.g. tolvaptan)

4.always pay attention to patient’s ECE volume status - if already volume-expanded, usually don't give
NaCl (tablet or IV); if already volume-depleted, almost never appropriate to give furosemide

C.Options for Treatment of Ovcrly-Rapid Correction
• give water (IV D5W)
• give ADH to stop water diuresis (DDAVP 1-2 pg IV )

<8>
Beware of Rapid Correction of
Hyponatremia
• Rapid correction of hyponatremia

can occur inadvertently, commonly
after stopping a reversible secondary
cause of SIADH.e.g.:

• Patient with SIADH secondary to
nausea is given an anti-emetic

• Resolution of nausea causes a rapid
cessation of SIADH. leading to renal
excretion of excess water and rapid
increase in serum [Na+]

• Patient at risk of osmotic
demyelination

• High output dilute urine (>100 cc/h.
<100 mOsm/L) in the setting of
hyponatremia is usually the first sign
of dangerously rapid correction of
serum sodium

Correction of Na in hyponatremia
should not exceed 8 mmol/L/24 h
unless definitely known to be <24-48 h
duration:frequent monitoring of serum
Na+ and urine output is essential

0
Concentration of|Na •) in Common
Infusates. ( Na ) in 0.45% NaCl -77 mmol/L. [Na 1] in 0.9% NaCl -154 mmol/L. [Na '] in 3% NaCl - 513 mmol/L. [Na ] in 5% NaCl -855 mmol/L. [Na *] in Ringer's lactate -130 mmol/L. [Na *] inD5W-0

+Impact of IV'Solution on Serum|Na ']
• formula to estimate the change in serum [Na+] caused by retention of 1 L of any infusate
• [TBW = (for men) 0.6 x weight(kg); (for women) 0.5 x weight(kg)]
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SYNDROME OF INAPPROPRIATE ANTIDIURETIC HORMONE SECRETION
1. urine that is inappropriately concentrated for the serum osmolality
2. urine sodium >20-40 mmol/L - likely reflecting euvolemia
3. I'ENI >1%

Table 5. Disorders Associated with SIADH
Cancer CNS MiscellaneousPulmonary Drugs

Small cell cancer
Bronchogenic carcinoma
Pancreatic
adenocarcinoma
Hodgkin's lymphoma
thymoma
leukemia

Pneumonia
Lung abscess
tuberculosis
Acute respiratory failure
Asthma
COPD
Positive pressure
ventilation

Postoperative stateHass lesion
Encephalitis
Subarachnoid hemorrhage SSBIs
Stroke
Head trauma
Acute psychosis
Acute intermittent
porphyria

Antidepressants
ICAs Pam

Severe nausea
Antineoplastics
Vincristine

HIV

Cyclophosphamide
Anti-epileptics
Carbamacepme
Barbiturates
Chlorpropamide
ACll
Other
DDAV7
Oxytocin
Nicotine H2O Deficit and TBW Equations

TBW - 0.6 x wt (kg) men
TBW- 0.5 * wt (kg) women

Hypernatremia HiO deficit - TBW x ffNar ]plasma-
140) / 140

Definition
• serum [Na + ] >145 mmol/ L
• too little water relative to total body Na always a hyperosmolar state
• usually due to NL I water loss or insufficient intake, rarely due to hypertonic Na 'gain
• less common than hyponatremia because patients are protected against hypernatremia by thirst and

release of ADH

Correction of serum [Nr] in
hypernatremia should not exceed 12
mmol/L/24 h

Hypernatremia

I
1 L D5W approximately equals 1L of
free water
1 L 0.45% NS approximately equals 500
mL of free water

1
Reduced Intake
• Elderly (dementia, swallowing

difficulty, stroke, bed-bound)
• Infant
• Coma

Surgical

Increased Losses
(without adequate intake)

Outcomes in Severe Hyponatremia Treated With
and Without Desmopressin
Am J Med 2018;131:1-317
Purpose: Rapid overcorrection of plasma Na-in severe hyponatremia can lead to osmotic
demyelinabiM syndrome.IhisStudyseeks tocom pare
outcomes in hyponatremia based on OOAVP usage
in treatment.
Methods: Retrospective study including all
admissions to internal medicine with hyponatremia
(plasma Na- <123 m£q/L|from 2004 to 2014 at 2
Toronto hospitals. Ihe primary outcome was safe
Na- correction («12 mfq/l in any 24 h period and
<18 mlqJl in any 48 h periodl, lime lo reach Na-
>130 mEgflor hospital discharge. 0D4VP uses
were excluded lor 01 and for bleeding prevention in
thrpmbocytopenra.
Results: Among 1450 admissiors of 1274 patients (or
hyponatremia over the10 yr period, desmopressin
was administered in 284 admissions (17.5%).
fewer patients receiving OOAVP achievedsafe Na-
correction within Ihe 24 h lime frame (70.0% vs.
85%:P<0.001). Ihe proportion of cases with sale
Na- correction was highest in Ihe proactive - DDAVP
treatment group, followed by reactive then rescue
treatment (78.6% for proactive vs. 29.3% for
reactive|.According loclinical or radiographic
findings.4 of 1450 admissions had suspected osmotic
demyelrnaban syndrome, two of which occurred
during DDAVP administration (0.79% incidence.95%
Cl 0.22-2.82],
Conclusions: Ihe rescue strategy of DDAVP
administration is not an ideal strategy, while the
proactive strategy was effective a!slowing Na*
rate of change.In patientsat nsk for osmotic
demyelinabon syndrome, a pcoactive DDAVP strategy
more often achieved a more stringent correction limit.

Extra-renal Losses
* Gl loss (diarrhea, fistulas)
• Insensible loss (exercise,

seizures)

Renal Losses
• Central Dl
• Nephrogenic Dl
• Osmetic diuresis (hyperglycemia,

mannitol, urea. NS. polyethylene glycol)

Figure 6. Approach to hypernatremia

Signs and Symptoms
• hypernatremia = shrunken cells

• acute hypernatremia (<24 -48 h)
• chronic hypernatremia (>24-48 h), cells will have achieved adaptive mechanism: can import and

generate new osmotically active particles to normalize cell size
• nearly all cases of hypernatremia will be due to chronic hypernatremia
• acute hypernatremia primarily presents in patients with diabetes insipidus
• symptoms due to brain cell shrinkage: altered mental status, weakness, neuromuscular

irritability, focal neurologic deficits, seizures, coma, death
• ± polyuria, thirst, signs of hypovolemia

Complications
• increased risk of vascular rupture resulting in intracranial hemorrhage
• rapid correction may lead to cerebral edema

Treatment of Hypernatremia
• general measures for all patients

• give free water (oral or IV)
treat underlying cause
monitor serum Na frequently (q4h) to ensure correction is not occurring too rapidly

• if evidence of hemodynamic instability, then must first correct volume depletion with NS bolus
• loss of water is often accompanied by loss of Na * , but a proportionately larger water loss

ri
uJ
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• encourage patient to drink pure water, as PO is preferred for fluid administration
• if unable to replace PO or NG,correct H:0 deficit with hypotonic IV solution (IV D5W, 0.45% NS [half

normal salinej,or 3.3% dextrose with 0.3% NaCl [“2/3 and 1/3”])
• chronic hypernatremia:aim to lower serum sodium by 8-10 mEq/L in 24 h (often achieved by giving

free water at 1.35 mL/kg/h)
• acute hypernatremia: use formula to calculate water deficit. Replace entire water deficit within 24 h

(hourly infusion rate = water deficit in mL/24 h)
• infusion rate may need to be increased in order to account for ongoing losses in addition to initial

deficit

Diabetes Insipidus
Definition
•collecting tubule is impermeable to water due to absence of ADH or impaired response to ADH
•defect in central release of ADH (central Dl) or renal response to ADH (nephrogenic Dl )

Etiology
•central Dl: neurosurgery, granulomatous diseases, trauma, vascular events, and malignancy
•nephrogenic Dl

usually acquired - drugs (e.g. lithium), secondary to amyloidosis, sickle cell disease,Sjogren
syndrome, polycystic kidney disease, electrolyte imbalances (i.e. hypercalcemia)
congenital/hereditary

Diagnosis
•urine osmolality inappropriately low in patient with hypernatremia (U <>»m <300 mOsm/kg)
•serum vasopressin concentration may be absent/low (central), or elevated (nephrogenic)
•dehydration test: H:0 deprivation until loss of 3% of body weight or until urine osmolality rises above

plasma osmolality; if urine osmolality remains <300 (fails to concentrate urine), most likely Dl

A Copeptin-Based Approach to the Diagnosis ol
Diabetes Insipidus
NiJU 2018:379:428 3S
Purpose: Compansoo of the indirect water
deprivation test,a techaicaly cumbersome test with
direct detection of plasma copeptu.a precursor -
derived surrogate of arginine vasopressin.
Methods: from 2013 to 200, ISO patients with
hypotonic polyuria underwent both indirect
water -deprivation testing and hypertonic saline
infusion tests.In the biter lest, plasma copeptin
levels were measured when plasma Ka > increased
to >130 mmoifl after saine mfesion. foe primary
outcome was overal diagnostic accuracy of each
test compared with hnal reference diagnosis, as
determined by clinical history, test results and
treatment response, with copeptin levels masked.
lesulU: Among the141 patients included in final
analysis, the Indirect water-deprivation test showed
diagnostic accuracy in 108 patnnts(7C.fiV 83%
Cl (8.9 lo 83.2)and the hypertonic saknc infusion
(copeptin cutoff >4.9 mmotil) showed diagnostic
accuracy in 136 patients (94.3%:93% Cl 92.1to
98.6. P‘0.001). Ihe water-deprivation test correctly
distinguished primary polydipsia from partial central
Dl in 77 of 105 patients (23.3%:95% Cl 63.9 to 81.2)
while the hyperton it saline test distinguished in 99 of
104 patie Ms|95.2%;95% Cl 89.4 to 98.1.M.001).
Conclusion la pit a tswtl bypoMl cpOfiyaH l
direct measurement of hypertomc-salme stimulated
plasma copeptin levels showed greater diagnostic
accuracy than the water-deprivation test.

Management
•central Dl: administer exogenous ADH (e.g. DDAVP) 10 pg intranasally or 2 pig SC or IV
•nephrogenic Dl: patients may have partial or complete ADH resistance, and DDAVP is generally

ineffective
• maintain fluid intake to match losses, e.g. PO water, IV D5W, IV 0.45% NS
• treat underlying cause of nephrogenic Dl

thiazides can help by paradoxically reducing urine output: thiazides induce hypovolemia ->
stimulate proximal tubular reabsorption of sodium and water -> less delivery of glomerular
filtrate to the collecting duct -> lower urine volume

Potassium Homeostasis
•-98% of total body K 'stores are intracellular
•normal serum K ' ranges from 3.5-5.0 mEq/L
•in response to K 'rise, rapid removal from ECP is necessary to prevent life-threatening hyperkalemia

(K+ >6.5 mEq/ L)
•insulin, catecholamines, and acid-base status influence K 'movement into cells

aldosterone has a minor effect
•potassium excretion is regulated at the DCT and collecting ducts

K’excretion = urine flow rate x urine [K ')

Factors which Increase Renal K+Loss
•hyperkalemia
•increased distal tubular urine flow rate and Na ^ delivery (thiazides and loop diuretics)
•increased aldosterone activates epithelial sodium channels in cortical collecting duct, causing Na +

reabsorption and K+excretion
•metabolic alkalosis (increases K + secretion)
•hypomagnesemia
•increased non-resorbable anions in tubule lumen: HCO 3", penicillin, salicylate (increased tubular flow

rate increases K+secretion)

sHypokalemia
n
i j

Definition. serum [K+ ] <3.5 mEq/L

Signs and Symptoms
• usually asymptomatic, particularly when mild (3.0-3.5 mmol/L)
• nausea/vomiting, fatigue, generalized weakness, myalgia, muscle cramps, and constipation
• if severe:arrhythmias, rhabdomyolysis, myoglobinuria, and rarely paralysis with eventual respiratory

impairment
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• arrhythmias occur at variable levels of K * ; more likely if digoxin use, hypomagnesemia, or CAD
• ECG changes are more predictive of clinical picture than serum|K '|

• U waves most important ( low amplitude wave following a T wave)
• flattened or inverted T waves
• depressed ST segment
• prolongation of Q-T interval
• sinus bradycardia
• with severe hypokalemia: P-K prolongation, wide QRS, arrhythmias; increases risk of digitalis

toxicity
• common arrhythmias seen with hypokalemia: ventricular fibrillation, ventricular tachycardia

s2 341 r
s

—
<Normal Uwave U wave Progression

Figure 7. ECG changes in hypokalemia
Hypokalemia is often accompanied by
metabolic alkalosis:
• K ^shifts from cells to ECF;H-shifts

into cells in response
• Plasma [HCOJ-] increases,while

intracellular pH decreases
• In response to low pH.renal tubular

cells secrete H'into lumen,and
increase renal ammoniagenesis and
excretion

• Resultant addition of more [HC03-]
into plasma•metabolic alkalosis

Approach to Hypokalemia
1. emergency measures if K+ <2.5 mEq/L:obtain ECG; if potentially life threatening, begin treatment

immediately
2. rule out transcellular shifts of K+ as cause of hypokalemia
3. assess contribution of dietary K+ intake
4. spot urine K:Cr

if <1.5 mEq/mmol consider G1 loss
if >1.5 mEq/mmol consider a renal loss

5. consider 24 h K'excretion
6. if renal Moss, check BP and acid -base status
7. may also assess plasma renin and aldosterone levels, serum|Mg-11

[ Hypokalemia ]
Tt

Redistribution into Cells (transcellular shills)
• Metabolic alkalosis (K'/H' exchange across cell membranel
• Insulin (stimulates Na/K 'ATPase)
• Catecholamines,pt-agonists Isalbutamol), theophylline

(stimulates Na' /KATPasel
• Tocolytic agents
• Uptake into newly forming cells
-Vitamin B injections in pernicious anemia

-Colony stimulating factors T WBC production

Decreased Intake
•Limited dietary intake
•Clay ingestion

Increased Loss

i
Spot urine ICCr ^ iI

Spot urine K:Cr
<1.5mEq/mmol

Spot urine ICCr
>1.5mEq/mmol

; r1 CGlLosses
•Diarrhea
•Laxatives
•Villous adenoma

Renal losses

T
Check BP

T 1
[Hypo- or normotensive ] Hypertensive

•1°hyperaldosteronism (e g. Conn's syndrome)
•2°hyperaldosteronism (renovascular disease, renin tumour )

[ Check acid base status) •Non-aldosterone mrneralocorbcoid (Cushing's,exogenous)

T V
Acideinic
•DKA
•RTA

Variable
•HypoMg
•Vomibng/NG

Alkalemic
•Diurebcs (furosemide,HCT2Imanifest as renal losses due to

hyperaldosteronism,metabolic alkalosis, and increased flow to collecting duct
•Inherited renal tubular lesions
-Banter's (loop of Henle dysfunction: furosemide-like effect)
-Gitelman's (DCT dysfunction: thiazide-like)

Figure 8.Approach to hypokalemia rn
c.

Treatment
•treat underlying cause
•if true K 1 deficit, potassium repletion

oral sources: food, tablets (K-Dur‘), KC1liquid solutions (preferable route if the patient tolerates
PO medications)
IV: usually KC1 in saline solutions, avoid dextrose solutions (may exacerbate hypokalemia via
insulin release)
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• max 40 mmol/L via peripheral vein, 60 mmol/L via central vein, max infusion 20 mmol/h
• K’ -sparing diuretics (triamterene, amiloride, spironolactone) can prevent renal Kioss
• restore Mg-’before correcting K *
• if urine output and renal function are impaired, correct with extreme caution
• risk of hyperkalemia with potassium replacement especially high in elderly, diabetics, and patients

with decreased renal function
• use ACE inhibitor or ARB for CHI ( reduces angiotensin 11 action and therefore reduces aldosterone

production)
• beware of excessive potassium repletion, especially if hypokalemia secondary to transcellular shift

Hyperkalemia
Definition
• serum [K*|>5.0 mEq/E

Signs and Symptoms
• usually asymptomatic but may develop nausea, palpitations, muscle weakness, muscle stiffness,

paresthesias, aretlexia, ascending paralysis, and hypoventilation
• impaired renal ammoniagenesis and excretion and metabolic acidosis
• ECG changes and cardiotoxicitv (do not correlate well with serum [k ’ ])
• peaked and narrow T waves
• decreased amplitude and eventual loss of P waves
• prolonged PR interval
• widening of QRS and eventual merging with T wave (sine-wave pattern )
• AV block
• ventricular fibrillation, asystole

31 2 4 5
.1
2-

1—
Peaking
Twave

Normal Peaked
Twave V

Figure 9. ECG changes in hyperkalemia

Table 6. Causes of Hyperkalemia
Pseudohyperkalemia Transcellular Shift Decreased ExcretionIncreased Intake

Sample hemolysis*
Sample taken from vein
where IV KCI is running
Prolonged use ol tourniguet
leukocytosis (eilremel
thrombocytosis"(eitreme)

O.et Intravascular hemolysis
Rhabdomyolysis
tumour lysis syndrome
Insulin deficiency
Metabolic Acidosis
Drugs
(1-blockers
Digitalis overdose (blocks
Na /K-AlPase)
Succinylcholine

Decreased GFR
Renal failure
Low effective circulating volume
NSAlDs in renal insufficiency

Normal GFR but
hypoaldosteronism (table 7)

KCItabs
IV KCI
Salt substitute

’Most common
"Usually when blood specimen has been sitting out long beloie being analyzed

Table 7. Causes of Hyperkalemia with Normal GFR Secondary to
Hypoaldosteronism
Decreased Aldosterone Stimulus (low Decreased Aldosterone Production
renin, low aldosterone)

Aldosterone Resistance (decreased
tubular response)(normal renin, low aldosterone)

Associated with diabeticnephropathy.NSAlDs. Adrenal Insufficiency (e.g.Addison’s disease.
AIDS,metastatic cancer)

K- sparing diuretics:
Spironolactone
Amiloride
Triamterene

Renal tubulointerstitial disease

chronic interstitial nephritis.HIV
ACEI
Angiotensin II receptor blockers
Heparin
Congenital adrenal hyperplasia with
21-hydroxylase deficiency

Approach to Hyperkalemia
1.emergency measures:obtain ECG; if life threatening, begin treatment immediately
2. rule out pseudohyperkalemia; repeat blood test
3. hold exogenous K’ ( HO and IV ) and any medications that are K ’retaining
e.g. RAAS inhibitors (ACEI, ARBs), aldosterone antagonists, non-selective|}-blockers ( propranolol /

labetalol ) or affect K‘excretion ( i.e. NSAlDs)
4. assess potential causes of transcellular shift
5. determine eGlR

In patients with DM and increased [K*]
and hyperglycemia, often just ghnng
insulin to restote euglycemia is sufficient
to correct the hyperkalemia
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Treatment
• acute therapy is warranted if E(Xi changes are present or if patient is symptomatic regardless of|K '|
• tailor therapy to severity of increase in|K '|and EC(i changes

|K 11 <6.5 and normal E(Xi
treat underlying cause, stop K 'intake, increase the loss of K 'via urine and/or (il tract

• |K 11 between 6,5 and 7.0, no IXXi changes: add insulin to above regimen
• |K 1 j >7.0 and /or IXXi changes: first priority is to protect the heart , add calcium gluconate to above

<§;
Treatment of Hyperkalemia

C BIG K DROP
C Calcium gluconate
BIG pagonlst. Insulin. Glucose
K Kayexalatc'
DROP Diuretics. Dialysis

1. Stabilize Myocardium
• calcium gluconate 1-2 amps (10 rnL of 10% solution ) IV
• antagonizes hyperkalemia induced membrane depolarization, protects cardiac conduction system, no

effect on serum [K +J
• onset within minutes, lasts 30-60 min (may require repeat doses during treatment course of

hyperkalemia) Acute Management nf Hyperkalemia
Curr Heart Failure Rep 2019;16:67-14
Rirpose: Outline and review ttecurrent evidence

behind the acute medical management ol
hyperkalemia, including the three principal
strategies o!stabilizing the myocardium,
intracellular shifting of serum K-. and enhancing
elimination via urinary or fecal excretion.

1. Stabilizing the Myocardium:The protective effects
of Ca tails on myocardial slabilization should
be seen within 5 min of administration.Doses can
be repeated in 5 min intervals if life-threatening
ECO changes persist. There are concerns regarding
calcium use in d goxin toxicity causing irreversible
non-contractile states. No lile-threotening
dysrhythmias occurred within1h ol calcium
administration.

2. Intracellular Shilling ol Potassium: Regular Insulin
has shown effectivenessat decreasing serum K',
with IV insulin decreasing scrum Kby 0.8 mmolil
at1h. The main side effect of insulin -induced
hypoglycemia can be managed with IVdextrose.
Albuterol hasan onset within 1S-30 min ol
administration, causing maximal decreases
by 1 mmotflat 1 h. There is little evidence to
suggest that sodium bicarbonate has a role in the
management of hyperkalemia, except in the case
of concomitant metabolic acidosis.

3. Enhanced Excretion:Though limited evidence
for acute management, it is recommended to
administer loop diuretics and sodium polystyrene
sulfonate toelirainate K*.fcirebcs may precipitate
or worsen AVI in patients with poor volume status,
while sodium polystyrene sulfonate should be used
with caution due tosevere 61sale effects such as
ulceration, bleeding, colonic ischemia/necrosis,
and intestinal perforation.

2.Shift K' into Cells
• regular insulin (Insulin R) 10-20 units IV, with 50-100 mL D50W to prevent hypoglycemia

onset of action 15-30 min, lasts 4-6 h
monitor capillary blood glucose qlh because of risk of hypoglycemia
can repeat q4-6 h
caution giving D50VV before or without insulin if hyperkalemia is severe: hypertonic glucose
increases plasma osmolality, promoting extracellular water and Shift , and can cause a serious
arrhythmia

• p2-agonist (Ventolin*) in nebulized form (dose = 2 cc or 10 mg inhaled) or 0.5 mg IV
onset of action 30-90 min, stimulates Na * /K'ATPase

• caution if patient has heart disease as may result in tachycardia

3. Enhance K < Removal from Body
• via urine (preferred approach )

• furosemide ( £40 mg IV ), may need IV NS to avoid hypovolemia
• fludrocortisone (synthetic mineralocorticoid ) if suspecting aldosterone deficiency

• via (il ( if renal function is severely impaired )
• cation exchangers: patiromer 8.4 g PO 01) (up to 25.2 g/d ), zirconium cyclosilicate, or sodium

polystyrene sulfonate (Kayexalate*)
practically, patiromer and zirconium are not currently widely employed due to high cost
sodium polystyrene sulfonate (Kayexalate*) should be used with caution, as they may lead to
the development of colonic necrosis and intestinal perforation

osmotic laxatives e.g. lactulose can support G1 excretion of K +in the form of diarrhea
• dialysis (renal failure, life threatening hyperkalemia unresponsive to therapy)

Hyperphosphatemia
Definition
• serum phosphate >1.45 mmol/L

phosphate binds to serum calcium to create insoluble precipitates in soft tissues and blood vessels,
thereby resulting in hypocalcemia
hypocalcemia subsequently triggers the development of secondary hyperparathyroidism in
patients with advanced CKD on dialysis

Etiology
• typically results from decreased renal excretion of phosphate

Table 8. Etiology of Hyperphosphatemia
Reduced Renal Clearance PseudohyperphosphatemiaIncreased Phosphate Load

61 intake (rectal enema. 61 bleeding)
IV phosphate load|K- Phos \ blood transfusion ) Hypoparathyroidism
Endogenous phosphate (tumour lysis
syndrome, ihabdomyolysis, hemolysis, lactic Tumour calcinosis (ability of kidney lo
and ketoacidosis)

AcuteXhionic renal failure Hyperglobulincmia
Hyperlipidemia
HyperbilirubinemiaAcromegaly

specifically deal phosphate is defective)

Clinical Features
• non-specific, include ectopic calcification in soft tissues and vessels, renal osteodystrophy

symptoms consistent with hypocalcemia

Treatment
• acute: IV saline, hemodialysis if symptomatic;
• chronic: low P04 3~diet, phosphate binders (e.g.CaCO.x, lanthanum carbonate, sevelamer with meals)

r *iSymptoms of Hypocalcemia
• Tetany
• Seizures
• Hypotension
• OT prolongation
• Papilledema
• Psychiatric manifestations

L J
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Hypophosphatemia
Symptoms usually present when
phosphate <0.32 mmol/L (1.0 mg/dL)
Treat asymptomatic patients if
phosphate <0.32 mmol/L

Definition
• serum phosphate <0.80 mmol/L

Etiology
• acute hypophosphatemia often caused by intracellular shifts of phosphate superimposed on chronic

phosphate depletion
• chronic hypophosphatemia often caused by decreased renal phosphate reabsorption
• severe chronic hypophosphatemia often caused by chronic starvation or malabsorption (e.g. in

patients with alcoholism) or chronic use of phosphate binders (e.g.patients with CKD)
Severe bums can cause
hypophosphatemia due to POa5losses
through the skin

Table 9. Etiology of Hypophosphatemia
Excessive Skeletal
Mineralization

Shift into Intracellular FluidInadequate Intake Renal Losses

Starvation
Malabsorption (diarrhea ,
steatorrhea)
Antacid use
Alcoholism

Osteoblastic melastascs
Post paralhyroidcctomy (referred Respiratory alkalosis
to as'hungry bone syndrome') Starvation releeding (stimulated

by insulin)

Hyperparathyroidism
Diurclics
X-linkcd or autosomal dominant
Irypophosphalemic Rickets
Fanconi syndrome
Multiple myeloma
Early postrenal transplant

Recovery from metabolic acidosis

Clinical Features
• instability of cell membranes leading to hemolytic anemia or rhabdomyolysis
• MSK weakness, respiratory depression, low cardiac output/CHF from weakened cardiac muscles:

symptoms arise due to low ATP production
• neurological symptoms: irritability, encephalopathy, seizures, coma
• hematologic symptoms: hemolytic anemia, decreased release of oxygen from hemoglobin, impaired

leukocyte and platelet function (leading to worsening infections/defective clotting)

Treatment
• treat underlying cause
• initiate when serum [PO4 J-] <0.64 mmol/L. Use PO therapy if asymptomatic, or symptomatic and

[PQi3-] >0.32 mmol/L. Use IV therapy if symptomatic and [PO43-] <0.32 mmol/L
• PO PO43-: 2-4 g/d divided B1D-Q1D (start at 1 g/d to minimize diarrhea), encourage PO43- rich

diet
IV PO4 3-: only for severely symptomatic patients or inability to tolerate oral therapy

Hypermagnesemia
Definition
•serum magnesium >1.05 mmol/L

Etiology
•AKI/CKD
•Mg 3'-containing antacids or enemas
•IV administration of large doses of MgSO 1 (e.g. see Obstetrics. Prccclampsla, OB26)

Clinical Features
•rarely symptomatic
•drowsiness, hyporeflexia, respiratory depression, heart block, cardiac arrest, hypotension

Treatment
•discontinue Mg:'-containing prod
•10% calcium gluconate 10-20 mL 1V (Mg 2'-antagonist) for acute reversal of magnesium toxicity
•hemodialysis if renal failure, consider peritoneal dialysis in setting of hemodynamic compromise

ucts

Hypomagnesemia
Ybu will be unable to correct
hypokalemia or hypocalcemia without
first supplementing magnesium If patient
is hypomagnesemic

Definition
• serum magnesium <0.70 mmol/L

n
Etiology LJ

61 losses
Starvation/malabsorption
Vomiling/dlarrhca
Alcoholism
Acule pancreatitis

Excess renal loss
2° hyperaldosler onism due to cirrhosis and CHF
Hyperglycemia
Hypokalemia
Hypercalcemia
Loop and thiazide-type diuretics
Nephrotoxic medications
Proton-pump inhibitors
Early postrenal transplant
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Clinical Features
• tremors, nausea and vomiting, lethargy/weakness, seizures, paresis, Chvostek and Trousseau signs,

ECG changes (widened QKS, prolonged PR, 1-wave abnormalities), and arrhythmias including
Torsades de Pointes

Treatment
• treat underlying cause
• encourage increased dietary intake e.g. fruits
• oral Mg 2 'salts unless patient has seizures or other severe symptoms
• Mg -+1M /1V; cellular uptake of Mg 2'is slow, therefore repletion requires sustained correction
• discontinue diuretics

» in patients requiring diuretics, use a K * -sparing diuretic to minimize magnesuria

Acid-Base Disorders
• acid-base homeostasis influences protein function and can critically affect tissue and organ function

with consequences to cardiovascular, respiratory, metabolic, renal, and CNS function
• normal concentration of [HC03 ~ ]= 24 mEq/L (range:21-27 mEq/L for arterial blood gas sample)
• normal pC02 = 40 mmHg (range:36-44 mmHg)
• each acid-base disorder has an associated compensation

inadequate compensation or overcompensation can indicate the presence of a second add-base
disorder (e.g. in metabolic acidosis, inadequate compensation means there is also respiratory
acidosis; overcompensation means there is also respiratory alkalosis)

• most commonly assessed using an arterial blood gas sample
• see Respirologv, R6 for more information on respiratory acidosis/alkalosis

§
PH

Causes of Increased Osmolar Gap
Methanol
Ethylene glycol
Ethanol
Polyethyleneglycol
Mannitol
Sorbitol

I T

( Low (pH <7.35) ] ( High (pH >7.45) )Nonna I

,
( No Disturbance ]Acidemia Alkalemia

,
£ 1 £ 1Mixed Disturbance

Low High low
Useful Equations
AG -[Na*]-[CT]-[HCOsj (normal range-W-MmEql)

HCO, uca HCOr pCO:

Metabolic acidosis
41 HCO:= 41 pCO;

Respiratory acidosis
Acute: T 10 pCQ=11 HCO 3

Chronic: T 10 pCQ= T 3 HCO 3

Respiratory alkalosis
Acute: 4 10 pCO-42 HCO ,

Chronic: 4 10 pCOr.~ 4 5 HCO ,

Metabolic alkalosis
110 HCOb = T 5-7 pCO ,

Osmolar Gap ~ measured serum
osmolality-calculated osmolality
(normal <10 mEqt)
-"Two Salts and a Sticky BUN'

Figure 10.Approach to add-base disorders. Equalities represent the appropriate compensatory changes in
pCOz or HC03-in response to the primary disturbance

Calculated Osmolality - 2JNa*]+[Urea]+
[Glucose](+t2S[Ethanor)

Approach
1. Identify the Primary Disturbance

respiratory acidosis, metabolic acidosis, respiratory alkalosis, metabolic alkalosis

2.Evaluate Compensation. If compensation is not appropriate, second add-base disorder is likely
present

compensation occurs in the same direction as the primary disturbance

3.Calculate Plasma AG. AG = [Na *] - ([HCOr ] + [CT J )
baseline = 12, normal range 10-14 mEq/L
AG can be altered by plasma albumin level: for each 10 g/L fall in albumin, lower baseline AG by 3
mEq/L (e.g. if plasma [albumin] = 20 g/L,expect AG = 6 mEq/L)

albumin is an unmeasured polyanion largely responsible for the normal anion gap

4.Calculate Osmolar Gap
osmolar gap = measured osmolality - calculated osmolality

calculated osmolality = (2 x [Na '|) + [ureaj + [glucose|(all units are in mmol/ L)
normal osmolar gap <10
If OG >10, consider methanol poisoning, ethylene glycol poisoning, or another cause of
acidosis plus ethanol ingestion +
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5. If AG elevated, compare increase in AG with decrease in HC03-
• if increase in AG < decrease in HC03 there is a coexisting non-AG metabolic acidosis

if increase in AG > decrease in HC03 there is a coexisting metabolic alkalosis

Metabolic Acidosis
•characterized by decreased blood pH (<7.35) and a decreased bicarbonate concentration

Clinical Features
•hyperventilation (Kussmaul Breathing)
•decreased cardiac output and tissue perfusion ( reduced responsiveness to catecholamines)

Causes of Increased A6 Metabolic
Acidosis

MUDPILESCAT
Methanol
Uremia
Diabetic ketoacidosis
Paraldehyde
Isopropyl akohollron/lbuprofen/
Indomethacm
Lactic acidosis
Ethylene glycol
Salicylates
Cyanide and Carbon monoxide
Alcoholic ketoacidosis
Toluene

Etiology and Pathophysiology
1. increased AG metabolic acidosis (4 types)

lactic acidosis (2 types)
L-lacticacid

- type A:due to tissue hypoperfusion (any cause of shock), ischemic bowel, profound
hypoxemia

- type B:non-hypoxic- multiple causes; the most common is failure to metabolize
normally produced lactic acid in the liver due to severe liver disease; other causes
include:excessive alcohol intake, thiamine deficiency,metformin accumulation
(metformin interferes with electron transport chain), certain antiretrovirals, large
tumours, mitochondrial myopathies

D-lactic acid: rare syndrome characterized by episodes of encephalopathy and metabolic
acidosis

(§!
Causes of Non-AG Metabolic Addosis

HARDUP
Hyperalimentation
Acetazolamide

- occurs in the setting of carbohydrate malabsorption (e.g. short bowel syndrome),
colonic bacteria metabolize carbohydrate load into D-lactic add, diminished colonic
motility, and impaired D-lactate metabolism RTA’

ketoaddosis Diarrhea’
Ureteroenteric fistula
Pancreaticoduodenal fistula

diabetic
starvation
alcoholic (decreased carbohydrate intake and vomiting)

toxins
methanol (toxic to brain and retina, can cause blindness and brain death):metabolized to
formic acid
ethylene glycol (toxic to brain and kidneys):metabolized to oxalic add (envelope shaped
crystals in urine) and multiple other acids
salicylate (e.g. ASA) overdose: causes acidosis due to salicylic acid, and also accumulation of
lactic acid (salicylate at toxic levels impairs electron transport chain) and ketoacid (salicylate
activates fat breakdown)

advanced renal failure
e.g. serum Cr increased at least 5x above baseline- a very low GBR causes retention of H+ and
decreased NHi 'excretion; the retained acid is buffered by bicarbonate resulting in reduced
serum concentrations of bicarbonate

*Most common

3Clinical Scenarios that Producea
Mixed Disorder with Near Normal pH
(e.g.increased AG metabolic acidosis +
respiratory alkalosis)
• Cirrhosis- ASA overdose
• Sepsis

2. non-AG metabolic acidosis (hyperchloremic acidosis; involves increased bicarbonate excretion that is
replaced with Ch)

diarrhea (HCOs-loss from G1 tract)
RTA

type 1 RTA (distal): inability to secrete Htin collecting duct, leading to impaired excretion of
ammonium into urine
type II RTA (proximal): impaired HC03- reabsorption
type 111 RTA:combination of Types 1 and 11 and is extremely rare
type IV RTA:defective ammoniagenesis characterized by hyperkalemia, due to decreased or
hyporesponsiveness to aldosterone

to help distinguish renal causes from non-renal causes, use Urine AG = (Na+ + K') -Cl-
calculation establishes the presence or absence of unmeasured positive ions (e.g.NH4 T ) in urine

if UAG <0, suggests adequate NHi 1 excretion in urine (likely nonrenal cause:diarrhea)
if UAG >0, suggests problem is lack of NHr 'in urine (likely renal cause:distal RTA)

Treatment of Metabolic Acidosis
1. treat underlying cause, e.g.:

• in DKA: fluid resuscitation, K'supplementation, and insulin
in Type A lactic acidosis: restore tissue perfusion
in methanol or ethylene glycol poisoning:ethanol/fomepizole ± dialysis
in ASA overdose: alkaline diuresis ± dialysis

2. correct coexisting disorders of K' (see Hyperkalemia, NPI4 )

n
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3. consider treatment with exogenous alkali (e.g. NaH(X)J) if:
severe reduction in|HCl)3 ) e.g. <8 mmol/L, especially with very low pH (<7)
no metabolizable anion (e.g. salicylate, formate, oxalate, or sulphate); note that lactate and
ketoacid anions can be metabolized to HC03-

• note: risks of sodium bicarbonate therapy
hypokalemia: causes K 'to shift into cells (correct K 'deficit first)
ECE volume overload: Na 1 load given with NaHCOs, can exacerbate pulmonary edema
overshoot alkalosis: abrupt, poorly tolerated transition from overly aggressive alkali loading,
partial conversion of accumulated organic anions to HC03-, and persisting hyperventilation

Metabolic Alkalosis
•characterized by increased blood pH (>7.45) and an increased bicarbonate concentration

Pathophysiology
•requires precipitating event and maintenance factors
•precipitating factors

G1 (vomiting, NG tube) or renal loss of H+

exogenous alkali (oral or parenteral administration), milk alkali syndrome (hypercalcemia)
loop/thiazide diuretics: increased distal H 'secretion and proximal HC()3 Teabsorption; ECI-'
volume depletion also contributes to a contraction alkalosis
post-hypercapnia: renal compensation for respiratory acidosis is HCO 3"retention, rapid
correction of respiratory disorder results in transient excess of HCO3-

•maintenance factors
• volume depletion: reduced G1:R, increased proximal reabsorption of Na 'and HC03-, and

increased aldosterone
hyperaldosteronism (1° or 2°): distal Na'reabsorption in exchange for K ' and H'excretion leads
to metabolic alkalosis and hypokalemia
hypokalemia: transcellular K * /H'exchange, stimulus for ammoniagenesis and HCO3 -generation

Evaluate Compensation (identify co-existing respiratory acid-base disorders)
•hypoventilation (an upper limit to compensation exists - breathing cannot be stopped)

Treatment
•correct underlying disease, replenish K 'and Mg - ' deficits, and possibly K ’-sparing diuretic
•saline sensitive metabolic alkalosis (most common)

urine chloride <20 mEq/ L, characterized by ECE contraction and hypokalemia
volume repletion ± carbonic anhydrase inhibitor (e.g. acetazolamide) to facilitate loss of HCO 3-in
urine

•saline resistant metabolic alkalosis
urine chloride >20 mEq/L, characterized by ECi: expansion and hypertension (increased
mineralocorticoids)
remove source of aldosterone or glucocorticoid ± spironolactone

[ Metabolic alkalosis (T pH, T HCO, ) )
£ 1

( Uc<20 mEq/L ) [ Up>20 mEq/L )
1 i

[ Saline responsive ] [Assess volume status )

* Tr
[Post-hypercapnia ] [ Volume depleted ] [ Normal ECF volume ]Gl losses

•Vomiting
•NG tube

Prior diuretics
•Volume depleted I i

Saline resistantDiuretic use

I
[Check blood pressure)

£ 1 nHypertensive
•1° hyperaldosteronism
•T hyperaldosteronism
•Cushing's syndrome

Normotensive
•Exogenous alkali
•Severe hypokalemia
•Banter's, Gitelman's

LJ
Note:cannot use U«Jo assess volume status inpresence of olkalemia:
t HCftexcretion,drags Na -* t No excretion
liraUrine chloride

Figure 11. Approach to metabolic alkalosis +
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Polyuria
Definition
• output >3 L/d. Distinguish from urinary frequency, where urination occurs multiple times per day but

the total volume over 24 h is <3 L

Etiology
• drugs (most commonly diuretics)
• excessive caffeine, alcohol intake
• increased water intake (psychogenic polydipsia, IV fluids)
• uncontrolled diabetes mellitus (osmotic diuresis)
• neurological: diabetes insipidus (central and peripheral), cerebral salt-wasting syndrome
• genitourinary: post-obstructive diuresis, cystitis/UTI

Clinical Features
• must distinguish between true polyuria and urinary' frequency
• look for sources of external fluid intake (IV fluids, tube feedings)
• assess for neurological changes (stroke, trauma, postoperative) (for central diabetes insipidus)
• assess for drugs that may cause nephrogenic diabetes insipidus (c.g. lithium)
• abrupt onset suggests central diabetes insipidus (deficient ADH )

Investigation Findings
• 24 h urine collection >3L
• laboratory findings that may point to specific etiologies:

hyperglycemia and/or glucosuria suggests osmotic diuresis secondary to uncontrolled diabetes
mellitus
hyponatremia may suggest free water intake secondary to polydipsia
hypernatremia may suggest free water loss secondary to diabetes insipidus

• check urine osmolality:
Uimn <100 mOsm /kg, consider causes of water diuresis (Dl, psychogenic polydipsia)
Uoim 100-300 mOsm/kg, consider causes of mixed polyuria (partial Dl, CKD)
Uosm >300 mOsm/kg, consider causes of osmotic diuresis (hyperglycemia, azotemia, excess solute
intake)

• water deprivation test if suspected Dl, see Diabetes Insipidus, ,\P12 for complete workup for diabetes
insipidus

Treatment
• specific to etiology

Acute Kidney Injury
Definition
• abrupt decline in renal function leading to increased nitrogenous waste products normally excreted

by the kidney
• formerly known as acute renal failure

The 2 most common causes of acute
kidney injury in hospitalized patients are
prercnal azotemia (decreased perfusion)
and ATN; remember that prerenal failure
can lead to ATNClinical Features

• decreased G1;R
• weight gain and edema
• azotemia (increased BUN,Cr)
• abnormal urine volume: formally <0.5 ml/kg/h for >6 h but can manifest as anuria, oliguria, or

polyuria Differentiating Prerenal from ATN
Prerenal ATHTable 10. Classification of Acute Kidney Injury

RBC.Urine NormalCRITERIA RIFLE AKIN KDIGO Microscopy pigmented
granular casts
>40 m£g/l

<350 mOsmf

Serum Creatinine Increased 2-3 times baseline Increase of >26.4 pmol /L or
increase by >50% within 48 h

Increase of s26.4 pmol/l within 48
h or Increase by >50% within 7 d Unne|Na *| <20

GfR Decreased >50%
<0.5 ml/kg/h for >12 h

N/A H / A >500Urine
<0.5 ml/kg/h for >6 h «0.5 mL/kg/h for >6 h kgH20Urine Output osmolality

FENa <1% >2%
nPlasma|Ureaj/ >20 >1015
LJ|C«I

lesponse Return to Persistent
of Cr to fluid baseline 1-3 d elevation
repletion

+
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r AKI )
Clues to Prerenal Etiology

• Clinical; Decreased BP. increased HR.
and orthostatic HR and BP changes,
oliguria

• Increased[urea]» Increased[Cr]
• Urine[Ha *]<10-20 mmoU
• Urine osmolality >500 mOsrriVg
• Fractional excretion of Na *<T%
Clues to Renal Etiology

• Appropriate clinical context
• Urinalysis positive for casts;

• Pigmented granular - ATN
• WBC - AIN. RBC -GN

• Systemic features, anemia,

thrombocytopenia. HTN. mild-
moderate ECF volume overload

Dues to Postrenal Etiology- Known solitary kidney
• Older man
• Recent retroperitoneal surgery
• Anuria. Palpable bladder
• Ultrasound shows hydronephrosis
• Fractional excretion of Na *>2-3%
• Urine osmolality 250-300 mOsmVg

[ Renal ] ' Postrenal (especially if solitary kidney)]( Prerenal )
T T T T

[ Hypovolemia ] 1
^

Neurogenic
j

Disordered Autoregulation
•NSAIDs
•ACEI/ARBs
•Calcineurin inhibitors
(cyclosporine, tacrolimus)
•Hypercalcemia

Anatomic
•Ureter
•Bladder
•Urethra

T T
Effective
• Low cardiac
output
•Cirrhosis
• Sepsis
• 3rd spacing

Absolute
•Hemorrhage
•Glloss
•Skin loss
•Renal loss

i T *
Glomerular
•GN

Vascular
•Vasculitis
•Malignant HTN
•Thrombotic microangiopathy
•Cholesterol emboli
•Large vessel disease

Interstitial
•AIN

Tubular
•ATN

Figure 12. Approach to AKI

Investigations
• blood work:CBC, electrolytes, Cr, urea (think prerenal if increase in urea is relatively greater than

increase in Cr), Ca 2+, PO-P*

• urinalysis: albumin, hemoglobin, VVBCs, glucose, pH, urobilinogen, specific gravity
• urine volume, C&S, R&M:sediment, casts, crystals
• urinary indices: electrolytes, osmolality
• urine chemistry: urine Na + and FENa
• Foley catheterization (rule out bladder outlet obstruction)
• fluid challenge (e.g. fluid bolus to rule out most prerenal causes)
• imaging: abdomen U/S (assess kidney size, hydronephrosis, postrenal obstruction)
• indications for renal biopsy

• diagnosis is not certain
• prerenal azotemia or ATN is unlikely
• oliguria persists >2-4 d

RPGN, signs of significant glomerular disease (proteinuria, RBC casts) despite normal kidney
size/echogenicity

Taiag of lihfetioi cf Ren=l tepfeccaeit Therapy
ii Acute Kidafj lajxry

EJM 2020353:240-51
Firpose Sscdati:*escstefetiefcn|far
citistica of rega.'-repiaeiert tierapy n petets
dt111 win are cCxa#y B.

Methods, 1bt -=::-a tCTcrov - jtntica ,
patiati wti ill.Fcle-fswere raatalf assgoeda
receivececreteratid reg rea of reKhe?2cesKa;
Serepy (n.tiead witoa 12:eftir igttij
aterz »ere =et) orcsi=sd3rd stiitigjfn ltd
recakeaacerert tterajwes1searaged s-less
rlcafcns deve aced orill»22 k(.be prazrj
octime wasal-casse cortalty at901
Results: 2427 ofe» 3019 radonsed paterts
were related jtiei»el.piectioo-a-tiHtasalysa.

Tte 90-day “ortzlty was433 cctbeacratratiil
grajp aod 43JL n aresteaded sratagy gi.p|I8
LOO:95«!033to 2.09.HI32L 4.-sag SO-dey
sarrrors.coaraaed referee oa recekealeceareat
teray was10.4L r tie acceleread jar aod S OL
*:tesaeadard yrmp (24 U-t 95L 012432-43').
Jdietseeierascared a’23.OL is tieaccelerated
goto and163L w tiestandard g-rcp (M.001).
Conclusion Aaxn)crocaly natertswith
ac.te odrey iijiiy.ao ecceereted raial-repacereti
ssargy was not assocated wta lower Eortatty risk
ran standard staetegj atSOd.

Treatment
1. preliminary measures

• prerenal
correct prerenal factors: optimize volume status and cardiac performance using fluids that
will stay in the plasma subcompartment (NS, albumin, blood/plasma), hold ACEI/ARB
(gently rehydrate when needed, e.g.CHF), and NSAIDs

• renal
address reversible renal causes: discontinue nephrotoxic drugs, treat infection, and optimize
electrolytes
correct ECF volume, supportive care, consider corticosteroid or immunosuppressive therapy

postrenal
consider obstruction: structural (stones, strictures) vs. functional (neuropathy)
for obstruction to cause AKI, must have functional solitary kidney or obstruction affecting
both kidneys
treat with Foley catheter insertion, indwelling bladder catheter, nephrostomy, stenting

2. treat complications
• fluid overload

NaCl restriction
high dose loop diuretics

• electrolyte imbalances ( hyperkalemia, hyperphosphatemia, hypocalcemia, hypo/
hypermagnesemia, hyperuricemia)

• acid-base disturbances
• adjust dosages of medications cleared by kidney (e.g. amiodarone, digoxin, cyclosporine,

tacrolimus, some antibiotics, and chemotherapeutic agents)
• dialysis

3. definitive therapy depends on etiology

Avoid NSAIDs in patients with diarrhea,
heart failure, or renal failure

Renal transplant is not a therapy for AKI

LJ

Drugs Implicated in Prerenal Azotemia
• Diuretics. NSAIDs. ACEL ARBs +

Prognosis
• high morbidity and mortality in patients with sustained AKI and multi-organ failure
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Parenchymal Kidney Diseases

Glomerular Diseases
HISTOLOGICAL TERMS OF GLOMERULAR CHANGES

Extent of Changes
• histological terms describing the number of glomeruli affected in a given condition:

diffuse:majority of glomeruli abnormal
focal:some glomeruli abnormal

• histological terms describing the extent to which individual glomeruli are affected in a given
condition

global: entire glomerulus abnormal
• segmental: only part of the glomerulus abnormal

Types of Changes
• proliferation: hyperplasia of one of the glomerular cell types (mesangial, endothelial, parietal

epithelial), with or without inflammatory cell infiltration
• crescent formation: parietal epithelial cell proliferation and mononuclear cell infiltration form

crescent-shape in Bowman’s space (hallmark of inflammatory glomerulonephritis)
• membranous changes: capillary wall thickening due to immune deposits or alterations in basement

membrane

CLINICAL FEATURES OF GLOMERULAR DISEASE

Important Points to Remember
• glomerular diseases have diverse clinical features including hematuria, proteinuria, HTN, edema, and

decreased GFR
• each glomerulopathy presents as one of four major glomerular syndromes (these are NOT

diagnoses)
1. asymptomatic urinary abnormalities

- proteinuria- hematuria
2. nephritic syndrome

- acute GN
- rapidly progressive GN

3. nephrotic syndrome
4. ESRD

• glomerulopathies can be caused by a primary disease or can occur secondary to a systemic disease
• some glomerulopathies can present as more than one syndrome at different times

The Nephritic-Nephrotic Spectrum
• glomerular pathology can present with a clinical picture anywhere on a spectrum with pure nephritic

(inflammation of glomeruli) and pure nephrotic syndromes (abnormal glomerular permeability) at
the extremes

Nephrotic NephriticIntermediate
Homaturia.iGFRProteinuria

FSGS
Membranous glomerulopathy
Minimal change

Membranoproliterative GN
Focal proliferative GN

•IgA nephropathy
•Idiopathic membranoproliferative GN
•Hepatitis B,hepatitis C
•SLE
•Cryoglobulinemia

Diffuse proliferative GN
Crescentic GN

Figure 13.Spectrum of glomerular pathology

Proteinuria
•hallmark of nephrotic syndromes
•composition of normal urine protein: albumin, lower molecular proteins (such as immunoglobulin

light chain ), or proteins secreted by the tubular epithelial cells (e.g. Tamm-Horsfall mucoprotein )
•24 h urine protein: gold standard to assess degree of proteinuria

• upper limit of normal daily excretion of total protein is 150 mg/d
• upper limit of normal daily excretion of albumin is 30 mg/d, albuminuria that persists for >3 mo

is considered CK1)
•spot/ random urine ACR: used to screen for diabetic nephropathy and proteinuric renal disease

+
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• microalbuminuria: ACR >2.0 mg/mmol
• marker of vascular endothelial function
• an important prognostic marker for CKD (see Diabetes Insipidus, NPI2)
• microalbuminuria is the earliest sign of diabetic nephropathy

Pathologic Proteinuria
[ Protoinuria ) Tubulointerstitial

• Normally low molecular weight
proteins (<60 kOa) pass through
glomerular filtration barrier and are
reabsorbed in proximal tubule

• Proximal tubule dysfunction causes
impaired reabsorption and increased
excretion ol low molecular weight
proteins

• Albumin (>60 kDa) is not affected:
thus,edema is partly secondary to
salt and water retention

Glomerular
• Normally,the filtration barrier is

selectively permeable to size (<60
kDa) and charge (repels negative
particles):thus,albumin is filtered
to a very limited extent through a
normal glomerulus

• Damage to any component of
the glomerular filtration barrier
results in loss of albumin and other
high molecular weight proteins;
thus,edema is secondary to
hypoalbuminemia (low oncotic
pressure),but also due to enhanced
renal tubular reabsorption of filtered
sodium and water (possibly due
to filtered proteins stimulating the
action of cortical collecting duct
epithelial sodium channel)

Overflow
• Increased production of low

molecular weight proteins vrhich
exceeds the reabsorptive capacity of
the proximal tubule

• Plasma cell dyscrasias produce
light chain Ig (multiple myeloma,
Waldenstrom's macroglobulinemia,
monoclonal gammopathy of
undetermined significance)

£
f Pathologic JPhysiologic

•Orthostatic
•Absence of proteinuria overnight
•Usually resolves spontaneously
•Transient (exercise, fever, CHF)

* I I
Glomerular
(loss of large proteins (albumin])

Overflow
(overproduction of low molecular
weight proteins)
•e.g.multiple myeloma, amyloidosis,

Waldenstrom’s macroglobulinemia

Tubulointerstitial
(impaired resorption)
•<2 g/d
•e.g.Fanconi's syndrome

*T
Secondary
•Systemic disease
•SLE.DM,vasculitis

•Infectious disease
•HIV.hepatitis B and C,bacterial endocarditis

•Hereditary/metabolic
•Alport's,Fabry's,sickle cell, PCKD

•Medications
•NSAIDs,gold,heavy metals

•Cancer
•Lymphoma, solid tumour

•Others
•Cryoglobulinemia, hypertensive nephrosclerosis

Primary
•Minimal change GN
•Membranous GN
•FSGS
•Membranoproliferative GN
•Post-streptococcal GN
•IgA nephropathy

Figure 14. Classification of proteinuria

Table 11. Daily Excretion of Protein
Daily Excretion Stage of Nephropathy ACR PCR

'ISO rng total protein (and'30
mg albumin)
30-300 mg albumin
>3500 mg total protein/1.73m2
body surface area

Variable amountof proteinuria

<2.0mg/mmolNormal <15 mg/mmol

Microalbuminuria
Nephrotic range proteinuria

>20 mg/mmol
»220 mg/mmol »300 mg/mmol

Can be seen withglomerular
disease
Possible tubular disease because
of failure to reabsoib filtered
proteins

Up to 2000 mg petd

Investigations
• urea,creatinine,ACR,PCR
• urine R&M, C&S, urine dipstick
• further workup (if degree ofproteinuria >0.5 g/d, casts, and/or hematuria)

• CBC,glucose,electrolytes, 24 h urine protein and albumin,and Cr
• urine and scrum Immunoelectrophoresis,abdominal/pelvic U/S
• serology:ANA,RF,p-ANCA (MPO), c-ANCA (PR3),C3,C4,HBV,HCV,HIV, ASOT

• consider urology consult and possible cystoscopy if not clearly a nephrologic source for hematuria or
if >50 yr of age

L J
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Glomerular Syndromes
1. ASYMPTOMATIC URINARY ABNORMALITIES

Clinical/Lab Features
• often have rapid decline in Gl-R, anemia, elevated inflammatory markers, ECF volume replete, or

mildly overloaded
• proteinuria (usually <2 g/d) and/or microscopic or macroscopic hematuria

isolated proteinuria
can be postural
occasionally can signal beginning of more serious GN (e.g. I-'SGS, IgA nephropathy, amyloid,
diabetic nephropathy)

hematuria with or without proteinuria
IgA nephropathy (Berger’s disease): most common type of primary glomerular disease
worldwide, frequently presents after viral upper respiratory tract infection (presents most
frequently with gross hematuria)

- more common in White and Asian papulations, and in the 2nd and 3rd decades of life
- may be associated with cirrhosis, HIV infection, celiac disease- mesangial deposition of IgA (more dominant) and C3 seen on immunofluorescence

microscopy
- potential treatment includes: RAAS blockers if proteinuria, steroids, and steroid sparing

agents (azathioprine, cyclophosphamide, mycophenolate mofetil, and biologies such as
rituximab)

hereditary nephritis (Alport Syndrome;Type IV collagen mutation): X-linked nephritis often
associated with sensorineural hearing loss; proteinuria <2 g/d

» thin basement membrane disease: usually autosomal dominant, without proteinuria; benign
benign recurrent hematuria: hematuria associated with febrile illness, exercise, or
immunization; a diagnosis of exclusion after other possibilities are ruled out

2. NEPHRITIC SYNDROME

[ Glomerulonephritis with Nephritic Features j

1£ £ 1
Anti-GBM Mediated
(RPGN Type I) (15%)

Linear IF pattern due to IgG and C3
deposition along capillary loops

Immune Complex Mediated
(RPGN Type II)|24%)

Granular pattern due to subendothelial
or subepithelial deposits of IgG and C3

Non-lmmune Mediated
(RPGN Type III) 160%)

Pauci-immune: no immune staining

Double Antibody Positive Disease
(RPGN Type IV)

• Has features of TypeIand Type III
• Double antibody positive

* j
) c[ anti-GBM »ve ] [ ANCA tve JC3 normal Decreased C3. iT T I

( c-ANCA tve ] ( p-ANCAtve ]With lung
hemorrhage

Without lung
hemorrhage

• IgA nephropathy
• Henoch-Schonlein
purpura

• Membranoproliferative
L- :. 1• SLE

• Infective endocarditis
• Post-infectious GN
• Cryoglobulinemia

I V • Granulomatosis • Churg-Strauss
• Microscopic
polyangiitis

• Goodpasture's
disease

• Anti-GBM
disease

with
polyangiitis

Figure15.Approach to nephritic syndrome

ACUTE NEPHRITIC SYNDROME
• a subset of nephritic syndrome in which the clinical course occurs over days
• etiology can he divided into low and normal complement levels
• frequently immune-mediated, with lg and G3 deposits found in GBM; but may be pauci-immune and

caused by an ANCA vasculitis

Clinical/Lab Features
« proteinuria (less than range for nephrotic syndrome, <3.5 g/1.73 m 2/d)
• hematuria (microscopic or macroscopic)
• azotemia (increased Cr and urea)
• RBC casts and/or dysmorphic RBCs in urine
• HTN (due to salt and water retention)
• peripheral edema/puffv eyes

ri
LJ

Treatment
• depends on etiology
• pulse steroid therapy and other immunosuppression (steroid sparing agents such as azathioprine and

cyclophosphamide, mycophenolate mofetil, and biologies such as rituximab), BP control (with RAAS
agents), plasma exchange, monitoring for progression to ESRD

+
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RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS
• a subset of nephritic syndrome in which the clinical course occurs over weeks to months
• clinical diagnosis, not histopathological
• any type of GN can present as RPGN (except minimal change disease)
• additional etiologies seen only as RPGN: anti-GBM disease and granulomatosis with polyangiitis

(previously called Wegener's granulomatosis)
• crescentic GN (identified by pathology) is frequently seen in RPGN resulting from proliferation of

parietal epithelial cells and is the most aggressive form of glomerular disease

Interventions (of Renal Vasculitis in Adults
Catiline D8 Sfit it* 201S:CDD03232
ftrpote: to assess benefits ind harms of any
ett notation used1« the letaimenl of renal vasculitis
n adults.
Methods Mis in Cothunt Kidney and Transplant
Specralned Register investigating any intervention lot
the treatment of renal vascalitrsin adults.
Conclusions: Plasma tuhange was effective in
patients with severe AKI secondary to vastulilis.
Pulse cyclophosphamide resulted in an increased risk
of relapse (compared to conbnuoos oral) but required
reduced dose.Ritunmib and mytophenollle moldJ
were comparable m efficacy to cyclophosphamide,
iiatbiooifflt. methotieule and leflunomide were
effective asmaintenance theiapy.

Clinical Features
• oliguria
• hypertension
• fatigue
• edema

Investigations
• fibrous crescents typically present on renal histopathology
• RBC casts and/or dysmorphic RBCs in urine
• classified by immunotluorescence staining
• Type I: anti-GBM mediated (15% of cases)
• Type II: immune complex mediated (24% of cases)
• Type III: Pauci-immune (ANCA associated vasculitis) (60% of cases)
• Type IV:double antibody positive (anti-GBM and ANCA) See landmaik Nephrology trials table for more

information on SlISS-tN which details the efficacy
and safety of IV bdimmab as an add on therapy in
the management of lupus nephritis.Treatment and Prognosis

• treatment: underlying cause if post-infectious;corticosteroids and cyclophosphamide or other
cytotoxic agent and plasmapheresis to manage cases such as anti-GBM antibody

• prognosis:50% recovery with early treatment, depends on underlying cause

3. NEPHROTIC SYNDROME

Definition
• distinct constellation of clinical and laboratory features of renal disease defined by the presence of

heavy proteinuria (protein excretion greater than 3.5 g/24 h), hypoalbuminemia (less than 3g/dL),
and peripheral edema

Clinical/Lab Features
• heavy proteinuria (>3.5g/1.73 m -/d)
• hypoalbuminemia
• edema
• hyperlipidemia (elevated LDL cholesterol due to increased liver albumin production), lipiduria (fatty

casts and oval fat bodies on microscopy)
• hypercoagulable state (due to antithrombin HI, Protein C, and Protein S urinary losses)
• patient may report frothy urine
• glomerular pathology on renal biopsy (nephrotic syndrome is always caused by glomerular pathology)

• minimal change disease (or minimal lesion disease or nil disease): e.g. glomeruli appear normal
on light microscopy
membranous glomerulopathy

• TSGS
• membranoproliferative GN

nodular glomerulosclerosis
• each can be idiopathic or secondary to a systemic disease or drug (sirolimus can cause proteinuria

without obvious glomerular pathology; sirolimus rarely causes nephrotic syndrome)

Table 12. Nephrotic Syndrome
Minimal Change Membranous Focal Segmental Membranoproliferative Nodular

Glomerulopathy Glomerulosclerosis Glomerulonephritis Glomerulosclerosis
Hodgkin's
lymphoma
(primarily) and
Non-Hodgkin

lymphoma
NSAIOs
Steroids

HBV.SU,solid
tumours (lung,
breast.Gl)

Reflux nephropathy,
HIV, HBV, obesity,
sickle cell disease

HCV. nialaria.SU.
leukemia, lymphoma, shunt
nephritis

DM, amyloidosisSecondary
Causes

Drug Causes
Therapy

Gold, penicillamine Heroin
Reduce BP.ACEI.
steroids

rT
AspirinACEI.
dipyridamole ( Persantine1’)- controversial

Steroids,
cytotoxic agents
(cyclophosphamide),
immunosuppressive
agents (calcineurin
inhibitors,
cyclosporine),
ACEIIARB for
proteinuria

Treatunderlying cause 1

_
J

+

Note: the most common secondary causesare diabetes mellitus and amyloidosis
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4. END STAGE RENAL DISEASE
• see But Stage Renal Disease, NP39

Investigations for Glomerular Disease
• blood work

• first presentation: electrolytes, Cr, urea, albumin, fasting lipids, ACR '
• determining etiology: CBC, ESR, serum immunoelectrophoresis (for amyloidosis or multiple i r- D-s 20CS;S71SV205

myeloma),C3,C4, ANA, p-ANCA, c-ANCA, cryoglobulins, HBV and HCY serology, ASOT, VDRL, U:.S »M~5SIKC- e-iate-s
MDir.««9l«at >0X1.s e saderes:
aalps.proitCTni. jrj fitetioa sajtin
rdej«ditlsredttiaabitj for dselMttrre3

"arajjof fcposseptrCs bet stti & Of rteireSed
o Ctasgnu .->:q cal Ss3

(att-*OU.SfrraC3) tiif taae iSiitySofict
reswssa totratsart 3rdaaj Oe aadoofjas
Stooteifoal cforaatiw.

IirUunI lipatiMfaaiaantftrairre:33
teotntis.g.CKO'C:- Is cosO^atwatt
“asoswas-nagerts areeifecnaga«st
orogtsso:& erd-stega rere:disease.losg-
Sra efScacjlas Oeea 4ero-s‘raS4 ooy for
cjdopiosjtaride-Sased reg-eis.«tkt are
associateda? cossderaMe adia-se effects,ia

HIV, anti-GBM antibodies
• urinalysis: RBCs, WBCs, casts, protein
• 24 h urine for protein and CrCl
• radiology

• CXR (infiltrates, CHI', pleural effusion)
• renal U/S

• renal biopsy (percutaneous or open) if heavy proteinuria or renal insufficiency and cause is not
obviously diabetic nephropathy

• urine immunoelectrophoresis
for Bence-|ones protein if proteinuria present

• renal pathology (light microscopy, immunofluorescence, electron microscope)
• serum protein electrophoresis

start- a-d redara-tero trials,ojtsateoaiate
notes Las derodstateda:leas:sisSareScacj
CK:oaredtnis pulse cyclegtsgtaarfeaal‘as a
nore teraraSle toucijproile.If fafaato respond
4y 6EO cossder iHesf)lag“erapjL Flares
foUonsg reassert are sot t-co~o- a-dreg;re
d gertteico-do.
End-Stage leaal Disease:>ajvsand
trass?la-tatocaSl£ taia teeg-tera xtrert a:d
graft-sama -ares corpara:le mtiaose odseried
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SECONDARY CAUSES OF GLOMERULAR DISEASE

Amyloidosis
• nodular deposits of amyloid in mesangium, usually related to amyloid light chain (AL)
• presents as nephrotic range proteinuria with progressive renal insufficiency
• can be primary or secondary to multiple myeloma, TB, rheumatoid arthritis,or malignancy

Systemic Lupus Erythematosus
• see Rheumatology.RH11
• lupus nephritis can present as any of the glomerular syndromes
• nephrotic syndrome with an active sediment is most common presentation
• GN caused by immune complex deposition in capillary loops and mesangium with resulting renal

injury
• serum complement, ANA, anti-DNA levels are usually low during periods of active renal disease
• children and males with SLE are more likely to develop nephritis

SLE Classification
1

Class IIClass I Lie : I, I Class IV Dm : ns vi

i i i ii
Minimal M

mesangial pre
lupus nephritis lupus nephritis

gial Focal
lupus nephritis

Diffuse
lupus nephritis

Membranous
lupus nephritis

Advanced sclerotic
lupus nephritisive

. .L :
Treatment Treatment Treatment Treatment Treatment

I I i 1 i
SteroidsClass I and II do not

need treatment directed
at renal lesions

Steroids
(controversial)

ESRD
planning

Lowest possible
e of steroids

and observation
dos +

cytotoxic drugs
(consider dialysis or renal

transplant with severe disease)

Prognosis
Renal survival 85% at 10 years with early initiation of therapy

Dialysis often ameliorates other symptoms of SLE

Figure 16. International Society of Nephrology/Renal Pathology Society classification of lupus nephritis 2003

IgA Vasculitis (Henoch-Schonlein Purpura)
• Systemic IgA vasculitis, tissue deposition of IgAl-dominant immune complexes affecting mostly

small vessels
• seen more commonly in children
• purpura on buttocks and legs, abdominal pain, arthralgia, and fever
• IgA and G3 staining of mesangium
• usually benign, self-limiting course, 10% progress to CKD

+ANCA-Associated Vasculitis
• c-ANCA most commonly associated with the clinical picture of granulomatosis with polvangiitis
• p-ANGA most commonly associated with the clinical picture of microscopic polvangiitis
• focal segmental necrotizing RPGN with no immune staining
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• may be indolent or fulminant in progression
• vasculitis and granulomas rarely seen on renal biopsy
• treatment typically involves cyclophosphamide and prednisone

Cryoglobulinemic Vasculitis
• cryoglobulins: monoclonal IgM and polyclonal lgG which precipitate at reduced temperatures, deposit

in walls of small vessels
• presents as purpura, fever, Raynaud’s phenomenon, and arthralgias
• at least 50% of patients have HCV
• renal disease seen in 40% of patients (isolated proteinuria/hematuria progressing to nephritic

syndrome)
• most patients have decreased serum complement (C4 initially)
• treat HVC, plasmapheresis
• overall prognosis: 75% renal recovery

Shunt Nephritis
• immune-complex mediated nephritis associated with chronically infected ventriculoatrial shunts

inserted for treatment of hydrocephalus
• commonly caused by .S', cpidermidis
• presents as acute nephritic syndrome with decreased serum complement
• nephrotic range proteinuria in 25% of patients
• treat by removing shunt and administering appropriate antibiotics; can consider a

ventriculoperitoneal shunt

HIV-Associated Renal Disease
1.direct nephrotoxic effect of HIV infection, anti-retroviral drugs (e.g. tenofovir, indinavir), and other

drugs used to treat HIV-associated infections
2.HIV-associated nephropathy

histology: focal and segmental glomerular collapse with mesangial sclerosis; “collapsing FSGS”
tubular cystic dilation and tubulo-reticular inclusions

• clinical features: predominant in African American men, heavy proteinuria, progressive renal
insufficiency (Apo-L-1 risk genotypes)

• prognosis: kidney failure within 1 yr without treatment
• therapy: short-term, high dose steroids, ACEI, H A ART

Infective Endocarditis
• manifests as mild form of acute nephritic syndrome with decreased serum complement
• S.aureus is most common infecting agent
• treatment with appropriate antibiotics usually resolves GN

Hepatitis B
• can result in membranous nephropathy, membranoproliferative GN, and polyarteritis nodosa

Hepatitis C
• can result in membranous nephropathy, membranoproliferative GN, and cryoglobulinemia

Syphilis
• can result in membranous GN

Tubulointerstitial Disease IgA nephropathy is the most common
type of primary glomerular disease
worldwide

TUBULOINTERSTITIAL NEPHRITIS

Definition
• cellular infiltrates affecting primarily the renal interstitium and tubular cells
• functional tubule defects are disproportionately greater than the decrease in GFR
• classified as acute or chronic

Features of Nephritic Syndrome

PHAROH
Proteinuria
Hematuria
Azotemia
RBC casts
Oliguria
HTN

Signs and Symptoms
• manifestation of disease depends on site of tubule affected

1. proximal tubule (e.g. multiple myeloma, heavy metals)
Fanconi syndrome: decreased reabsorption in proximal tubule causing glycosuria,
aminoaciduria, phosphaturia, and hyperuricosuria
proximal RTA (decreased bicarbonate absorption ): Type II RTA

2.distal tubule (e.g. amyloidosis, obstruction)
distal RTA (decreased hydrogen secretion, usually hypokalemic): Type 1 RTA
Na ' - wastingnephropathy
± hyperkalemia leading to Type IV RT A (where reduced renal bicarbonate production is
caused by hyperkalemia)

r t
L J

Presentation of Nephrotic Syndrome

+HELP
Hypoalbuminemia
Edema
Lipid abnormalities
Proteinuria
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3.collecting duct (e.g. sickle cell anemia, analgesics, primary ciliary dyskinesia)
urinary concentrating defect leading to mild nephrogenic D1
polyuria

1. ACUTE TUBULOINTERSTITIAL NEPHRITIS

Definition
• rapid (d to wk) decline in renal function
• 10-20% of all AK1

Etiology
• hypersensitivity

1. antibiotics: p-lactams, sulfonamides, rifampin, quinolones, cephalosporins, fluoroquinolones
2. other: NSAIDs, allopurinol, furosemide, thiazides, triamterene, PPls, acyclovir, phenytoin,

cimetidine
• infections

bacterial pyelonephritis, Streptococcus,brucellosis, Legionella,CM V, LBV, toxoplasmosis,
leptospirosis, HIV, Mycoplasma

• immune
• SLIi, acute allograft rejection, Sjogren's syndrome, sarcoidosis, mixed essential cryoglobulinemia

• idiopathic (renal-ocular syndrome - acute TIN plus uveitis)

Pathophysiology
• acute inflammatory cell infiltrates into renal interstitium

Clinical Features
• AKI
• if hypersensitivity reaction (common with antibiotics): may see fever, eosinophilia, skin rash,

arthralgia, scrum sickness-like syndrome (particularly rifampin )
• if pyelonephritis: Hank pain and costovertebral angle tenderness
• if drug reaction, AKI usually occurs 7-10 d alter exposure
• other signs and symptoms based on underlying etiology
• HTN and edema are uncommon

Findings
• urine

mild, non-nephrotic range proteinuria and microscopic hematuria
sterile pyuria, WBC casts
eosinophils if AIN

• blood work
increased Cr and urea
eosinophilia if drug reaction (high negative predictive value, common in (1-lactam reactions)
normal AG metabolic acidosis (RTA)
hypophosphatemia, hypo- OR hyperkalemia, hyponatremia

• gallium scan often shows intense signal due to inflammatory infiltrate
• renal biopsy definitive - shows interstitial infiltrates and edema on biopsy

Treatment
• treat underlying cause (e.g. stop offending medications, treat infection with antibiotics if present i.e.

pyelonephritis)
• corticosteroids (maybe indicated in allergic or immune disease)

Prognosis
• recovery within 2 wk if underlying insult can be eliminated
• the longer the patient is in renal failure, the less likely they will have a full renal recovery

2. CHRONIC TUBULOINTERSTITIAL NEPHRITIS

Definition
• characterized by slowly progressive renal failure, moderate proteinuria,and signs of abnormal tubule

function

Etiology
• persistence or progression of acute TIN

may also involve concurrent glomerular manifestations
• urinary tract obstruction: most important cause of chronic TIN (tumours, stones, bladder outlet

obstruction, vesicoureteral reflux)
• chronic pyelonephritis due to vesicoureteral reflux or UT1 with obstruction
• nephrotoxins

exogenous
analgesics: NSAIDs (common), acetaminophen
cisplatin, lithium, cyclosporine, tacrolimus

n
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heavy metals ( lead, cadmium, copper, lithium, mercury, arsenic)
Chinese herbs (aristolochic acid)

endogenous
hypercalcemia, hypokalemia, oxalate, uric acid

•vascular disease: ischemic nephrosclerosis, atheroembolic disease
• malignancies:multiple myeloma, lymphoma
•granulomatous: TB, sarcoidosis, granulomatosis with polyangiitis
• immune: SLE, Sjogren’s, cryoglobulinemia, anti-GBM disease, amyloidosis, renal graft rejection,

vasculitis
• hereditary: cystic diseases of the kidney, sickle cell disease
•others: radiation, Balkan (endemic) nephropathy

Pathophysiology
•fibrosis of interstitium with atrophy of tubules, mononuclear cell inflammation

Signs and Symptoms
•dependent on underlying etiology

Findings
•non-AG metabolic acidosis
•hyperkalemia (out of proportion to degree of renal insufficiency)
•polyuria, nocturia
• partial or complete l 'anconi’s syndrome
• progressive renal failure with azotemia and uremia
•urine: mild proteinuria, few RBCs and WBCs, no BBC casts
•U/S: shrunken kidneys with irregular contours (differentiates acute from chronic etiology)

Treatment
• stop offending agent or treat underlying disease
• supportive measures: correct metabolic disorders ((.'a 2 ' , H() i l ) and anemia

3. ACUTE TUBULAR NECROSIS

Definition
•abrupt and sustained decline in (il-' R within minutes to days after ischemic/nephrotoxic insult
•(il' R reduced (this serves the purpose of avoiding life-threatening urinary loss of fluid and electrolytes

from non-functioning tubules)

tllKtivcncss of Pinentioo Strategies for
Contrast -Induced Hepfiropatby: A Systematic
Review and Meta - Analysis
Arm Intern Med 20K:164f 6|:406 - 416
Purpose ro evaluate the comparative eftectiveness
of interventions to reduce contrast-induced
nephropathy n adults receiving contrast media.
Methods Heta -a-natysisofRCIsHacety tysteme.
sodium bicarbonate, statins, or ascorbic ltd that
used IV or intra-arterial contrast media.
Results: tow dose A acetyicjsteme-IY saline
«. l*saline 1#» 0.15.9S% C10.630.SS)
M -acetylcysteine- IV saline is IV saline (RR 0.69.
95% Cl 0.58 0.84).Stall ns-M -acetytcysteiae-IV
sa me is. N acetytcysteine-IV saline (ItIt 0.52.95% Cl
0.29-0.93). Clinically Important. Out not statistcally
significant, reductions were observed m sodium
bicarbonate is. IV sal me.stabns-IV saline is.N
saline, and ascorbic acid« IV saline.
Conclusions:Greatest red action in contrast-induced
nephropathy was seen with H -acetylcystwne pus IV
saline andstatins plus N -acetylcysteme plus IV saline.

Etiology

( Acuto Tubular Necrosis")

Toxins Ischemia

£ 1 r
Decreased Circulating Volume
• Hemorrhage including post-surgical
• Skin losses
* Gllosses
* Renal losses

Exogenous
• Antibiotics
-Aminoglycosides
- Cephalosporins
-Amphotericin B

• Antiviral (cidofovir)
•Antineoplastics
-Cisplatin
-Methotrexate

• Contrast media
• Heavy metals
• Ollier
-Huorinated anesthetic
-Ethylene glycol

Endogenous
• Endotoxins (bacterial)
• Myoglobin
• Hemoglobin
• Tumour lysis syndrome
• Multiple myeloma

Decreased Effective Circulating Volume
• Heart failure
• Liver failure
• Sepsis
• Anaphylaxis

Vessel Occlusion
• Large or small renal artery involvement

Figure 17. Etiology of ATN

Clinical Features
• typically presents as an abrupt rise in urea and Cr after a hypotensive episode, sepsis, rhabdomyolysis,

or administration of nephrotoxic drug
• pre-renal AKI can eventually progress to ATN

consists of three phases:
oliguric: decreased urinary output from renal damage, azotemia, and uremia; lasts 10-14 d
diuretic: urinary’output >500 rnL/day (result of retained water, salt, and solutes during
oliguric phase) and tubular cell damage
recovery: tubular function recovers

r1
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•physical exam may show signs of true or effective ECE volume depletion
•most common cause of non-prerenal AK1in hospitalized patients
•urine: high l-'ENa (>2%), pigmented-granular casts

Risk Factors
•pre-existing CKD, pre-existing cardiovascular disease, ECE volume depletion, multiple renal insults

Complications
•hyperkalemia:can occur rapidly and cause serious arrhythmias
•metabolic acidosis, decreased Ca increased P04 J“, hypoalbuminemia

Investigations
•blood work:CBC,electrolytes,Cr, urea, Cat+, PO4 J-, blood gasses
•urine: R&M,electrolytes, osmolality, microscopic urinalysis searching for heme granular/muddy

brown casts
•ECU (monitor for arrhythmias due to hyperkalemia)
•abdominal U/S
•rule out other causes of prerenalfpostrenal azotemia and intrinsic AK1 (GN, AIN, vasculitis)

• IV fluid challenge will not increase urine output or normalize serum creatinine in ATN, helps to
differentiate ATN from pre-renal AK1

• if diagnosis is uncertain, biopsy

Treatment
•largely supportive once underlying problem is corrected
•consideration for early dialysis in scvere/rapidly progressing cases to prevent uremic syndrome (the

STARRT-AK1 study addressing this is ongoing)

Prevention
•correct fluid balance before surgical procedures
•for patients with chronic renal disease requiring radiographic contrast:

• isotonic saline
avoid giving diuretics, NSAIDS, ACE1, cyclosporine on morning of procedure if possible

•use renal-adjusted doses of nephrotoxic drugs in patients with renal insufficiency
•use low dose non-ionic, iso- or low-osmolal contrast agents

Vascular Diseases of the Kidney
LARGE VESSEL DISEASE

Table 13.Summary of Vascular Diseases
Large Vessel Disease Medium Vessel Disease Small Vessel Disease

Acute renal artery occlusion (infarct)
Renal artery stenosis (ischemia)
Renal vein thrombosis

Kawasaki disease
Polyarteritis nodosa
ANCAassociated vasculitis

Hypertensive nephrosclerosis

Atherocmbolic renal disease
thrombotic microangiopathy

Scleroderma
Calcineurin inhibitor nephropathy
HUS
ANCA-associated vasculitis

1. RENAL INFARCTION (ACUTE RENAL ARTERY OCCLUSION)
• important, potentially reversible cause of renal failure

Etiology
• abdominal trauma, surgery, embolism, vasculitis, extrarenal compression, hypercoagulable state,

aortic dissection
• kidney transplant recipients more vulnerable

Signs and Symptoms (depend on presence of collateral circulation)
• fever, N/V, Hank pain
• leukocytosis, elevated AST, ALP
• marked elevated LDH (LDH >4x upper limit of normal with minimal elevations in AST/ALT strongly

suggestive)
• acute onset HT'N (activation of RAAS) or sudden worsening of long-standing HTN
• renal dysfunction, e.g. elevated Cr (if bilateral, or solitary functioning kidney)

Investigations
• renal arteriography (more reliable but risk of atheroembolic renal disease)
• contrast-enhanced CT or MR angiography, duplex Doppler studies (operator dependent)

n
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Treatment
• prompt localization of occlusion and restoration of blood flow
• anticoagulation, thrombolysis, percutaneous angioplasty or clot extraction, surgical thrombectomy
• medical therapy in the long-term to reduce risk (e.g. antihypertensives)

2. ISCHEMIC RENAL DISEASE (RENAL ARTERY STENOSIS)
• chronic renal impairment secondary to hemodynamically significant renal artery stenosis or

microvascular disease
• significant cause of ESRD:15% in patients >50 yr (higher prevalence if significant vascular disease)
• usually associated with large vessel disease elsewhere
• causes of renal artery stenosis

atherosclerotic plaques (90%): proximal 1/3 renal artery, usually males >55 yr, smokers
fibromuscular dysplasia (1096): distal 2/3 renal artery or segmental branches, usually young
females (typical onset <30 yr)

• when there is decreased RBF, GFR is dependent on angiotensin 11-induced efferent arteriolar
constriction which raises the FF (GFR/RBF)

• most common cause of secondary HTN (“renovascular HTN"), 1-2% of all hypertensive patients
etiology

t decreased renal perfusion of one or both kidneys leads to increased renin release and
subsequent angiotensin production
increased angiotensin raises blood pressure in two ways

1. causes generalized arteriolar constriction
2. release of aldosterone increases Na +and water retention

elevated blood pressure can in turn lead to further damage of kidneys and worsening HTN

Treatment of Hypertension in Association with
Renovascular Disease
Can J Cardiol 2117:33|5|:55?-$?6
Guidelines:
t. Recommend medical management as renal

angioplasty and stenting oilers no benefit over
optimal medical tlrerapyalone

2. In patients with uncontrolled HTN resistant to
maximally tolerated pharmacotherapy, progressive
renal function lossand acnte pulmonary edema,
renal artery angioplasty andstenting (or
atherosclerotic hemodynamically significant
stenosis could be considered

3. Patients with confirmed renal fibromuscular
dysplasia should be tefened to HTN speclallstand
considered for revasculariaation

Risk Factors
• agc* >50 yr
• smoking
• other atherosclerotic disease (dyslipidemia, DM, diffuse atherosclerosis)

Signs and Symptoms
• severe/refractory HTN and/or hypertensive crises, with negative family history of HTN
• asymmetric renal size
• epigastric or flank bruits
• spontaneous hypokalemia ( renin activation in under-perfused kidney)
• increasing Cr with ACE1/ARB
• flash pulmonary edema with normal LV function

Investigations
• must establish presence of renal artery stenosis and prove it is responsible for renal dysfunction
• duplex Doppler VIS (kidney size, blood flow): good screening test (operator dependent)
• digital subtraction angiography ( risk of contrast nephropathy)
• CT or MR angiography (effective noninvasive tests to establish presence of stenosis, for MR avoid

gadolinium contrast if eGFR <30 mL/min because of risk of systemic dermal fibrosis)
• ACE1 renography (e.g.captopril renal scan)
• renal arteriography (gold standard, but risk of contrast nephropathy)

Stenting and Nodical Therapy for Athcroiclcrotk
Renal Artery Stenosis
NfJM 2014:370:13-22
Study:Multicentre.uuDlmded RCI.median follow-up
of 43 mo.
Patients: 94? patients with atherosclerotic renal-
artery stenosis who also have significa nt systolic
HTN or CKO.
Intervention: 041 patients with atherosclerotic
renal-artery stenosa who also havesigmficant
systolic HIN or CKO.
Intervention:Percutaneous revascularization
(stenting) with medical therapy (statins, ARB. calcium
channel blotters, HCTZ.and 8P control) vs.medical
therapy alone.
Outcomes:Occurrence of adverse CV or renal event
(coon postte of death from CV or renalcause.Ml.
stroke, hospitalization foi CNF, progressive renal
insufficiency, or need for renal replacement therapy)
and all -cause mortality.
Outcomes:Occurrence of adverse CV or lenalevent
(composite of death from CVor renal cause, Ml,
stroke, hospitalization for CKF, progressive renal
insufficiency, or need for renal replacement therapy)
and all-cause mortality.
Results: Ho sigmficantdiNerence in primary
composite endpoint between participants who
received stenting or those on medical therapy alone.
No significant differences between the treatment
groups in the rates of thet dividual componentsof
the primary endpointor in all-cause mortality..
Conclusion:Renal arterystenting did not confer a
significant benefit with respect to the prevention
of cl inical events when added tocomprehensive,
multifactorial medical therapy in people with
atherosclerotic renal artery stenosis and HTN or CKO.

Treatment
• treatment of renal artery stenosis is performed for select cases of blood pressure control, treatment of

heart failure, pulmonary edema, and prevention of nephropathy
• medical therapy includes potential use of ACE1, statins, and platelet inhibitors
• revascularization using stenting is performed to treat or prevent development of ischemic

nephropathy,although there is debate surrounding its efficacy
• surgical bypass or reconstruction is an option but benefit over angioplasty is debated

3. RENAL VEIN THROMBOSIS

Etiology
• endothelial damage:blunt trauma, tumour infiltration (e.g. RGC), vasculitis, renal transplant, and

acute rejection
• stasis: severe volume loss (i.e. G1 fluid loss, hemorrhage, dehydration), renal vein compression
• hypercoagulability: nephrotic syndrome, sepsis, oral contraceptives, disseminated malignancy,

intrinsic hypercoagulability, sickle cell disease
• hypercoagulable states (e.g. nephrotic syndrome, especially membranous), ECF volume depletion,

extrinsic compression of renal vein, significant trauma, malignancy (e.g. RGC), sickle cell disease
• clinical features determined by rapidity of occlusion and formation of collateral circulation

n
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+Signs and Symptoms
• acute: N/V, flank pain,hematuria, elevated plasma LDH, ± rise in Cr, sudden rise in proteinuria
• chronic: PE (typical first presenting symptom), increasing proteinuria, and/or tubule dysfunction
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Investigations
• renal venography (gold standard),CT or MR angiography, duplex Doppler U/S

Treatment
• anticoagulation therapy to aid in recanalisation, improve renal function, and reduce risk of

thromboembolism. Initial treatment using IV heparin, followed by warfarin (target INK 2.5) within
3-10 d continued for minimum I yr

• certain cases are suitable for thrombectomy or thrombolysis (local or systemic).Commonly used
agents include streptokinase, urokinase, and tissue plasminogen activators

MEDIUM VESSEL DISEASE

1. KAWASAKI DISEASE
• see Paediatrics. P98

2. POLYARTERITIS NODOSA
• see Rheumatology.RH 21
• kidneys most commonly involved organ
• heterogenous impact on renal function
• pathologically can cause glomerular ischemia which manifests as mild proteinuria and hypertension

SMALL VESSEL DISEASE

1. HYPERTENSIVE NEPHROSCLEROSIS
• see Hypertension, NP37

2. ATHEROEMBOLIC RENAL DISEASE
• progressive renal insufficiency due to embolic obstruction of small- and medium-sized renal vessels

by atheromatous emboli
• spontaneous or after renal artery manipulation (surgery, angiography, percutaneous angioplasty)
• anticoagulants and thrombolytics interfere with ulcerated plaque healing and can worsen disease
• investigations

• eosinophilia, eosinophiluria, and hypocomplementemia
renal biopsy:needle-shaped cholesterol clefts (due to tissue-processing artifacts) with
surrounding tissue reaction in small-/medium-sized vessels

Reduced Exposure to Calcineurin Inhibitors in
Renal Transplantation ft llTESymphony Trial)
tlEJM 2007:2S7:2S62 2S7S
Study Mi ticentre. RCIwilh 12 mo lot low-up.
Patents:1645 patientsscheduled to receive a single
organ kidney transplant
Intervention:Mycophenoiate mofetil,
corticosteroids, and either:1) standard dose
cytlotpoiine: 2) low dose cyclosporine with
daclnumab induction; 3) low dose tacrolimus with
daclitumab induction: 4|low dose sirolimus with
dacliumab induction.
Primary Outcome:Estimated Cockcroft-Gaidt 6ER12
mo after transplantation.
Results: The tacrolimusarm showed significantly
higher eCFR at 12 mo compared to all other arms
(6S.4 mllmln rs. 57.1, 59.4. St.J lor arms1, 2, 4
respectively, PsO.OOl). the catrohmusarm also
showed decreased ratesof acute rejection at 6 mo
and12 mo vs.all arms (MLOOI).improved allograft
survival against standard dose cyclosporine and
sirolimus. and decreased treatment failure against
all ©titer arms. There was no difference in overall
patient sunrlval between groups. Sirolimus had the
highest incidence oflymphoceles, delayed wound
healing, and serious adverse events; tacrolimus
bad significantly higher rate of new-unset IW;and
cyclosporine regimes had the lowest incidence of
diarrhea hut highest opportunistic infection rates.
Conclusion: Immunosuppression regiments uimg
low dose tacrolimus and dacliumab induction
decrease nephrotoxicity while maintaining
therapeutic immunosuppression in renal transplant
patients

treatment
no effective treatment; avoid angiographic and surgical procedures in patients with diffuse
atherosclerosis, medical therapy for concomitant cardiovascular disease

• prognosis: poor overall, at least one third will develop ESRD

3. THROMBOTIC MICROANGIOPATHY
• see Hematology. H23
• etiologies include the spectrum of TTP-HUS, DIC, severe preeclampsia, drug-induced, complement

mediated, metabolism-mediated, and coagulation-mediated
• the enzyme ADAMTS13 is reduced in T I P,and ADAMTS13autoantibodies are useful for diagnosing

TTP
• events leading to HUS often begin with the ingestion of Shiga toxin-producing E. coli
• renal involvement more common in HUS than TTP
• renal involvement characterized by fibrin thrombi in glomerular capillary loops ± arterioles
• treatment

depends on cause
• supportive therapy
w TTP- HUS: plasma exchange, corticosteroids (splenectomy and rituximab if refractory)

• avoid platelet transfusions and ASA

4. CALCINEURIN INHIBITOR NEPHROPATHY
• secondary to the use of cyclosporine and tacrolimus
• causes both acute reversible and chronic, largely irreversible nephrotoxicity
• major cause of kidney failure in other solid organ transplants (e.g. heart)
• acute: due to afferent and efferent glomerular capillary constriction leading to decreased CiTK (tubular

vacuolization)
prerenal azotemia

• treatment: calcium channel blockers or prostaglandin analogs, reduce dose of cyclosporine or
switch to another immunosuppressive drug

• chronic: result of obliterative arteriolopathy causing interstitial nephritis and CKD (striped fibrosis),
less frequent now due to lower doses of calcineurin inhibitors

n
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Analgesic Nephropathies
DM is one of the causes of ESRD that
does not result in small kidneys at
presentation of ESRD;the others are
amyloidosis. HIV nephropathy PKD, and
multiple myeloma

1. Vasomotor AKI
clinically: develop prerenal azotemia days after NSA1D initiations
normally prostaglandins vasodilate afferent renal arteriole to maintain blood flow
NSAlDs act by inhibiting cyclooxygenase activity, thereby preventing prostaglandin synthesis and
causing renal ischemia
more common in elderly, underlying renal disease, hypovolemia (diuretics, CH1;, cirrhosis, nephrotic
syndrome)
treatment:discontinue NSAID, dialysis rarely needed Abnormal Urine ACR Values from 2018

Diabetes Canada CPG
i2.0 mg/mmol in males and females2. Acute Interstitial Nephritis

caused by fenoprofen (60%), ibuprofen, naproxen
may be associated with minimal change glomerulopathy and nephrotic range proteinuria
resolves eventually with discontinuation of NSAID, may require interval dialysis
short-term high dose steroids (1 mg/kg/d of prednisone) may hasten recovery ACEI can cause hyperkalemia; therefore,

be sure to watch serum K*. especially if
patient has DM and renal insufficiency3. Chronic Interstitial Nephritis

due to excessive consumption of antipyretics (phenacetin or acetaminophen) in combination with
NSAlDs
seen in patients who also have emotional stress, psychiatric symptoms, and G1disturbance
papillary necrosis occurs

gross hematuria, flank pain, declining renal function
• calyceal filling defect seen with 1VP - “ring sign”

increased risk of transitional cell carcinoma of renal pelvis
good prognosis if discontinue analgesics

Os (Urine Protein)

Normal

I
4. Acute Tubular Necrosis

can be caused by acetaminophen
incidence of renal dysfunction is related to the severity of acetaminophen ingestion

vascular endothelial damage can also occur
both direct toxicity and ischemia contribute to the tubular damage
renal function spontaneously returns to baseline within 1-4 wk
dialysis may be required during the acute episode of ingestion

5. Other Effects of NSAlDs
sodium retention (2° to reduced GTR)
hyperkalemia, H'l'N (2° to hyporeninemic hypoaldosteronism)
excess water retention (2s to loss of antagonistic effect of prostaglandins on ADH )

0
Time

Figure18.GFR and urine protein
over time in DM

ProteinRestriction for Diabetic RenalDisease
Cochrane DB Syst Rev 2007;4:CD002181
Purpose: To review the eNects of dietary
protein restriction on the progression of diabetic
nephropathy.
Study Selection:RCIsand before and after studiesol
the effects of restricted protein diet on renal fnnciioo
in subjects with DM.12studies were reviewed.
Results:Ihe risk of ESRD or death was lower in
patients on low-protein diet. In patients with type
1 DM no effect on WR was noted in the low - protein
diet group.

Systemic Disease with Renal Manifestation

Diabetes
• diabetic nephropathy is a slow, progressive increase in albuminuria, followed by a decrease in eGl-'R

<60 later in disease course
• key risk factors include:

• long duration of diabetes
• non-optimal glycemic control, blood pressure, and plasma lipid control

obesity
• cigarette smoking

• most common cause of end-stage renal failure in North America
• 50% of patients with diabetes will develop nephropathy
• greater burden in Indigenous communities

in Indigenous youth diagnosed with diabetes before age 20, risk of developing ESRD was 2.59
times higher than non-Indigenous people with diabetes
55.1% of Indigenous individuals diagnosed with diabetes had chronic kidney disease

• at diagnosis up to 30% of patients with type 2 DM have albuminuria (75% microalbuminuria, 25%
overt nephropathy)

• microalbuminuria is a risk factor for progression to overt nephropathy and cardiovascular disease
• once macroalbuminuria is established, renal function declines,50% of patients reach ESRD within

7-10 yr
• associated with HTN and diabetic retinopathy (especially type 1 DM) and /or neuropathy (especially

type 2 DM)

See landmark Nephrology hull table for more
information onOHIARGEI.whictr details Itie eMkacy
of ACEI/ASB combination therapy on renal outcomes
kr patients with atherosoderotic vascular diseaseor
I2DM.- slightly t mesangial matrix

See landmark Nephrology I rialstable for more
information on CREDENCE which details the effkacy
dcanagliflozin (SGLT2 inhibitor) on renal outcomes in
patients with T 2DM an diabetic nephropathy
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•indication of possible non-diabetic cause of renal disease in patients with DM
rising Cr with little/no proteinuria
lack of retinopathy or neuropathy (microvascular complications)
persistent hematuria (microscopic or macroscopic)
signs or symptoms of systemic disease
inappropriate time course; rapidly rising Cr, renal disease in a patient with short duration of DM
family history of non-diabetic renal disease (e.g.PKD, Alport’s)

DIABETIC RENAL COMPLICATIONS

1.Progressive Glomerulosclerosis
•classic diabeticglomerular lesion:Kimmelstiel-Wilson nodular glomerulosclerosis (15-20%)
•more common lesion is diffuse glomerulosclerosis with a uniform increase in mesangial matrix

Table 14. Stages of Diabetic Progressive Glomerulosclerosis
Stage 1 Stage 2 Stage 3 Stage 4

Detectable
raiaoalbaJBiauria (0-300
rag/24b)

«8 2.0-20 mg mmol ACR >20 mg/mmol.(>180 mg/d) GFR
(18-180rag'd)

Hacroalbuminufia (>300 mgi'24 h) » proteinuria (>500
mg/24 h)

Clinical tGFR|120-1$0%)
- compensatory
hyperfiltration

Proteinuria (positive urine
dipstick)

Normal GFR
tit mesangial matrix Sclerosed glomeruliPathological t slightly t mesangial

matrix
<20% glomerular filtration
surface area present

2. Accelerated Atherosclerosis
• common
• leads to decreased GFR
• may increase angiotensin 11 production resulting in increased BP
• increased risk of ATN secondary to contrast media

3. Autonomic Neuropathy
• causes atonic bladder, which leads to functional obstruction and urinary' retention
• residual urine promotes infection
• obstructive nephropathy

4. Papillary Necrosis
• type 1 DM susceptible to ischemic necrosis of medullary papillae
• sloughed papillae may obstruct ureter
• can present as renal colic or with obstructive features ± hydronephrosis

Priorities in the Management of Patients with DM
1. vascular protection for all patients with DM

ACE1, antiplatelet therapy (as indicated)
BP control, glycemic control, lifestyle modification, lipid control
SGLT2 inhibition (i.e.canaglitlozin, dapaglitlozin, and empagliflozin) provides renoprotection
independent of glycemic effects
mineralocorticoid receptor antagonists (i.e. finerenone) provide renoprotection of top of R AAS
blockade

2.optimization of BP in patients who are hypertensive
treat according to H1N guidelines

3. renal protection for DM patients with nephropathy (even in absence of HTN)- type 1 DM: ACHlorARB
type 2 DM:CrCl >60 mL/min:ACEI or ARB;CrCl <60 mL/min:ARB
2nd line agents: nondihydropyridine calcium channel blockers (diltiazem,verapamil)
combination of ACEI and ARB not recommended

4.smoking cessation
• check serum Cr and K+ levels within 1 wrk of initiating ACEI or ARB and at time of acute illness
• serum Cr can safely be alkwed to rise up to 30% with initiation of ACEI or ARB, usually stabilizes

after 2-4 wrk, monitor for significant worsening of renal function or hyperkalemia
• if >30% rise in serum Cr or hyperkalemia, discontinue medication and consider 2nd line agent
• consider holding ACEI,ARB,and/or diuretic w'ith acute illness and in women before pregnancy
• consider referral to nephrologist if ACR >60 mg/mmol, eGFR <30 mL/min, progressive loss of kidney

function, inability to achieve BP targets,or inability to stay on ACEI or ARB
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Screen annually when no transient causes of albuminuria or low eGFR are present,
and when acute kidney injury or non-diabetic kidney disease is not suspected

Typo 1 diabetes: Annually in postpubcrtal individuals with duration of diabetesi5 yr
Typo 2 diabetes: At diagnosis and annually thereafter

^ Order random urine ACR and scrum creabnine for eGFR j
1

eGFR £60 mL/min OR ACR>.2 mgimmol?

I NO ; ; yES >
Random urine ACR >20 mg/mmol?

Order serum creatinine for eGFR in 3 mo AND
2 repeat random urine ACRs performed over next3 mo

T
At 3 mo

oGFR 3» mL/min or 2 or3out of 3ACRs >2 mg/mmol?

H NO | ( YES

Chronic Kidney Disease Diagnosed

Figure 19. Clinical practice guidelines on chronic kidney disease in diabetes
Dlabutu* Canada ClinicalPtacUce Guideline* Expert Committee. Diabetes Canada 2018 Clinical Practice Guideline* for the Prevention and
Management of Diabetes In Canada.Can J Diabetes 2018;42(Suppl1):S1-S325

Scleroderma
• see Rheumatology, RH14
• 50% of patients with scleroderma have renal involvement (mild proteinuria,high Cr, HTN)
• renal involvement usually occurs early in the course of illness
• histology: media thickened,"onion skin" hypertrophy of small renal arteries, fibrinoid necrosis of

afferent arterioles and glomeruli
• 10-15% of scleroderma patients have a “scleroderma renal crisis” (occurs in first few years of disease):

malignant HTN, ART, microangiopathy, volume overload, visual changes, HTN encephalopathy
• treatment: BP control with ACE1 slows progression of renal disease

Multiple Myeloma
• see Hematology, H 51
• malignant proliferation of plasma cells in the bone marrow with the production of immunoglobulins
• patients may present with severe bone disease and renal failure
• light chains are filtered at the glomerulus and appear as Bence-Jones proteins in the urine

(monoclonal light chains)
• kidney damage can occur by several mechanisms

hypercalcemia
light chain cast nephropathy or “myeloma kidney"

hyperuricemia
• infection

secondary amyloidosis
• monoclonal Ig deposition disease

diffuse tubular obstruction
• light chain cast nephropathy

large tubular casts in urine sediment (light chains t Tamm-Horsfall protein)
• proteinuria and renal insufficiency can progress rapidly to kidney failure

• monoclonal immunoglobulin deposition disease
deposits of monoclonal lg in kidney, liver, heart, and other organs
mostly light chains (85-90%)
causes nodular glomerulosclerosis (similar to diabetic nephropathy)

• lab features: increased BUN, increased Cr, urine protein immunoelectrophoresis positive for Bence-
Jones protein (not detected on urine dipstick)

• poor candidates for kidney transplantation

n

+

Activate Windows
Go to Settings to activate Windows.



NP36 Nephrology Toronto Notes 2023

Malignancy
2016 CCS Guidelines lot the Management at
Dyslipidemia lor the Prevention of CVD in the
A dull - Chronic Kidney Disease
Can J Cardiology 2016;32:1263-82
Recommendations:

Ad-jits >50 yrwithCKD|GFR <60 miyo«tfl)3n J|
shoo' d receive treatment with astatin or a stat'd
ezetinibe combination.

Inrtiation ol lipid-lowering therapy is not
recommended for adolts with d -alysis-dependent
CKO however, f already receirng it at the time of
dialysis initiation, itshonld be continoed.

•Statin therapy should be used in adults with kidney
transplantation.

• cancer can have many different renal manifestations
• kidney transplantation cannot he performed if there is a malignancy. Nephrology considerations for

malignant presentations include:
solid tumours: mild proteinuria or membranous GN
lymphoma: minimal change GN (Hodgkin’s) or membranous GN (non-Hodgkin’s)

• renal cell carcinoma
tumour lysis syndrome: hyperuricemia, diffuse tubular obstruction, hyperkalemia,
hyperphosphatemia, hypocalcemia, lactic acidosis
chemotherapy (especially dsplatin): ATN or chronic TIN

• pelvic tumours/metastases: postrenal failure secondary to obstruction
2° amyloidosis

• radiotherapy ( radiation nephritis)

Chronic Kidney Disease
Definition
• progressive abnormalities of kidney function for >3 mo, with either

GIR <60 mL/min/1.73 m 2; or ’

markers of kidney damage, including:
hematuria, proteinuria, or anatomic abnormalities

Incidence ol Etiologies of CKD
42.9%DM

26.4%HTN
Glomerulonephritis
Other/Unknown
Interstitial nephritis/
Pyelonephritis
Cystic/Hcreditary.1Congenital 3.1%
Secondary GN,'Vasculitis 2.4%

9.9%
7.7%

Clinical Features
• cardiovascular: HTN, CHE (volume overload, HTN, and anemia), pericarditis (uremia )
• Gl:N/V,anorexia
• neurologic: lethargy, confusion, neuropathy, seizures, asterixis, hyperreflexia, restless leg syndrome,

encephalopathy (uremia)
• hematologic: normocytic normochromic anemia ( reduced EPO), bleeding due to platelet dysfunction

(uremia)
• endocrine/metabolic: Ga POt * disturbances, hyperphosphatemia, hypocalcaemia, secondary

hyperparathyroidism, reduced renal production of 1,25-dihydroxy vitamin D, osteopenia/osteoporosis
• sexual /reproductive: hypothalamic pituitary disturbances, infertility
• pruritus: multifactorial etiology

4.0%

Management of Complications of CKD

NEPHRON
L ow-Nitrogen diet
Electrolytes: monitor K+
pH:metabolic acidosis

Table 15. Stages of CKD (KDIGO, 2013)
Persistent Albuminuria Categories

GFR A1 A2 A3 HTN
(mL/min/1.73 m2 ) <30 mg/g

<3 mg/mmol
30-300 mg/g

3-30 mg/mmol
>300 mg/g

>30 mg/mmol
RBCs: manage anemia with
erythropoietin
Osteodystrophy: give calcium between
meals (to increase Ca 2t) and calcium
with meals (to bind and decrease POD)
Nephrotoxins:avoid nephrotoxic drugs
(ASA. gentamicin) and adjust doses of
rcnally excreted medications

GFR Categories
(mL/min/1.73 m'j

G1 >90 1it CKD 21

G 2 60 89 lit CKO 21

G3<t 45 -59 2 31
G 3b 30 44 2 3 3
G4 15 29 3 3 4*

G5 <15 (kidney failure) 4< 4* 4»

Effects ol lowering IDt Cholesterol with
Simvastatin and Ezetimibe in Patients with
Chronic Kidney Disease
lancet 2011:377:2181-2192
Purpose: fo assess the efficacy and safety ofSe
combination of simvastatin and ezetimibe in patients
with moderate to severe CKD.
Study: Randomized, double-blind trial with
9270 patients with CKD with no known history of
myocardial infarction or cotonaiy vascularization.
Patients were randomized tosmvastatxi 20 ng plus
ezebmibe 10 mg daily vs. matching placebo.
Primary Outcome: First major atherosclerotic
event (non -fatal myocardial infarction or coronary
death , nan-hemorrhagic stroke, or any arterial
revascularization procedure).
Results: I lie simvastatin plus ezefnPe group
was associated with an average101cholesterol
difference of 0.85 mmol/l during a median follow - up
ol 4.9 yr. There was a 17% proportional leduclnn in
major atherosclerotic evenb in the simvastatin plus
ezetimibe group compared to placebo.
Conclusions: Reducing LDlcholesterol with a
treatment regimen of siravastabn plus ezetimibe
safely reduced the incidence of major atherosclerotic
everts in patientswdh mode rate to severe CKD.

The numbers in the boxes are a reflection of lire risk of progression and are a guide to the frequency ol inonltoring/year
'0'isadded to 65lor patients requiring dialysis
Classification is based on cause.GFR.and amount ot albuminuria
Rate ot progression and risk ot complications are determined by the cause of CKD

Management of Complications of CKD
Management of Chronic Kidney Disease
• diet

• preventing HTN and volume overload
low-protein diet with adequate caloric intake in order to limit endogenous protein catabolism.
Not recommended in children as protein is needed for growth. Literature is conflicted regarding
use of protein restriction in certain other populations
Na ' restriction (<2 g/d ) if HTN, CH!•', or oliguria are present
K restriction (40-60 mmol /d ), phosphate (1 g/d) and magnesium (avoid antacids; preventing
uremia and potentially delaying decline in GI R ) intake

r -i
L J

• medical
adjust dosages of renally excreted medications
HTN:zVCEl (target 140/90 mmHg without DM and 130/80 mmHg with DM), loop diuretics when
GER <25 mL/min
dyslipidemia: statins (target LDL <2 mmol/L)
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calcium and phosphate disorders
consider vitamin D and calcitriol (1,25-dihydroxy-vitamin D) if hypocalcemic, but hold if
hyperphosphatemic (reduces PTH)
sevelamer (phosphate binder) if both hypercalcemic and hyperphosphatemic
cinacalcet for hyperparathyroidism (sensitizes parathyroid to Ca- T, decreasing PTH )

metabolic acidosis: sodium bicarbonate
• anemia: erythropoietin injections for Hb <90 g/L (9 g/dL) and target Hb between 90-115g/L (9-

10.5 g/dL). IV Iron administration often required for iron deficiency
• clotting abnormalities: DDAVP if patient has clinical bleeding or invasive procedures (acts to

reverse platelet dysfunction)
• dialysis (see Indications for Dialysis in Chronic Kidney Disease , N M I )

renal transplantation for end stage kidney disease

Prevention of Progression
•as above
•control of HTN, DM (HbAlc <7%), cardiovascular risk factors (e.g. smoking cessation, physical

activity, weight loss)
•avoid nephrotoxins such as NSAIDs, (X)XIBs, IV contrast in patients with etil' R <60 mL /min/1.73 m -
•address reversible causes of AKI

Renin Angiotensin System Blockade and
Cardiovascular Outcomes in Patients with Chronic
Kidney Diseascand Proteinuria: A Meta-Analysis
A.nKeartJ 2008;155:791-805
Purpose : lo evaluate the role of RAS blockade in
^proving uidiovasculai W outcomes In patients
with CKO.
Study Selection: RCI that analyied CV outcomes
m patents with CKD/protcinuiia treated with RAS
blockade (ACEHARB). RAS blockade- based therapy
was compaied ndh placebo andcontrol therapy
(J-hlocker.cakum -channel hlockers.and other
anphyperteasii'e -hased therapy) in the study.
Results:Twenty-five trials (n^45758) were included.
Compared to platehb, RAS blockade reduced the risk
ol heart laiLiem patients with diabetic nephropathy.
In patients with non -diabetic CXD. RAS blockade
decreased CV outcome compaied toconlrol therapy.
Conclusions: RAS blockade reduced CVouUomesia
diabetic nephiopalhy as well as non -diabetic CKO.

Hypertension
• see family Medicine. l'M37
• HTN occurs in about 20% of population
• etiology classified as primary (“essential;” makes up 90% of cases) or secondary
• primary HTN can cause kidney disease (hypertensive nephrosclerosis), which may in turn exacerbate

the HTN
• secondary HTN can he caused by renal parenchymal or renal vascular disease

Hypertensive Nephrosclerosis Elltdi of Intensive BP Control in CKD
J Am Soc Nephrol 2017:28|9|:2812 2823
Rjrpose To eva uale appropriate target for BP in
patiertswith CKD and HTN.
Methods: RCI subgroup analyses of participants
- the Systolic Blood Pressure Intervention Trial

(SPRIMI).Part cipanls were randomly assigned to
ntensnre group (sBP <120 mmHgl or standard group

(sBP < HOmmHg).
Results: Ihe intensive group had a lower rate ol
a thus* death (HR 0.72. 9'A Cl 0.63-1.05) and major
CVerentsIHR 0.81. 9511 Cl 0.63-1.05). Decreases m
eCFR were com parable between treatment groups
(HR 0.90.95% Cl 0.44 1.83). Treatment eHectsdid not
Offer between participants with and withoutCKD.
Conclusions: In patients with CKD and HTH without
(tabetes.target sBP of 120 mmHg vs.140 mmHg
red.ced rates of major CV events and all-cause death.

Table 16. Chronic vs. Malignant Nephrosclerosis
Chronic Nephrosclerosis Malignant Nephrosclerosis

Histology Slow vascular sclerosis with ischemic changes affecting
intralobular and afferent arterioles
Black race, underlying CKO.chronic hypertensive disease Acute elevation in BP|d8P *120 mmHg)

HIM encephalopathy
Proteinuria and hematuria (R6C casts)

lowet dBP to 100 -110 mmHg within 6-24 h
More aggressive Irealmentcan cause ischemic event
Identify and treat underlying cause of HIII

Can progress lo renal failure despite patientadherence Lower survival if renal insufficiency develops

Fibrinoid necrosis of arterioles, disruption of vascular
endothelium

Clinical Picture

Urinalysis
Therapy

Mild proteinuria,normal urine sediment
Blood pressure control. (target «140/90) with frequent
follow-up

Prognosis

Renovascular Hypertension
• see Vascular Diseases of the Kidney, NKMI

Renal Parenchymal Hypertension
•HTN secondary to GN, AIN,diabetic nephropathy, or any other chronic renal disease
•mechanism of HTN not fully understood but may include:

excess RAAS activation due to inflammation and fibrosis in multiple small intra-renal vessels
production of unknown vasopressors, lack of production of unknown vasodilators, or lack of
clearance of endogenous vasopressor

• ineffective sodium excretion with fluid overload

Investigations
•as well as investigations for renovascular HTN, additional tests may include

24 h urinary estimations of CrQ and protein excretion
imaging ( U/S, CT)
serology for collagen-vascular disease
renal biopsy (very rarely if at all)

r “k
i j

+Treatment
•most chronic renal disease is irreversible; however, treatment of HTN can slow the progression of

renal insufficiency
•control LG volume: Na ' restriction ( 2 g/d intake), diuretic, dialysis with end-stage disease
•AGil or ARB may provide added benefit (monitor K 'and Cr) if there is significant proteinuria (>300 mg/d)
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Cystic Diseases of the Kidney
• characterized by epithelium-lined cavities filled with fluid or semisolid debris within the kidneys
• includes: simple cysts (present in 50% of population >50), medullary cystic kidney, medullary sponge

kidney, polycystic kidney disease (autosomal dominant and recessive), and acquired cystic kidney
disease (in chronic hemodialysis patients)

Hypercalcemia complicates many
cancers and can cause multiple kinds ol
renal disorders (renal vasoconstriction
with reduced GFR. salt-wasting with
volume depletion, risk ol calcium kidney
stones)Adult Polycystic Kidney Disease

•autosomal dominant; at least 2 genes: PKDI (chr 16p) and PKD2 (chr 4q).PKDI (1:400), PKD2 (1:1000) accounts for about 10% of cases of renal failure
•patients generally heterozygous for mutant PKD gene but accumulate a series of second ‘somatic hits’

precipitating the condition
•PKD gene defect leads to abnormal proliferation and apoptosis of tubular epithelial cells leading to

cyst growth
•most common extrarenal manifestations: multiple asymptomatic hepatic cysts (33%), mitral valve

prolapse (25%), intracranial arterial aneurysm (10%), diverticulosis, hernias (abdominal/inguinal)
•polycystic liver disease rarely causes liver failure, but may form the indication of liver transplant due

to space occupying impact which can lead to reduced oral intake and malnutrition
•less common extrarenal manifestations:cysts in pancreas, spleen, thyroid, ovary, seminal vesicles,

and aorta

Extrarenal Manifestations of PKD
• Hepatic cysts
. Mitral valve prolapse
• Cerebral aneurysms. Diverticulosis

Totnpta Later-SCage AitKoaalDoaiuxt
Polycystic Etoey Disease
IEJK 2017:377:1930-1842
Pnpose Toera Be eScacysdsâ ty of
Be laupresas Y2-receytixasBgoa-st tohaytes
la patiesS laer-stage aiiosmal teases!
xlycystic bdsey feease.

: : . : = :
aiticeatre.ptecEtio-coatraaed.tatie-titiM trial,
lesalts:Q-argeseslsatedfflfme dasaiseaas
. •

' . ; . :I : .
-2J1io -187)tv -3-61— -.1732 a fcBeplacate
grasp(9S% CL -4.08 to -3-W|-
Coochniots To,a:Sinotedaa dooer dectoe
Baa placetnEBeestisatidCFtner a1yrperiod-

SignS and Symptoms
•often asymptomatic; discovered incidentally on imaging or by screening those with THx
•acute abdominal flank pain/dull lumbar back pain (source: infection of renal cysts, hemorrhaging into

cysts,kidney stones)
•hematuria (frequently initial sign is microscopic hematuria, otherwise gross hematuria)
•nocturia (urinary concentrating defect)
•extrarenal presentation (e.g. ruptured berry aneurysm, diverticulitis, mitral valve prolapse,aortic

regurgitation, tricuspid valve prolapse)
•HTN (increased renin due to focal compression of intrarenal arteries by cysts) (60-75%)
•± palpable kidneys

Common Complications
•urinary tract and cyst infections, HTN, chronic renal failure, nephrolithiasis (5-15%), flank and

chronic back pain

Clinical Course
•polycystic changes are always bilateral and can present at any age
•clinical manifestations rare before age 20-25
•kidneys are normal at birth but may enlarge to lOx normal size
•variable progression to renal functional impairment (ESRD in up to 50% by age 60)

Investigations
•U/S is confirmatory' (enlarged kidneys, multiple cysts throughout renal parenchyma, increased

cortical thickness, splaying of renal calyces)
•CT abdomen with contrast (for equivocal cases, occasionally reveals more cystic involvement)
•MR1for kidney volume measurement
•gene linkage analysis for PKDI for asymptomatic carriers
•Cr, BUN, urine R&M (to assess for hematuria)

Treatment
•goal: to preserve renal function by prevention and treatment of complications
•tolvaptan has been used to slow' decline of renal function, however its use has been limited by side

effects
•educate patient and family about disease, its manifestations, and inheritance pattern
•genetic counselling: transmission rate 50% from affected parent
•prevention and early treatment of urinary tract and cyst infections (avoid instrumentation of GU

tract)
•TMP/SMX, ciprofloxacin: able to penetrate cyst walls, achieve therapeutic levels
•adequate hydration to prevent stone formation
•avoid contact sports due to greater risk of injury to enlarged kidneys
•screen for cerebral aneurysms if family history of aneurysmal hemorrhages
•monitor blood pressure and treat HTN w’ith ACE1
•dialysis or transplant for ESRD (disease does not recur in transplanted kidney)
•may require nephrectomy for symptomatic relief of pain or due to recurrent infections +
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Autosomal Recessive Polycystic Kidney Disease
• I in 20000 incidence
• prenatal diagnosis by enlarged kidneys (due to cystic dilatation of the collecting ducts); if significant

in ulero can result in Potter sequence
perinatal death from respiratory failure

• associated with hepatic fibrosis
• patients who survive perinatal period develop CHI', HTN, CKD, portal hypertension
• treated with dialysis, kidney, and/or liver transplant

Medullary Sponge Kidney
• common, autosomal dominant, usually diagnosed in 4th-5th decades
• multiple cystic dilatations in the collecting ducts of the medulla
• renal stones, hematuria, and recurrent UT'Is are common features
• an estimated 10% of patients who present with renal stones have medullary sponge kidney
• nephrocalcinosis on abdominal x-ray in 50% patients, often detect asymptomatic patients incidentally

diagnosis: contrast filled medullary cysts on 1VP leading to characteristic radial pattern (“bouquet of
flowers”), “Swiss cheese" appearance on histological cross-section

• treat UTIs and stone formation as indicated
• does not result in renal failure

End Stage Renal Disease
Definition
• ESRD represents an irreversible decline in kidney function requiring renal replacement therapy
• no definite definition, but glomerular filtration rate less than 15 mL/min/ 1.73 m 2body surface area, or

those requiring dialysis irrespective of glomerular filtration rate

Risk Factors
• amount of daily proteinuria (strongest predictor of progression to ESRD)
• hypertension, age, history of chronic renal insufficiency, DM, heroin use, tobacco, analgesic

use, ethnicity (increased incidence in Black individuals), lower socioeconomic status, obesity,
hyperuricemia, and family history of kidney disease

Presentation of End Stage Renal Disease
1. Volume Overload
• due to increase in total body Na •content
• signs: weight gain, HTN, pulmonary, or peripheral edema

2. Electrolyte Abnormalities
• high

« K +(decreased renal excretion, increased tissue breakdown)
PO4 3“(decreased renal excretion, increased tissue breakdown)

• Ca 2+ (rare; happens during recovery phase after rhabdomyolysis-induced AKl or in settings
where hypercalcemia contributes to renal failure, such as in multiple myeloma or sarcoidosis)
uric acid

• low
Na 1 (failure to excrete excessive water intake)
Ca 2+ (decreased vitamin D activation, hyperphosphatemia, hypoalbuminemia)
HC03 ‘(especially with sepsis or severe heart failure)

3. Uremic Syndrome
• manifestations result from retention of uremic toxins as well as hormone deficiencies

ri
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CNS: headache,lethargy, somnolence,
contusion, asterixis,hyporellexia PUS

wristdrop
Asterixis

Gl: decreased taste

footdropRESPIRATORY:shortness of
breath,pleuritic chest pain

CVS: pericardial
friction rub

ENDOCRINE:weight loss,
amenorrhea,

decreased libido
Gl: anorexia, _

nausea,vomiting

SKIN:pruritus, pallor. (
yellow discolouration \

GU: irritative and/or
obstructive urinary tact

symptoms,hematuria,
palpable bladder

neuropathy

MSK nocturnalmuscle
cramps,muscle weakness J

•i

Figure 20. Signs and symptoms of end stage renal disease

Complications
•(.'NS: decreased LOC, stupor, seizure
•cardiovascular system: cardiomyopathy, CHI', arrhythmia, pericarditis, atherosclerosis
•Gl: peptic ulcer disease, gastroduodenitis, AVM
•hematologic: anemia, bleeding tendency (platelet dysfunction), infections
•endocrine

• decreased testosterone, estrogen, progesterone
• increased 1-SH, LH

•metabolic
•renal osteodystrophy: secondary' increased PTH due to decreased Ca -+ , high PO-t*-, and low active

vitamin D
• osteitis fibrosa cystica
• hypertriglyceridemia, accelerated atherogenesis
• decreased insulin requirements, increased insulin resistance

•dermatologic: pruritus, ecchvmosis, hematoma, calciphylaxis (vascular Ca -'deposition )

Treatment
•dialysis is the preferred treatment for ESRl)
•initiation of chronic dialysis has major implications on patients and healthcare system

rn
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GRenal Replacement Therapy How to Write Dialysis Orders
(MUST BE INDIVIDUALIZED)

• Filter Type (e.g.F80)
• Length (e.g.4 h 3x/wk or 2 h daily)
• 0Blood Flow (max 500 cc.'rnin)
• Ultrafiltration (e.g.2 L or to target

dry weight)
• Na+140 (can be adjusted by starting

at155 and “ramping" down to
minimize cramping)

• K'(based on serum K)
Serum K+Diatysate

Dialysis
Indications for Dialysis in Chronic Kidney Disease

Table 17. Indications for Dialysis
Absolute Indications Relative Indications

4-6 i 5Volume overload*

Hyperkalemia*
Severe metabolic acidosis'
Neurologic signsor symptoms of uremia (encephalopathy,
neuropathy,seizures)
Uremic pericarditis
Refractory accelerated HIM
Clinically significant bleeding diathesis
Persistent severe N/ V

Anorexia
Decreased cognitive functioning
Profound fatigue and weakness
Severe anemia unresponsive to erythropoietin
Persistent severe pruritus
Restless leg syndrome

3.54 2.5
<3.5 3.5. Ca 2*1.25. HCOJ -40

• Heparin (none, tight [SOO U/h] or full
[1000 U/hD

• IV fluid to support BP (e.g. NS)

'Unresponsive to medications

• decision to start dialysis in ESRD should be symptom driven or when GTR reaches approximately <10
mL/min

hemodialysis:blood is filtered across a semipermeable membrane removing accumulated toxic
waste products, solutes, excess fluid (ultrafiltration), and restoring buffering agents to the
bloodstream
available as intermittent (e.g. 3-6x/wk), CVVHD, or SLED which are in-hospital treatments
can be delivered at home or in-centre, nocturnal
vascular access can he achieved through a central line, an artificial AV graft, or an AV fistula

• patients with CKD should he referred for surgery to attempt construction oi a primary AV fistula when
their e(ilR is <20 ml./min, the serum Cr level quoted as >350 pmol/ L, or within 1 y r of an anticipated
need

• check Kidney failure Risk Equation, which provides the 2 and 5 year probability of treated kidney
failure for a potential patient with CKD stage 3 to 5

• peritoneal dialysis: peritoneum acts as a semipermeable membrane similar to hemodialysis filter
advantages: independence, fewer stringent dietary restrictions, better rehabilitation rates

• available as continuous ambulatory (CARD; 4-5 exchanges/d) or cyclic (CCPD; machine carries
out exchanges overnight)

• refer patients with chronic renal disease to a nephrologist early on to facilitate treatment and plan in
advance for renal replacement therapy ( RRT)

When to Initiate Dialysis
CrCI <20 mL/min
• Educate patient regarding dialysis:

if not a candidate for peritoneal
dialysis,make arrangements for AV
fistula

CrCI <15 mL/min
• Weigh risk and benefits for inilialing

dialysis
CrCI <10 mL/min
• Dialysis should be initialed

NOTE
• Cockcroft-Gault equation (or MDRD

equation) should be used to measure
kidney function

• Monitor for uremic complications
• Significant benefits in quality of life

can occur if dialysis started before
CrCI<15 mL/min

• It is unclear whether patients who
start dialysis early have increased
survival

• A preemptive transplant can be
considered if patient is stable, in
order to avoid dialysis

Table 18. Peritoneal Dialysis vs. Hemodialysis
Peritoneal Dialysis Hemodialysis

SlowRale fast Sourrt:Njtxw-ilUOny fwoMionKidney Ohvasu
Outcome* Ou-llrty MTalrrtlocation Home

Osmotic pressure via dextrose dialysale

Concentration gradient and convection
Peritoneum
Indwelling catheter in peritoneal cavity
Infection at catheter site
Bacterial peritonitis
Metabolic effects of glucose
Difficult to achieve adequateclearance in patients
with large body mass

Hospital (usually)
Hydrostatic pressure

Concentration gradient and convection
Semi-permeable artificial membrane

Line from vessel to artificial kidney

Vascular access (clots,collapse)
Bacteremia
Bleeding due to heparin
Hemodynamic stress of extracorporeal circuit
Disequilibrium syndrome (headache,cerebral edema,
hypotension,nausea, muscle crampsrclalcd to solute/
water fluxover short time)

Comorbidities, no renal function
Residual tenal function not as important
History ol abdominal surgery

Ultrafiltration

Solute Removal
Membrane Commonly Used Immunosuppressive

DrugsMethod
Complications Calcineurin inhibitors

Cyclosporine
Tacrolimus

Antiproliferative medications
Mycophenolate mofeti!
Azathioprine

Other agents
Sirolimus
Prednisone

Anti-lymphocyte antibodies
Thymoglobulin
Basiliximab

Preferred When Residua! renal lunclion
Success depends on presence of residualrenal
function
Hemodynamic instability

r i
L JIndications for Dialysis

(Refractory to Medical Therapy)

AEIOU
Acidosis
Electrolyte imbalance (K+)
Intoxication (AKI)
Overload (fluid)
Uremia (encephalopathy,pericarditis,
urea >35-50 mM)

+
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Renal Transplantation <§>
Intravenous Iron in Patients Unitergoing
Maintenance Hemodialysis
HE JM 2019:380:447 4S8
Purpose: To assess tlx use ol high doses of iron in
patients undergoing hemodialysis.
Study 1.1 , ti centre , open abel trial with blinded
endpoint evaluation.
Population: 2141 adu Its with ESftO m whom
maintenance hemodialysis was initiated no more than
12 mo prior were randoriied to high-dose IViron
(medan 264 mg monthly) administered proactively
<1.093) or low-doseIV non (median I4S rg monthly|
administered reactrvety (1.048).
Outcome: Primary errdport was nonfatal myocardial
infarction , nonfatal stroke, hospitaliiabon for head
failure, or death.
Results: 29.3% ol patents in the high dose gioup
had a primary endpomtevent, compared to 32.3%
in the low-dose group.Patients In the high-dose
group had a lower median monthly dose of an
erythiopmesis-stimulating agent compaiedlo the
low-dose gioup I29.75J IU vs. 3S.80SIU).
Conclusions: 4 high-dose IV iron reg men
administered proactively in patients undergoing
hemodialysis is superior to a low -dose regimen
administered leacthrely.

•provides maximum replacement ofGFR
•preferred modality of RRT in CKD, not AK1
•best way to reverse uremic signs and symptoms

renal transplantation has been shown to have improved long-term patient survival and greater
quality of life over dialysis

•native kidneys usually left in situ
•2 types:deceased donor, living donor (related or unrelated)
•living donor transplants have been shown to have better short- and long-term outcomes than deceased

donor transplants
•kidney transplanted into iliac fossa, transplant renal artery anastomosed to external iliac artery of

recipient
•induction immunosuppression with IV thymoglobulin or basiliximab, followed by maintenance oral

immunosuppression with an oral immunosuppression cocktail ( usually corticosteroids, calcineurin
inhibitor, anti-metabolite)

•long-term monitoring of cyclosporine and tacrolimus levels are required
• 1 yr renal allograft survival rates >90%

Complications
•41 cause of mortality in transplanted patients is cardiovascular disease
• increased risk of infections (bacterial, viral, fungal, opportunistic)
•new-onset DM (often due to prednisone and calcineurin inhibitors, especially tacrolimus)
•graft rejection (cellular or humoral )
•acute rejection: rise in Cr, fever, hematuria, graft site tenderness, oliguria, although symptoms are

very uncommon
•early allograft damage caused by episodes of acute rejection and acute peritransplant injuries
•transplant glomerulopathy from antibody injury
•cyclosporine or tacrolimus nephropathy (see Small Vessel Disease, ,\P32)
•de novo GN (membranous, IgA, MPGN)
•BK virus (polyoma virus) nephropathy can result from over-ininiunosuppression and lead to graft loss
•leading causes of late allograft loss: interstitial fibrosis/tubular atrophy and death with functioning

graft
•depends on immunologic and nonimmunologic factors (HTN, hyperlipidemia, age of donor, quality of

graft, new onset DM)
•infections (CMV, B) P, and other opportunistic infections usually occur between 1 and 6 mo post-

transplant)
•malignancy (skin cancer, Kaposi’s sarcoma, non-Hodgkin’s lymphoma)

Survival Benefit with Kidney Transplants from
HIA Incompatible live Donors
HE JM 2016:374:940 -950
Purpose:loassess whether there is a survival
advantage to receiving a kidney from HU-
incompatible donors com pored to lemiirvng on the
waitv.g list lot a possible matched deceased donor
•
Study:Retrospective,multi-centre analysis
Population: 1025 ind nr duals who recened
HU i ncompnt'liie live donor kidneys compaied
to two different controls: individuals waitngand
possibly leceiving a deceased donor kidney|NA125).
or individuals ultimately oolieceiving a kidney
transplant (N'512S|.
Outcome: Survival, tracked loi up to 8 years.
Results: Indiv duals who received HU incompatible
Kidneys had increased survival compared to either
control group for time points at1year.5 years,and
8 years post-transplant (P« 0.001). titer 8 years
noo-matched kidney recipients had J6.S% survival
conpaied to 43.9% lor individuals who ultimately did
not receive a kidney transplant. Survival advantage
was significant regardless of how the recipient anti-
HU ontibodies were detected.
Conclusions ' Individuals who received HU
incompatible kidneys had significantly improved long-
term survival com pared to in dividuals w ho waited fur
compatible deceased donor kidneys.

r ^L J

+

Activate Windows
Go to Settings to activate Windows.



XP-13 Nephrology Toronto Xotcs 2023

Common Medications
Table 19. Common Medications in Nephrology
Classification Examples Site of Action Mechanism of Action

(Secondary Effect)
Indication Dosing Adverse Effects

Na <K 72CI- transport t renal Management oledema
and peripheral vasodllalory secondary to CHf.
effects (K'loss: t H'secretion: nephrotic syndrome.
» Cat'excretion) cirrhotic ascites;

t free water clearance
(eg.in SIADKinduccd
hyponatremia). * BP
(less effective due to
short action)

loop Diuretics furoscmide (Lasix * )
bumctanide (8umer< 7
Burner 1 )
ethacrynate (EdecrinJ)
torsemide (Demader!)

Thick ascending
limb ol loop of
Henle

forosemide:
edema:20-80 mg IV/IM/PO q6 8h
(mar 600 mg/d) until desired
response
NTH:20- 80 mg/d P0 once daily/
BIO dosing

Allergy in sulfa- sensitive
individuals
Electrolyte abnormalities;
hypokalemia,
hyponatremia,
hypocalcemia.
hypercalciuria (with stone
formation)
Volume depletion with
metabolic alkalosis
Precipilales goul attacks
Hypokalemia
Increased serum urate
levels
Precipitates gout attacks,
hypercalcemia
Elevated lipids
Glucose intolerance

Inhibit Na /CI - transporter ( K '
loss; t H«- secretion; * Ca!'
ercrelion)

Distal convoluted
tubule

1st line lor essential HCI2:Thiaiidc Diuretics hydioclilorolhiande
IHCI2)
chlorothiazide (Diuril 1 )
indapamide (LCMOI
Loaide
melolazone (Zaroiolyn' )
chlorthalidone
(Hygrolon - )

Potassium-Sparing spironolactone
(Aldactonc ')
triamterene (Dyrcnium' )
amiloride (Midamor 1 )

edema:25-100 mg P0 once daily
HTH:12.5-25 mg P0 once daily
(mar SO mg/d)
nephrolilhiasis/hypercalciuria:
25 100 mg once daily

HIN
treatment of edema
Idiopathic
hypercalciuria and
stones
Diabetes insipidus
(nephrogenic)

Cortical collecting
dud(« Na'
reabsorption)

Aldosterone antagonist
(spironolactone)
Block Na channels (triamterene Edema /hypervolemia
and amiloride)

Seduces K'loss caused spironolactone:25-200 mg/d once Hyperkalemia (caution
with ACEl)
Triamterene can be
nephrotoxic (rare)

Hyperaldosteronism:100-400 mg/d Nephrolithiasis
once daily/BIO dosing
amiloride:edema/HTH:5 10 mg P0 effect of spironolactone)
once daily

Diuretics daily/BIO dosing
H1H: 50- 200 mg/d once daily /BIO
dosing

by other diuretics

Severe CHF,ascites
(spironolactone),
cystic fibrosis
(amiloride » viscosity
of secretions)

Gynecomastia (estrogenic

Combination olACEl and thiazide Combine K'-sparing
have a synergistic effect drug with thiazide lo

reduce hypokalemia

Combination
Agents

Dyazide - (triamterene-HCI2)
Aldadazide -

(spironolaclone’HCIZ)
Moduietlc ' (amiloride
* HCIZ)
Vaseretic'5 (enalaptil-HCIZ)
Zestorctic® (lisinopril
•HCIZ)

mannitol (Osmitrol : )
glycerol

Osmotic Diuretics Renal tubules
(proximal and
collecting dud)

Hon-reabsorbable solutes
increase osmotic pressure of
glomerular filtrate - inhibits
reabsorption of water and
t urinary excretionol toxic
material
Inhibits angiotension converting HTN
enzyme,preventing formation Cardioprotective
of angiotensinII
Prevents angiotensin It
vasoconslriding vascular
smooth muscle net
vasodilation » BP
Prevents angiotensin It
mediated aldosterone release
horn adrenal cortex and action
on proximalrenal tubules
-» * Na+ and HiO excretion
* * BP

Reduces fibrosis and
atherogenesis
Competitive inhibitor atthe
angiotensin It receptor:prevents Cardioprotective
angiotensin llvasoconslriding elfeds
action on vascular smooth
muscle •» * 8P
Prevents angiotensin It
mediated aldosterone release
horn adrenal cortex and action
on proximal renal tubules -* t
Ha* and H20 excretion

Inhibits renin production and
activity
Cardioprotective and
renopiotedivc abilities being
evaluated

lo « intracranial or
intraocular pressure
Mobilization of excess
fluid in renal failure or
edematous stales

mannitol:
* ICP:0.25-2 g/kg IV over 30-60

Transient volume
expansion
Electrolyte abnormalities
|t/t Nrr. aft K '|

minurea

ramipril:HTN:2.5-20 mg POonce
daily/BIO dosing
renoproledivcuse;10 mgP0
once daily
tiandolapril:HTN;1-4mg P0 once

Cough
Asthma
Hyperkalemia
Angioedcma
Agranulocytosis
Icaptopril)

Lungs
Tissues diffusely

ACEI ramipril (Altace - )
enalaptil (Vasotec:)
lisinopril (Prinivit ')
tiandolapril (Mavik )
captoprit (Capoten:)

elfeds
Renoprolcctivecllccls

daily
AKt
Teratogenic

tosartan (Cozaan )
candesartan
(Atacand - )
irbesartan (Avapro )
valsartan (Diovan!)
telmisartan (Micardis - )
eprosartan (Teveten- )
olmesartan (Olmelec )

ARB Vascular smooth
muscle,adrenal
cortex,proximal
tubules

HTN Hyperkalemia
tosartan 25-100 mg PO once daily Caution - reduce dose in
candesartan 8-32 mg PO once daily hepatic impairment
irbesartan 150-300 mg POonce AKt

NTH:

Renoprolcdive effects
daily Teratogenic
valsartan 80 -320 mg PO once daily
telmisartan 20 - 80 mg PO once daily
eprosartan 400 800 mg P0 once

r -i
l L J

.11 .
olmesartan 20- 40 mg PO once daily

aliskiren150-300 mg PO once daily HyperkalemiaRenin Antagonists aliskiren (Rasilez 5) Oiredrenin
antagonist

HTN +
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Landmark Nephrology Trials
Trial Name Reference Clinical Trial Details
ELECTROLYTE DISTURBANCES

NEJM 2006:16:2099 112SALT-1 Title: lolvaptan.a Selective Oral Vasopressin V2- Receptor Antagonist, lor Hyponatremia
Purpose: Investigate whether lolvaptan migilt be of benefit in hyponatremia.
Methods:Patients with cuvolemic or hypervolemic hyponatremia were randomized to oral lolvaptan ISmg daily or oral matched placebo. Ihe
primary endpoints were changes in daily aiea-uiidcr -lhe-curvc for serum Naconcenlralions.
Results:Serum Na" concentrations increased more in the lolvaptan group than placebo during the first 4 d (P- 0.001) and after 30 d (P* 0.001).
Side effects included dry mouth, thirst,and increased urination.
Conclusions:In patients with euvolemic or hypervolemic hyponatremia, lolvaptan.an oral vasopressin V2- receplor antagonist,was effective in
increasing serum Na concenlralions.
Title: Patiromor in Palienls with Kidney Disease and Hyperkalemia Receiving RAAS Inhibitors
Purpose: Assess the safely and efficacy of patiromcr. a K binder, in treating hyperkalemia.
Methods:Patients with CKD receiving RAAS inhibitors with serum Klevels of S.1to 6.5 mmol/lreceived patiromcr lor 4 wk.Ihe primary efficacy
endpoint wasIhe mean change in serum Klevels from baseline to week 4.Subsequently,107 patients were randomly assigned to patiromer or
placebo for Ihe randomized withdrawal phase.
Results:The median increase in K-levels from baseline was greater with placebo than with patiromer (P'0.001).A recurrence of hyperkalemia
occurred in60% of placebo palienls compaied with15% in the patiromer group.
Conclusions: In CKD palienls receiving RAAS inhibitors and who had hyperkalemia,patiromer treatment was associated with a decrease in
serum K’lcvels and a reduction in hyperkalemia recurrence.

NEJM 2015:372:211-21OPAL HK

DIABETIC NEPHROPATHY
ACEI and Diabetic NEJM 1993:329:1456-62 Title: The Effect of Angiotensin-Converting-Enzyme Inhibition on Diabetic Nephropathy

Purpose:Determine whether captoprit has kidney-protecting properties independent of BP control in patients with diabetic nephropathy.
Methods:Patients with insulin-dependent DM were randomized to caplopril or placebo.The primary endpoint was a doubling of Ihe baseline
serum Cr.
Results:Ihe associated risk reductions of Ihe primary endpoint was 48%in Ihe caplopril group.Serum Cr concentrations doubled in 25 palienls
in Ihe caplopril gioup compared to 43 palienls In Ihe placebo group. Ihe mean rate of decline inCr clearance was 11% per yr in Ihe caplopril
group and 17% in the placebo group.
Conclusions:Caplopril protects against deterioration in renal function in insulin- dependent diabetic nephropathy and is significantly more
effective than BP control alone.

Title:Cardiorenal End Points in a Trial of Aliskiren for Type 2 Diabetes
Purpose:Determine whether aliskiren would reduce CV events in palienls with T2DM and CKD.
Methods:8561palienls were randomized lo aliskiren 300 mg daily or placebo as an adjunct to ACEI or AR8. Iheprimary endpoint was a
composite of time lo CV death,cardiac arrest with resuscitation,nonfalal Ml,nonfatal stroke, or UA hospitalization.
Results:Ihe primary endpoint occurred in 18.3% of patients assigned lo aliskiren.compared with 17.1% in the placebo group (hazard ratio 1.08:
95% Cl 0.98 lo1.20;P-0.12).Effects on secondary renal outcomes were similar between groups. Ihe proportion of patients with hyperkalemia
|11.2% vs.7.2%) and hypotension (12.1% vs.8.3%) were higher in the aliskiren group.
Conclusions:Combining aliskiren with ACEI or ARB in high-risk patients withI2DM leads to increased incidence of nonfatal stroke,
hyperkalemia,and hypotension.
Title: Preventing Microalbuminuria in Type 2 Diabetes
Purpose: Assess whether ACEI and non-diliydropyridine calcium channel blockers (CCBs),alone or in combination,prevent microalbuminuria in
patients with H1N and 120M.
Methods:1204 patients were randomized to 3 yr of treatment with trandolapril 2 mg daily plus verapamil SR 180 mg daily, trandolapril alone,
verapamil alone,or placebo.The primary endpoint was the development of persistent microalbuminuria.
Results:The primary outcome was reached in 5.7% of combination patients.6% of trandolapril patients.11.9% of verapamil patients,and10% of
placebo patients.Serious adverse events were similar among all treatment groups.
Conclusions: Treatmcnl with ACEI trandolapril alone or trandolapril combined with verapamil decreased Ihe incidence of microalbuminuria in
patients with12DM and HIM with notmoalbuminuria.
Title: Angiotensin-Receptor Blockade versus Converting-Enzyme Inhibition in Type 2 Diabetes and Nephropathy
Purpose:Compare renoprolective elfeels of ARBs and ACEIs in patients with T2DM.
Methods:250 patients withT2DM and early nephropathy were randomized to either telmisartan 80 mg daily or enalapril 20 mg daily.The
primary endpoint was a change in GFR between baseline and last available value,during Ihe 5 yr study period.
Results:At 5 yr, the change in Of R was -17.9 ml/min/1.73 mtvilh telmisartan,compared with14.9ml7minf1.73 m 2 with enalapril (difference -3.0
mL/min/1.73 m?; 9S% Cl -7.6 to 1.6).
Conclusions: Ihe ARB telmisartan and Ihe ACEI enalapril arc equally effective in slowing renal function deterioration inI2DM with mild lo
moderate NIN and early nephropathy.
Title:Renoprolective Effect of Ihe Angiotensin-Receptor Antagonist Irbesarlan in Patients with Nephropathy Due to Type 2 Diabetes
Purpose:Assess whether the ARB irbesarlan or the CCS amlodipine slow progression of nephropathy inpatients withI2DM independently of BP
effects.
Methods:1715 hypertensive patients with nephropathy due to T2DM were randomized to irbesarlan 300 mg daily,amlodipine 10mg daily,or
placebo. Ihe primary endpoint was a composite of the doubling of baseline serum Cr. development ol ESRD. or all- cause mortality.
Results: Treatment wilh irbesarlan was associated with a rate ol primary endpoints 20% lower than placebo (P*0.02) and 23% lower than
amlodipine (P'0.006). Treatmcnl wilh irbesarlan wasassociated wilh a RR of ESRD 23% lower than that in both oilier groups (P’0.07 lor both
comparisons). These differences were not explained by BP changes.
Conclusions:Treatment with irbesarlan reduced the risk of developing ESRD and worsening renal function in patients withI2DM and diabetic
nephropathy.
Title:Effects of Losartan on Renal and Cardiovascular Outcomes in Patients with Type 2 Diabetes and Nephropathy
Purpose:Assess the role of AR8 losartan in slowing progression of renal disease,in patients with T 2DM and nephropathy.
Methods:1513 palienls were randomized to losartan 50-100 mg daily or placebo,in addition lo conventional anlihypertcnsivc treatments. Ihe
primary outcome was a composite of the doubling olserum Cr.ESRD. or mortality.
Results:327 palienls in the losartan group, compared with 359 in Ihe placebo group,achieved Ihe primary endpoint (risk reduction 16%:
P-0.02).Losartan reduced the incidence of the doubling of serum Cr (risk reduction 25%;P-0.006) and ESRD (risk reduction 28%;P-0.002), wilh
no effect onmortality.
Conclusions:Losartan conferredsignificant renal benefits in patients with T20M and nephropathy, and was generally well-tolerated.

ALTITU0E NEJM 2012:367:2204-13

BENEDICT NEJM 2004;351:1941-51

NEJM 2004:351:1952 61DETAIL

NEJM 2001:345:851 60IDNI

NEJM 2001;345:861-69RENAAL
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Trial Name Clinical Trial DetailsReference
ROADMAP HEJM 2011:364:907-17 Title: Olmesarlan lor the Delay or PreventionolMicroalbuminuria in Type 2 Diabetes

Purpose:Assess whether treatment with an ARB would prevent the occurrence of microalbuminuria in T2DM patients with normoalbuminuria.
Methods:4447 patients with T 2DM were randomized to receive olmesarlan 40 mg 00 or placebo.Additional hypertensives were used as needed
to meet the target BP of <130/80 mmHg.The primary outcome was the time until the first onset of microalbuminuria.
Results:Microalbuminuria developed in 8.2% of olmesarlan-treated patients, and 9.8% in the placebo group. The time to onset of this increase
was increased by 23% with olmesarlan (hazard ratio 0.77;95% Cl 0.63 to 0.94;P'0.01).
Conclusions: The use ol the ARB olmesarlan was more effective than placebo in delaying the onset of microalbummutia in patients with T2DM,
normoalbuminuria.and good BP control.
Title:Canagllflozin Slows Progressionol Renal Function Ocdine Independently of Glycemic (fleets
Purpose: Determine whether canagliflocin decreases albuminuria and reduces renal function decline independently of its glycemic effects.
Methods: 1450 patients with 12DM receiving mcllormm were landomizcd lo canaglillozin 100 mg.canagliflocin 300 mg.or glimepiridc al6 8
mg.Primary endpoints weie annual change in eGFR and albuminuria over 2 yr follow -up.
Results: Glimepinde.canagliflocin100 mg and canaglillozin 300 mg had eGFR declines of 3.3ml/min/1.73 m /per yr (95% Cl 2.8 to 3.8).0.5 ml/
min/1.73 m (95% Cl 0.0 to1.0).and 0.9 mL/min/1.73 m /|95% Cl 0.4 to 1.4), respectively.Patients receiving these treatments had reductions in
HbA1c of 0.81%,0.83% and 0.93%,respectively.
Conclusions;Canagliflocin.an SGLT2 inhibitor,slowed the progression of renal disease over 2 yr in patients with T2DM.and may confer
renoprotective effects independently of glycemic control.

Canagliflocin Slows JASN 2017;28:368-75
Progression ol Renal
Function Decline
Independently of
Glycemic Effects

PARENCHYMAL KIDNEY DISEASES
AASK JAMA 2001:285:2719 28 Title: Effect of Ramipril vs.Amlodipine on Renal Outcomes inHypertensive Nephrosclerosis

Purpose:Compare the effects of an ACEI, a dihydropytidine CCS and p-blocker on hypertensive renal disease progression.
Methods:1094patients with hypertensive renal disease were randomized to amlodipine 5 10 mg/d.meloprolol 50 -200 mg/d or ramipril 2.5-10
mg/d.with other agents. The primary outcome was the rate of change ol GFR.
Results: Ihe ramipril group had a 36% slower mean decline in GFR (P'0.006) vs. the amlodipine group|95% Cl 20% to 66%). There were no
significant dilferencesin Ihe mean GFR decline from baseline lo 3 yr between treatment groups.
Conclusions:Ramipril,compared with amlodipine.slows progression of hypertensive renal disease and proteinuria,and may benefit patients
without proteinuria as well.
Title:Efficacy and safety of vodosporin versus placebo for lupus nephritis (AURORA1): a double-blind,randomised,multicentre,placebo-
controlled.phase 3 trial
Purpose:Evaluate the safety and efficacy of vodosporin in the treatment of lupus nephritis.
Methods:Adults diagnosed with systemic lupus erythematosus with lupus nephritis (biopsy class lll-V) were randomized (1:1ratio) to receive
oral vodosporin or placebo,in addition to standard therapy.The primary outcome at wk 52 was a complete renal response (urine protein:Cr ratio
<0.5 mg/mg.stable renal function (eGFR >60 ml/min/1.73 m2 or <20% decrease from baseline eGFR).and no rescue therapy).
Results: At endpoint wk 52.significantly morepatients in the vodosporin group had a complete renal response,as compared to Ihe placebo
group (41% vs. 23%;OR 2.65:95% Cl11.64 4.27;P<0.0001). The adverse event profile was similar between groups (21% vs. 21%) with no deaths
attributable to study -related treatments.
Conclusions: Patients who received vodosporin in addition to standard therapy had a higher rate of complete renal response lhan those
receiving standard Iherwpy alone.
Title: Two Year.Randomized.Controlled trial ol Belimumab in lupus Nephritis
Purpose:Elucidate the efficacy and safety of IV belimumab as compared with placebo,when added to standaid therapy of mycophenolate
mofetil orcydophosphamide-azathioprine.
Methods:Adults with biopsy-proven,active lupus nephritis were randomized (1:1ratio) to receive IV belimumab (10 mg/kg) or matching placebo,
in addition to standard therapy.The primary outcome at week104 was a primary efficacy renal response (urinary protein:Cr ratio <0.7.eGFR no
<20% pre-flare value,or >60ml/min and no use of rescue therapy).
Results: At endpoint wk104.significantly more patients in Ihe belimumab group had a primary efficacy response,as compared to the placebo
group (43% vs.32%;OR 1.65:95% Cl1.1 to 2.5; P'0.02).The risk of a renal-related event«death was lower among patients who received
belimumab than placebo(hazard ratio 0.51;95% Cl 0.34 to 0.77;P'0.001).
Conclusions: Patients who received belimumab in addition lo standard therapy had a higher rale of primary efficacy response lhan (hose who
received standard therapy alone.
Title: Stenting and Medical Therapy for Atherosclerotic Renal Artery Stenosis

Purpose:Study the usefulness of renal artery stenting for the prevention of major adverse renal and CV events in patients with atherosclerotic
renal artery stenosis.
Methods:947 patients with atherosclerotic renal artery stenosisand either systolic HTN or CKO were randomized to medical therapy plus
stenting, or to medical therapy alone.The primary outcomes were occurrence of adverse CV and renal events.
Results: The rate of primary events did not differ significantly between participants who underwent stenting or medical therapy alone (35.1% vs.
35.8%;hazard ratio 0.94;95% Cl 0.76 to1.17; P'0.58).There wereno significant differences in other components of the primary endpoint.
Conclusions:Renal-artery stenting did not confer a significantbenefit with respect to Ihe preventionof renal or cardiac events when added to
comprehensive,multifactorial medical therapy in people with atherosclerotic renal-artery stenosis and hypertension or chronic kidney disease.

Title: Rituximab versus Azathioprine for Maintenancein ANCA Associated Vasculitis
Purpose: Assess whether riluximab helps maintain remission of ANCA-associalcd vasculitis.
Methods: Patients with newly diagnosed ANCA associated vasculitides in complete remission were randomized lo either rituximab 500mg or
daily azathioprine.Ihe primary endpoint al 28 mo was Ihe rale of ma|Ot relapse.
Results: At 28 mo.ma|or relapse occurred in 29% of patients in the azathioprine group, compared to 5% olpatients in the rituximab group
(hazard ratio 6.61;95% Cl 1.56 to 27.96;P'0.002). The frequency ol serious adverse events was comparable between groups.
Conclusions:More patients with ANCA -associaled vasculitishad sustained remission at 28 mo with rituximab than with azathioprine.
Title:Renal Outcomes with Telmisartan. Ramipril, or Both,in People at High Vascular Risk
Purpose:Investigate the renal effects of ACEI.ARB and combination,in patients with atherosclerotic vascular disease for the reduction of
proteinuria.
Methods: 25 620 patients were randomized to ramipril10 mg daily,telmisartan 80 mg daily,or a combination.The primary renal outcome was a
composite of dialysis,doubling of serum Cr,and mortality.
Results: The number of primary events were similar for telmisartan (13.4%) and ramipril (13.5%),(hazard ratio1.00;95% Cl 0.92 lo1.09) but
were increased with combination therapy (14.5%;hazard ratio1.09;95% Cl 1.01 to 1.18, P'0.037).
Conclusions: Telmisartan and ramipril monotherapy reduced proteinuria and Cr increase in patients with high vascular risk.
Title: Renoprotective Properties ol ACE -inhibition in Non diabetic Nephropathies with Non Nephrotic Proteinuria
Purpose: Assess the renoprotective effects olACE inhibitioninnon-diabetic nephropathies with non-ncphrotic proteinuria.
Methods: 186 patients were randomized lo ramipril or control (placebo plus conventional antihyper tensive). The primary endpoints were change
in GFR and time lo overt proteinuria.
Results: The decline in monthly GFR was nolsignificantlydillerent|0.26 ml/min/1.73 m în ramipril group vs.0.29 ml/min/1.73 m (n the
control group).Progression to ESRD was significantly less common with ramipril than control, for a RR of 2.72 (95% Cl1.22 to 6.08), likewise for
progression lo overt proteinuria (RR 2.40;95% Cl1.27 to 4.52).
Conclusions:In non-diabetic nephropathy.ACEI were renoprotective in patients with non-nephrotic range proteinuria.

AUR0RA1 Lancet 2021;397(10289):
2070-80

NEJM 2020:383:1117 28BLISS IN

CORAL NEJM 2014:370:13 - 22

HEJM 2014:371:1771-80MAINRITSAN

0NTARGET Lancet 2008:372:547-53
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Trial Name Reference Clinical Trial Details
REIN2 lancet 2005;365:939-46 Title; Blood-Pressure Control for Renoprotection in Patients with Non- diabetic Chronic Renal Oisease

Purpose: Assess effects of intensified vs. conventional BP control with ACEt on progression to ESRO.
Methods: Patients with non-diabetic nephropathies receiving background treatment were randomized to either conventional (diastolic <90
mmHql 01 intensified |' t30 mmHg) BP control. The primary outcome was lime to ESRO over 36 mo.
Results:Patients assigned to intensified BP control progressed lo ESR 0 at a rale of 23% compared lo 20% in the control group.
Conclusions: In patients with non - diabetic nephropathy already on ACEI. there was no further benefit from intensified 8P control by adding CCB
vs.conventional BP control on ACEI alone.
Title:Renoprotection of Optimal Antiproteinuric Doses
Purpose:Determine whether titration of benazepril or losartan would improve renal outcomes in chronic renal insufficiency.
Methods: 360 patients without DM. who had proteinuria and chronic renal insufficiency were randomized to benazepril 10 mgfd.benazepril 20
mg/d. losartan 50 mg/d. or losartan 100 mg/d. The primary endpoint was time to a composite of doubling serum Cr.ESRO. or mortality.
Results: Up-titration of benazepril and losartan were associated with a 51% and 53% reduction in the primary endpoint risk (P'0.028 and 0.022
respectively!. There was no significant difference in the rates of major adverse events between treatment groups.
Conclusions: Up titration ol either ACEI benazepril or ARB losartan lo optimal anti-proteinuria doses conferred benefit on renal outcome In
patients without DM who had proteinuria and renal insufficiency.
Title:Prophylactic Hydration to Protect Renal Function from Intravascular lodinaled Contrast Material in Patients at High Risk of Contrast-
Induced Nephropathy
Purpose: Assess clinical effectiveness of prophylactic hydration in preventing contrast-induced nephropathy in patients with compromised renal
function.
Methods: High-risk adult patients undergoing an elective procedure requiring iodinated contrast were randomized to IV NaCI 0.9% or no
prophylanis. Ihe primary outcome was incidence of contrast-induced nephropathy.
Results: Contrast- induced nephropathy was recorded in 2.6% olnon- hydrated patients and 2 7% of hydrated patients.
Conclusions: No hydration prophylanis was non inferior and cost saving in preventing contrast induced nephropathy compared with IV
hydration.

ROAD JASN 2007:18:1889-98

Lancet 2017:389:1312-22AMACING

CHRONIC KIDNEY DISEASE
CHOIR NEJM 2006:355:2085-98 Title:Correction of Anemia with Epoetin Alfa in Chronic Kidney Disease

Purpose:Determine the optimal level of Hb correction in CKD with erythropoietin (EP0) deficiency as a complication.
Methods:1432 patients with CKD were randomized to receive epoetin alfa (human recombinant EP0) targeted to Hb 13.5 g/dl. or those receiving
epoetin alfa targeted to Hb 11.3 g/dl. The primary endpoint was a composite of death. Ml. hospitalization for CHF, and stroke.
Results: 125 primary events occurred in Ihe high -Hb group compared to 97 events in Ihe low- Hb group (hazard ratio 1.34:95% Cl 1.03 to 1.74:
P'0.03). More patients In the high - Hb group had at least one serious adverse event.
Conclusions: A higher Hb correction target resulted in Increased rales ol infarction, hospitalization for CHF. and stroke.
Title: Chlorthalidone for Hypertension in Advanced Chronic Kidney Disease
Purpose: Understand the safely and efficacy of thiazide diuretic chlorthalidone for the treatment ol HIN in patients with advanced CKD.
Methods:160 patients with stage 4 CKD and poorly controlled HTN were randomized (1:1ratio) to receive chlorthalidone or placebo. Ihe primary
outcome measure was the change in 24-h ambulatory s8P from baseline to 12 wk post- treatment.
Results:Patients with advanced CKD and poorly controlled CKD receiving chlorthalidone experienced a greater reduction in sBP than those
receiving placebo therapy (-11.0 mmHg vs. -0.5 mmHg; P<0.001). Adverse events, including hypokalemia,hyperglycemia,dizziness, and
hyperuricemia occurred more frequently in patients receiving chlorthalidone.
Conclusions : In patients with advanced CKD and poorly controlled HTN, chlorthalidone more effectively teduces sBP than placebo, however ,
adverse events must becarefully considered.
Title: Normalization of Hemoglobin level in Patients with Chronic Kidney Disease and Anemia
Purpose: Establish whether correction of anemia in stage 3 or 4 CKD improves CV outcomes.
Methods:603 patients with eCFR 15.0 to 35.0 ml/min/1.73 m2 and mild-moderate anemia were randomized to a normal target Hb (13-15 g/dL) or
a subnormal target range (10.5-11.5 g /dl). The primary endpoint was a composite of 8 CV events.
Results:Complete correction of anemia did not affect the likelihood of a first CV event (hazard ratio 0.78:95% Cl 0.53 to 1.14;P'0.20). The mean
eGFR was 24.9 ml/min/1.73 m4n the complete group,and 24.2 ml/min/1.73 m2 in the incomplete group, decreasing by 3.6 and 3.1 ml/min/1.73
mi /yr, respectively.
Conclusions: In patients with CKO.complete correction of Hb didnot reduce the risk of CV events or incidence of hypertensive episodes.
Title: Canaglillozin and Renal Outcomes in Type 2 Diabetes and Nephropathy (CREDENCE)
Purpose: Since few effective treatments are available for diabetic nephropathy, this study aims to assess renal outcomes in patients treated with
SGLT 2 inhibitor canaglillozin.
Methods:Patients with type 2 diabetes and albuminuric CKD were randomized to receive canaglillozin 100 mg daily,or placebo.All patients had
an estimated GFR of 30 to <90 mL/min/1.73 nP and albuminuria >300 to 5000. and were treated with RAAS blockade. The primary outcome was
a composite of ESRD (dialysis, transplantation, or sustained eGFR <15mL/min/1.73 m).a doubling of serum Cr, or death from renal orCV (CV)
causes.
Results: Of 4401 randomized patients with a median follow-up of 2.62 yr, the RR of primary outcome was 30% lower in Ihe canaglillozin group
than in the placebo group (hazard ratio 0.70; 95% Cl 0.59 Io0.82:P'0.00001). The canaglillozin group also had a lower risk of CV death. Ml or
stroke (hazard ratio 0.85; 95% Cl 0.67 to 0.95; P'0.01|.
Conclusions; In patients with T 2DM and kidney disease, the risk of kidney failure and CV events was lower In the canaglillozin group Ilian In the
placebo group.
Title: Oapagliflozin in Patients with Chionic Kidney Oisease
Purpose: Elucidate the safety of dapagliflozin in patients with CKD with or withoutI2DM.
Methods:4304 patients with CKD (eGFR 25-73 mL/min/1.73 nPand ACR 200-5000) were randomized to receive dapagliflozin or placebo. The
Methods outcome was a composite of >50% reduction in eGFR.ESRD, and death from cardiorenal causes.
Results: The primary outcome occurred less frequently in patients receiving dapagliflozin compared to those receiving placebo (9,2% vs.14.5%;
HR 0.61: 95% Cl 0.51-0.72;P<0.001; NNT lo prevent one primary outcome event 19; 95% Cl 15-27). This trial was slopped early because of
efficacy.
Conclusions: Patients receiving dapagliflozin are less likely lo experience a composite of *50% reduction in eGFR, ESRO. or death from
cardiorenal causes compared lo those receiving placebo. Oapagliflozin Is safe in patients with CKO.
Title: Effect ol Finerenone on Chionic Kidney Disease Outcomes in Type 2 Diabetes
Purpose: Understand the effects of finerenone on kidney and cardiovascular outcomes in patients with CKD and T2DM.
Methods:5734 patients with CKO (diabetic retinopathy urine ACR 30-300- eGFR 25-60 ml/min/1.73 m2or urine ACR 300-5000- eGFR 25 -75
ml/min/1.73 m2 ) and T2DM v/ere randomized (1:1ratio) to receive finerenone or placebo.The primary outcome measure was a composite of
kidney failure, >40% reduction in eGFR. and death from renal causes.
Results:The primary outcome occurred less frequently in patients receiving finerenone compared to those receiving placebo (17.8% vs. 21.1%;
HR 0.82:95% Cl 0.73-0.93;P'0.001). The frequency of adverse events was comparable between gioups. though hyperkalemia-related
discontinuation of therapy occurred more frequently in patients receiving finerenone.
Conclusions: Patients receiving finerenone are less likely lo experience a composite of kidney failure, e40% reduction in cGf R, and death from
renal causes compared to those receiving placebo.

CLICK NEJM 2021; 385:2507 -19

CREATE NEJM 2006:355:2071 84

CREDENCE NEJM 2019;380:2295-306

DAPA- CKD NEJM 2020: 383:1436 -46

FIDEIIO OKD NEJM 2020:383:2219 29.
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Trial Name Reference Clinical Trial Details
Lancet 2011;377:2181-92SHARP Title: The Effects of Lowering LDL Cholesterol with Simvastatin plus Ezetimibe in Patients with Chronic Kidney Disease

Purpose:Assess safety and efficacy of low-density lipoprotein (LDL) -lowering with simvastatin plus ezetimibe in patients with CKD.
Methods: 9270 patients with moderate -severe CKO with nohistory of Ml or coronary revascularization were randomized to simvastatin 20 mg
plus ezetimibe 10 mg daily,or to matching placebo.The primary outcome was the first major atherosclerotic event.
Results: Combination therapy resulted In a 17% reduction in fiist major atherosclerotic events (11 3% vs.13.4%;RR 0.83;95% Cl 0.74 to 0.94;
P'0.0021). There were significant reductions in non-hemorrhagic strokes (2.8% vs. 3.8%;RR 0.75;95% Cl 0.60 to 0.94: P'0.01) and arterial
revascularization (6.1% vs. 7.6%;RR 0.79;95% Cl 0.68 to 0.93;P'0.0036).
Conclusions: In patients with CKD and no history of Ml or coronary revascularization.20 mg simvastatin plus 10 mg ezetimibe daily,compared to
matchingplacebo,reduced the incidence of major atherosclerotic events.
Title: A Trial of Darbepoetin Alfa in Type 2 Diabetes and Chronic Kidney Disease
Purpose:Assess clinical outcomes with darbepoetin alfa among patients with T20M and CKD.
Methods: 4038 patients with diabetes,CKD and anemia were randomized to darbepoetin alfa at13 g/dL, or to placebo.The primary endpoints
were the composite outcomes ol death, CV event,death,or ESRO.
Results: Death or CV events occurred in 632 patients treated with daibepoelin alfa and 602 placebo-matched patients (hazard ratio 1.05;95% Cl
0.94 to 1.17;P'0.41).Oeath or ESRO occurred in 652 patients treated with daibepoelin alfa and 618 placebo- matched patients (hazard ratio1.06:
95% Cl 0.95 to 1.19; P'0.29).
Conclusions: Oarbepoebn alia did not reduce the risk of death,a CV event, or a renal event,and was associated with an increased risk of stroke.
Title:Effect of Cinacalcet on Cardiovascular Disease in Patients Undergoing Dialysis
Purpose:Assess the effects of calcimimelic agent cinacalcet in reducing mortality risk and nonfata!CV events in patients with CKD.
Methods:3383 patients with moderate-severe hyperparathyroidism undergoing hemodialysis wererandomized to cinacalcetor placebo.The
primary composite endpoint was time until death.Ml.hospitalization for unstable angina (UA),HE.or a peripheral vascular event.
Results: The primary endpoint was reached in 48.3% of cinacalcet-treated patients and 49.2% of placebo-matched patients (hazard ratio 0.93;
95% Cl 0 85 to 1.02;P'0.11).
Conclusions:Cinacalcet did not significantly reduce the risk of death or major CV events in patients with moderale - to- severe secondary
hyperparathyroidism who were undergoing dialysis.

TREAT NEJM 2009;361:2019-32

EVOLVE HEJM 2012: 367:2482 94

CYSTIC 0ISEASE5 OF THE KI0NEV
REPRISE NEJM 2017:377:1930 42 Title: Tolvaptan inLater -Stage Autosomal Dominant Polycystic Kidney Disease

Purpose: Assess the efficacy and safety of tolvaptan inpatients with later-stage autosomal dominant polycystic kidney disease (ADPCKD).
Methods:1370 patients with ADPCKD with eOFR 25 to 44ml/minfl.73m Awere randomized (1:1ratio) to tolvaptan or placebo for 12 mo.The
primary endpoint was a change in eGfR from baseline to follow-up.
Results: The change from baseline eGFR was -2.34 mUmin/1.73 mJin the tolvaptan group (95% Cl -2.81to -1.87) compared with -3.61 mL /
min/1.73 m2 in the placebo group (95% Cl -4.08 to -3.14):(difference1.27; 95% Cl 0.86 to1.86;P«0.001|.
Conclusions: Tolvaptan treatment in patients with later-stage ADPKD resulted in a slower decline in eGFR over a1yr period,compared to the
placebo group.

RENAL REPLACEMENT THERAPY

lancet 2003:361:2024 31 Title: Effect ol Fluvaslatm on Cardiac Outcomes in Renal Transplant Recipients
Purpose: Evaluate the safety and efficacy of fluvastatin on cardiac and renal endpoints in renal transplant recipients.
Methods: 2102 renal transplant patients were randomized to fluvastatin or placebo.The primary endpoint was the occurrence of a major CV
event, including cardiac death,nonfatal Ml, or coronary intervention.
Results: Risk reduction in primary events was not significant with fluvastatin (risk ratio 0.83:95% Cl 0.64 to 1.06;P*0.139).There were fewer
cardiac deaths and nonfatal Ml in the fluvastatin group thanin the placebo group (risk ratio 0.60:95% Cl 0.48 to 0.88:P'0.005).
Conclusions: The use of fluvastatin in renal transplant recipients did not significantly decrease the risk of occurrence of a major adverse cardiac
event, however, there wasa significant reduction in cardiac deaths or nonfatal Ml.
Title: Rosuvaslatin and Cardiovascular Events in Patients Undergoing Hemodialysis
Purpose: Assess the benefit ol statin therapy In patients undergoing hemodialysis for reduction of CV risk.
Methods: 2776 patients undergoing maintenance hemodialysis were randomized lo rosuvastatm 10 mg daily or placebo. The primary cndpoinl
was death from CV causes,nonfatal Ml. or stroke.
Results: 9.2% and 9.5% of patients reached the primary endpoint,in the rosuvastatin and placebo groups, respectively (hazard ratio 0.96; 95%
Cl 0.84 to1.11;P'0.59).Rosuvastatin had no effect on irtdrvidual components of the primary endpoint.
Conclusions: In patients receivingmaintenance hemodialysis,rosuvastatin had no significant effect on CV risk.
Title: Reduced Exposure to Calcineurin Inhibitors in Renal Transplantation
Purpose:Evaluate the efficacy and relative toxic effects of four immunosuppressive agents in renal transplant recipients.
Methods: 1645 renal-transplant recipients were randomized lo receive standard- dose cyclosporine plus mycophenolate mofetit plus
corticosteroids,or daclizumab induction plus mycophenolate molehl plus corticosteroids,both groups in combination witheither low- dose
cyclosporine, low dose tacrolimus, or low- dose slrolimus. Ihc primary endpoint was eGFR 12 mo alter transplantation.
Results: The mean eGFR was higher in patients receiving low - dose tacrolimus|65.4 mUmin/1.73m7) than in the 3 other groups (ranging from
56.7 mUmin/1.73 m4o 59.5ml/min(1.73 m 7 ).Serious adverse events were more common in low dose sirolimus than the other groups (53.2% vs.
a range of 43.4% to 44.3%).
Conclusions:Daclizumab induction,mycophenolate moletil.corticosteroids, and low-dose tacrolimus effectively maintain stable renal function
following renal transplantation,withoutthe negative effects on renal function commonly reported for standard calcineurin inhibitor|CNI)
regimens.
Title:Hemodialysis Six Times per Week versus Three Times per Week
Purpose: Determine whether increasing the fieguency of in-center hemodialysis wouldbe beneficial.
Methods: Patients were randomized to undergo hemodialysis 6x /wk or 3x/wk. The primary composite outcomes were death or change in left
ventricular (LV) mass,and death or change in physical health scores.
Results: Frcguenl hemodialysis was associated with significant benefits with respect lo both primary outcomes (hazard ratio lor IV mass 0.61;
95% Cl 0.46 lo 0.83;hazard ratio for physical health 0.70:95% Cl 0.53 to 0.92). Frequent hemodialysis was also associated with improved HIH
and hyperphosphatemia control.
Conclusions:Frequent hemodialysis,versus conventional hemodialysis, is associated with favourable patient outcomes.
Title:Effect of Dialysis Dose and Membrane Flux inMaintenance Hemodialysis
Purpose:Assess the effects on morbidity and mortality of dialysis dose and level of flux, in patients undergoing maintenance hemodialysis.
Methods:1846 patients undergoing thrice-weekly dialysis were randomized to high-dose dialysis and lo a low- or high-flux dialyzer.The primary
outcome was all- cause mortality.
Results: The primary outcome was not influenced by the dose or flux assignment;(RR 0.96:95% Cl 0.84 to 1.10:P'0.53) lor a comparison of the
high- dose group with standard- dose, and (RR 0.96:95% Cl 0.81 to 1.05; P'0.23) for a comparison of high- and low -llux dialyzer assignments.
Conclusions:Use of high dose dialysis or high flux membranes vs. standard dose or low flux in 3x/wk dialysis does not improve survival or
outcomes.

ALERT

AURORA NEJM 2009:360:1395 407
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Trial Name Reference Clinical Trial Details
IDEAL NtJM 2010:363:609 19 Title: A Randomized,Controlled Trial olEarly versus laic Initiationol Dialysis

Purpose:Examine effects of timing dialysis initiation on survival inpatients with CKO.
Methods:Patients with CKD and eGFR 10 to15 mL/min/1.73 m2 were randomized to early initiation (eGFR 10.0 to14.0 mL/min/1.73 m2 ) or late
iniliation (eGFR SO to 7.0 mL/min/1.73 m2). The primary outcome was allcause mortality.
Results: A total of 37 6% of patients in the early initiation group and 36.6% of patients in the lale -mitiation group died within 3.59 yr (hazard
ratio1.04:95% Cl 0.83 lo1.30: P'0.75). There were no significant differences in the frequency of adverse events.
Conclusions:In patients with progressive CKD,early initiation of dialysis wasnot associated with an improvement in survival or clinical
outcomes.
Title:Conversion from Calcineutin Inhibitors lo Sirolimus Maintenance Therapy in Renal Allograft Recipients
Purpose:Evaluate the efficacy and safety of converting maintenance renal transplant patients from CNIs lo sirolimus.
Methods:830 renalallograft recipients were randomized to continue CNI or convert from CNI to sirolimus.Primary endpoints were GFR and the
rates of biopsy-confirmed acute rejection (BCAR), graft loss, or death at 12 mo.
Results: Intenlion -lo-treat analysis showed no significant difference in GFR, while on therapy analysis showed higher GFR at 12 and 24 months
after sirolimus conversion.Rales of other primary endpoints were similar between groups.Malignancy rales were significantly lower at 12 and
24 months in patients who underwent sirolimus conversion.
Conclusions:At 2years,conversion of maintenance therapy in renal transplant patients from CNIs lo sirolimus was associated with excellent
palient and grail survival.

CONVERT Transplantation
2009;87:233- 42
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Acronyms
aPTT activatedpartial thromboplastin FDG -PET 18 Ffluoiodeoxyglucose

time
ACA anterior cerebral artery
ACEI angiotensin converting enzyme FTD

inhibitor
ACh acetylcholine

Alzheimer's disease
ADL activities of dally living
Atl) antiepileptic drugs
AION acute ischemic optic neuropathy FI/A

amyotrophic lateral sclerosis FID
absolute risk increase

AVM arteriovenous malformation
AVPU alert,verbal,pain, unresponsive
BPPV benign paroxysmal positional ICH

vertigo
CIDP chronic inflammatory

demyelinatingpolyneuropathy INO
Creutzfeldt-Jakob disease
cranial nerve

CNS central nervous system
CRPS complex regional pain syndrome JCV
CRVO central retinal vein occlusion LEMS
CTV cerebralCT venography
CVD cerebrovascular disease
DBS deep brain stimulation

dementia with Lewy bodies
EOM extraocular movement

IR lateral rectus
MAOI monoamine oxidase inhibitors
MCA middle cerebral artery

myasthenia gravis
MLF medial longitudinal fasciculus RAPD
MMSE mini mental status examination REM
MoCA Montreal cognitive assessment RLS

medial rectus
MRA magnetic resonance

angiography
MRV magnetic resonance venography SAH
MS multiple sclerosis
MSA multiple systems atrophy
MuSK muscle specific kinase
NCD ncurocognitivc dementia
NCS nerve conduction studies
NMJ neuromuscular junction
NPH normal pressure hydrocephalus SR
OA osteoarthritis
PComm posterior communicating artery
PD Parkinson's disease

PPRF paramedian pontine reticular
formation
progressive supranuclear palsy
polysomnogram
relative afferent pupillary defect
rapid eye movement
restless legs syndrome
range of motion
recombinant tissue plasminogen
activator

subarachnoid hemorrhage
subdural hematoma
substantia nigra pars compacta
substantia nigra pars reticulata
serotonin andnorepinephrine
reuptake Inhibitors
superior oblique
superior rectus
selective serotonin receptor
inhibitors
subthalamic nucleus
traumatic brain injury
tricyclic antideprcssanl
transient ischemic attack
upper motor neuron
vascular endothelial growth
factor
varicella zoster virus

positron emission tomography
frontal eye field
frontotemporal dementia
GuillainBarie syndrome
giant cell arteritis
Glasgow coma scale
globus pallidus pars externa
globus pallidus pars interna
headache

FEF PSP
MG PSG

GBS
GCA
GCSAD
civ ROMMR
Gl’i rtPA

ALS Huntington's disease
Huntingtin gene
instrumental activities of daily
living
intracranial hemorrhage
idiopathic Intracranial
hypertension
internudear ophthalmoplegia
inferior oblique
inferior rectus
intravenous immunoglobulin
John Cunningham virus
lambert-Eaton myasthenic
syndrome
lateral geniculate body
louver motor neuron
level of consciousness
lumbar puncture

SDHARI HTT
IADL SNc

SNr
SNRI

IIH
SO

CJD 10 SSHli
CN IR

IVIG STN
PHN postherpetic neuralgia
PICA posterior Inferior cerebral artery TCA
I'LMS periodic limb movement in sleep TIA
PML progressive multifocal

leukoencephalopathy
PPA primary progressive aphasia

T8I

LGB UMN
LMN VEGF
LOCDLB
LP VZV

Approach to the Neurological Complaint

Lesion Localization
•(.'NS vs. PNS lesion

CNS: cortical, subcortical, brainstem/bulbar (midbrain, pons, medulla), cerebellum, spinal cord,
anterior horn cells
PNS:anterior horn cells, nerve root, plexus, peripheral nerve, NM ), muscle
see Table 3,N5 for UMN (motor neurons originating in cerebral cortex and travelling to
brainstem or spinal cord ) and LMN (motor neurons originating in spinal cord and travelling to
muscles or glands) signs

• cortical
contralateral hemiparesis (with differential effect on face and arm vs. leg)
cortical sensory loss: hemisensory loss, position sense, two-point discrimination, graphesthesia,
stereognosis

• dominant hemisphere: aphasia , alexia, agraphia, acalculia, left -right disorientation
• non-dominant hemisphere: hemineglect, dysprosody, amusia, constructional apraxia, alien hand

syndrome
homonymous hemianopia/quadrantanopia
gaze deviation
seizure

• agnosia (visual, auditory)
• ideomotor and ideational apraxia

• subcortical
internal capsule: contralateral hemiparesis with equal face, arm, and leg involvement
without sensory/cortical deficits (pure motor); contralateral hemiparesis and sensory deficit
(sensorimotor); contralateral dysmetria/clumsiness and paresis (ataxic hemiparesis); dysarthria
and ataxia of the hand (clumsy hand-dysarthria syndrome)

• basal ganglia: pill -rolling tremor, bradykinesia. festinating gait, hemiballismus, chorea , dystonic
posture
thalamus: dense sensory loss, contralateral severe pain, visual field cut, cognitive impairment,
altered level of awareness

• brainstem/bulbar (midbrain, pons, and medulla)
crossed hemiplegia or sensory loss ( i.e. ipsilateral face, contralateral body)

• ipsilateral ataxia (dysmetria, rapid alternating movements)
nystagmus, diplopia, INO ( impaired adduction on contralateral gaze), pupillary abnormalities,
gaze impairment
dysphagia, dysarthria
hearing loss, vertigo
hiccups
ipsilateral Horner’s syndrome
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• cerebellum
ipsilateral ataxia (unsteadiness, incoordination)
dysmetria, intention tremor
dysdiadochokinesia
head/truncal titubation, wide-based gait (staggering, reeling, lurching)
scanning speech (explosive speech with noticeable pauses and accentuated syllables)
nystagmus, distorted smooth pursuit, oscillopsia

• pendular reflexes, hypotonia
• spinal cord

bilateral motor and/or sensory deficits below the lesion without facial involvement
sensory level (line below which there is decreased sensation);suspended “cape-like” sensory level
(in central cord lesions)
LM N signs at level of lesion; UM N signs below lesion
bowel, bladder, sexual dysfunction
saddle anesthesia (i.e. conus medullaris)
sensory ataxia

• nerve root
multiple peripheral nerve involvement
myotomal/dermatomal deficits
back /neck pain radiating to leg/arm
saddle anesthesia (i.e. cauda equina)

• peripheral nerve
length dependent (“stocking-glove distribution”) or non-length dependent sensory loss (see
Peripheral Neuropathies, N38)
weakness or sensory loss respecting the distribution of a specific nerve (e.g. median nerve, ulnar
nerve, radial nerve)

• neuromuscular junction
fluctuating/fatiguable symptoms
facial and limb weakness, bulbar (dysarthria /dysphonia/dysphagia), ocular (diplopia/ptosis),
respiratory distress (see Neuromuscular Diseases, NS )

• reflexes usually preserved unless severe/advanced or LEMS
• muscle

usually symmetric proximal weakness (e.g.climbing stairs, getting up from chair) without
sensory deficits
asymmetric myopathic weakness seen in distal myopathies, myositis, glycogen storage diseases,
and facioscapulohumeral dystrophy
muscle tenderness

• muscle atrophy

s
See Online Atlas for Cranial Nerves
Exam, Motor Exam, and Sensory Exam
Techniques

Battle's sign -mastoid ecchymosis
Raccoon eyes- periorbital ecchymosis

The Neurological Exam
If patient has not brought their glasses,
have them look through a pinhole for
best corrected visionGeneral Exam and Mental Status

• vitals: pulse (especially rhythm), BF, UR, temperature
• H&N: meningismus ( nuchal rigidity/Brudzinski sign / Kernig sign), head injury/bruises (signs of basal

skull fracture: Battle's sign, raccoon eyes, hemotympanum,CSF rhinorrhea/otorrhea), tongue biting
• CVS:carotid bruits, heart murmurs
• mental status:orientation (person, place, time), LOG (GCS) (see Emergency Medicine, ER4)

• GCS/15- Motor/6, Verbal/5 (T= intubated), Eyes/4

When testing CNI. avoid noxious smells
like ammonia, as this tests CN V

Screening Neurologic Exom
• Mental status: orientation (person,

place, time), obeys commands, GCS
• Head and neck:examine for

lacerations, contusions, deformities,
signs of basal skull fracture, flex neck
for meningismus if c-spine injury has
been ruled out

• CN exam: visual fields l fundoscopy.
pupil size and reactivity. EOM.facial
strength, hearing to finger rub

• Motor:tone, power in deltoids,
biceps, triceps, wrist extensors, hand
interossei. iliopsoas, hamstrings,
ankle dorsiflexors. pronator drift

• Coordination: linger lapping, finger-
to-nose, heel-knee-shin

• Gait: tandem gait, heel walking
• Reflexes: biceps, triceps, patellar,

ankle, plantar (Babinski)
• Sensation: pain/temperature,

vibration

Table 1, Glasgow Coma Scale
Points Eyes Verbal Motor

No eye opening
Eye opening to pain
Eye opening lo verbal stimulus
Eye opening spontaneously

1 No verbal response

Incomprehensible sounds
Inappropriate words
Confused
Oriented

Ho motor response
Extension to pain
Flexion topain
Withdraws from pain
Localizes pain
Obeys commands

2
3
4
S
6

n
L J

• mental status examination
• Folstein MMSE - /30 (normal: 2:24, mild impairment: 19-23, moderate impairment: 10-18, severe

impairment: <10 (note:dementia is not diagnosed by cognitive testing alone)
MoCA - /30 (normal: >26)
frontal lobe testing: test for executive function (e.g.go/no-go test, Luria s test, F-word list
generation, trails test, and frontal release signs e.g. grasp, pout-and-snout, rooting, palmomental,
glabellar tap)

• clock drawing ( note: no single scoring system is clearly superior, and simple subjective assessment
as “normal” or “abnormal” is sufficient)
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Cranial Nerve Exam

Table 2. Cranial Nerve Examination and Associated Deficits
Cranial Nerve Recommended Physical Exams Signs/Symptoms of Deficit

Odour sensation: test each nostril separatelyOlfactory (CNI)
Optic|CN ll|

Anosmia (can be associated withloss ol taste)
Visual acuity:test each eye individually:best corrected Central vision loss, peripheral vision loss,absence

of light rellexes,RAPD,enlargedblind spot,colour
Test visual fields:peripheral visual fields (counting desaturalion (especially red)
lingers, while pin),central visual field, and blind spol
(red pin)
Assess pupils:direct and consensual pupillary reaction
(afferent component),swinging flashlight test (for
RAPD)
f undoscopy:optic disc edema and pallor,venous
pulsations,hemorrhages
Colour vision testing (Ishihara plates)

v s on

Eye deviation (e.g. one eye deviated down and out).Oculomotor (CM III) Assess EOM and nystagmus
Assess pupils:direcl and consensual pupillary reaction ophthalmoparesis.plosis.can demonstratemydriasis
(cllerenlcomponent),sire and shape
Accommodation reflex and saccadic eye movements
lest for ptosis (levator paipebrae superioris)

CN Innervation of EOM
IR:CN VI. SO:CN IV.Other:CN III

Trochlear (CM IV) Test movement of SO muscle Vertical diplopia, may tilt head towards unaffected
side (Bielschowsky head till test), affected eye cannot
turn inward and downward

Test sensation above supraorbital ridge [VI).maxilla or Ipsilateral lacial sensory abnormality and absent
comeal reflex on stimulation ipsilaterally, weakness
and wasting of muscles ol mastication, deviation ol
open jaw to ipsilateral side, trigeminal neuralgia

Trigeminal (CN V)
cheeks (V2),mandible|V3)
Test corneal reflex (afferent limb)
Assess motor function: temporalis, inasseter,
pterygoids, jaw jerk reflex

Contraction of the left
sternocleidomastoid turns the head right

Abducens (CNVI) Test movement of LR muscle Horizontal diplopia, esotropia (convergent
strabismus), and abductor paralysis of ipsilateral eye,
leading to difficulty looking laterally with diplopia
LMN lesion ~ ipsilateral facial weakness,involving
forehead.Loss of tacrimation.decreased salivation,
dry mouth, loss of taste in anterior 2/3 of the tongue
ipsilaterally.hyperacusis
UMN lesion - contralateral facial weakness,sparing
the forehead

Calorics:Brainstem Test
Describe nystagmus by direction of fast
component

Facial (CN VII) lest muscles ol facial expression
Test corneal reflex (efferentlimb)
Assess taste in anterior 2/3 of the tongue
Visceral motor nerve function to salivary and lacrimal
glands COWS

Cold
Opposite
Warm
SameVestibular function:nystagmus, caloric reflexes Vertigo,disequilibrium, nystagmus, sensoiineural

Cochlear lunction: whisper test.Rmne test, Weber lest hearing loss
Assess vocal cord function (phonation) and gag reflex
(afferent limb)
Assess ta ste in posterior1/3 of the longue (biller and of gag reflex, dysphagia
sour tasle)

Assess vocal cord lunction:guttural (“ga") and palatal Loss ol gag reflex,dysphagia,hoarse voice,paralysis
|"ka") articulation
Assess gag reflex (efferent limb)
Observe uvula deviation and palatal elevation
Assess swallowing

Vestibulocochlear (CN VIII)

Glossopharyngeal (CN IX) Dysarthria, dysphonia
Loss oi taste in posterior 1/3 of ipsilateral tongue,loss

UMN Tests
Plantar (Babinski) reflex: 'Up-going'
big toe ± fanning of toes indicates an
UMN lesion
Hoffmann's reflex:Involuntary flexion
of the thumb or index finger when
tapping/flicking the nail of the middle
finger downwards may indicate an
UMN lesion and corticospinal pathway
dysfunction,potentially due to cervical
spine cord compression, if asymmetrical
Pronator drift:Unable to maintain full
arm extension and supination:side of
forearm pronation reflects contralateral
pyramidal tract lesion:closing eyes
accentuates effect

Unilateral lesion is rare
Vagus (CN X|

of soft palate (failed elevation),deviation of uvula to
contralateral side of lesion, anesthesia of pharynx and
larynx ipsilaterally

Ipsilateral shoulder shrug weakness and turninghead
to opposite side
Wasting ol Ipsilateral tongue muscles and deviation to
ipsilateral side on protrusion

Accessory (CN XI) Assess strength of trapezius (shoulder shrug) and
sternocleidomastoid muscles (head turn)
Inspect longue lor signsol atrophy, fasciculations.
asymmetry olmovement and strength, lateral
deviation with protrusion

Hypoglossal (CN XII)

Motor Exam
• bulk: atrophy, asymmetry
• tone: hypotonia (flaccid ), hypertonia (spasticity, rigidity, paratonia ), cogwheeling
• power: Medical Research Council muscle strength scale, pronator drift, forearm rolling test (satellite

sign)
• reflexes: deep tendon reflexes, abdominal reflexes, primitive reflexes, Babinski sign, Hoffmanns sign,

clonus
• abnormal movements: tremors, chorea, dystonia, dyskinesia, hemiballism, myoclonus, athetosis, tics,

fasciculations, myokymia
• abnormal posturing:decorticate ( upper extremity flexion, lower extremity extension), decerebrate

(extremity extension )

Pyramidal Pattern ol Muscle Weakness
(i.e.UMN)
Weaker arm extensors: shoulder
abduction, elbow extension,wrist
extension, finger extension, finger
abduction
Weaker leg flexors: hip flexion,knee
flexion,ankle dorsiflexion

r n
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Primitive Reflexes
Grasp, palmomental, root, glabellar
tap.snout
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Table 3. Localization of Motor Deficits
ExtrapyramidalLMN UMN

Muscle Tone Flaccid
Fasdculallons

Spastic Rigid Medical Research Council Muscle
None Tremor,chorea,ballism.

myoclonus
Normal

Up-going (extensor,i.e.Babinski Down-going (flexor)

Strength ScaleInvoluntary Movements
S Full power
4 Submaumal power against

resistance (rangrrg 4».4,4-)
3 Full ROM against gravity without resistance
2 Full ROM with grartyremoved
1 Muscle flicker
0 No mastie contraction

Decreased
Down-going (flexor)

IncreasedReflexes
Plantar Rellex

sign)

Pattern of Muscle Weakness Proximal,distal,or local Pyramidal pattern;look for
hemiparetic gait (flexed arm.
extended legs)
Upper extremities; extensors
weaker than flexors
Lower extremities: flexors
weaker thanextensors

None

Deep Tendon ReflexesTable 4. Overview of Neuromuscular Diseases
Root MusdeTendon
C5/6 Biceps brachii
C( Brachioradialis
C7 Triceps brachii
C8 Finger flexors
12/3 Nip adductors
13/4 Knee extensors

Peripheral
Neuropathy

Motor Neuron
Disease (e.g. ALS)

Neuromuscular
Junction

Myopathy

SIGNS AND SYMPTOMS
Weakness Segmental and

asymmetrical, distal to
proximal

Distal (except GBS) but
may beasymmetrical

Proximal and latigable
(e.g.MG), or weak then
recovers (e.g.LEMS)

Proximal (with some
exceptions)

Fasciculations
Reflexes

Yes Yes No No
S1J2 Ankle (Achilles)

Mixture of hyperreflexia
and decreased/absent
reflexes

Decreased/absent Normal Normal (until late)

Sensory
Autonomic *

YesNo No No
Deep Tendon Reflex ScoringNo (except LEMS)No Yes No

D Absent
Depressed - elicited with reinforcement

TESTS
1*Signs of demyelination

and/or axonal loss
Small, short motor
potentials

EMG Denervation and
reinnervation

Decremental response
on repetitivenerve
stimulation, jitter on
single fibre EMG
Normal
Normal

only
2* Normal

Increased
Increased with clonus|-4 beats)

3-
4*Routine NCS

Muscle Enzyme
Normal orabnormal Abnormal
Normal or mildly elevated Normal

Normal
Increased (early /rmd
stage)
Normal/decreased (late
stage)

Interpreting a Slow or Uncoordinated
Rapid Alternating Movement (RAM)

• Slow RAMs v/ithout fatiguing is
suggestive of weakness (especially If
it is asymmetric)

• Slow RAMs with fatiguing (i.e.
decreasing amplitude over time) is
suggestive of Parkinsonism

• Uncoordinated RAM is suggestive
of cerebellar disorder (i.e.ataxia
and irregularly irregular rhythm) or
ideomotor apraxia

’e.g. orthostatic hypotension,anhidrosis,visual blurring,urinary hesitancy or incontinence,constipation,erectile dysfunction

Table 5. Approach to Strength Testing of Radiculopathies vs. Peripheral Neuropathies
How lo use this table:For each nerve root,learn two (or more) peripheral nerves (and their associated musclcs/movements). In radiculopathies,
all associated peripheral nerves landIheir movements) willbe impaired,whereas inperipheral neuropathies,only one ol the nerves (and its
movement) will be impaired,sparing the other nerve. Particularly useful peripheral nerve "pairs" are boldedlor emphasis
Root Peripheral Nerve Movement Muscle
C5 Axillary

Musculocutaneous (C5/6)
Radial (C6)

Shoulder abduction
Elbow flexion
Wrist extension

Deltoid
Biceps brachii
Brachioradialis
Extensor carpi radialis longus
Triceps brachii
Extensor digitorum communis
Pronator feres
Flexor carpi radialis
Flexor pollicis longus
Abductor pollicisbrevis (look lor thenar
wasting)
Opponens pollicis (look for thenar wasting)
First dorsal interosseus (look for wastingin
first dorsal webbed space)
Iliopsoas
Adductor muscles
Quadriceps
Tibialis anterior
Tensor fascia lata
Hamstring
Tibialis posterior
Peroneus muscles
Tibialis anterior
Extensor hallucis longus
Gluteus maximus
Hamstring muscles
Gastrocnemius and solcus

C6

a Radial
Posterior interosseus
Median

Elbow extension
Finger extension
Forearm pronation
Wrist llexlon
Thumb llexion
Thumb abduction
Opposition

Common Cerebellar Findings
Frontal executive dysfunction/
disinflation,scanning speech,
nystagmus,hypermetric saccades,
hypotonia,pendular reflexes, intention
tremor,ataxicfinger-nose/heel-shin/
tandem,wide based stance and gait,
positive rebound
Midline cerebellar diseases: truncal
ataxia
Lateral cerebellar hemisphere diseases:
limb ataxia

C8. T1 Median

Ulnar Finger abduction

L2.3. 4 Femoral
Obturator
Femoral (13/41
Deep peroneal (L4/5)
Superior gluteal nerve (L5, S1)
Sciatic (15.SI)

Superficial peroneal
Deep peroneal

Hip flexion
Hip adduction
Knee extension
Oorsillexion
Hip abduction
Knee flexion
Ankle inversion
Ankle eversion
Big toe extension

13.4
LJ

15

Tibial

+Romberg Test
Stable with eyes open and closed-
normal
Stable with eyes open, falls with eyes
dosed positive Romberg,suggesting
loss of joint position sense

S1 Inferior gluteal nerve
Sciatic
libial

Hip extension
Knee flexion
Plantar llexion
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Sensory Exam
• primary sensation

• spinothalamic tract: crude touch,pain, temperature
• dorsal column-medial lemniscus pathway: fine touch, vibration,proprioception

• cortical .sensation
graphesthesia, stereognosis, extinction (tactile, visual, auditory), 2-point discrimination

Note: If primary sensation is not intact, this precludes the testing of cortical sensation. Deficits in
cortical sensation are typically a sign of contralateral parietal lobe lesions

Coordination Exam and Gait
• coordination exam

finger-to-nose, heel-to-shin, knee taps, rapid alternating movements
• stance and gait

Romberg test
pull test or push and release test for postural instability
gait: antalgic, hemiplegic, ataxic, apraxic, Parkinsonian, steppage, broad-based

• tandem gait ( heel-to-toe test )

Basic Anatomy Review

Medulla Midbrain

23 Interpeduncular lossn
24 Oculomotor (III) nerve fibres
25 Cerebral peduncle
26 Substantia nigra
27 Red nucleus
23 Edinger-Wcstphal nuclei
29 Oculomotor (III) nucleus s

complex (motor)
30 Cerebral aqueduct
31 Pretectal area
32 Superior colliculus

1 Corticospinal tract
2 Spinothalamic tract
3 Medial lemniscus
4 Reticular formation
5 Nucleus of spinal tract of

trigeminal (V) nerve (descending)
6 Spinal tract of trigeminal IV) nerve
7 Nucleus cuncatus
8 Fasciculus cuncatus
9 Nucleus gracilis

10 Fasciculus gracilis
11 Central canal
12 Arcuate fibres

13 Pontine nucleus
14 Abducons (VII nerve fibres
15 Nucleus ol facial (VII) nerve (motor)
16 Facial IVII) nerve fibres
17 Trigeminal (V) nerve fibres
18 Nucleus of abduccns (VI) nerve
19 Nucleus of spinal tract of

trigeminal (V) nerve
20 Lateral vestibular nucleus
21 Middle cerebellar peduncle
22 Fourth ventricle

r

:-£
y

Figure 1.Brainstem (axial view)

ROSTRAL Anterior cerebral artery (ACAl

Anterior communicatingartery(AComiii)\Optic rkorvo <CN II)

Intomol coiotid arlory <ICA>
Middle cerebral artery (MCA)

Posterior communicating artery(PComm)

Posterior cerebral artery (PCA)
Oculomotor nerve (CNIII)

Trochloar nervolCN IVI
Trigeminalnorvo (CN V )

Superior cerebellar ortery(SCA)

Basilar ar toryAtxJucens nerve (CN VI)

Facialnerve <CN VII)
r1
L J

Anterior inferior cerebellar artery!AICAI
Vestibulocochlear nerve (CN VIII)

Glossopharyngeal nerve (CNIX)

Hypoglossalnervo(CN XII)

Vagus norvo (CNX)

+Posteior inferior cereballararteiylPICA) Ft

I
u

Voitabiiilartiiiy
4,

AccossoiyneivelCN XI) Anteriot spinal artery

Figure 2. Brainstem (posterior view)
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Sensory cortex Third-order
Sensory cortex
llowor limb and trunk)

sensory neuron

Sensory cortex
(upperlimb)

Putamcn
Putamcn

Internal
\\T"—'y/ 'Internal
V’*- ^ capsule

‘ |—Medial lemniscus

capsule
Thalamus
IVP nucleus! -Spinal lemniscusThalamus

IVP nucleus!
Nucleus

cuncatus
-Spinothalamic tract

iSecond-orderInternal arcuate fibresFasciculus
cuneatus Dorsal root

ganglion
sensory neuron

Nucleus gracilis
Input from
upperlimb S

.

Dorsal root
ganglion

r
Fasciculus gracilis 5iAy £

a
IB

BQ

First-order
sensory neuron

Inputfrom
lowerlimb
and trunk

Within 1-2spinal levels of their entry,axons
of first order neurons synapse onto second
order neurons,whoso axons then decussate
before ascending asthc spinothalamic tract u

Figure 4. Spinothalamic tract from bodyFigure 3. Discriminative touch pathway (dorsal column) from body

InternaT
capsule

InternaT
capsule 2 2Thalamus1Thalamus

M

.7, 7
cvSensory cortex

faceregionoSensory cortex
faceregion I

I
1
fTrigeminal

ganglion
Input from face J—1

Tract ol the spinal
trigeminal nucleus

Trigeminal . 'ganglion

Input from lace
_ i 2 Spinal lemniscus

(trigeminal lemniscus)Medial lemniscus
(trigeminal lemniscus)

Chief sensory
trigeminal nucleus

- -
; 7
- -
7 Spinal trigeminal

nucleus
-

0 0

Figure 5. Discriminative touch pathway (dorsal column) from face Figure 6. Spinothalamic tract pathway from face

Upper motor neurons
inmotor cortex

Internal
capsule

Decussation of the
pyramids
(medulla)

Lateral
corticospinal
tract

Lower motor
neuron

PyramidsI

f Medial
corticospinal
tract

r n
L J

Lower motor neuronLimb muscles

77 +Axial
muscles

Axial
muscles

Figure 7. Corticospinal motor pathway
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Sympathetic ParasympatheticPupil

<®-0ConstrictionDilation

Lacrimal and salivary glands
/r>,Pteryaopalatine g llacrimationl

JjfiFS
Otic g. (parotid secretion)

III V'
Modulate
secretion ubmaxillarv g. (salivation) .VII

IX
X il

Lungs and tracheaSuperior
cervical
ganglion

Bronchodilation

Coronary arteries and
heart rate

Vasodilation,
acceleration ^-^Vasoconstriction,

^ deceleration

£ e< $

SecretionGlycogen utilization

TjJ
i Gl tract

•>

Symulate
Xr-rtotility and

enzyme

^—secretion

Inhibit \motility \
and enzyme
secretion

S2

Adrenaly medulla
Y.Release -̂''’-V epipapfirine

Bladder
Inhibit

constriction

Q
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£-cr
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glands*: emulate
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§
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©

Figure 8. Sympathetic and parasympathetic pathways

C2

Myotomes

C5 - Shoulder abduction and eItemIncC6
C6 -Elbow fte»J0a andmat eitension
C? - Elbow extension and finger extension

C8- Finger fleikn
II- Finger abduction
12-9 - Intercostal labdommal ielleies|
1910 - Upper abdomeals

Tit-12 - Lower abdominals
L2- Hip Demon
L3 - Hip adduction
14 - Knee extension and ankle dorsitlexioo
15 - Ankle doisiHeiion and b.g toe extension
$1- Plantarflenw

C7 —
C8
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Figure 9. Dermatome map
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Lumbar Puncture
Indications
• diagnostic:CNS infection (meningitis, encephalitis), inflammatory disorder (MS,GBS, vasculitis),

SAH (ifCT negative), CNS neoplasm (neoplastic meningitis), IIH
• therapeutic: to administer anesthesia, chemotherapy, contrast media

• to decrease IGP (IIH, NPH, cryptococcus meningitis)

Contraindications
• mass lesion causing increased 1CP could lead to cerebral herniation; CT first if suspect mass lesion or

any neurologic deficit
• LP causes acute pressure gradient that can result in downward displacement of brain

• infection over LP site/suspected epidural abscess
• moderate thrombocytopenia (<50 x 10 y/ L), ongoing anticoagulant therapy (high 1NR or aPTT), or

coagulopathy (e.g. hemophilia)
• uncooperative patient
• acute confirmed/suspected spinal trauma or congenital spinal abnormalities

Complications
• tonsillar herniation (rare). SDH (rare)
• transient 6th nerve palsy (rare)
• post-LP headache (5-40%): worse when upright, better supine;generally, onset within 24 h

prevention:smaller gauge (i.e. 22) needle, reinsert stylet prior to needle removal, blunt-ended
needle

• symptomatic treatment:oral analgesics, antiemetics, caffeine and sodium benzoate injection
definitive treatment: epidural blood patch (autologous)

• spinal epidural hematoma
• infection

The needle for a IP is inserted into one
of L3-4, L4- 5. or L5-S1 interspaces

<8>
Do not delay antibiotics while waiting for
a LP if infection is suspected

LP Tubes
• tube #1: cell count and differential: RBCs, VVBCs, and differential

xanthochromia (yellow bilirubin pigmentation implies recent bleed into CS1;,diagnostic of SAH)
• tube #2:chemistry:glucose (compare to serum glucose) and protein
• tube #3: microbiology: Gram stain and C&S

• specific tests depending on clinical situation/suspicion
viral: PGR for herpes simplex virus ( HSV ) and other viruses
bacterial: polysaccharide antigens of H. influenzae, N. meningitidis,S.pneumoniae
fungal:cryptococcal antigen, culture
TB:acid-fast stain, TB culture, TB PGR

• tube #4:cytology: for evidence of malignant cells. If clinical suspicion is low for neoplasm and
concerned about SAH, send final tube for cell count

RBCs in lube #1»»5 » traumatic tap
RBCs in tube *1'#5 and elevated » SAH

Table 6. Lumbar Puncture Interpretation (Normal vs. Various Infectious Causes)
Condition Colour Protein Glucose White Blood Cells
Normal Clear <0.459a 60% of serum glucose or 0-5 >10 VI

>3.0 mmolfl
Normal <1000110Vl lymphocytes

mostly,some PMNs
Decreased (<25% serum >1000 >10Vl PMNs
glucose or <2.0 mmol/l)
Decreased (usually <2.0- <1000 x10VI lymphocytes
4.0 mmol/l)

Viral Infection Clear or opalescent Normal or slightly
increased <0.45-1g/L

Bacterial Infection Opalescent yellow, may >1g/L-Jet

Granulomatous Infection Clear or opalescent
(tuberculosis, fungal)

Increased bul usually
<5 g/l

Approach to Common Presentations

Weakness
Approach
• mode of onset:abrupt (vascular, toxic, metabolic), subacute (neoplastic, infective, inflammatory'),

insidious (genetic, degenerative, endocrine, neoplastic)
• course: worse at onset (vascular ), progressive ( neoplastic, degenerative, infective, genetic), episodic

(vascular, inflammatory), activity dependent ( NM), muscular)
• pattern: objective vs. subjective, generalized vs. localized, asymmetric vs. symmetric, proximal vs.

distal, UMN vs.LMN, peripheral vs. myotomal
• associated symptoms:sensory, cortical, autonomic, spinal (i.e. bowel/bladder dysfunction), signs/

symptoms specific to various etiologies
• history: family history, developmental history, medications, risk factors, recent /preceding exposures

r i
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•investigations for LMN: NCS/EMG
•investigations for UMN: imaging (brain and/or spinal cord)
•investigations for suspected myopathy: muscle biopsy, CK level, NCS/EMG
•investigations for suspected neuromuscular junction disorder: NCS/ EMG (with repetitive nerve

stimulation and single fiber EMG), antibodies (e.g.anti-acetylcholine receptor (AChR) antibodies and
anti-MuSK antibodies for MG, voltage-gated calcium channel antibodies for LEMS)

Differential Diagnosis
•objective muscle weakness; also, ditferentiate between true muscle weakness vs. fatigue

• generalized
myopathy (proximal > distal weakness)

- endocrine: hypothyroidism, hyperthyroidism, Cushing’s syndrome- rheumatologic: dermatomyositis, polymyositis, vasculitis
- infectious: HIV, influenza
- other: collagen vascular disorders, steroids, statins, alcohol, electrolyte disorders

NM|(MG, botulism, LEMS, organophosphate poisoning)
polyradiculopathy (infection, malignancy, GBS, C1DP)
cachexia

localized
UMN (vasculitis, abscess, brain tumour, vitamin Bi:deficiency, MS, stroke)

• radicular pain (i.e. nerve root)
• anterior horn cell (spinal muscular atrophy, ALS, polio, paraneoplastic)

peripheral neuropathy (peroneal muscle atrophy, GBS, leprosy, amyloid, myeloma,DM, lead
toxicity)

•no objective muscle weakness
chronic illness (cardiac, pulmonary, anemia, infection, malignancy)
depression

• deconditioning

Numbness/Altered Sensation
Approach
• positive sensory symptoms: paresthesia/dysesthesia = tingling, pins and needles, prickling, burning,

stabbing
• negative sensory symptoms:hypoesthesia/anesthesia = numbness, reduction/absence of feeling
• determine distribution of sensory loss:

nerve root vs. peripheral nerve
• symmetric stocking-glove pattern (indicative of distal symmetric polyneuropathy)

dissociated sensory loss:dorsal column (fine touch, proprioception, vibration) vs. spinothalamic
tract (pain and temperature)

• investigations: NCS, blood glucose, vitamin B12 levels, imaging based on associated findings

Differential Diagnosis
• cerebral:stroke,demyelination, tumour

symptoms:hemiplegia, aphasia, apraxia
• brainstem:stroke, demyelination, tumour

symptoms: diplopia, vertigo, dysarthria, dysphagia, crossed sensory and/or motor findings
• spinal cord/ radiculopathy:cord infarction, tumour, MS, syringomyelia, vitamin B12 deficiency, disc

lesion
symptoms:back/neck pain, weakness (paraparesis or Brown-Sequard pattern), bowel and bladder
dysfunction

• neuropathy: focal compressive neuropathy (based on location and distribution), DM, uremia,
vasculitis, vitamin B12 deficiency, HIV, Lyme disease, alcohol, paraneoplastic, amyloid

polyneuropathy (length-dependent neuropathy) will have a stocking-glove distribution of sensory
abnormalities

• other: dermatological (e.g. herpes zoster, angioedema), psychiatric disorders (e.g. panic attacks)

Gait Disturbance
Approach
1.Characterize the gait disturbance

posture, stride length, width between feet, height of step, stability of pelvis, symmetry, arm
swing, difficulty turning, tremor,elaborate/inconsistent movements, standing from sitting

2. Identify accompanying neurologic signs
• full neurological exam required (diagnosis often can be made by physical exam alone)

3. Identify' red flags
• sudden onset, cerebellar ataxia, paresis (hemi-. para-, or quadri-), bowel/ bladder incontinence

A. Workup
based on etiology - requires blood work, neuroimaging, and urgent neurologist referral

n
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Table 7. Types of Gait Disturbance
Location Description Disorder
Visual Loss Cataract surgery without lens replacementBroad based gait with tentative steps

Sensory atama:wide- based with high stepping Demyclinatlng neuropathies, paraneoplastic
syndrome, tabes dorsalis. MS, compiesslve
myelopathy. B12 deficiency

Proprioceptive loss
posture and positive flomberg

Peripheral Vestibular lesion
1, Acute
2. Bilateral
Peripheral Nerve Disorder
1. Foot drop
2. lumbosacral radiculopathy
Myopathies

1.Vestibular ataxia
2. Disequilibrium

1. Tumour, trauma, infectious, Meniere's
disease
2. Ototoxic drugs
Acquired/hereditary peripheral neuropathy,
compressive peroneal neuropathy.L4-5
radiculopathy

Waddling gait: broad based, short stepped Muscular dystrophy, inflammatory myopathy
gait with pronounced lumbar lordosis, rotation
of pelvis
Spastic gait: spastic loot drop, circumduction. Unilateral:stroke (ischemic/hemonhaglc)
scissoring of legs or toe walking with bilateral Bilateral: cervical spondylosis, cerebral palsy.

spinal cord tumour, combined spinal cord
degeneration. MS. motor neurondisease

Steppage gait

Pyramidal/Corticospinal Tract Lesion
t. Unilateral
2. Bilateral circumduction

Basal Ganglia 1. Parkinsonian gait:small paces, stooped
posture, reduced arm swing
2. Choreic/hemiballislic/dystonic gait

Infarct. PD.PSP, MSA. Huntington's,
Sydenham's chorea.Wilson’s disease, SLE,
neuroleptic medications, polycythemia vera,
genetic dystonia
Primary and secondary neoplasm, toxins
{alcohol), vitamin E deficiency, hypothyroid,

hypoxia, hypoglycemia, paraneoplastic
syndrome, vascular lesion

Cerebellar Disorder Cerebellar ataxic gait, wide-based without
high stepping:veers toside of lesion
Alcoholic gait

Cranial Nerve Deficits

CN I:Olfactory Nerve
If anosmia is not associated with loss of
taste, consider conversion disorder

Clinical Features
• anosmia associated with a loss of taste

Differential Diagnosis
• nasal: physical obstruction

heavy smoking, chronic rhinitis, sinusitis, neoplasms, septal deformity, choanal atresia,
vestibular stenosis, foreign body

• olfactory neuroepithelial: destruction of receptors or their axon filaments
influenza, herpes simplex, interferon treatment of hepatitis virus, atrophic rhinitis ( leprosy),
C:0V1D-19

• central: lesion of olfactory pathway
Kallmann syndrome, albinism, head injury, cranial surgery, SAH, chronic meningeal
inflammation, meningioma,aneurysm, PD, MS

SR 1010 SR
\ / -(•hLH MB

irfsoso'ih / \
g' ShanyH L012006J

Figure 10. Diagnostic positions of
gaze to isolate the primary action of
each muscle

CN II: Optic Nerve
Kallmann syndrome is a congenital
disorder of anosmia and
hypogonadotropic hypogonadism• see Neuro-Ophthalmology,A'14

CN III:Oculomotor Nerve
Pupillary constrictor fibres run along
outside of nerve, whereas vasculature is
contained within nerve
For CN III palsy with a reactive pupil,
think ischemic cause ("pupil sparing")
For CN III palsy with mydriasis, think
compressive lesion

Clinical Features
• ptosis, resting eye position is “down and out" (depressed and abducted ), pupil dilated ( mydriasis)
• vertical and horizontal diplopia; paralysis of adduction, elevation, and depression

Differential Diagnosis
• PComm aneurysm: early mydriasis, then CN III palsy
• cavernous sinus (internal carotid aneurysm, meningioma,sinus thrombosis): associated with deficits

in other CNs within the cavernous sinus
• midbrain lesion: complete unilateral CN 111 palsy with bilateral weakness of the SR and ptosis with

contralateral pyramidal signs ± mydriasis
• orbital lesion:associated with optic neuropathy, chemosis, proptosis
• other: inflammatory (e.g. MS with brainstem lesion ), infection, ischemia, neoplasia, uncal herniation,

trauma

r T
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Lesions involving the cavernous sinus
can lead to cranial nerve palsies of III.
IV. VI. VI. and V2 as well as orbital pain
and proptosis
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Optic chiasm

DDx of CN III PalsyPituitary gland

IV iCAM
ischemic
Cavernous sinus
Aneurysm (PComm. internal carotid)
Midbrain lesion

Internal carotid arteryDura mater

8
==Sphenoid air sinus I

Figure 11. Cavernous sinus (coronal view)

CN IV: Trochlear Nerve
CN IV is the only cranial nerve that
decussates at rnidline and exits
posteriorly
A CN IV lesion may cause a contralateral
deficit if lesion affects the nucleus

Clinical Features
• vertical and torsional diplopia; defect of intorsion and depression

patient may complain of difficulty going down stairs or reading

Differential Diagnosis
• common: ischemic (DM, H I N ), idiopathic, trauma (TBI or surgical ), congenital
• other; cavernous sinus lesion, superior orbital fissure (tumour, granuloma)

CN IV is at risk of trauma during
neurosurgical procedures involving the
midbrain because of its long intracranial
course

CN V: Trigeminal Nerve
Clinical Features
• ipsilateral loss of facial sensation and corneal reflex, weakness of muscles of mastication (V3 only)

with pterygoid deviation towards the side of the lesion

Differential Diagnosis
• brainstem: ischemia, tumour, syringobulbia, demvelination
• peripheral: tumour, aneurysm, chronic meningitis, metastatic infiltration of nerve
• trigeminal ganglion: acoustic neuroma, meningioma, fracture of middle fossa
• cavernous sinus: carotid aneurysm, meningioma, sinus thrombosis

trauma
• note: other CN V lesions that cause facial pain = trigeminal neuralgia, herpes zoster

Distinguishing CN III.IV.and VI Lesions
III IV VI

Diplopia Oblique Vertical Honiontal
Exacerbating Near looking faitaiget

target down

Up and Down Rotated
rotated and towards
away flexed

Head Til

awayCN VI: Abducens Nerve
Clinical Features
• resting inward deviation (esotropia)
• horizontal diplopia; defect of lateral gaze

Differential Diagnosis
• pons (infarction, hemorrhage, demyelination, tumour): facial weakness and contralateral pyramidal

signs
• tentorial orifice (compression, meningioma, trauma): false localizing sign of increased ICP
• cavernous sinus: carotid aneurysm, meningioma, sinus thrombosis
• ischemia ofCN VI: DM, temporal arteritis, HTN, atherosclerosis
• congenital: Duane's syndrome

Jaw deviation is towards the side of a
LMNCNV lesion

CN VI has the longest intracranial course
and is vulnerable to increased ICP.
creating a false localizing sign

CN VII:Facial Nerve
Forehead is spared in a UMN CN VII
lesion due to bilateral innervation of CN
VII nuclei from cerebral hemispheres to
the frontalis

Clinical Features
• LMN lesion: ipsilateral facial weakness (facial droop, flattening of forehead, inability to close eyes,

flattening of nasolabial fold)
• UMN lesion: contralateral facial weakness with forehead sparing (due to bilateral frontalis

innervation )
• impaired lacrimation, decreased salivation, numbness behind auricle, hyperacusis, taste dysfunction

of anterior 2/3 of tongue

Differential Diagnosis
• idiopathic: Bell 's palsy, 80-90% of cases (see Otolaryngology. 0123)

most often related to HSV, but other viruses may be implicated (CMV, herpes zoster, HBV )
• other: temporal bone fracture, HBV, Ramsay Hunt (VZV ), otitis media/mastoiditis, sarcoidosis, DM

mononeuropathy, parotid gland disease, Lyme meningitis, HIV

When screening for dysphagia and
assessing aspiration risk, the presence
of a gag reflex is insufficient: the
correct screening test is to observe the
patient drinking water from a cup while
observing for any coughing,choking,or
“wetness" of voice

+
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A. Facial nerve lesion (Bell's palsy)

Motor cortex . _ B. Supranuclear lesion
sSupranuclear Facial Nerve Branch Memory Aid

L A To Zanzibar By Motor Car
Temporal
Zygomatic
Buccal
Mandibular
Cervical

Internal
capsule M

•A •f '

Nucleus
ofCNVIl

Lesion in
Facial nervefacialnerve Differential Diagnosis of Lower Cranial

Nerve Deficits (CNIX, X,XI.XII)

Intracranial/Skull Base:meningioma,
neurofibroma,metastases.
osteomyelitis,meningitis
Brainstem: stroke,demyelination.
syringobulbia,poliomyelitis, astrocytoma
Neck: trauma,surgery, tumours

Normal swallowing is initiated when
the tongue moves a bolus back into the
palatal archway. Tongue movements
are innervated exclusively by CN XII.
The bolus stimulates the soft palate to
elevate, and the bolus is deflected into
the oropharynx
Next the pharyngeal constrictors
contract, the larynx elevates,and the
vocal cords close.Swallowing depends
on afferent information via CN V,IX, and
X and motor action via CN V.VII,IX,X,
and XII
Connections in the nucleus of the tractus
sotitarius in the medulla (in proximity
to the respiratory centre) act as the
swallowing centre.Swallowing and
breathing are coordinated to prevent
aspiration

Figure 12. LMN vs. UMN facial nerve palsy

CN VIII: Vestibulocochlear Nerve
• see Otolaryngology, 0114

CN IX: Glossopharyngeal Nerve
Clinical Features
• unilateral lesion is rare
• taste dysfunction in posterior 1/3 of tongue, absent gag reflex, and dysphagia

Disorders
• glossopharyngeal neuralgia: sharp paroxysmal pain of posterior pharynx radiating to ear, triggered by

swallowing
treated with carbamazepine or surgical ablation of CN IX

CN X: Vagus Nerve
Clinical Features
• oropharyngeal dysphagia ( transfer dysphagia) due to palatal and pharyngeal
• bulbar dysphagia (brainstem)

other causes of dysphagia: see Gastroenterology, G8
• dysarthria: inability to produce understandable speech due to impaired phonation and/or resonance

weakness
Uvula deviation is away from the side
of a LMN CN X lesion due to impaired
ipsilateral palatal elevation

CN XI:Accessory Nerve
Clinical Features
• LMN lesion: paralysis of ipsilateral trapezius and sternocleidomastoid (ipsilateral shoulder drop,

weakness on turning head to contralateral side)
• UMN lesion: paralysis of ipsilateral sternocleidomastoid and contralateral trapezius

CN XI is vulnerable to damage during
neck surgery

CN XII:Hypoglossal Nerve
r1Clinical Features

• LMN lesion: tongue deviation towards lesion, ipsilateral tongue atrophy, and fasciculations ( if chronic)
• UMN lesion: tongue deviation away from lesion, absence of atrophy and fasciculations, and slowed

tongue movement

L J
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Neuro-Ophthalmology

Optic Neuritis
• see Optic Oise Edema, below and Multiple Sclerosis,N55

Anterior Ischemic Optic Neuropathy
• see Optic Disc Edema and Multiple Sclerosis, S55
• non-arteritic (NAION):due to atherosclerosis, diabetes, hyperlipidemia, hypertension
• arteritic (AAION): due to GCA (see Rheumatology. RH 22)

NAION can be caused by use of sildenafil
(Viagra') in rare case

Amaurosis Fugax
• see Ophthalmology. OP36 and Stroke, SSI

Optic Disc Edema

If you suspect the diagnosis of GCA,
do not wait for biopsy results:begin
treatment immediately

Table 8. Common Causes of Optic Disc Edema
Optic Neuritis Papilledema AION CRVO

>50 yr but usually >70 yt >50 yr
Painless unilateral acute Painless unilateral variable
field defect over h lo d with vision loss
•colour vision

Age <50 yr
Acute lo subacute
monocularfbinocular
central vision loss (a
acuity and colour vision)
with recovery
Pain with F0M

Any
Vision tale visual loss

HIA, N/ V, focal neurological GCA: H'A, scalp
tenderness, jaw
claudication , systemic
(weight loss, fatigue,
fever), polymyalgia
rheumatica

RAPD
Bilateral disc swelling, Pale segmental disc
retinal hemorrhage, no edema, retinal dot, flame
venous pulsationsjonly hemorrhages
true if combined with other
fundal findings)

Symptoms Painless, monocular,
blurry vision, with sudden
onset

deficits

t RAPD
Swollen disc, venous
engorgement, retinal
hemorrhage

Pupil

Fundus
RAPD
Disc swelling if anterior

NoRAPD

(1/3)
Normal disc in acute stage
if retrobulbar (2/3)
Will goon to develop optic
disc pallor in the chronic
phase in both

MS. neuromyelitis optica,
other inflammatory and
infectious diseases

Etiologies Increased ICP see table 24. Arteritic:GCA
Headaches. H47, IIH if CT/ V Non-arteritic:
rules oul space-occupying atherosclerosis,
lesion and venous
thrombosis
Emergent CT and
CT-venogram:LPifCT
is normal to measure
opening pressure

Associated with
vasculopathy.thrombus.
Cardiovascular risk
factors. DM. glaucoma. SIEDM. hyperlipidemia,

hypertension
CBC.ESR.CRP, temporal
artery biopsy. MRI orbits
with gadolinium

Investigations MRI brain and orbits with
gadolinium

Fluorescein angiogram and
coherence tomography;
trombophilia work-up if no
cause lor CRVO identified
(younger patients)

Optimize nskfactors,
reduce lOP.t laser, tVEGF
inhibitors

Treatment High-dose IV or
P0 corticosteroids
(accelerates recovery of
vision, does not improve
long-term outcome)

Treat cause (acetazolamide Arteritic:steroids
Non-arteritic: no proven
treatment

for IIH )

Optic Disc Atrophy
r t
i J• etiologies: glaucoma, AION, compressive tumour, optic neuritis, Leber's hereditary optic neuropathy,

congenital
• presentation:disc pallor, low visual acuity, vision defect, decreased colour vision
• treatment: none (irreversible), aim to prevent +
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Abnormalities of Visual Field Bitemporal Hemianopsia DDx by Age
• Children: craniopharyngioma
• Middle aged (20s to 50s):pituitary

mass
• Elderly (>60 yr):meningioma

Visual Fields Defects
« i om» Right anopsia

(right optic nerve lesion)1

©•* Right anopsia and left upper
quadrantanopsia (junctional scotoma)2t J In homonymous hemianopsia,more

congruent deficits are caused by more
posterior lesions:macular sparing may
occur with occipital lesionsCO3 Bitemporal hemianopsia

(chiasmal lesion)
i| -Optic nerve'

Optic chiasm
Optic tract _

/.Temporal -̂ ,‘.‘.,4
radiation ;{

(Meyers loopl \\

w —
I
I

4-2 cca? Left homonymous hemianopsia
(right optic tract lesion)

5

L6B 6 •©« A destructive lesion (e.g. stroke) In a
cerebral hemisphere causes eyes to
"look away" from the hemiplegia, and to
look towards the lesion
A destructive lesion (eg.stroke) in the
brainstem causes the eyes to "look
toward" the side of the hemiplegia, and
to look away from the lesion

Lett upper quadrantanopsia
(right temporal lesion)

:
5_

•0©Parietal
radiation \ '•Calcarine-//r fissure ’(Primary visual cortex)

Left lower quadrantanopsia
(right parietal lesion) 5

0 J

Figure 13.Characteristic visual field defects with lesions along the visual pathway

Abnormalities of Eye Movements Check all hemiplegic patients for
homonymous hemianopsia (ipsilateral to
side of hemiplegia)

Disorders of Gaze
Pathophysiology
• horizontal gaze: FEE > contralateral PPRE (pons) -> eyes saccade away from FEE
• vertical gaze: cortex > rostral interstitial nucleus in the MLE (midbrain )

Clinical Features
• unilateral lesion in one FEE > eyes deviate toward the side of the lesion

• can sometimes be overcome with doll’s eye maneuver
• unilateral lesion in the PPRE -> eyes cannot look toward side of lesion, thus producing a pseudo-

deviation to the contralateral side
• cannot he overcome with doll’s eye maneuver if CN VI nucleus lesion as well

• seizure involving a EEE: eyes deviate away from the focus

Etiology
• common: infarcts (frontal or brainstem), MS, tumours

"Negative lesions" that eliminate
function/cause malfunction of FEF (i.e.
stroke/tumour) cause the eyes to deviate
to the side of the lesion:"positive
lesions" that cause ovcractive function
of PEE ( i.e. seizure) focus cause the eyes
to deviate away from the focus

IF
To
medial''rectus m.

CN III'CNIII -1

nucleus
o :u

ijo lateral
rectusmInternudear Ophthalmoplegia oe.MLF

Pathophysiology
• results from a lesion in the MLE which disrupts coordination between the CN VI nucleus in the pons

and the contralateral CN III nucleus in the midbrain -> disrupts conjugate horizontal gaze

Clinical Features
• horizontal diplopia on lateral gaze, oscillopsia (objects in visual field appear to oscillate)
• ipsilateral adduction defect and horizontal abducting nystagmus in the contralateral, abducted eye
• cannot be overcome by caloric testing
• accommodation reflex intact
• may be bilateral (especially in MS)

Etiology
• common: MS, brainstem infarct or tumour

CNVi -
nucleus CNVI
PPRE

Right Left

Right Lett

Standard (normal)

<cc\ ZE>
Right gaze InormallInvestigations

• MR1
OS £J> ri

L J
Left gaze ( abnormal - INO)

+Vergence (normal!

^
© Sherry An 2022 after N Bmacliynsky 2012

J

Figure 14. internudear
ophthalmoplegia
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Diplopia
Etiology- Monocular
• mostly due to benign optical problems ( refractive error, cataract, dry eye) or functional causes

Diplopia worse at the end of the day
suggests MG fi.e. fatigable). in addition
to mbed (horizontal and vertical
diplopia) that resolves when one eye
is closed

Etiology- Binocular (due to ocular misalignment)
• muscle:Graves’ophthalmopathy, EOM restriction/entrapment
• neuromuscular junction: MG (see Myasthenia Gravis, N40)
• cranial nerve palsy (see Cranial Nerve Deficits, Nil )
• INO (see Internuclear Ophthalmoplegia, N 15)
• other

• orbital trauma (orbital floor fracture), tumour, infection, inflammation
Miller-Fisher variant of GBS
Wernicke’s encephalopathy
leptomeningeal disease

If diplopia is only on extremes of gaze,
cover each eye in isolation during
ertremes of gaze
The covered eye that makes the lateral
image disappear is the pathological one

Approach to Diplopia
• monocular (diplopia when one eye open) vs. binocular (diplopia when both eyes open )
• horizontal (CN VI palsy if worse at distance, convergence insufficiency if worse when near) vs. vertical

vs. oblique diplopia
• direction of gaze that exacerbates diplopia
• corrective head movements

Left CN III (complete)
Eye position down and out (with

ptosis and pupillary dilation)

Workup
• may observe isolated CN IV or CN VI palsy for a few weeks, but workup if persistent or other

symptoms develop
• consider ESR/CRP if symptoms of GCA and diplopia
• indications for neuroimaging

bilateral or multiple nerve involvement
progressive worsening
severe sudden onset headache (rule out aneurysm)
other neurological deficits on examination
any findings of CN 111 palsy (e.g. unequal pupils with mydriasis + /- down and out)
any findings of Horner’s syndrome: ptosis, miosis, anhidrosis

Left Sympathetic Pathway
Homer's syndrome:ptosis, miosis, and

anhydrosis

Nystagmus
• rapid, involuntary, small amplitude movements of the eyes that are rhythmic in nature
• begins with a slow phase movement, followed by a quick more obvious phase
• nystagmus is described in relation to the quick phase of the eye movement
• can be categorized by movement type (pendular, jerking, rotatory, coarse) or as physiological vs.

pathological

Table 9. Nystagmus Features

CN IV
Difficulty looking down and in

(Le. looking down at a golf ball-think
CN Fore!)

Peripheral (Vestibular) Central (Brainstem)

Unidirectional,last phase away from thelesion May be bilateral/unidirectional
Usually horizontal- rotary

Direction
Nystagmus Can be any type:usually vertical,horizontal,

pendular or jerk:may change direction
Does not suppress nystagmus

Left CN VI
Difficulty looking laterallyfiaze Fixation

Vertigo

Auditory Symptoms
Other Neurological Signs

Suppresses nystagmus

Severe
Common

Mild

Extremely rare
Often present
MS. vascular (brainstem/cerebellar),
neoplastic/paraneoplastic, medications

Absent
DDx BPPV, vestibular neuritis, Meniere's disease,

toxicity,trauma.Ramsay Hunt syndrome

Left Medial Longitudinal Fasciculus
Internuclear ophthalmoplegia UNO):

Difficulty adducting ipsilateral eye and
horizontal nystagamus in abducted

contralateral eye

Abnormalities of Pupils
• see Ophthalmology. OB30

£ Minyan Wang 2012 j

Figure 15. Abnormal eye movement
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Nutritional Deficiencies and Toxic Injuries
• sufficient nutritional intake is required for optimal functioning of the nervous system; deficiencies in

the following nutrients may result in central and peripheral nervous system abnormalities (potential
neurological symptoms are provided)

Table 10. Nutritional Deficiency Features and Management
Vitamin Deficiency Neurological Clinical

Manifestation
Investigation Treatment"

Paresthesias and sensory ataxia Serum cobalamin
are Ihe most common initial
symptoms
Myelopathy (subacute compined
degeneration),peripheral
neuropathy
Neuropsychialric:memory
impairment, change in
personality,delirium,and
psychosis
Optic neuropathy
Myelopathy,peripheral
neuropathy
May be clinically indistinguishable
(rom vitamin Bu deficiency
Neuropsychiatric symptoms

Myelopathy,myeloneuropathy. Serum copper andceruloplasmin;
sensory ataxia, spastic gait urinary copper:MRI spine;EMG/
(similar to vitamin Bit deficiency) NCS
Severe sensory loss
Ophthalmoplegia, retinopathy. Serum vitamin E;ratio serum Vitamin E 2200 mg/kgfdP0 or IM
spinocerebellar syndrome with vitamin E tosum of cholesterol
peripheral neuropathy (with signs and triglycerides:EM6 NCS
of cerebellar ataxia),psychomotor
impairment

Three manifestations include: Clinical diagnosis:brain MRI
beriberi (dry and wet),infantile
beriberi,Wernicke.Korsakoff
syndrome,seeCerebellar
Disorders. N36
Painful sensorimotor peripheral Semm pyndoxa!phosphate; EEG in Pyridoxine 50-100 mg daily
neuropathy,intractable epilepsy infants and children;EM&'MCS
in infants, confusion
Pellagra:encephalopathy,
dementia, and peripheral
neuropathy

Vitamin Bu Vitamin Bu1000 pg IM for 5 d.
then 1/mo or P0 Bu 1000 pg'dSerum methylmalonic acid

Serum homocysteine
MRIspme.EMG.NCS

Serum folate
Homocysteine

Folate Folate1mg TID P0initially.1mg
once daily thereafter

Discontinue tine;copper 8 mg/d
P0 for 1wk,6 mg/d lor 1wk.4
mg/d for 1wk. 2 mg/d thereafter

Copper

Vitamin E

Thiamine100 mg IV followed
by 50-100 mg IV or IMuntil
nutritional status stable

Thiamine

Pyridoxine(VitaminB6)

Niacin (Vitamin 83) Nicotinic acid 25-SO mg daily P0
or IM.When supplementing,be
aware of "niacin flush” insome
patients

• also consider occupational neurotoxic syndromes secondary to exposure to pesticides, solvents,
and metals. Encephalopathy, extrapyramidal features, neurodegenerative diseases, and peripheral
neuropathy are commonly encountered. Onset and progression of neurological diseases should be
temporally related to neurotoxin exposure. Main toxins associated with neurotoxicity are listed below

Table 11. Selected Occupational Neurotoxic Syndromes
Toxin Associated Occupations Characteristic Neurological Findings

Printer,spray painters,industrial cleaners,
paint or glue manufacturers,graphic industry,
electronic industry,plastic industry

Organic Solvents Nausea,H/A, concentration difficulty
Long-term exposure may lead to'chronic solvent-induced encephalopathy." characterized by
mild-to-sevete cognitive impairment

Agricultural work,pesticide manufacturing and Pesticide exposure may increase the risk of PD
formulating,highway and railway workers,green
house, forestry and nursery workers

Battery andmetalproduction (e.g.solder,
pipes),chemical andelectronic application
industries,steel manufacturing,welders,
alloy workers, transportation,packaging,
construction

Pesticides|e.g.insecticides,fungicides,
rodenticides.fumigants,herbicides)

Lead:delayed/reversed development,permanentlearmng disabilities,peripheral neuropathy
(commonly presenting withradial neuropathy resulting in wrist drop),seizures, coma, death from
encephalopathy (rare)
Mercury: psychiatric disturbances,atana.trerrov.visual loss,heating loss, tiredness,memory
disturbances, peripheral neuropathy
Manganese: psychiatric symptoms,hanimations ('manganese madness"),extrapyramidal
features,dystonia,parkinsonism (mangamsm)
Aluminum:implicated in Alzheimer's pathogenesis.AIS
Arsenic: sleeplessness/sleepiness.irritabilrty.H/A.spasms in muscleextremities and muscle
fatigue,peripheral neuropathy
Thallium: ataxia,seizures,motor neuropathy,brain edema
Tin:mental status changes withpersistent neuropsychological abnormalities
Cognitive/behavioural and emotional symptoms,parkinsonian syndromes
Nitrous oxide misuse may resultin a functional Si2 deficiency and thus symptoms of subacute
combined degeneration

Heavy Metals|e.g.lead,mercury,
manganese,aluminum,arsenic, tin.thallium)

L J

Gases|e.g.carbon dioxide,nitrous oxide,
formaldehyde)

Anesthesia, disinfection,manufacture of
illuminating gas andwater-gas +

Activate Windows
Go to Settings to activate Wind



N18 Neurology Toronto Notes 2023

Neurologic Complications due to Toxic Injuries Related to Bariatric Surgery
• deficiencies of both fat- and water-soluble vitamins may occur following malabsorptive bariatric

surgery
• patients who have undergone malabsorptive surgery should be monitored for late metabolic

complications (e.g. B12 and copper deficiency) and neurological manifestations (e.g. peripheral
neuropathy)

Seizure Disorders and Epilepsy

Seizure
Definitions
• seizure: transient occurrence of signs and/or symptoms due to abnormal hyper-synchronization of

neurons
can be a symptom of acute insult to the brain such as:alcohol and illicit drug use/withdrawal ;
brain injury/abnormality (tumour, trauma, vascular); CNS infection; fever (children); metabolic
(hypoglycemia, electrolyte abnormalities, liver/renal failure); medications; or be a genetic or
inherited cause

• epilepsy: disorder of the brain characterized by an enduring predisposition to generate epileptic
seizures, and by the neurobiologic, cognitive, psychological, and social consequences of this condition

diagnosis of epilepsy requires:
1. at least two unprovoked seizures occurring more than 24 h apart
2. one unprovoked seizure and a probability of further seizures similar to the general recurrence

risk (at least 60%) of two unprovoked seizures, occurring over the next 10 yr
3. diagnosis of an epilepsy syndrome

etiologies: genetic; structural (e.g. prior stroke, tumour, meningo/encephalitis, perinatal insult,
vascular malformation, malformation of cortical development, neurodegenerative); or unknown

Classification

Stroke is the most common cause of
lateonset (>50 yr) seizures, accounting
for 50-80% of cases

Seizure
I

Seizures and Dementia
Neurodegenerative diseases can
underlie seizures.Conversely, seizures
can be a cause of dementia

Focal Onset Generalized Onset Unknown Onset*

I
' A.v=re In p= rej A'.-. d ’e =:;

i
Nonmotor Focal Unilateral Motor

tonic-clonic

1i
’.Uni Nonmotor

(absence)
MOW Nonmotor Unclassified -

i I I il 1
Tonic-clonic
Clonic
Tonic
Myoclonic
Myclonic-tonic-clonic Myoclonia
Myoclonic-atonic
Atonic
Epileptic spasms

Typical Tonic-clonic Behaviour ariest
Atypical Epileptic spasms
Myoclonic
Eyelid

Automatisms
Atonic
Clonic
Epileptic spasms Emotional
Hyperkinetic Sensory
Myoclonic
Tonic

Autonomic
Behaviour arrest
Cognitive

'Unknown Onset may be reclassified into focal or generalized onset with further information or future observed seizures
I Unclassified comprises both seizures with patterns that do not fit other categories or lack information

Figure 16. International League Against Epilepsy (ILAE) 2017 seizure classification

Clinical Features
• focal (partial) seizures

focal can secondarily generalize or remain focal
focal without impaired awareness (i.e. “simple partial seizures") 4 focal with impaired awareness
(i.e. “complex partial seizures”) 4 secondarily generalized seizures
focal aware (formerly simple partial)

motor: dystonic posturing, clonic movements, forceful turning of eyes and/or head, focal
muscle rigidity/jerking ± Jacksonian march (spreading to adjacent muscle groups)

sensory: unusual sensations affecting vision, hearing, smell, taste or touch
» autonomic: epigastric discomfort, pallor, sweating, flushing, piloerection, pupillary dilatation

• focal impaired awareness (formerly complex partial)
patient may appear to be awake but with impairment of awareness
classic complex seizure is characterized by automatisms such as chewing, swallowing, lip-
smacking, scratching, fumbling, running, disrobing, and other stereotypic movements

other forms: dysphasic, dysmnesic (deja vu), cognitive (disorientation of time sense), affective
(fear, anger), illusions, structured hallucinations (music, scenes, taste, smells), epigastric
fullness

Temporal lobeseizures are suggested
by an aura of fear, olfactory or gustatory
hallucinations, and visceral or deja vu
sensations
Frontoparietal cortex seizures are
suggested by contralateral focal sensory
or motor phenomena

r i
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• generalized seizures
absence (petit mal): usually seen in children, unresponsive for 5-10 s with arrest of activity,
staring, blinking or eye-rolling, no post-ictal confusion;3 Hz spike and slow wave activity on EEG

• donic: whole body repetitive rhythmic jerking movements
• tonic: whole body muscle rigidity in flexion or extension
• tonic-clonic (grand mal)

• may have prodrome of unease or irritability hours to days before
tonic ictal phase: muscle rigidity
clonic ictal phase: repetitive violent jerking of face and limbs, tongue biting, cyanosis,
frothing, incontinence

• post-ictal phase: flaccid limbs, extensor plantar reflexes, headache, confusion, aching
muscles, sore tongue,amnesia,elevated serum CK lasting hours, may have focal paralysis
(Todd’s paralysis)

• myoclonic: sporadic contractions localized to muscle groups of one or more extremities
• atonic: loss of muscle tone leading to drop attack

AntiepBeptic Drug Monothfrspj for Epilepsy:A
Hetwork Meta-Analysis of IwlividualParticipant
Data
Cocltra*D!Syst to 201?:C0011412
Purpose: To conparethe Its;to wt-drawal of
&ea:nert.ioe!oremission.EdSueto first seizure
of 10 enoep-leptic drug treatneits for adults and
childrec wifi partial onset seizures
Methods Articles were iden: Sed ront Cochrane
Epilepsj'sSoeoaltsed Register.CERTRAL. MEDLINE.
SCOPUS,ard two clinical trial registers. Indn- dua
patient data was identified for cetworic-meta analysis
Results: Urhamarepine and least:g ne are suited e
first - fine treatments for partial onset seizures with
leretraceam asa suitable a te-atse.Evidence
supports sodium valproate as first-hoe treatment for
generalized tonic-clonic seizures*ft lamotrigine and
leuetiracemm as suitable alteroatres.particularly for
females of child-hearing age

Table 12. Classic Factors Differentiating Seizure, Syncope and Pseudoseizure
Characteristic Seizure Syncope Pseudoseizure*

(Psychogenic non-epileptic
seizure)

Timing Day or night (especially front Day Day, other peoplepresent
sleep) DDx of Convulsions

Syncope, psychogenic non-epileptic
seizures, hyperventilation, panic
disorder. TIA. hypoglycemia, movement
disorder, alcoholic blackouts, migraines
(confusional, vertebrobasilar),
narcolepsy (cataplexy)

Gradual, upright position (not
recumbent)
Lightheadedness, pallor,
diaphoresis, tunnel vision

Provokedby emotional
disturbance or suggestion
Variable

Onset Sudden, in any position

Early Symptoms or Signs Possible specific aura

Duration Brief orprolonged
Common
Confusion,aphasia, Todd's Ho
paresis,fatigue
Synchronous,stereotypic. Occasional briel tonic stiffening,
automatisms (common In complex can have'convulsive syncope'
partial),lateral tongue biting,
eyes open or eyes rolled back

Brief Often prolonged
Incontinence
Post-ictal

Possible but rare Rare
Variable,often none

Note that seizures originating in the
frontal lobes may look like psychogenic
non-epileptic spells due to an abundance
of repetitrve hyperkinetic movements:
they often occur during sleep

Motor Activity Prolonged episodes,
opisthotonos, eye closure.
Irregular extremity movements,
shakinghead,pelvic thrust
crying, tongue biting at the tip

Injury Common Rare unless fromfall Rare
EEG Usually abnormal tinierictal

discharges
Normal Normal

By law.the Ministry of Transportation
in most provinces must be contacted
for all patients who have had a
seizure, patients will have their license
suspended until seizure free for 6 mo.
commercial drivers face a longer wait

‘Pseudosei-zures do not rule out seizures (rot Lrcommon to have both)

•alcoholic withdrawal seizures may occur up to 2 d from the last exposure to alcohol (see Emergency
Medicine. EU54 )

Investigations
•CBC, electrolytes, Ca -+, Mg2+ POt -5 , fasting blood glucose,Cr, liver enzymes, CK, prolactin
• toxicology screen, EtOH level, AED level (if applicable)
•CT/MK1 (if new seizure without identified cause or known seizure history with new neurologic signs/

symptoms)
(Note:Neuroimaging may be normal in up to 90% of cases following the first unprovoked seizure)

•LP (if fever or meningismus)
•EECi ( Note: EEC is specific but not sensitive)

Treatment
•avoid precipitating factors
•prognosis: risk of seizure recurrence increases with the number of unprovoked seizures at initial

presentation, abnormal EEG, and presence of a neurological disorder
•indications for AED: EEG with epileptiform activity, remote symptomatic cause (organic brain

disease, prior head injury, or CNS infection), abnormal neurologic examination or findings on
neuroimaging, nocturnal seizure, recurrent unprovoked seizure

•psychosocial issues: stigma of seizures, education of patient and family, status of driver’s license,
pregnancy issues

•safety issues: driving, operating heavy machinery, bathing,swimming alone
•appropriate follow-up; refer for evaluation for possible surgical treatment if focal and refractory

EEG findings suggestive of
predisposition to epilepsy:spike and
wave discharges, polyspike and wave
discharges, spike-wave complex
discharges

EEG has a 17% sensitivity and 95%
specificity after first unprovoked seizure,
sensitivity increases to 51% if EEG is
performed within 24 h
If the first routine EEG is normal, a
sleep-deprived sleep EEG should be
considered to increase the likelihood of
detecting an abnormality

r "i
L J
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Status Epilepticus
•definition: medical emergency involving unremitting seizure or successive seizures without return to

baseline state of >5 min
•complications: anoxia, cerebral ischemia and cerebral edema.Ml, arrhythmias, cardiac arrest,

rhabdomyolysis and renal failure, aspiration pneumonia/pneumonitis, death (20%)
•initial measures: ABCs, vitals, monitors, capillary glucose (SEAT), ECG, nasal O’, IV NS, IV glucose,

IV thiamine, ABCs ( if respiratory distress/cyanotic)
•blood work: electrolytes, Ca Mg 2', POt3 , glucose, CBC, toxicology screen, EtOH level, AED levels
•focused history: onset, past history of seizures, drug and alcohol ingestion, past medical history,

associated symptoms, witnesses/collateral history
•physical exam (once seizures controlled): LOG, vitals, HEENT (nuchal rigidity, head trauma, tongue

biting, papilledema), complete neurological exam, signs of neurocutaneous disorders, decreased
breath sounds, cardiac murmurs or arrhythmias, urinary incontinence, MSK exam (rule out injuries)

•post-treatment stabilization: CT head,EEC, Eoley catheter to monitor urine output, urine toxicology
screen, monitor for rhabdomyolysis, and IV fluids to maintain normal cerebral perfusion pressure

Antiepileptic Drugs
•focal and most generalized seizures

• valproate ( Depakene*), lamotrigine (Lamict.nl*), levetiracetam (Keppra*), topiramate (Topamax*),
phenobarbital (Phenobarb'l, primidone, zonisamide, rufinamide (Banzel*), felbamate,
benzodiazepines

•primarily focal seizures (± 2° generalization )
carbamazepine (Tegretol*), phenytoin (Dilantin*), gabapentin (Neurontin*), lacosamide
(Vimpat*), oxcarbazepine (Trileptal*), eslicarbazepine acetate (Aptiom*), pregabalin (Lyrica*),
tiagabine (GabitriP), vigabatrin (Sabril*)

•absence seizure:ethosuximide (Zarontin")

Medical Emergency:Status epilepticus
can cause irreversible brain damage
without treatment

The most common causes of status
epilepticus in adults are failure to take
AEDs, remote symptomatic causes, and
stroke
Despite being a common cause of
seizures. EtOH withdrawal is a rare
cause of status epilepticus

Consider non-convulsive status
epilepticus in a patient who has a
persistent decreased level of awareness
>20 min after a generalized seizure:
order an EEG if unsure

Complex partial status epilepticus can
resemble schizophrenia or psychotic
depression

Convulsive seizures

i>5 min

Treat as status epilepticus

I Teratogenicity of anticonvulsants
includes neural tube defects, deft
palate , urogenital malformations, and
heart defects.Advise patient planning
pregnancy to take1-4 mgd of folic add.
Optimize AEDs with lowest possible
dose associated with good seizure
control, preferably monotherapy if
possible. The risk of fetal malformations
with AEDs is 2x the general population:
highest risk associated with valproic acid
and/or 2+ concurrent AEDs.Consider
pre-conception AED levels if patient is
well-controlled, monthly serum levels
during pregnancy, and titrate AED to
maintain pre-conception serum levels.
Refer to high-risk OB for intrapartum
fetal screening

1.ABCs
2. Vital signs

3.Laboratory investigations
4. Glucose 50 mL IV

5. Lorazepam 0.1 mgkg IV at 2 mg/min

If fever or
meningismus CT.lumbar puncture with Gram stain,

* treat pre-emptively with antibiotics

I
Fosphenytoin 1000-1500 mg IV at 150 mg/min

or
phenytoin 20 mg/kg IV up to 30 rnglrg at a maximum rate of 50 mg/min

1
1. ICU

2.Continuous infusion of midazolaRVpropofoVpentobarfaital
3. Burst suppression (on EEG )

Figure17.Status epilepticus treatment algorithm
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Behavioural Neurology
• see Psychiatry. PS23

Acute Confusional State/Delirium

<8>Table 13. Selected Causes of Acute Confusion
Delidum Is a medical emergency
carrying significant risk of morbidity and
mortality. It is diagnosed when feature
1AND 2 as well as feature 3OR 4 are
present:

• Feature1: acute onset and
fluctuating course

• Feature 2: inattention
• Feature 3:disorganized thinking
• Feature 4:altered LOC

Etiology Key Clinical Features Investigations
SAH Thunderclap H/A. increased

ICP. menmgismus, loss of
consciousness

CUPVascular
Angiography il CT and LP negative

CT.MRIStroke/TIA (ischemic or
hemorrhagic)

Meningitis

Focal neurological signs

Infectious Fever.H/A.nausea, photophobia. CT.IP
meningismus

Fever. H/A.t seizure
Focal neurological signs
Increased ICP
Focal neurologleal signs

Trauma H«
Increased ICP
Focal neurological signs

Skin rash, active joints

CUPEncephalitis
It is often diagnosed using the Confusion
Assessment Method

MRI
Abscess CT with contrast (often ring

enhancing lesion)
traumatic Diffuse axonal shear, epidural

hematoma. SDH
Cl
MRI

ANA.ANCA. RFAcute CHS vasculitisAutoimmune
MRI
Angiography
Serum and CSF (test for presence
of antibodies), seaich for primary
neoplasm

Paraneoplastic or autoimmune
encephalitis (anti - NMDA -R )

Onset: psychiatric features,
memory loss, seizures
Delayed:movement disorder,
and changes in BP, HR, and
temperature

Increased ICP
Focal neurologleal signs
Papilledema

CTPrimary or secondary CHS
neoplasm

Neoplastic
MRI
Search lor primary neoplasm il
metastatic disease

Seizure Focal seizure with impaired
awareness, non-convulsive status
epileplicus, post ictal contusion
Psychotic, mood, and anxiety
disorder

Illicit drug use (e.g. cocaine)

SeeSeizure Disorders and
Cpilepsy.N18

FFG
CT or MRI
Workup for seizure triggers
Ho specific testsPrimary Psychiatric Ho organicsigns or symptoms

Other Vital signs
Serum chemisliy and electrolyte
analysis
Serum and urine toxicology
screen

Flushing, dry skin and mucous Serum chemistry and electrolyte
membranes, mydriasis with loss of analysis
accommodation

Antipsychotic medication use
Muscle rigidity
Hyperthermia
Autonomic instability

Chest pain, cough with black
sputum, newonset seicure. HIN.
increased ICP. dyspnea

Medications (e.g. anticholinergic
side effects, benzodiazepines)

Serum chemistry and electrolyte
analysis

Neuroleptic Malignant Syndrome

Mild Neurocognitive Disorder (Mild Cognitive Impairment)
Prevalenccof Dcptessionin Patients with Mild
Cognitive Impairment: A Syslemalic Review and
Meta -Analysis
JAMA Psychiatry 2017;74:58-67
Purpose: to estimate the prevalence of depression in
L-idnnduatsinrith mild cognitive impairment.
Methods: Review of articles with patients with
mdd cognitive impairment as a primary study
group, reported depression /depressive symptoms
usvig a ta ' dated tool, and reported die prevalence
of depression in patients with mild cognitive
impairment.
tesnlts: Pooled prevalence of depression patients

•nth add cognitive Impairment was 3ft (SS\ Cl
2/-3ft|. Pievalencein community -based populations
(25%.95% C119-30) was significantly lower than
clime-based populations (40%. 95% Cl 32-48).
Conclusions: P-evalenceof depression in patients
with mild cognitive impairment is high.

Definition
• cognitive changes with measurable deficits in one or more cognitive domains
• preservation of independence or minimal impairment in ADLs and lADLs and not meeting criteria

for major NCD
• amnestic (precursor to AD) vs. non-amnestic

Epidemiology
• mild NCD: 2-10% at age 65 and 5-25% by age 85

Risk Factors
• non-modifiable: age. history of stroke or heart disease, and apolipoprotein E (APOE) E4 genotype
• modifiable: educational level and vascular risk factors (e.g. hypertension, diabetes mellitus, obesity)

Clinical Features
• cognitive impairment with different subtypes

• single domain vs. multiple domains (e.g. memory, visual spatial function, attention, executive
function, language)

r n
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amnestic (memory impairment) vs. nonamnestic (memory function preserved)
• amnestic subtype is the most common and most associated with AD pathology

important to ascertain that memory complaints represent change from baseline
•neuropsychiatric symptoms:depression (50%), irritability, anxiety, aggression, and apathy

Investigations
•establish a baseline for follow-up
•clinical interview with patient and caregivers is the cornerstone of mild NCD evaluation, including

detailed family history
•neuropsychological testing

MMSE (not sensitive to early cognitive change) or MoCA (more sensitive); should be done in
conjunction with a history and neurological exam or with other neurocognitive tests

• if abnormal, follow-up in one year to monitor cognitive and functional decline
•neuroimaging

• role uncertain; a non-contrast brain CT is often ordered to evaluate for structural abnormalities
(CVD,SDH, Nl’H, or mass lesion); a MK1 is helpful to establish baseline and to look for other
possible reversible causes of cognitive impairment

•other testing to exclude treatable conditions (e.g. B •- deficiency, hypothyroidism, seizures,
autoimmune encephalitis) and underlying psychiatric conditions (e.g. depression)

Treatment
•non-pharmacologic management:exercise training for 6 mo is likely to improve cognition; insufficient

evidence to support or refute cognitive intervention, it may improve outcome on select cognitive
measures

•pharmacologic management: monitoring and management of hypertension and other vascular risk
factors is recommended

•no evidence for cholinesterase inhibitors, anti-inflammatory agents

Prognosis
•development of major NCD for age £65 is 14.9% after 2 yr
•relative risk of major NCD is 3.3 after 2-5 yr

—SSi—Mild vs. Major
|

r I
NCD duo to
Alzheimer's disease

• Frontotemporal
•NCO withLcwy
• Vascular NCO
• Other causes o< NCO

(traumatic brain injury.
substance mcdicatcn

use,HIVinfection,
prion disease,
Parkinson s disease,
Huntington s disease)

NCO
bod N

ussagw
V

Frontal lobo Temporal lobe
|

Executive 8chaviour
function • Apathy

Language Memory
• Semanbc

• Oisinhibbon dementia
• Non-fluent
progressive
aphasia

Figure 18. Major NCD classification

Major Neurocognitive Disorder (formerly Dementia) Sensitivity and Specificity
Tool Sensitivity Specificity

• see Psychiatry. PS24 MMSE 81% 82%
Clinical 85%
Judgment

82%Definition
• acquired, generalized, and (usually) progressive impairment of cognitive function associated with

impairment in ADLs/IADLs (e.g. shopping, food preparation, finances, medication management)
• diagnosis of major NCD requires presence of significant cognitive decline from a previous level of

performance in one or more cognitive domains (complex attention, executive function, learning and
memory, language, perceptual-motor, or social cognition) based on:

a) concern of the individual or a knowledgeable informant AND
b) substantial impairment in cognitive performance either documented by standardized

neuropsychological testing or quantified clinical assessment. see Psychiatry, PS24
• in comparison, mild NCD does not affect ADLs

mild NCD represents an intermediate stage between major NCD and normal aging

Epidemiology
• major NCD: 1-2% at age 65 and reaching as high as 30% by age 85
• major NCD due to AD is uncommon before age 60
• major NCD due to frontotemporal lobar degeneration has an earlier onset and represents a

progressively smaller fraction of all NCDs with increasing age

Etiology
• see Table 14, N23
• reversible causes:alcohol (intoxication or withdrawal, Wernicke’s encephalopathy), medication

(benzodiazepines, anticholinergics), heavy metal toxicity, hepatic or renal failure, Bi2 deficiency,
glucose, cortisol, thyroid dysfunction, NPH, depression (pseudodementia), intracranial tumour, SDH,
and hypercalcemia

• must rule out delirium

OSMN 76% 80%

Vitamin Biz Deficiency Symptoms
• Macrocytic anemia, pallor. SOB,

fatigue, chest pain, palpitations
• Confusion or change in mental status

(if advanced)
• Decreased vibration sense
• Distal numbness and paresthesia
• Weakness with UMN findings
• Diarrhea,anorexia

<§>
Major NCD Considerations for
Management

ABCDs
Aff ective disorders. ADLs
Behavioural problems
Caretaker, Cognitive medications and
stimulation
Directives.Driving
Sensory enhancement (glasses/hearing
aids)History

• “geriatric giants”
confusion/incontinence/falls
memory and safety (wandering, leaving doors unlocked, leaving stove on, losing objects, driving)

• behavioural (mood, anxiety, psychosis, suicidal ideation, personality changes, aggression)
polypharmacy and compliance (sedative hypnotics, antipsychotics, antidepressants,
anticholinergics)

• ADLs and IADLS
• cardiovascular, endocrine, neoplastic, renal KOS, head trauma history

n
L J

Most common causes of rapidly
progressive neurodegenerative
dementia are CJD, frontotemporal lobar
dementia, tauopathies. diffuse Lewy
body disease, and AD
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• alcohol, smoking
• collateral history
• family history'

Physical Exam
• blood pressure
• hearing and vision
• neurological exam with attention to signs of parkinsonism, UMN findings
• general physical exam with focus on CVD, patient-specific risk factors, and history
• MMSE or MoCA, clock drawing, frontal lobe testing ( go/no-go, word lists, similarities, proverb)

Investigations
• rule out reversible causes

• CBC ( note MCV for evidence of alcohol use and Bt:deficiency), glucose, T'SH, BID, RBC folate
• electrolytes, Ll'Ts, renal function, lipids, serum calcium

CT head, MRI as indicated, SPECT (optional)
as clinically indicated: VDRL, HIV, ANA, anti-dsDNA, ANCA, ceruloplasmin, copper, cortisol,
toxicology, heavy metals

• issues to consider
failure to cope, fitness to drive, caregiver capacity and wellbeing, power of attorney, legal will,
advanced medical directives, patient and caregiver safety

Features of Early Major NCD vs.
Normal Aging
Early Signs of
Major NCD

Normal Aging

Forgetting Hie
names of close
relations
Increased frequency
of forgetting
Repeating phrases'
stories in the same
conversation
Unpredictable mood
changes

Forgetting the names
of acquaintances

Briefly forgetting part
ofaneipenence
Not putting away
tingsproperty

Mood changes
in response to
appropriate causes
Changes in usual
interests

Decreased interest
in activities and
difficulty making
choices

Table 14. Selected Causes of Major NCD (Dementia)
Etiology Key Clinical Features Investigations
PRIMARY DEGENERATIVE
AUhemet's disease Cholinesterase Inhibitors for Dementia with lewy

Bodies (OlBj.Parkinson's Disease Dementia
( POD) and CognitiveImpairmeut ihParkinsoo's
Disease (CIHDPD)
Cochrane DB Syst Per 2012;3:CD0065M
Purpose: Ic assessBedhaq :‘ rMMt «it-
cholmesterase inhibitors in Dll.POD.and CIND-PD
Methods: Review of erodes hoc databases
including NEDLINE. EMEASE. Psyr INFO, and DMAHL
Results: ThesihesrrI2i5 l ddkdtd
demonstrated therapeutic beseht of choinesterase
inhibitors for globel assessment cognitive function,
behavioural disturbance, cndadrwtmsof daify
living.Chniinesterase iih&tmswe-? associated
with increased adierse events (OR161) and drop out
(OR 1.94).Adverse events were more corn on with
rivastigmne but not*to doeepezl Fewer deads
occurred in the treatment goto (OR 0.21)
Conclusion: Cur.-ea er deace swsorts use of
cholinesterase m-oitorsfor patents wits POO. baths
role in 0 L8 and CINO PO rssti!: .-dea-

CT or Itfil.FOS PEI orSPECTMemory impairment
Aphasia, aprama. agnosia

Visual hallucinations
Parkinsonism
Fluctuating cognition
REM sleep behaviour disorder

Severe neurolepticsensitivity
Behavioural presentation:disrnhibrtion. perseveration.
decreased social awareness, mental rigidity, memory relatively spared
Language presentation:progressiva non-fluent aphasia, semantic dementia
Chnrea
Neurapsychiatnc symptoms

Dementia with Lewy bodies CT or MRI.SPEC!

Frontofenporal dementia (e.g. Pick 's
disease)

CT or MRI.SPEC!

Genetic testingHuntington's disease

VASCULAR
Vascular cognitive impairment (previously Bradyphreuia wrtboet features of parkinsonism (slow thinking, slow rate of CT or IttL SPECT

learning, slow gait)
Dyseiecntive syndrome
May be abrupt onset
Stepwisedeterioration dclass* but progressive deterioration is most
common
Systemic signs and symptoms of vasculitis

Mufti - rafarct dementia )

CHS vascu’rtis ANA:ANCA:RF
Cl or MRI
Angiography

INFECTIOUS
Chronic meningitis Fever. HA.nausea (triad ofteo absent m cases of chronic meningitis)

Meningismns
Localizing neurological deficits
Fever. FLA
Increased ICP
Localizing neurological def ats

CT.MR1.IP

Chronic encephalitis

Chronic abscess
CTorMSI
Owth contrast.MRI

Seelnfect ccs Osrait: 1327 KIV serology
Rapidly progressive, nyocloaits.akinetic mutism, parkinsonism,or cortical EEC.Cl or MRI. IP
symptoms
Ataiia. myoclonus, tabes dorsalis

HIV
Crer.ttfe:dt-Jakob disease

SypteSs IP.CT.or MRI
VDRL

TRAUMATIC
DrPose aioualshear.epidural hematoma,

subdural hematoma
Trauma Hi
Increased ICP.papilledema
Localizing neurological signs

0.MRI

RHEUMATOIOGIC
SLE See Rheumatology, Shill MRI

A*A_ anti- dsONA r m
NEOPLASTIC
Primary or secondary brain lumour
(metastasis).
paraneoplastic encephalitis

L.J

Cl with contrastIncreased ICP
Localizing neurological signs

Systemic symptomsotcaccer
MRI
Paraneoplastic antibodies

OTHER
Normal pressure hydrocephalus +Gail disturbances

Urinary incontinence
SeeNeurosL-tp;-y. »S9

CTotMRL
large volume IP
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Major or Mild Neurocognitive Dementia due to Alzheimer’s
Disease

*• see Psychiatry, PS24
4 As and one Dof AD
Anterograde amnesia
Aphasia
Apraxia
Agnosia
Disturbance in executive function
(Anterograde amnesia plus at least one
of the other features is required for AD
diagnosis)

Definition
• beyond criterion for NCD, the core features of AD include an insidious onset and gradual progression

of cognitive and behavioural symptoms
• typical presentation: amnestic

mild phase: impairment in memory and learning sometimes accompanied with deficits in
executive function

• moderate-severe phase: visuoconstructional/perceptual-motor ability and language may also be
impaired

• social cognition tends to be preserved until late in the course of the disease
• atypical nonamnestic presentation (one of the following):

1.language:aphasia, word-finding difficulty
2. visuospatial: object agnosia, prosopagnosia, simultanagnosia, alexia, limb apraxia
3. executive: reasoning, judgment, and problem-solving are affected

Pathophysiology
• genetic factors

minority (<1%) of AD cases are familial (autosomal dominant), associated with early onset AD
(<65 yr)

• 3 major genes, responsible for 5-10% of early onset AD cases, for autosomal dominant AD have
been identified:

amyloid precursor protein (chromosome 21), presenilin 1 (chromosome 14), presenilin 2
(chromosome 1)

the E4 polymorphism of APOE is a susceptibility genotype (e2 is protective)
note: APOE cannot serve as a diagnostic marker because it is only a risk factor and neither
necessary nor sufficient for disease occurrence

• pathology (not necessarily specific for AD)
gross pathology

diffuse cortical atrophy, especially frontal, parietal, and temporal lobes (hippocampi)
microscopic pathology

senile p-amyloid plaques (extracellular deposits of amyloid in the grey'matter of the brain)
loss of synapses
neurofibrillary tangles (intracytoplasmic paired helical filaments with amyloid and
hyperphosphorylated tau protein)

loss of cholinergic neurons in the nucleus basalis of Meynert that project diffusely throughout
the cortex

biochemical pathology
50-90% reduction in action of choline acetyltransferase

Epidemiology
• 1/12 of population 65-75 yr
• up to 1/3 population >85 yr
• very rare <65 yr
• accounts for 60-90% of all dementias (depending on setting and diagnostic criteria)

Risk Factors
• age is the greatest risk factor
• genetic susceptibility polymorphism:APOE c4 increases risk and decreases age of onset
• other factors include: TBI, family history, Down syndrome, low education, and vascular risk factors

(e.g. smoking, HTN, hypercholesterolemia, DM)

Clinical Features
• cognitive impairment

• memory impairment for newly acquired information (early)
deficits in language, abstract reasoning, and executive function

• behavioural and psychiatric manifestations (80% of those with major NCD)
mild NCD: major depressive disorder and/or apathy

• major NCD: psychosis, irritability, agitation, combativeness, and wandering
• motor manifestations (late)

gait disturbance, dysphagia, incontinence, myoclonus, and seizures

Investigations
• perform investigations to rule out other potentially reversible causes of dementia
• EEC: usually normal in mild-moderate stages, slow waves in moderate-advanced stages. May observe

generalized slowing (nonspecific)
• MR1: preferential atrophy of the hippocampi and precuneus of the parietal lobe:dilatation of lateral

ventricles; widening of cortical sulci

Down syndrome predisposes to early
onset of AD fi.e. age of ~40) due to three
copies of the amyloid gene (amyloid
precursor protein)

Vitanin E and Doaepebl far the Treatment of Mild
Cognitive Impsinnent
IEIM 2005:3522379-88
Purpose:In investigate the eScacy ofrtarnir Eor
dorepeal ia sieving the progresses ofMl ia paSects
with rrri!d cognitive impairment
Methods:Patientsnrittr ttie asaesiic sstitype of
mild cognitive apartment were randomly assigned
to receive vrtasnaE(2000IIIdaily),donepezi (10 ng
daily),or placet»!cr 3yr.
tesilts;DonepezL tart aot vitamin E.reducedtie
Hrettood of progression toIDdiringSefirst12
mo(P41.04).bot neither dooepeslco-r tiaras E
significantly redacedthe iikelhood of progression
to AD after 3 yr
Condisioo Athough donepezi:redcced tie rate
of progressionaM) daring tieSrstCmo.dbadno
sigaiScait effect after 3 yr

See Landmart leirology Trial taSe for more
Wotmaimoa Are CATIE-SD trial.liretrial
aamined the eflectsof timeaodtreatment oa
oeoropsyckoJogica! fsnctiocmgduring the CHaical
Aatrpsyctotic Inalsof die Intervention ESecSieness-
AtzPermer’sDiseasestudy
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•SPECT: hypoperfusion in temporal and parietal lobes
•PET imaging using Pittsburgh compound B (P1B) as a tracer enables imaging of (1-amyloid plaque in

neuronal tissue
• FDG-PET can be used to identify regional patterns of cortical hypometabolism and can be helpful

to distinguish AD from other causes of dementia (e.g. FTD, DLB)
•LP: p-amyloid protein can be measured in CSP
•Note: common investigations in a clinical setting include ruling out reversible causes with Woodwork,

CSP studies, and MR1 brain ± EEG.The remainder of the tests are less frequently done or done so in a
research setting

Treatment
•acetylcholinesterase inhibitors (donepezil, rivastigmine, galantamine) slow the decline in cognitive

function
•do not prolong life expectancy but reduce morbidity
•relative contraindications: bradycardia, heart block, arrhythmia, CHF, CAD, asthma, COPD, ulcers, or

risk factors for ulcers and/or G1 bleeding
•galantamine is contraindicated in patients with hepatic/renal impairment
•memantine is an NMDA-receptor antagonist that has some benefits in later stage AD (i.e. when MMSE

<17)
•behavioural symptom management

1. pharmacologic
low dose neuroleptics for agitation (neuroleptics may worsen cognitive decline)
trazodone for sleep disturbance
antidepressants (SSRls)

2. non-pharmacologic
redirection
explore inciting factors for behaviour and modify behaviour of patient or caregiver
family support and daycare facilities

Prognosis
•mean duration of survival after diagnosis is approximately 10 yr, reflecting the advanced age of the

majority of individuals rather than the course of the disease
•death commonly results from aspiration

Major or Mild Neurocognitive Dementia with Lewy Bodies
(formerly Dementia with Lewy Bodies)

Definition
• NCD characterized by progressive cognitive impairment (with early changes in complex attention,

executive, and visuospatial function) and recurrent complex visual hallucinations
• core diagnostic features (a diagnosis of probable DLB must have at least two core features,one is

essential for possible DLB)
fluctuating cognition with pronounced variations in attention and alertness
recurrent visual hallucinations that are well formed and detailed
one or more spontaneous cardinal features of parkinsonism (bradykinesia, rest tremor, or
rigidity) with onset subsequent to development of cognitive decline
REM sleep behaviour disorder

• suggestive/supportive features
severe sensitivity to neuroleptic medications (rigidity, neuroleptic malignant syndrome,
extrapyramidal symptoms)
repeated falls, syncope, or transient episodes of unexplained loss of consciousness
auditory or other non-visual hallucinations, systematic delusions, and depression

Etiology and Pathogenesis
• Lewy bodies (eosinophilic cytoplasmic inclusions) found in both cortical and subcortical structures
• mixed DLB and AD pathology is common

Diagnostic Features
• indicative

« low striatal dopamine transporter uptake on SPEC1or PET
• supportive

relative preservation of medial temporal structures on CT/MRI
generalized low uptake on SPECT/PET perfusion scan with reduced occipital atrophy
abnormal (low uptake) 123-l-metaiodobenzylguanidine ( M1BG ) myocardial scintigraphy
prominent slow wave activity on EEG with temporal lobe transient sharp waves

Epidemiology
• 0.1-5% of the general elderly population
• Lewy bodies are present in 20-35% of all dementia cases (more common in males)

n
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Treatment
• only symptomatic treatments available
• cognitive symptoms: acetylcholinesterase inhibitors (e.g. donepezil and rivastigmine)
• REM sleep behaviour disorder: melatonin, clonazepam (use with caution in patients with cognitive

impairment and gait disorders)

Prognosis
• average duration of survival 5-7 yr

Major or Mild Frontotemporal Neurocognitive Dementia
(formerly Frontotemporal Dementia)

Definition
• group of disorders caused by progressive cell degeneration in the brain's frontal or temporal lobes

deficits in executive function (e.g. poor mental flexibility, abstract reasoning, response inhibition,
planning/organization, increased distractibility) with relative sparing of learning, memory, and
perceptual-motor function

• “probable” is distinguished from “possible" frontotemporal NCD by:
evidence of causative frontotemporal NCD genetic mutation, from either family history or genetic
testing
evidence of disproportionate frontal and/or anterior temporal atrophy on MR1 or CT
evidence of frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPEC1’

Behavioural Variant FTD
• most common variant
• insidious onset: must show progressive deterioration of behaviour and/or cognition by observation or

history
• typically early symptom presentation (i.e. within the first 3 yr)
• at least 3/5 of the following symptoms must be present and persistent/recurrent:

behavioural disinhibition (socially inappropriate behaviour, impulsive, careless)
apathy or inertia (decreased initiation or continuation of behaviour, requiring cues/prompts, less
likely to initiate or sustain conversations)
loss of sympathy or empathy (diminished response to others’ needs/feelings, social interest)
preservative, stereotyped, or compulsive/ritualistic behaviour
hyperoralitv and dietary changes (binge eating, increased consumption of alcohol/cigarettes or
inedible objects)

Language Variants (Primary Progressive Aphasia)
• prominent decline in language ability, in the form of speech production, word finding, object naming,

grammar, or word comprehension
• three subtypes

nonfluent/agrammatic variant PPA (NEAV-PPA) or progressive nonfluent aphasia (PNl-'A):
non-fluent, laboured articulation/speech, anomia, preserved single word comprehension, word-
finding deficit, impaired repetition

• semantic variant PPA (SV-PPA) or semantic dementia (SD):fluent, normal rate, anomia,
impaired single word comprehension, intact repetition, use words of generalization (“thing") or
supraordinate categories (“animal” for “dog”)
logopenic progressive aphasia (LPA): naming difficulty and impaired repetition

FTD Movement Disorders
• corticobasal degeneration (CBD) (see Parkinson's Disease, N33)
• progressive supranuclear palsy ( PSP) (see Parkinson's Disease, N33)

Etiology and Pathogenesis
• unknown, however there is likely a genetic/familial component (40% have family history of early onset

NCD)
• genetic variants:MAPI gene (tau), PGRN gene (progranulin), VCP gene, TARDBP gene (TDP-43),

CHMP2D gene, C90RE72 gene (associated with ETD-ALS)
• unlike AD, ETD does not show amyloid plaques or neurofibrillary tangles, instead it is characterized

by severe atrophy and specific neuronal inclusion bodies
• gross changes: atrophy in the frontal and anterior temporal lobes, cortical thinning, possible

ventricular enlargement
• histological changes:gliosis, swollen neurons, microvacuolation, inclusion bodies in neurons/glia (Tau

or TDP-43)

Epidemiology
• 4th most common cause of dementia (5% of all dementia cases)
• common cause of early-onset NCD in individuals <65 yr

Prognosis
• median survival being6-11 yr after symptoms onset and 3-4 yr after diagnosis
• survival is shorter and decline is faster than in typical AD
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Major or Mild Vascular Neurocognitive Dementia
Definition
• dia.gnosis of major or mild NCD with determination of CVD as the dominant if not exclusive

pathology that accounts for the cognitive deficits
• vascular etiology suggested by one of the following:

» onset of cognitive deficits is temporally related to one or more cerebrovascular events
evidence for decline is prominent in complex attention (including processing speed) and frontal-
executive function

• neuroimaging evidence of CVD comprises one or more of the following:
one or more large vessel infarct or hemorrhage
a strategically placed single infarct or hemorrhage (e.g. angular gyrus, thalamus, basal forebrain)
two or more lacunar infarcts outside the brainstem
extensive and confluent white matter lesions

• for mild vascular NCD: history of a single stroke or extensive white matter disease is sufficient
• for major vascular NCD: history of two or more strokes, a strategically placed stroke, or a combination

of white matter disease, and one or more lacunae is generally necessary
• associated features supporting diagnosis: personality and mood changes, abulia, depression,

emotional lability, and psychomotor slowing
Etiology and Pathogenesis
• major risk factors are the same as those for CVD (e.g. H I N , DM, smoking, obesity, hig

levels, high homocysteine levels, other risk factors for atherosclerosis, atrial fibrillation, and
conditions increasing risk of cerebral emboli )

• major or mild vascular NCD with gradual onset and slow progression is generally due to small vessel
disease leading to lesions in white matter, basal ganglia, and /or thalamus

• cognitive deficits can be attributed to disruption of cortical-subcortical circuits

h cholesterol

Epidemiology
• second most common cause of NCD
• prevalence estimates for vascular dcmentia / NCD range from 0.2-13% ( by age 70), 16% (ages 2:80) to

44.6% (ages S90)
• higher prevalence in African Americans
• prevalence higher in males than in females

Creutzfeldt-Jakob Disease
Definition
• rare degenerative, fatal brain disorder caused by prion proteins causing spongiform changes,

astrocytosis, and neuronal loss
rapidly progressive and common features include cognitive impairment, myoclonus, ataxia,
akinetic mutism, weakness, visual changes, etc

• most common forms are sporadic (85%), hereditary (5-10%), and acquired (<1%)

Investigations
• CSF analysis, MK1 brain (cortical (i.e. cortical ribbon sign) and /or subcortical (i.e. hockey stick sign)

FLAIR changes), EEG (periodic complexes)
• definitive diagnosis is by brain biopsy

Treatment
• symptomatic management of seizures and movement disorders, and neuropsychiatric symptoms but

there is no known cure for CJD

Prion proteins have a normal form and
an infectious form, which results from
conversion of the protein from a-helix
(normal) to 0-pleated sheet (abnormal);
these abnormally folded proteins
aggregate leading to neuronal loss

Aphasia
Definition
• an acquired disturbance of language characterized by errors in language production, writing,

comprehension,or reading

Neuroanatomy of Aphasia
• Brocas area (posterior inferior frontal lobe) is involved in language production (expressive)
• Wernicke’s area (posterior superior temporal lobe) is involved in comprehension of language

(receptive)
• angular gyrus is responsible for relaying written visual stimuli to Wernicke's area for reading

comprehension
• arcuate fasciculus association bundle connects Wernicke s and Brocas areas

>99% of right-handed people have left
hemisphere language representation
70% of left-handed people have left
hemisphere language
15% have right hemisphere
representation, and 15% have bilateral
representation

representation.
n
L J

+
Types of Paraphasias
Semantic (e.g. “chair" for “table")
Phonemic (e.g.“dable" for “table")
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Assessment of Language
• assessment of context

• handedness (writing, drawing, toothbrush, scissors), education level, native language, learning
difficulties

• assessment of aphasia
• spontaneous speech (fluency, paraphasias, repetition, naming, writing, neologism,

comprehension - auditory and reading)

Aphasia localizes the lesion to the
dominant cerebral hemisphere

APHASIA s
1
fIRUENCY

# NON- FLUENT aUENT #
5
©

COMPREHENSION

Poor Poor GoodGood

REPETITION
Poor Good Poor Good Poor Good Poor Good

NAMING

Poort r 1 rPoof POO', r

Broca's
PooS -

Motor TCA* Wernickes Sensory TCA* Conduction
3 rPoof Poor

t r , - - |Po°r

Global Mixed TCA* Anomic

LESION LOCALIZATION
Posterior inferior frontal Sensory andmotor
lobe and poster or
superior temporal lobe

TCA-transcortiCal aphasa

^Transcortical aphasias are typically associated wth cerebral anoxa le.g.post-Ml,CO poisonrg, nypotersior t

Posterior inferior Frontal lobe watersf^ed Posteror superior Temporopsrets
.-. 2*^ - r: L -rT.- . -rr-
'.C'i = PC*'- Tr"t2'=i

baseen MCA and ACA errporal obe
fienaories

transcortical regions frontal lobe ocsosforleson

Figure 19. Aphasia classification

Apraxia
Definition
• inability to perform skilled voluntary motor sequences that cannot be accounted for by weakness,

ataxia, sensory loss, impaired comprehension, or inattention

Clinicopathological Correlations

Table 15. Apraxia
Description HemispheresTests

Blowing out amatch,combing Left
one's hair

Preparing and mailing an Right andleft
envelope
Copying a figure
Dressing

Ideomotor Inability to perform skilled
learned motor sequences
Inability to sequence actionsIdeational

Constructional-
Dressing*

Inability to draw or construct

Inability to dress

Right andleft

Right
’Refers specifically to the inability to carry out the learned movements involved in construction, drawing, or dressing:not merely the inability to
construct, draw, or dress. Many skills aside from praxis are needed to carry out these tasks.

L J
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Agnosia
Definition
• inability to recognize the significance of sensory stimuli in the presence of intact sensation and

naming

Clinicopathological Correlations

Table 16. Agnosias
Description Lesion Parietal Lobe Lesions

• Lesions of the dominant parietal lobe
are characterized by Gerstmann's
syndrome: acalculia, agraphia, finger
agnosia, and left-right disorientation

• Lesions of the non-dominant parietal
lobe are characterized by neglect,
anosognosia. and asomatognosia

• Cortical sensory loss (graphesthesia.
astcreognosis. impaired 2 point
discrimination, and extinction) can be
seen with left or right parietal lesions

Bilateral temporo-occipital cortex
Bilateral interior ternporo occipital junction
Inability to name an object presented visually. Bilateral interior temporo-occipital junction
2° to disconnect between visual cortex and
language areas
Visual perception is intact as demonstrated by
visual matching

Apperceptive Visual Agnosia Bilateial temporo- occipital cortex

Associative Visual Agnosia

Inability to recognize lainlliar laces in the Bilateral temporo-occipital areas or right
presence ol Intact visual perception and intact Interior temporo-occipital region
auditory recognition
Inability lo perceive colour
Inability lo identily objects by touch

Prosopagnosia

Coloui Agnosia
Impaired Slcrcognosis

Bilateral interior temporo-occipital lesions
Anterior parietal lobe in the hemisphere
opposite to iheallected hand
Dominant hemisphere parietal-occipital
lesions

finger Agnosia Inability to recognize, name, and point to
individual lingers

Mild Traumatic Brain Injury
Definition
• mild TBI = concussion
• trauma-induced transient alteration in mental status that may involve loss of consciousness
• hallmark symptoms: confusion and amnesia, which may occur within minutes
• loss of consciousness (if present ) less than 30 min, initial CCS between 13-15, post-traumatic amnesia

<24 h
Epidemiology
• 75% of T Bis are estimated to be mild; the remainder are moderate or severe (see Neurosurgery. Brain

Injury,NS37 and Emergency Medicine, ER9)
• highest rates in children 0-4 yr, adolescents 15-19 yr, and elderly >65 yr
Clinical Features
• impairments following mild TBI

somatic: headache, sleep disturbance, nausea, vomiting, and blurred vision
cognitive dysfunction: attentional impairment, reduced processing speed, drowsiness, amnesia
emotion and behaviour: impulsivity, irritability, depression

• severe concussion: may precipitate seizure, bradycardia, hypotension, sluggish pupils
• associated conditions: brain contusion, diffuse axonal injury, C-spine injury

Investigations
• neurological exam to identify focal neurologic deficits
• neurocognitive assessment

* simple orientation questions are inadequate to detect cognitive changes
initial assessment of severity is determined by GCS

mild:13-15, moderate: 9-12, severe: 3-8
* sideline evaluation:Standardized Assessment of Concussion, Westmead Post-Traumatic Amnesia

Scale, Sport Concussion Assessment fool
• neuroimaging

x-ray skull: not indicated for routine evaluation of mild TBI
CT head as indicated by Canadian CT Head Rules
MR1 not indicated in initial evaluation; consider if continued or worsening symptoms despite
normal CT

Extent of retrograde amnesia correlates
with severity of injury
Rjgained from most distant to recent
memories

r T
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Treatment
•observation for the first 24 h after mild TBI because of risk of intracranial complications
•emergency department for assessment if any loss of consciousness or persistent symptoms
•hospitalization with normal CT if GCS <15, seizures,or bleeding diathesis; or abnormal CT scan
•early rehabilitation to maximize outcomes

OT, FT, SLP, vestibular therapy, driving, therapeutic recreation
•pharmacological management of headaches, pain, depression
•CBT, relaxation therapy
•follow Return to Play guidelines (www.thinkfirst.ca)

Prognosis
•most recover from mild TBI with minimal treatment, but some experience long-term consequences
•patients with a previous concussion are at increased risk of subsequent concussions and cumulative

brain injury
•repeat TBI can lead to life threatening cerebral edema (controversially known as second impact

syndrome) or permanent impairment
•sequelae include:

• post-concussion syndrome: dizziness, headache, neuropsychiatric symptoms, cognitive
impairment (usually resolves within weeks to months)
post-traumatic headaches: begin within 7d of injury

• post-traumatic epilepsy: approximately 2% risk post-mild TBI;prophylactic anticonvulsants are
noteffective
post-traumatic vertigo

Neuro-Oncology

Paraneoplastic Syndromes
• see Endocrinology, K56

sTumours of the Nervous System
• see Neurosurgery, NS11

Movement Disorders
Function of the Basal Ganglia

• the cerebral cortex initiates movement via excitatory (glutamatergic) projections to the striatum,

where they then activate two pathways: direct and indirect
direct: cortex activates the thalamus, allowing movement
indirect cortex inhibits the thalamus, preventing movement

+
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Overview of Movement Disorders

Table 17. Movement Disorder Definitions
Subjective genera ned restlessness relieved by voluntary stereotypic movements|e.g.squirming)

Transient loss ofmuscle tone (negative myoclonus)
Slow writhing movements,especially distally

Large-amplitude,involuntary, flinging movements tiiatare most commonly unilateral (hemiballism)

Slow, small amplitude movements

Brief,unpredictable,irregular movements, flowing from one body part to another: can appear purposeful mmilder
forms
Inability to smoothlyperform rapidly alternatingmovements

Any involuntary movement,but the term is often used to describe tirestereotypical movements that come with long-
term neurolepticuse (tardive dyskinesia) or levodopa use(ievodopa induced dyskinesia)
Co-contraction of agonist and antagonist musclescausing sustained twisting movements which can be tonic (dystonic
postures) or phasic (dystonicmovements)

Episodes of haltedmotor action,especially during repetitive actions (e.g. walking)

Brief muscle group contraction that is either focal, segmental,or generated
Spontaneous,fine,fascicular contraction of muscle

Predictable,repetitive,involuntary movements that do not appear to have any purpose|commonly associated with
intellectual disability or autism)
Accelerationof movements e.g.acceleratedwalking Ifestrnation)

Stereotyped,nonrhythmic,and brief repetitive actions due to inner urge
Can be phonic (vocal) or motor and can be suppressed

Rhythmic and involuntary antagonistic muscle contractions

Akathisia
Asterixis
Athetosis

Ballism
Bradykinesia

Chorea
In some cases,dystonias may occur
only during voluntary movements and
sometimes only during specific activities,
such as writing,chewing,or speaking
(task-specific dystonia)

Oysdiadochokinesia

Dyskinesia

Dystonia

Hemiballismus is most often due to a
vascular lesionFreezing

Myoclonus
Myokymia

Stereotypies
Myoclonus can be stimulus-sensitive
(induced by sudden noise,movement,
light, visual threat or pinprick)

Tadiykinesia
Tics

Tremor

In a young patient (<45 yr) must do
TSH (thyroid disease),ceruloplasmin
(Wilson’s disease),and CT/MRI
(cerebellar disease) as indicated by type
of tremor

Movement Disorders
1.Tremor

Table 18. Approach to Tremors
Action-Intention TremorResting Tremor Action-Postural Tremor

Most of the time,essential tremor does
not need treatmentUE>jaw»lE>head

3 6 Hr pillrollmg

Rest while concentrating
“TRAP"

UE>head>lE>tongue

6-12 Hjfme tremor

UE>voice>li

‘5 HT coarse tremor
Sustained posture (outstretched Finger tonose
arms)
± Autosomal dominant FHx
Physiologic,essential tremor. Cerebellar disorders.Wilson's
hyperthyroidism,hyperglycemia, disease.MS.anticonvulsants,
heavy metal poisoning,CO
poisoning,drug toxicity,sedative/
alcohol withdrawal

Affected Body Part
Characteristics

Worse with Associated Sx
Cerebellar findings

Alcohol
• Dampens essential tremor. Potentiates intention tremor during

abstinence (delirium tremens)
• Does not improve resting tremor

of PD

DDi PD.Parkinsonism.Wilson's
disease,mercury poisoning,
severe essential tremor alcohol,sedatives

Treat underlying causeLevodopacarbidopa (Smemet : ). Propranolol,primidone,
topiraraate.and other
anticonvulsants,surgery
(thalamotomy.DBS)

Treatment
DBS

Most common cause of chorea is drug
therapy for PD (levodopa induced
dyskinesias)2. Chorea

• HD, HD-like syndromes, neuroacanthocytosis, SLE, APLA syndrome, Wilson’s disease, CYD, tardive
dyskinesia, senile chorea,Sydenham’s chorea, pregnancy chorea (chorea gravidarum), levodopa
induced dyskinesia

3. Dystonia
• primary dystonia: familial, sporadic (torticollis, blepharospasm, writer’s cramp)
• dystonia-plus syndromes: dopa-responsive dystonia, myoclonus-dystonia
• secondary dystonia: stroke, CNS tumour, demyelination, drugs/toxins ( L-dopa, neuroleptics,

anticonvulsants, Mn, CO, cyanide, methanol)
• heredodegenerative dystonias: Parkinsonian disorders, Wilson’s disease, HD

4. Myoclonus
• physiologic myoclonus: hiccups, nocturnal myoclonus
• essential myoclonus: myoclonus-dystonia with minimal or no occurrence of dystonia
• epileptic myoclonus
• symptomatic myoclonus

Palatal tremor can result from lesion to
the Dentato-Rubro-Olrvary tract

+
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• degenerative disorders: Wilson’s disease, HD,corticobasal degeneration
• infectious disorders: C|D, viral encephalitis, AIDS-dementia complex
• metabolic disorders: drug intoxication/withdrawal, hypoglycemia, hyponatremia, hyperglycemic

hyperosmolar syndrome, hepatic encephalopathy, uremia, hypoxia
• focal brain damage: head injury, stroke, mass

Parkinson’s Disease
Etiology
t sporadic: combination of oxidative stress to dopaminergic neurons, environmental toxins (e.g.

pesticides), accelerated aging, genetics
• familial ( I0%): autosomal dominant a-synudein or LRRK2 mutations, autosomal recessive parkin,

RINK I ,or Dl-l mutation ( juvenile onset)
• M P I P (neurotoxin)

Epidemiology
• prevalence of 0.3% in industrialized countries, but rises with increased age
• second most common neurodegenerative disorder, after AD
• mean age of onset is 60 yr

Associated Factors
• risk:family history, male, head injury, rural living, exposure to certain neurotoxins
• protective: coffee drinking, smoking, estrogen replacement in post-menopausal women

Pathophysiology
• loss of dopaminergic neurons in pars compacta of substantia nigra -> decreased dopamine in striatum

-» 1. disinhibition of the indirect pathway, and 2. decreased activation of the direct pathway -»
increased inhibition of cortical motor areas

• a-synudeinopathy:a-synudein accumulates in Lewy bodies and causes neurotoxicity in substantia
nigra

Key Parkinsonian Features

TRAP
Tremor (resting)
Rigidity
Akincsia /bradykinesia
Postural instability

2015 MDS Clinical Diagnostic Criteria
for PD

• “Clinically Established PD" requires:
• Cardinal Parkinsonism

Manifestations: Bradykinesia with
either resting tremor or rigidity

• 2 or more supportive criteria (clear
and dramatic beneficial response to
dopaminergic therapy, levodopa-
induced dyskinesia, rest tremor of
a limb, and/or olfactory loss/cardiac
sympathetic denervation on MIB6
scintigraphy)

• No absolute exclusion criteria and no
red flags (see full diagnostic criteria -
Mov Disord 2015;30:1591-601)

Clinical Features
• diagnosis is based on clinical features:

1. Negative motor features
bradykinesia:slow, small amplitude movements, fatigue from rapid alternating movements,
difficulty initiating movement

2. Positive motor features
resting tremor: typically 4-6 Hz “pill-rolling” tremor, especially in hands
rigidity: lead-pipe rigidity with cogwheeling due to superimposed tremor

3. Asymmetric onset of tremor, rigidity, bradykinesia
4. Progressive course

related findings: hypomimia (reduced facial expression), hypophonia, aprosody (monotonous
speech), dysarthria, micrographia, shuffling gait with decreased arm swing
freezing of gait: occurs with walking triggered by initiating stride or barriers/reaching
destinations, lasting seconds
postural instability: a late finding that presents as falls
cognition: bradyphrenia (slow to think/respond ), dementia (late finding)
behavioural: decreased spontaneous speech, depression, sleep disturbances, anxiety
autonomic: constipation, urinary dysfunction (nocturia, urgency, frequency), sexual
dysfunction, orthostatic hypotension, clinostatic hypertension
sleep: REM sleep behaviour disorder, insomnia, hypersomnolence

Consider an Alternative Diagnosis if
Atypical Parkinsonism. Poor response to levodopa. Abrupt onset of symptoms

• Rapid progression. Early falls
• Early autonomic dysfunction. Symmetric symptoms at onset. Early age of onset («50 yr)
• Early cognitive impairment
• FHx of psychiatric disorders and/or

dementia
• Recent diagnosis of psychiatric

disease
• History of encephalitis
• Unusual toxin exposure
• Extensive travel history

Treatment
• pharmacologic

• mainstay of treatment: levodopa/carbidopa (Sinemet*) or levodopa/benserazide (Prolopa*)
levodopa is a dopamine precursor. Both carbidopa and benserazide decrease levodopa peripheral
metabolism, decreasing levodopa side effects and increasing its half-life

levodopa-related fluctuation: delayed onset of response (affected by mealtime), end-of-dose
deterioration (“wearing-off"), random oscillations of on-off symptoms
major adverse effect of levodopa:dyskinesia

treatment of early PD: levodopa, dopamine agonists, amantadine, MAOI
• adjuncts: dopamine agonists, MAOI, anticholinergics (especially if prominent tremors), catechol-

O-methyltransferase inhibitors
• surgical

thalamotomy
pallidotomy

• DBS (thalamic, pallidal, subthalamic)
• psychiatric

SSRls first line

r i
1

_
J

+
« TCAs (beware fall risk,cognitive impairment, and worsening symptoms of PD)
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Other Parkinsonian Disorders
Dopamine Agonist therapy in Early Parkinson's
Disease
Cochrane OB Syst Her 2009;2:CDM55(4
Study: Meta -analysisof trialsoidopanne agonsts

- tart) N
Desalts:Twenty-nine trials wertinctaded <n ^5247|.
Dopamineagonists were foand to halt decreased
motor side effects (dyskinesia (OD 0.51).dystoeia (01
0.(4).motor fluctuations|0 R 0.25).hut proirded
poorer symptom control compared to lesodopa.Also,
other side effects were increased (constipation (OD
1.59). hallucinations (OR 1.(9).dullness (OR 1.45)).
Conclusion: Oopammeagonists hare fewer motor
side effects than leiodopa,hut provide worse
sym ptom control and increased rate of other side
effects.

• NCD with Lewy bodies:see Behavioural Neurology, N2I
• progressive supranuclear palsy: tauopathy with limited vertical gaze (downgaze more specific that

can be overcome by the oculocephalic reflex), early falls, wide-based unsteady gait, axial rigidity,
akinesia, dysarthia, and dysphagia

• corticobasal syndrome: tauopathy with varied presentations but classically presenting with
unilateral parkinsonism, dystonia/myoclonus, and apraxia ± “alien limbs” phenomenon; ±
progressive non-fluent aphasia

• multiple system atrophy: synucleinopathy presenting as either cerebellar predominant (MSA-C,
previously olivopontocerebellar atrophy) or parkinsonism predominant (MSA-P, previously
nigrostriatal degeneration ); both are associated with early autonomic dysfunction (urinary
incontinence or orthostatic hypotension, previously Shy-Drager syndrome)

• vascular parkinsonism: multi-infarct presentation with gait instability and lower body
parkinsonism; step-wise decline over time; less likely associated with tremor

Huntington’s Disease
Etiology and Pathogenesis
• genetics: autosomal dominant CAG repeats (with anticipation) in HIT on chromosome 4, which leads

to accumulation of defective protein in neurons
• pathology: global cerebral atrophy, especially affecting the striatum, leading to increased activity of

the direct pathway, and decreased activity of the indirect pathway

Epidemiology
• North American prevalence 4-8 in 100000
• mean age of onset 35-44 yr, but varies with degree of anticipation from 5-70 yr

Clinical Features
• typical progression: insidious onset with clumsiness, fidgetiness, and irritability, progressing over 15

yr to major NCD, psychosis, and chorea
• major NCD: progressive memory impairment and loss of intellectual capacity
• chorea: begins as movement of eyebrows and forehead, shrugging of shoulders, and parakinesia

(pseudo-purposeful movement to mask involuntary limb jerking)
• progresses to dance-like or ballism, and in late stage is replaced by dystonia and rigidity

mood changes: irritability, depression, anhedonia, impulsivity, bouts of violence
• luvenile-onset HD (Westphal variant) characterized by Parkinsonism, dystonia, rigidity, seizures

Investigations
• MK1

• enlarged ventricles, atrophy of cerebral cortex, and caudate nucleus
• genetic testing

• cytosine-adenine-guanine (CAG) trinucleotide repeats within the HIT gene located on
chromosome 4pl6.3

• CAG repeat sizes that result in: meiotic instability (27-35 repeats), reduced disease penetrance
(36-39 repeats), and full disease penetrance (S40 repeats)

Treatment
• no disease-modifying treatment
• psychiatric symptoms: antidepressants and antipsychotics
• chorea: tetrabenazine, amantadine, and neuroleptics
• dystonia: botulinum toxin (for focal dystonia)

Wilson’s Disease
• see Gastroenterology, G37

Dystonia
Epidemiology
• 3rd most common movement disorder after PD and essential tremor n

L J

Clinical Features
• sustained or intermittent twitching movements caused by co-contraction of agonist and antagonist

muscles
• symptoms exacerbated by fatigue, stress, and emotions; relieved by sleep or specific tactile/

proprioceptive stimuli ( “geste antagoniste,” e.g. place hand on face for cervical dystonia)
• more likely to be progressive and generalized if younger onset or leg dystonia

+
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Treatment
• local medical:botulinum toxin
• systemic medical: anticholinergics (trihexyphenidyl, benztropine), muscle relaxants (baclofen),

benzodiazepines, dopamine depletors (tetrabenazine), dopamine for dopa-responsive dystonia
• surgical: DBS,pallidotomy, or surgical denervation of affected muscle

Tic Disorders
Definition
• a tic is a sudden, rapid, recurrent, nonrhythmic, stereotyped motor movement or vocalization
• common criteria

• tics may wax and wane in frequency but have persisted for an extended period of time
onset is <18 yr
disturbance is not attributable to the physiological effects of a substance or another medical
condition

Clinical Classification
• Tourette’s Syndrome: multiple motor and I vocal tics that have persisted for >1 yr since onset
• persistent (chronic) motor or vocal tic disorder: single or multiple motor or vocal tics ( but not both

motor and vocal) that have persisted for >1 yr since onset
• provisional tic disorder: single or multiple motor and/or vocal tics present for < I yr since first tic

onset
• other specified or unspecified tic disorder: symptoms characteristic of a tic disorder but do not meet

full criteria
• secondary tic disorders: encephalitis, C|D, Sydenham's chorea, head trauma, drugs (stimulants,

levodopa), intellectual disability syndromes
• ncurodegcncrativc diseases: neuroacanthocytosis, HD (see Huntington's Disease, N34 )

Tic Types
• simple tics: short duration (msec)
• complex tics: longer (sec), more purposeful and often include a combination of simple tics
• motor tics

• simple: blinking, head jerking, shoulder shrugging, extension of the extremities
dystonic: bruxism (grinding teeth ), abdominal tension, sustained mouth opening
complex: copropraxia (obscene gestures), echopraxia (imitate gestures), throwing, touching

• vocal tics
simple:blowing, coughing, grunting, throat clearing
complex: coprolalia (shout obscenities), echolalia ( repeat others' phrases), palilalia ( repeat own
phrases)

Treatment
• mild tics: education, counselling, supportive care, Comprehensive Behavioural Intervention for T ics
• debilitating tics:a-2 adrenergic agonists (guanfacine, donidine), antipsychotics (e.g. haloperidol,

pimozide), botulinum toxin, topiramate

Tourette’s Syndrome (Gilles de la Tourette
Syndrome)

DSM-V Definition
1. presence of both multiple motor and one or more vocal tics at some point during the illness, although

not necessarily concurrently
2. tics may wax and wane in frequency but have persisted >1 yr since first tic onset (with no tic-free

periods >3 mo)
3.onset is <18 yr
4. not due to effect of a substance or another medical condition

Epidemiology
• estimated prevalence among adolescents 3-8 in 1000 school-age children, M:F=2-4:1

Signs and Symptoms
• tics: wide variety that wax and wane in type and severity (see Tic Disorders- Tic Types)

can be associated with the presence of premonitory feelings or sensations that are relieved by
carrying out the tic
can be voluntarily suppressed for some time
can be worsened by anxiety, excitement, and exhaustion; improved by calm, focused activities

• psychiatric:compulsive behaviour (associated with OCD and ADHD), hyperactive behaviour, “rages,"
sleep-wake disturbances, or learning disabilities

Treatment
• mild tics:(see Tic Disorders -Treatment)
• debilitating tics: DBS, (see Tic Disorders-Treatment)

n
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Prognosis
• typically begins between ages 4-6
• peak severity occurs between ages 10-12,with a decline in severity during adolescence (50% are tic-

free by age 18)
• tic symptoms, however, can manifest similarly in all age groups and across the lifespan

Cerebellar Disorders
Clinico-Anatomic Correlations
• vermis: trunk/gait ataxia
• cerebellar lobe (i.e. lateral): rebound phenomenon, scanning dysarthria, dysdiadochokinesia,

dvsmetria, nystagmus

Symptoms and Signs of Cerebellar Dysfunction
• nystagmus: observe during EOM testing (most common is gaze-evoked nystagmus)
• dysarthria (ataxic): abnormal modulation of speech velocity and volume (elicit scanning/telegraphic/

slurred speech on spontaneous speech)
• hypermetric saccades
• dvsmetria:under/overshooting the target during voluntary movement of limb or eye
• dysdiadochokinesia: impairment of rapid alternating movements (e.g. pronation-supination task)
• rebound phenomenon:overcorrection after displacement of a limb
• intention tremor, typically orthogonal to intended movement, and increases as target is approached
• hypotonia:decreased resistance to passive muscular extension (occurs shortly after injury to lateral

cerebellum)
• pendular patellar reflex:knee reflex causes pendular motion of leg (occurs after injury to cerebellar

hemispheres), pendular reflexes at triceps
• truncal ataxia: on sitting, titubation ( rhythmic rocking of trunk and head )
• ataxic gait: broad-based and lurchinggait, difficulty with tandem gait

Wernicke-Korsakoff Syndrome
• acute ( Wernicke’s encephalopathy) and chronic (KorsakofFs psychosis) disorders caused by thiamine

(vitamin Bl) deficiency, see Psychiatry.PS29
• etiology:alcohol use disorder, gastrointestinal disorders especially malabsorption, surgeries (e.g.

gastric bypass), acquired immune deficiency syndrome, hemodialysis, malignancies
• note that alcohol can also cause a cerebellar ataxia separate from thiamine deficiency; this ataxia can

be due to cerebellar atrophy or alcohol polyneuropathy

Cerebellar Ataxias
Congenital Ataxias
• early onset non-progressive ataxias associated with various syndromes as well as developmental

abnormalities (e.g.Arnold-Chiari malformation, Dandy-Walker cysts)

Hereditary Ataxias
• autosomal recessive:Friedrich’s ataxia, ataxia with oculomotor apraxia, ataxia telangiectasia, ataxia

with vitamin E deficiency
Friedrich’s ataxia: prevalence 2 in 100000; typical onset between 8-15 yr

signs:gait and limb ataxia, weakness, areflexia, extensor plantar reflex, impaired
proprioception and vibration, dysarthria

death in 10-20 yr from cardiomyopathy or kyphoscoliotic pulmonary restriction
• autosomal dominant: most commonly spinocerebellar ataxias (SCAs);30+ types, most commonly due

to CAG repeats
• signs:ataxia and dysarthria, chorea, polyneuropathy, pyramidal and/or extrapyramidal features,

dementia

Acquired Ataxias
• neurodegeneration: multiple system atrophy,SCAs
• systemic:alcohol, celiac sprue, hypothyroidism, Wilsons, thiamine deficiency, vitamin E deficiency
• toxins:CO, heavy metals, lithium, anticonvulsants, solvents
• vascular infarct, bleed, basilar migraine
• autoimmune:MS, Miller-Fischer (GBS)
• primary and secondary neoplasm

n
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Vertigo s
Face/throat
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5• see Otolaryngology.0112
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Amyotrophic Lateral Sclerosis (Lou Gehrig’s Disease)
Definition
• progressive neurodegenerative disease that causes UMN and LMN symptoms and is ultimately fatal

Etiology
• idiopathic ( most common ), genetic (5-10% familial, most commonly C9orf72 mutation, other

mutations include:SOD1,TARDBP)

Pathology
• disorder of anterior horn cells of the spinal cord, cranial nerve nuclei, and corticospinal tract

Epidemiology
• Sin 100000; incidence increases with age

Clinical Features
• limb motor symptoms:segmental and asymmetrical UMN and LMN symptoms
• bulbar findings:dysarthria (flaccid or spastic or mixed), dysphagia, tongue atrophy and fasciculations,

facial weakness and atrophy
• pseudobulbar affect, FI D (up to 10%)
• sparing of sensation, ocular muscles, bowels, bladder, sphincters

Investigations
• EMG:active and chronic denervation and reinnervation, fasciculations
• NCS: to rule out peripheral neuropathy (e.g. multifocal motor neuropathy with conduction block)
• Cl'/MRl: to rule out spinal cord disease/compression

Treatment
• riluzole (modestly slows disease progression)
• symptomatic relief

spasticity/cramping: baclofen, tizanidine (Zanaflex*), regular exercise, and physical therapy
• sialorrhea: TCA (e.g. amitriptyline), sublingual atropine drops, parotid and/or submandibular

Botox* (rare)
• pseudobulbar affect:dextromethorphan and quinidine, TCA,SSR1

• edaravone is FDA and Health Canada approved; reduces functional decline by 33% in early stage ALS
• non-pharmacologic:high caloric diet, ventilatory support (especially BiPAP), early nutritional support

(e.g.percutaneous endoscopic gastrostomy tube), rehabilitation (PI', OT, SLP), and psychosocial
support

Prognosis
• median survival is 3 yr; death is typically due to respiratory failure

iLumbosacrall L_
Figure 22. Regions affected by ALS
Adapted from:https://www.mda.orgdisease’
amyotrophic-lateral.sclerosis/srgn$-antS-
syrrptoms and labels:ALS and Other Motor
Neuron Diseases (2017) lecture by Dr. Aaron
Irenberg

Safety and Efficacy of Edaravone in Bell Defiled
Patients with Amyotrophic Lateral Sderosis:A
fendomised. Double-Blind. Placebo-Controlled
Trial
lancet Heurol 2017 ;16:505-12
Purpose In assess the safety and eScacy of
edararone in patients with earlystage AIS
Methods : 13? early-stage ALS setrests ceefrg
stnogeni incloston criteria wera raodoofy ass g-ed to
recenre 60 mg IV edararone or IV sabre:acridfor 6
cydes (4 weeks/cycle with 2 weeks on.2 weeks off)
for a ‘.ota! treatment duration of 24 weeks
Pnaa-y Outcome: OifferencE in tie lersed ALS
frrbonal Rat.ig Scale (ALSftS-RI score tom
base me to 24 weeks
Besnlts: TheALSFRS- R score caasgewas -5.01|Se
0.64|and - 7.S010.66) in the eda»arone grousard
placebo, respectively. The betweec-grocp ieasl-
sguares mean difference was 2.49 (S6 0.76. 9SV0
039-3.98: P‘0.0013), lias favourrgelareiane.
Airese even's were similara bo3 g-wps
Condnsion: In early-sfage ALS pateris idertiied
c ppst-ooc analysis of a previous pbase 3 study,

edaravone significantly reduced fee decree tf
MSRS-tscores

m
The only interventions shown to extend
survival in ALS are riluzole and use
of BiPAP. Edavarone in early ALS can
decrease functional decline

Other Motor Neuron Diseases
• degenerative

• progressive muscular atrophy (progressive bulbar palsy): only LMN symptoms with
asymmetric weakness, later onset than ALS, 5-10% of patients in ALS centres (considered the
isolated LMN version of ALS)

• primary lateral sclerosis (progressive pseudobulbar palsy): UMN symptoms, later onset, not
fatal, variable disability, 5-10% of patients in ALS centres (considered the isolated UMN version
of ALS)

Red Flags Inconsistent with ALS
Sensory Sx. predominant pain,bowel
Of bladder incontinence ocular muscle
weakness

• genetic
spinal muscular atrophy: paediatric or adult-onset disease with symmetric LMN symptoms
(genetic disorder)
spino-bulbar muscular atrophy (Kennedy disease): speech and swallowing difficulty and limb
weakness (X-linked genetic)

Denervation on EMG
Fibrillations, positive sharp waves,
complex repetitive discharges

r “i
c j

• infectious
• post-polio syndrome
• West Nile infection: residual asymmetric muscle weakness, atrophy

Reinnervation on EMG
Increased amplitude and duration of
motor units +
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Peripheral Neuropathies

Diagnostic Approach to Peripheral Neuropathies
1.differentiate:motor vs.sensory vs.autonomic vs. mixed
2. pattern of deficit:symmetry, focal vs.diffuse; upper vs. lower limb; cranial nerve involvement
3. temporal pattern:acute vs.chronic; relapsing/remitting vs. constant vs. progressive
4. history: PMHx, detailed I Hx, exposures (e.g. insects, toxins, sexual, travel), systemic symptoms
5.detailed peripheral neuro exam:LMX findings,differentiate between root and peripheral nerves,

cranial nerves, respiratory status

Diabetic Neuropathies
• Peripheral neuropathy:pain or loss

of sensation in a stocking-glove
distribution (hands and feet affected
before arms and legs)

• Autonomic anhidrosis, orthostatic
hypotension, impotence,
gastroparesis. bowel, and bladder
dysfunction. Mononeuropathy multiplex: nerve
infarct or compression

• Cranial neuropathy:CN III (pupil
sparing) > IV > VI

• Lumbosacral plexopathy fee.diabetic
amyotrophy)

DDx of Demyelinating Neuropathy
GBS.OOP.paraproteinemia, diphtheria,

amiodarone.Charcot-Marie-Tooth
(including hereditary neuropathy with
liability to pressure palsy), storage
diseases, pressure palsy predisposition,
paraneoplastic

polyradiculopathy
Icauda equina

syndrome)

radiculopathy plexopathy
(brachial)

mononeuropathy
(peroneal)

mononeuropathy
multiplex

polyneuropathyICE)

Figure 23.Pattern of distribution for peripheral neuropathies

Classification
• radiculopathy:dermatomal sensory deficit and myotomal weakness in distribution of single nerve

root (e.g.C7)
• often due to disc herniation or root compression causing radicular pain
» little tactile anesthesia, as dermatomes overlap

• polvradiculopathy: multiple dermatome sensory deficits and myotomal weakness
• due to multiple nerve root lesions (e.g.cauda equina syndrome due to lumbosacral roots lesion)

• plexopathy: deficit matching distribution of a nerve plexus
• due to lesion distal to nerve roots but proximal to origin of individual peripheral nerves

brachial plexopathy
upper (C5-C7):LMX Sx of shoulder and upper arm muscles (Hrb's palsy)
lower (C8-TI):LMX Sx and sensory Sx of forearm and hand (Klumpke’s palsy)
DDx: trauma, idiopathic neuritis, tumour infiltration, radiation, thoracic outlet syndrome
(e.g.cervical rib)

lumbosacral plexopathy ( rare, especially unilateral)
DDx:idiopathic neuritis, infarction (e.g. DM), compression

• mononeuropathy: single nerve deficit
• carpal tunnel syndrome (most common): compression of median nerve at wrist

symptoms:wrist pain, paresthesia first 3 and Vi digits, ± radiation to elbow, worse at night
signs:Tinel’s sign, Phalen’s test, thenar muscle wasting, sensor)'deficit
EMG/NCS:slowing at wrist (both motor and sensory)
etiology:entrapment, pregnancy, DM, gammopathy, rheumatoid arthritis, thyroid disease

Bell’s palsy (most common cranial neuropathy):see Otolaryngology, OT23
• entrapment/compression: ulnar (compression at elbow'), median (at pronator teres), radial (at

spiral groove of humerus), obturator (from childbirth), peroneal (due to crossing legs or surgical
positioning), posterior tibial (tarsal canal)

• mononeuropathy multiplex: subacute involvement of multiple individual peripheral nerves in
asymmetric, non-length-dependent manner; often painful
• must rule out vasculitis or collagen vascular disease; consider MMN (multifocal motor

neuropathy) or MADSAM (multifocal acquired demyelinating sensory and motor neuropathy),
multiple compressive neuropathies

• polyneuropathy: chronic progressive involvement of multiple peripheral nerves in symmetrical,
distal-predominant pattern
• length-dependent, i.e. longest fibres affected first (stocking-glove distribution)

sensorimotor, with progression of dysesthesia earlier and weakness later
etiology: DM (most common ), renal disease, substances, toxins, genetic, SLE, HIV, leprosy,
alcohol, Bi:deficiency

Tinet’sSign
Tap lightly over the median nerve at the
wrist the patients symptoms of carpal
tunnel will be elicited in a positive test

Phalen’s Test
Hold both wrists in forced flexion (with
the dorsal surfaces of the hands pressed
against each other) for 30-60s:test is
positive if symptoms of carpal tunnel
are elicited

Axonal neuropathies have decreased
amplitude on NCS:demyelinating
neuropathies have decreased
conduction velocity on NCS

Ototoxic drugs (e.g.aminoglycosides)
should not be given to diabetics
Sensory neuropathy of the feet prevents
them from adequately compensating for
loss of vestibular function n
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chronic inflammatory demyelinating polyneuropathy (C1DP)
• chronic relapsing sensorimotor polyneuropathy or polyradiculopathy with increased protein

in CSF and demyelination (shown on EMG/NCS)
• course is fluctuating, in contrast with the acute onset of GBS
• treatment: first-line is prednisone; alternatives are plasmapheresis, 1V1G, and azathioprine

Table 19. Differential Diagnosis of Symmetric Polyneuropathy
Etiology Mechanism Course Modalities Investigations

Chronic S/M SiI-Hi : lIn M]Vascular* PAN Ischemic
RH 2 I Evaluation of Distal Symmetric Polyneuropathy:

Hole cl laboratory and Genetic Testing
Meuro'ogy 2005.12:185192
Screening laMests: flood glucose, serum Dr
mil) metabolites, serum protemimmunohication
electrophoresis.
Genetic Testing Indicated for urPtogenic
poTyneuropathy eitnhitingclassic hereditary
neuropathy phenotype.Screen lor CMI1A duplication/
deletion hnd Ci32 mutations.

SIE Chronic Si'M See Rheumaloloqy.Ischemic
RH 11
Soc Rheumatology.Chronic SIMRA Ischemic
RH8

Chronic
Acute

S/AInfectious AionalHIV HIV serology
leprosy serology
Nerve biopsy
lyme serology
IP |t ptolein.no t
cells) IMG
IP It protein) EMC
Genetic testing
Paraneoplastic
antibodies

S/AInliltraliveleprosy

Chronic
Acute

tyme Atonal

Demyelination

M

GBSImmune* M

S/ MCI0P Demyelination Chronic
Atonal /demyelinalron Chronic
Atonal/dcmyelinalron Chronic

HMSN
Paraneoplastic

S /MHereditary

Neoplastic S/ M

SPEPAional/demyelination Chronic S/ MMyeloma
Skeletal bone survey

Atonal Chronic Mlymphoma SPEP
8one marrow biopsy

Aional /Demyelination Chronic S/ MMonoclonal
gammopathy

SPEP
Bone marrow biopsy
GGT, MCVToxin EtOH Atonal

Atonal
Sub-acute
Sub-acute

S/ M
S/MHeavy metals (e.g.

lead)

Medications

Urine heavy metals

Sub-acute S/ MAtonal Drug levels
Easting glucose.
HbAIc, 2 h 0GTT
ISH. T3. T4
Electrolytes.Cr. BUM
Vitamin Bu
Urine porphyrins

Metabolic DM Chronic S/AIschemic/axonal

Chronic
Chronic

S/ MHypothyroidism

Renal failure
Budeficiency
Porphyria

Amyloid

Atonal

S/AAtonal

Nutritional
Other

Sub-acute
Sub-acute

S/ MAtonal
Atonal M

Sub-acute to chronic Si'MAtonal SPEP
Nerve biopsy

A = autonomic:CIDP = chronic irillumrnutory demyelinating polyneuropathy:GGT = gamma-glutamyl transferase; HMSN = hereditary motor sensory
neuropathy:
M = motor; OGTT - oral glucose tolerance test:PAN - polyarteritis nodosa: RA = rheumatoid arthritis:S = sensory;SLE = systemic lupus
erythematosus:
SPEP = serum protein electrophoresis
* Neuropathies of vascular etiology usually present as mononeuropathy multiplex
* Neuropathies of Immune etiology usually piesent as polyradiculopathy

Guillain-Barre Syndrome
Definition
• acute (evolving over 4 wk or less) rapidly evolving demyelinating inflammatory

polyradiculoneuropathy that often starts in the distal lower limbs and ascends

Etiology
• autoimmune attack and damage to peripheral nerve myelin
• usually preceded by viral/bacterial infections
Signs and Symptoms
• sensory:distal and symmetric paresthesias, loss of proprioception and vibration sense, neuropathic

pain
• motor:weakness starting distally in legs and progressing proximally, areflexia
• autonomic: blood pressure dysregulation, arrhythmias, bladder dysfunction

In GBS. IVIG and plasmapheresis lead to
mote rapid improvement, less intensive
care and less ventilation, but do not
change mortality or relapse rate

ri
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GBS is a neurological emergency due to
risk of imminent respiratory failure +
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Investigations
• CSF:albuminocytologic dissociation (high protein, normal WBC)
• EMG/NCS:conduction block, differential or focal (motor>sensory) slowing, decreased 1 -wave,sural

sparing

Treatment
• 1VIG or plasmapheresis, pain management, monitor vitals and vital capacity

Prognosis
• peak of symptoms at 2-3 wk, plateau or resolution at 4-6 wk
• 5% mortality (higher if require 1CU), up to 15°u have permanent deficits

The most commonly identified antecedent
infection in GBS is Campylobacter jejuni

Miller-Fischer Variant of GBS-Triad
• Ophthalmoplegia
• Ataxia. Areflexia

Neuromuscular Junction Diseases

Clinical Approach to Disorders of the Neuromuscular
Junction

Table 20. Common Disorders of the Neuromuscular Junction oMyasthenia Gravis BotulismLambert-Eaton

(early)Ocular;Buliar Paresis Neuromuscular Junction Disease
• Diseases of the NMJ typically feature

prominent fatigability
• Fatigability can be tested by holding

the arms out or by holding the ga2e
in the upward position (especially
in MG)

• Muscle weakness due to fatigability
will improve with rest and/or ice

limb Weakness
Fatigability
Post-Eiercise Enhancement
Reflexes
Anticholinergic Si
Sensory Si
Associated Conditions

N ««
++

GISSSSmall cell carcinoma

Incremental response
Thymoma

Decremental responseRepetitive EMG Stimulation t (rapid stimulation)
(slow stimulation)

Myasthenia Gravis Ca:'channel

Etiology and Pathophysiology
• autoimmune disorder of the NM ), commonly associated with anti-AChR or MuSK antibodies
• 15% of patients with \1G have associated thymic neoplasia, 85% have thymic hyperplasia

Epidemiology
• bimodal age of onset, 20s (mostly women) and 60s (mostly men)

Clinical Features
• fatigable,symmetric, or asymmetric weakness without reflex changes, sensory changes,or

coordination abnormalities
• ocular (diplopia/ptosis), bulbar (dysarthria/dysphagial, and /or proximal limb weakness
• symptoms may be exacerbated by infection, pregnancy, menses, and various drugs
• respiratory muscle weakness may lead to respiratory failure

Investigations
• repetitive stimulation: decrement in amplitude >10%
• single fibre electromyography: shows increased jitter (80-100% sensitivity)
• spirometry: forced vital capacity may be used to monitor adequacy of respiratory effort over time
• AChR antibody assay (50-90% sensitivity); anti-MuSK antibody may be used if seronegative for anti-

AChR antibody
• CT/MR1 chest:screen for thymoma/thymic hyperplasia
• edrophonium (Tensilon*) test: assess for improvement over 2 min following edrophonium injection

(no longer performed)

NO CONTRACTION

® Minyan Wang 2012V

Figure 24. Myasthenia gravis

G
Tensilon! is a drug that inhibits
acetylcholinesterase. It improves muscle
function immediately in MG, but not in a
cholinergic crisis. This test is infrequently
used as this drug is no longer available .
but if performed, a crash cart should be
nearby as respiratory difficulty and/or
bradycardia may occur +
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Treatment
• acetylcholinesterase inhibitors (e.g. pyridostigmine):first line treatment
• corticosteroids (e.g. prednisone):mainstay of treatment if acetylcholinesterase inhibitors not effective
• short-term immunomodulation (e.g.1V1G and plasmapheresis):for crisis
• long-term immunosuppression (e.g.azathioprine, cyclophosphamide, mycophenolate):can be used as

steroid-sparing therapy
• Newer medications that are more disease specific:Eculizumab (complement inhibitor), Efgartigimod

(neonatal l'c receptor blocker)
• thymectomy:option in non-thymomatous AChR-antibody-positive generalized MG (85% remission

rate)

Prognosis
• 30% eventual spontaneous remission
• with treatment, life expectancy is equal to that of a person without MG, but quality of life may vary

Randomized Trial of Thymectomy in Myasthenia
Gravis
MEJH 2016;375:511-22
Purpose: Toconaa -ethe efficacyollkymectoniypMs
prednisone vs. prednisone done in the treatment
of M .
Methods:126 patients with generalized
oonthynomatoos M6 Icliitical class H IV disease <5
years duration and elevated acetylcholine-receptor
antibody) received extended transsternal thymectomy
plus alternate-day prednisone or alternate-day
prednisonealone.
Results: Over 3 years, thymectomy was associated
with a lower time-weighted average Onantitative
HC score as compared to prednisone alone (6.15 vs.
8.99.P'0.001).and a lower average requirement for
dternate-day prednisone (44 mg vs.60 mg. P’O.OOt).
Immunosuppression was required by fewer patients
intbe thymectomy group (1A vs.48%, P<0.001):
they were also hospitalized less frequently for
exacerbations (9% vs. 37%.P<0.001|.
Conclusion: In patients with nonthymomatous MO.
thymectomy improved clinica I outcomes.

Lambert-Eaton Myasthenic Syndrome
Etiology and Pathophysiology
• autoimmune disorder due to antibodies against presynaptic voltage-gated calcium channels,causing

decreased ACh release at the NMJ
• 50-66% are associated with small cell carcinoma of the lung

Clinical Features
• weakness of skeletal muscles without sensory or coordination abnormalities, proximal and losver

muscles more affected
• reflexes are diminished or absent, but increase after active muscle contraction
• bulbar and ocular muscles affected in 25% (vs.90% in MG)
• prominent anticholinergic autonomic sy mptoms (dry mouth>impotence>constipation>blurred

vision)

Investigations
• edrophonium test: no response
• rapid (>10 Hz) repetitive nerve stimulation:incremental response
• EMG: incremental response with exercise
• screen for malignancy, especially small cell lung cancer

Treatment
• tumour removal
• ACh modulation

increased ACh release (3,4-diaminopyridine)
decreased ACh degradation (pyridostigmine)

• immunomodulation:steroids, plasmapheresis, IVIG

|c«» o ^° o4nti-Ca channel
antibodies

a;-channel

tCh

*No AChrelease

NO CONTRACTION

© Minyan Wang 2012J
Figure 25. Lambert-Eaton
myasthenic syndromeBotulism

Etiology and Pathophysiology
• caused by a toxin produced by spores of Clostridium botulinum bacteria, which can enter through

wounds or by ingestion
• infantile botulism is the most common form and is usually from ingestion of honey or corn syrup

Clinical Features
• occur 6-48 h after ingestion
• bilateral cranial neuropathies: ptosis, extraocular muscle weakness, dilated poorly reactive pupils,

dysarthria, jaw weakness, dysphagia
• symmetric descending weakness with paralysis and absent /decreased reflexes
• autonomic dysfunction: nausea, orthostatic hypotension, constipation (paralytic ileus), bladder

distension
• anticholinergic symptoms:dry mouth, constipation, urinary retention
• pattern of paresis often starts with GI symptoms -> extraocular muscle weakness -> dysphagia > limbs

and respiratory involvement
• without prompt treatment, respiratory muscle weakness can lead to respiratory failure

Investigations
• blood test for toxin, stool culture
• CT7MRI to rule out intracranial lesion (normal in botulism)

Treatment
• botulinum anti-toxin:good prognosis with prompt treatment
• supportive therapy as required (monitor respiratory status and assess need for intubation )

r *i
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Myopathies

Clinical Approach to Muscle Diseases

Table 21. Myopathies
Etiology Key Clinical Features Key Investigations

Myalgias
Pharyngeal involvement

Inflammatory Polymyositis (see Rheumatology.
RH16)

tCK
Biopsy;endomysial infiltrates,
necrosis

Dermatomyositis (see
Rheumatology.RH16)

tCKMyalgias
Characteristic rashes
Can be paraneoplastic
SeeRespirology.815

Biopsy:perifascicular atrophy

Sarcoidosis ACE level
Biopsy;granulomas

Weak quadriceps and deep finger » CK
flexors

Inclusion body myositis
B opsy;inclusion bodies

See Endocrro ogy.E25 TSHEndocrine Thyroid ( t or *)
Cushing's syndrome
Parathyroid|t or »|
Medication
Critical illness myopathy

Serum cortisol
Calcium panel

Toxicology screenToxic Medication or toxin history
ICU patient
Hx steroids and nondepolarizing myosin filaments
paralyzing agents
Failure to wean fromventilabon

Biopsy;selective loss of thick

Myalgias
Inflammatory myopathy
Early onset (Duchenne and Becker) Dystrophin analysis:absent

Genetic testing
Dystrophin analysis:reduced
Genetic testing

Infectious Parasitic,bacterial,or viral t myoglobin

Hereditary Dystrophy Duchenne (see Medical Genetics.
MG8)

Becker Progressive proximal muscle
weakness
Calf pseudohypertrophy

Distal myopathy
Myotonia
Genetic anticipation

Exercise-related myalgias,
cramping,and myoglobuminuri

Genetic testingMyotonic dystrophy

Hereditary Metabolic McArdle's t lactate
t serumj’urinary myoglobin
post-exercise

Normal t or * K’-Hereditary Periodic Paralysis “Channelopathy" Episodic weakness
Normal between attacks

Myoclonus,generalized seizures,
dementia,myopathy

Paediatric onset,stroke-like
symptoms,episodic vomiting,
dementia
Progressive ophthalmoplegia,
retinal pigment degeneration,
cardiac conduction abnormalities

Hereditary Mitochondrial MERRF Biopsy,raggedred fibres
Increased lactate

MELAS

Kearns Sayre

MELAS:mitochondrial encephalomyopathy,lactic acidosis,and stroke-like episodes:MERRF:mitochondrial encephalomyopathy with ragged red
fibres
CK:creatine kinase

Myotonic Dystrophy Type1
Etiology and Pathophysiology
• unstable trinucleotide (CTG) repeat in myotonic dystrophy kinase gene (protein kinase) at I9ql3.3,

number of repeats correlates with severity of symptoms, autosomal dominant

Epidemiology
• most common adult muscular dystrophy, prevalence 3-5 in 100000

Clinical Features
• appearance

ptosis, bifacial weakness, frontal baldness (including women ), triangular face giving a drooping/
dull appearance

L J
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•physical exam
» distribution of weakness:distal weaker than proximal (in contrast to other myopathies), steppage

gait
myotonia: delayed relaxation of muscles after exertion (elicit by tapping on thenar muscles with
hammer)

• cardiac:90% have conduction defects (1° heart block;atrial arrhythmias)
• respiratory: hypoventilation 2° to muscle weakness
• ocular: subcapsular cataracts, retinal degeneration, decreased intraocular pressure
• other: DM, infertility, testicular atrophy

EMG:electrical myotonia (waxing and waning discharges, sound like “dive-bomber")

Treatment
•management of myotonia:mexiletine, phenytoin

Prognosis
•no cure, progressive, death usually around 50 yr

Pain Syndromes

Approach to Pain Syndromes
Definitions
• nociceptive pain: pain arising from stimulus causing potential or actual non-neural tissue injury
• neuropathic pain: pain arising from lesion or disease affecting the somatosensory system
• spontaneous pain: unprovoked burning, shooting, or lancinating pain
• paresthesia: spontaneous abnormal non-painful sensation (e.g. tingling)
• dysesthesia: evoked pain with inappropriate quality or excessive quantity
• allodynia: pain response to a non-noxious stimulus
• hyperalgesia: exaggerated pain response to a noxious stimulus

Non-Pharmacological Management
• physical (PT, acupuncture, chiropractic manipulation, massage)
• psychoeducational (CBT, family therapy, education, psychotherapy)

Medical Pain Control
• combination multi-modal therapy is important
• primary analgesics: acetaminophen, NSAIDs (often used for soft tissue injuries, strains,sprains,

headaches, and arthritis), opiates
• adjuvants: antidepressants (TCAs,SSRls), anticonvulsants (gabapentin, carbamazepine, pregabalin),

baclofen, sympatholvtics (phenoxybenzamine), a2-adrenergic agonists (clonidine)

Surgical Pain Control
• peripheral ablation: nerve blocks, facet joint denervation
• direct delivery: implantable morphine pump
• central ablation:stereotactic thalamotomy, spinal tractotomy,or dorsal root entry lesion
• DBS or dorsal column stimulation

• Pinprick sensation mediated by A6
lives

• Pain due to tissue damage is
mediated by C fibres

WHO Pain Ladder
Mild Pain: Non-opioid (acetaminophen
and/or NSAID) ± adjuvant
Moderate Pain:Opioid for mild to
moderate pain (codeine/oxycodone) +
non-opioid z adjuvant
Severe Pain:Opioid for moderate to
severe pain (morphine’hydromorphone)
+ non-opioid:adjuvant

Axonal regeneration is directed by intact
nervesheaths.If the nervesheath is
damaged, axons grow without direction,
become tangled, and form a neuroma.
This can result in ectopic electrical
impulses and neuropathic painNeuropathic Pain

Epidemiology
• affects up to 6% of people (2 million Canadians)

Symptoms and Signs
• hyperalgesia, allodynia
• subjectively described as burning,heat/cold, pricking, electric shock, perception of swelling,

numbness
• can be spontaneous or stimulus evoked, distribution may not fall along classical neuro-anatomical

lines
• associated issues: sleep difficulty, anxiety/stress/mood alteration

Causes of Neuropathic Pain
• sympathetic: CRPS
• non-sympathetic:damage to peripheral nerves

systemic disease:DM, thyroid disease, renal disease, rheumatoid arthritis, MSA
nutritional/toxicitv:alcoholism, pernicious anemia, chemotherapy
infectious: post-herpetic, HIV
trauma/compression: nerve entrapment, trigeminal neuralgia, post-surgical, nerve injury,
cervical/lumbar radiculopathy, plexopathy

n
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•central: abnormal CNS activity
• phantom limb, post spinal cord injury, post stroke, MS

Treatment
•identify/treat underlying cause
•pharmacotherapy

stepwise approach (Canadian Pain Society, 2014). 1st line:gabapentinoids.TCA.SNRI
2nd line: tramadol, opioid analgesics
3rd line:cannabinoids
4th line:methadone, anticonvulsants (lamotrigine, lacosamide), tapentadol, botulinum toxin

•common non-pharmacologic therapies
neuropsychiatry:CBT,psychotherapy
rehabilitation:physiotherapy

•surgical therapies:dorsal column neurostimulator, DBS (thalamus)

Trigeminal Neuralgia
Clinical Features
• recurrent episodes of sudden onset, excruciating, unilateral, paroxysmal, shooting “electric" pain in

trigeminal root territory (V3>V2»V1)
• may have normal sensory exam (if abnormal, think of secondary or structural cause)
• pain lasts seconds/minutes over davs/weeks, may remit for weeks/months
• triggers: touching face, eating, talking, cold wind, shaving, applying make-up

Etiology
• dassic TN: compression of CN V by tortuous blood vessel (usually superior cerebellar artery)
• 2° TN:cerebellopontine angle tumour (5%),MS (5%)
• idiopathic TN

Epidemiology
• F>M;usually middle-aged and elderly

Diagnosis
• dinical diagnosis
• investigate for secondary7 causes, which are more likely if bilateral TN or associated sensory loss

MR1 to rule out structural lesion, MS,or vascular lesion

Treatment
• first line: carbamazepine or oxcarbazepine
• second line: baclofen or lamotrigine
• for medically-refractory classic TN, consider microvascular decompression
• other neurosurgical options for medically refractory7 TN: trigeminal ganglion percutaneous

technique, gamma knife radiosurgery, invasive percutaneous denervation (radiofrequeney/glycerol),
percutaneous balloon microcompression, microvascular decompression

• narcotics not generally recommended

Postherpetic Neuralgia
Clinical Features
• pain persisting in the region of a cutaneous outbreak of herpes zoster
• constant deep ache or burning, intermittent spontaneous lancinating/ jabbing pain, allodvnia
• distribution: thoracic, trigeminal, cervical, lumbar, sacral
• associated symptoms: impaired sleep, decreased appetite, decreased libido

Etiology and Pathogenesis
• destruction of the sensory7 ganglion neurons (e.g.dorsal root, trigeminal,or geniculate ganglia)

secondary to reactivation of herpes zoster infection

Epidemiology
• incidence in those with zoster increases with age (2% in <60 yr, 19% in >70 yr)
• risk factors: older age, greater acute pain,greater rash severity

Prevention
• varicella zoster vaccine (Varivax*) in childhood reduces incidence of varicella zoster
• herpes zoster vaccine (Zostavax* or Shingrix*) reduces incidences of shingles, PHN, and other

herpetic sequelae
Zostavax* is a live vaccine, recommended for patients >60 yr

• Shingrix* is a recombinant vaccine, recommended for patients >50 yr (more efficacious than
Zostavax*)

Herpes Zoster of Trigeminal Nerve
Typically involves VI (ophthalmic
division)
Hutchinson'sSign
Tip of nose involvement predicts comeal
involvement
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Treatment
• medical: TCA (e.g. amitriptyline), anticonvulsants (e.g. pregabalin, gabapentin), analgesia (e.g.

opiates, lidocaine patch), intrathecal methylprednisolone, topical capsaicin
early treatment of acute herpes zoster with antivirals (longer-acting famciclovir and valacydovir
more effective)
treatment of herpes zoster with corticosteroids does not decrease PHN- surgical: spinal tractotomy, dorsal root entry zone lesion, DBS of thalamus

Painful Diabetic Neuropathy
•see hndocrinologv. h16

Approach
•determine if pain is neuropathic or vascular
•more likely neuropathic if pain is present at rest and improves with walking, pain is sharp/tingling,

more in feet -» calves

Treatment
•level A:pregabalin
•level B: venlafaxine, duloxetine, amitriptyline,gabapentin, valproate, rarely opioids, capsaicin

Complex Regional Pain Syndromes
Definition
• regional pain disproportionate to an inciting event (e.g.fracture, stroke), typically lasting 4-6 rvk

Diagnosis
• clinical diagnosis consistent with the Budapest Criteria:

1.continuing regional pain disproportionate to an inciting event
2.patient must have symptoms in 3 of the 4 categories, and must have signs in 2 of the 4 categories

(a sign must be observed at the time of diagnosis):
sensory: hyperesthesia and/or allodynia
vasomotor: temperature and/or skin colour asymmetry
sudomotor/edema:edema, sweating changes,and/or sweating asymmetry
motor/trophic:decreased range of motion, motor dysfunction (weakness, tremor, dystonia)
and/or trophic changes (hair,skin, nail)

3.absence of any other diagnosis that would better explain the signs or symptoms
• bone scintigraphy <5 mo of symptom onset may support diagnosis (negative test does not rule it out)
• MRI may help rule out other causes of regional pain if indicated

Classification
• CRPS type1 (reflex sympathetic dystrophy): minor injuries of limb or lesions in remote body areas

precede onset of symptoms
• CRPS type II (causalgia):injury of peripheral nerves precedes the onset of symptoms

Prevention
• early mobilization after injury/infarction

Treatment
• goal of treatment is to facilitate function
• conservative treatment education,support groups, PT,OT, smoking cessation
• medical: topical capsaicin; ICA; NSAID; tender point injections with corticosteroid/lidocaine;

gabapentin /pregabalin /lamotrigine; calcitonin or bisphosphonates; oral corticosteroids
• surgical: paravertebral sympathetic ganglion blockade
• refer to pain management clinic

r1
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Headache
•see Emergency Medicine. ER23 and lamiiy Medicine. EM36

Clinical Approach
•history

pain characteristics: onset, frequency, duration, intensity, location, radiation, other specific features
(e.g. worse in AM, worse with bending/coughing/Valsalva)
associated symptoms:visual changes, change in mental status, N/ V, fever, meningismus, photophobia,
phonophobia, temporomandibular popping/clicking, jaw claudication, neurological symptoms

• precipitating/alleviating factors (triggering factors, analgesics), medications (especially nitrates,
calcium channel blockers, NSAlDs, anticoagulants), PMHx, l-'Hx

• red Hags (possible indications for CT scan/further investigation ) “SNOOP4”:Systemic symptoms or 2"
risk factors (fever, weight change, immunocompromised); Any focal neurological symptoms on history
or exam;; Onset sudden ('thunderclap'); Older age ( new-onset headache >50 yr); Pattern change;
Positional; Progressive; Precipitated by Valsalva; Pregnancy-CSVT/llH/Preeclampsia

• physical exam
• vitals ( including BP and temperature), Jolt accentuation / Kernig’s/Krudzinski's, MSK examination of

head and neck
• HEEN'l: fundi (papilledema, retinal hemorrhages), red eye, temporal artery tenderness, sinus

palpation, I M|
full neurological exam (including LOG, orientation, pupils (symmetry), and focal neurological deficits)
red Hags: papilledema, altered IOC, fever, meningismus, focal neurological deficits, signs of head
trauma

If CT is negative but clinically there is
suspicion of SAH or meningitis,perform
an LP

Headache DDx

ER VISIT
Ey e (acute angle closure glaucoma,
sinusitis)
Recurrent /Chronic (migraine, tension,
cluster, temporomandibular joint
disease, cervical 0A)
Vascular (SAH. ICH. temporal arteritis)
Infectious (meningitis,encephalitis)
Systemic (anemia, anoxia.CO.pre-
eclampsia)
ICP (mass/abscess.HTN
encephalopathy.IIH)
Trauma (concussion.SOH. epidural
headache)

Classification
•primary

tension, migraine, cluster, autonomic cephalgias, short-lasting unilateral neuralgiform headache
with conjunctival injection and tearing (SUNCT)

Trialof Gakaneiumabin Prevention ol Episodic
Cluster Headache
HE JM 2019:381:132 41
Purpose Toinvestigate the efticacy and safety ol
galcanetumab a t preventive treatment lor cluster
headache.
Methods 106 patients who had m n. oneattacX
every other dry.mm. four total attacks, and mac
eight attacks'd. pi us a history of cluster headache

cdildlti -i) - ' 6 *re « S. r«e lfd3M 11
galcanerumabor placebo, administered SC al
baseline and1 month.
Results: Alter 3 weeks, the mean reduction m the
weekly frequency ol duster headache attacks was
8.2 attacks in the galcanetumab group is.S.2 m the
placebo group (difference. 3.5/wk:95% Cl.0.2-6.7:
P-0.04), and the proportion ol patients who had
a reduction of >60% in headache frequency was
71% and 53%. respecting (P-0.046|. Incidence of
adverse events were similar in both groups.
Conclusion: Galcanetumab reducedthe weekly
frequency of attacks ol episodic cluster headache.

•.secondary
• cervical OA, TM|syndrome, SAH , ICH , stroke, venous sinus thrombosis, meningitis/encephalitis ,

trauma, increased ICP (space-occupying lesion, malignant HTN, or IIH ), temporal arteritis,
sinusitis, acute-angle closure glaucoma, pre-eclampsia, post LP, drugs/toxins (e.g. nitroglycerin
use and analgesia withdrawal ); all can be associated with serious morbidity or mortality

Table 22. Headaches- Selected Primary Types
Tension-Type Migraine Cluster
30 40% -10 - 20% «nPrevalence

Age of Onset
Sex Bias
Family Histoiy
location

15- 40 10 30 20 40
f >M f -M M»f
None
Bilateral frontal
Nuchal-occipital

Unilateral > bilateral (in adults
especially)
Frontotemporal
Hours days
Gradual, worse in PM; can also
be acute
Pulsating, throbbing
Moderate-severe

Retro orbital
Supraorbital
temporal

10 min-2 h
Oaily attacks lor weeks lo months;
mote common early AM or lale PM
Constant , aching, stabbing
Severe (wakes Irom sleep)

Duration
Onset/Course

Minutes days

Gradual, worse in PM
Episodic or chronic
Band- like, constant
Mild- moderate (doesnotwakeyouup
from sleep)
Depression
Anxiety
Noise
Hunger
Sleep deprivation

Ouality
Severity

lightTriggers/Provoking Noise/lighl
Calfe ine/alcohol
Hunger
Stress
Sleep deprivation

Antiepileptics in Migraine Prophylaxis:An
Updated Cochrane Review
C ephalag a 2015:35:51-62
Purpose: lo review the evidence for anticonvulsants
in migraine propItylacbts.
Study:Systematic meta-analysis ol 32 published and
3 unpublished prospective, controlled trials of regular
use of anticonvulsants to prevent migranes and/or
improve quality of life related to migraines.
Results:Sodium valproate and toprramate were
associated with a reduction of 4 d and1d of headache
per month, respecbveiy.and patents taking either
drug were more than 2 times as likely to experience
greater than 50% reducton in headache frequency,
vs.placebo. Neither drag was associated with undue
rates of adverse events, though higher dosesof
topiramate were associated with increased adverse
events.There is insufficient evidence of efficacy with
other antiepileptic drags, including ga'oapentin.for
migraine prophylaxis.
Conclusions: Daily sodium valproate 400 mgand
topiramate 50 mgare well tolerated and effective
in prnpbyf actic treatment nf migraine headache
in adults.

fclOrt

Palliating
Associated Symptoms

Rest Rest Walking around
Red watery eye
Eyelid, forehead swelling
Nasal congestion or rhinorrhea

Unilateral Horner's
Acute Rx

No vomiting
No photophobia

N/V
Photo/phonophobia/osmophobia
t Aura

Management Non pharmacological:
Eliminating known triggers
Healthy lifestyle:sleep, diet (protein
for breakfast),exercise, hydration,
be aware of technology use, vitamin/
minerals
Psychological counseling
Physical modalities (e.g. heat, massage)
Pharmacological
Vitamins/minerals - Magnesium citrate. TCA
Riboflavin (Vitamin B 2), Coenzyme 010, CCB
Melatonin ifinsomnia or difficulty falling Anticonvulsants
asleep
Simple analgesics:Tylenol, NSAlDs

Acute Rxi'Abortive:
NSAlDs
Triplans
Ergotamine
Valproate
Anti-emetics
CGRP Antagonists

02
Sumatriptan (nasal or injection)
Prophylaxis
Verapamil
Lithium
Methysergide
Prednisolone
Valproate
CGRP antibody

r n
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Table 23. Prophylactic Management of Migraine Headaches
Class Evidence Contraindications Side EffectsDrug
p-blockcrs Propranolol

Timolol

Metoprolol
Amitriptyline

Nortriptyline

A Asthma.DM (mask
hypoglycemia)

Fatigue
Depression
lightheadednessA CHF

B
Sedation
Dry mouth
Weight gain
lighlheadcdness
Weight gain,depression, PD (rare)

Weight gam (4.5-9 kg),constipation

Weight gain,elevated liver enzymes/
hyperammonemia, tremor,alopecia,
teratogenic:neural tube defect
Paresthesia,acute angle-closure
glaucoma,weight loss,cognitive:memory
loss, difficulty concentrating, renal stone
(rare)

TCA A Heart disease,glaucoma
Avoid inelderlyC

CCDs Flunariiine
Verapamil

Valproate

Depression,obesity
Heart disease
Liver,, pancreatic disease

A
B

AED A

Topiramate A Renal disease

Table 24. Headaches - Selected Serious but Rare Secondary Types
Meningeal Irritation Increased ICP Temporal Arteritis
Any age
Generalized
Meningitis: houis-days
SAH: thunderclap onset
Severe
Head movement

Any age
Any location
Gradual; worse nocturnal and AM

»60 yr
Temporal

Variable

Agcol Onset
location
Onset/Course

Severe Variable, can be severe
Jawdaudication

Severity

Provoking lying down
Valsalva
Head low
Exertion

Associated Symptoms N/V Polymyalgia rheumatica
Visual loss

Heck stiffness
Photophobia
Focal deficits (e g. CN palsies)
Kernig’ssign
Brudzlnskl'sslgn
Meningismus
CT/MRI with gadolinium.
IP. antibiotics for bacterial
meningitis
Meningitis. SAH

Focal neurologicalsymptoms
Decreased LOC
Focal neurological symptoms
Papilledema

Physical Signs Temporal aitery changes: firm,
nodular. Incompressible, tender

CT/MRI and treatment to reduce pressure Prednisone
See Neurosurgery.IIS6 and NS8

Management
See Rheumatology, RH22

Vasculitis (GCA)Etiology Tumour. CSVT, IIH,malignant HTN

Migraine Headaches
Definition (Common Migraine)
• >5 attacks fulfilling each of the following criteria

• 4-72 h in duration
• 2 of the following: unilateral, pulsating, moderate-severe (interferes with daily activity),

aggravated by routine physical activity
• 1 of the following: N/ V, photophobia/phonophobia/osmophobia
• not better accounted for by another diagnosis

Epidemiology
• 18nu females, 6% males; frequency decreases with age (especially at menopause)
• in pre-pubertal children, more commonly seen in males; post-pubertal, more commonly seen in

females

Etiology and Pathophysiology
• theories of migraine etiology

depolarizing wave of "cortical spreading depression"across the cerebral cortex that may cause an
aura (e.g. visual symptoms due to wave through occipital cortex) and activate trigeminal nerve
afferent fibres

• possible association with vasoconstriction/dilation
• significant genetic contribution
• triggers: stress, sleep excess/deprivation, drugs (estrogen, nitroglycerin), hormonal changes, caffeine

withdrawal, chocolate, tyramines (e.g. red wine), nitrites (e.g. processed meats)

Migraine auras can mimic other causes
of transient neurological deficits (e.g.
TIAs and seizures)

‘‘Menstrual Migraine" Subtype
Migraine headache that is associated
with the onset of menstruation - usually
2 d before to 3 d after the onset of
menstrual bleeding

+
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Signs and Symptoms
• stages of uncomplicated migraine

1. prodrome (hours to days before headache onset)
2. aura
3. headache
4. postdrome

• aura
self-resolving symptom of focal cerebral dysfunction lasting <60 min
e.g.:visual disturbance (fortification spectra - zigzags; scintillating scotomata - spots), unilateral
paresthesia and numbness or weakness, aphasia

• prodrome/postdrome: appetite change, autonomic symptoms, altered mood, psvehomotor agitation
retardation

• classification of migraines
• common migraine: no aura
• classic migraine: with aura (headache follows reversible aura within 60 min)

complicated migraine: with severe/persistent sensorimotor deficits
examples:basilar-type migraine (occipital headache with diplopia, vertigo, ataxia, and altered
LOC), hemiplegic/hemisensory migraine,ophthalmoplegic migraine

acephalgic migraine (i.e. migraine equivalent):aura without headache
status migrainosus: single attack lasting longer than 72 h

Treatment
• avoid triggers
• mild to moderate migraine

• 1st line:NSAlDs (ibuprofen, naproxen )
• moderate to severe migraine

• triptans (most effective), ergots (dihydroergotamine, dihydroergotamine mesylate ( DHH))
• migraine prophylaxis: anticonvulsants (valproate, topiramate,),TCA (amitriptyline, nortriptyline),

propranolol, calcium channel blocker (verapamil )
• medication overuse (use of triptans/opioids/combination analgesics for >10 d/mo, or use of NSAlDs

for >15 d/mo) can lead to medication-overuse headaches

The oral contraceptive pill is
contraindicated with complicated
migraine due to risk of stroke
• Can still use non-estrogen based

forms of birth control (e.g.copper
IUD, Depo-provera shot

If patient presents to ED with severe
migraine and NA/- consider treating
with IV fluids and anti emetics
(chlorpromazine . prochlorperazine)

sSleep Disorders
Overview of Sleep Elements of Sleep History

Initiation of sleep
Events prior to bed
Lights
latency (estimated)
Restless legs
Hallucinations
Maintaining sleep
Number of nighttime awakenings
Sleep walking/talking
Snoring/gasping
Drearm/nightmares
Consequences of sleep
Restorative
Morning headache
Falling asleep In inappropriate setting

Recommendations
• newborn: 18 h sleep (50% REM ), adolescents: 10 h, adults: 7-9 h but most get insufficient amounts
• many older patients have reduced sleep as a consequence of underlying sleep disorders

Sleep Architecture
• PSG measures: EEG, eye movements (electro-oculogram - EOG), EMG, respiratory effort,

oxygenation, ECG

Table 25. Sleep Stage Characteristics
EEG EOG Muscle Tone Other Characteristics

Waking State Alpha waves:high
frequency (8-12 Hz),
moderate amplitude
Beta waves: frequency >13
Hz. low amplitude

*50% Alpha waves (see Slow,roving eye
above),mixed with slow movements
wave activity (theta.
4-7 Hz)
K complexes (high voltage Still
negative and positive
discharges) with sleep
spindles (12-14 Hz) are
central and midline

Delta waves:low
frequency (<2 Hz),high
voltage (>75 pV)

Rapid,blinking High

Marker for very light
quality sleep or sleep
disruption

Stage N1(~5%) Drug Effects on Wakefulness and Sleep
• Antihistamines increase sleepiness
• Stimulants increase arousal
• Caffeine (an adenosine antagonist)

increas wakefulness
• Benzodiazepines reduce amount

of slow wave sleep and cause
sleepiness

• Antidepressants (TCAMAOISSRI)
reduce amount of REM sleep and
prolong REM latency

• Alcohol may hasten sleep onset but
is associated with increased nightime
arousals and poor sleep efficency

High,but gradually
dropping

Stage M2 (-50%) High

Homeostatic sleep
Reduced BP.HR.cardiac
output,RR
Growth hormone release

Irregular respiration
HR variation
Classical dreaming state

StillStage N3 (previously 3
and 4) SJow Wave.Delta
Sleep (-20%)

Low
r^

Sawtooth waves, mixed Rapid eye movements
frequency,low voltage

Rapid Eye Movement
Sleep (~2S%)

Very low

+Avoid sleep medications (especially in
elderly patients) due to increased risk
of falls, pseudodepression, and memory
loss

Activate Windows
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Coma

• see Neurosurgery, NS40

Insomnia
Definition
• difficulty initiating or maintaining sleep, or waking up earlier than desired (leading to sleep that is

chronically non-restorative/poor quality) despite adequate opportunity and circumstances for sleep

Types
• sleep state misperception, psychophysiologic insomnia (learned sleep-preventing associations -

i.e. clock watching), idiopathic (lifelong difficulty)
secondary causes

psychiatric disorders (80% of psychiatric patients): i.e.depression and anxiety (see Psychiatry,

PS12 and PS15)
neurologic disorders: i.e. neurodegenerative disease, epilepsy, neuromuscular disorders
sleep disorders: i.e. RLS (sleep initiation difficulties), sleep apnea (sleep maintenance
difficulties)
medical conditions: i.e. pregnancy, cardiorespiratory (COPD/heart failure), gastroesophageal
reflux disease, pain (arthritis, fibromyalgia, cancer)

drugs/toxins: i.e. caffeine, alcohol, stimulants, antidepressants, steroids, sedative withdrawal
fatal familial insomnia: i.e. rare genetic prion protein mutation causing autonomic
dysfunction

Treatment
sleep log, sleep hygiene, stimulus control, sleep restriction, relaxation response, CBT, melatonin

Sleep Apnea
• see Respirology. R29

Definition
• disorder of breathing in sleep associated with sleep disruption and consequent excessive somnolence

(or drowsiness)

Epidemiology
• >6% of the Canadian population
• correlated with obesity
• significant morbidity: HTN, stroke, heart failure, sleepiness, mortality (accidents)

Types
• obstructive sleep apnea;etiology:collapse of airway due to low muscle tone in deep and REM sleep
• central sleep apnea:no effort to breath >10 s;etiology:heart failure,opiates, brainstem pathology,

myotonic dystrophy
• mixed apnea: combination of both central and obstructive sleep apnea

Diagnosis
• PS(i or ambulatory sleep monitoring device-apnea hypopnea index (AHI) or respiratory disturbance

index (RDI) 5

Treatment
• weight loss, positional therapy, dental devices, CPAP (common), surgery (rare), ensure driving safety

+
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Restless Legs Syndrome and Periodic Limb Movement in
Sleep

•RLS: urge to move legs accompanied by uncomfortable sensations that begin or worsen with rest, is
partially or totally relieved with movement, and is worse in evening/night; these features cannot be
accounted for by another medical/behavioural condition

•PLMS: involuntary, jerking movements of the legs during sleep, diagnosed with PSG
•epidemiology: 10% North Americans, 90% of RLS have PLMS, 50% of patients with PLMS have RLS
•associated conditions: peripheral nervous system (radiculopathy, neuropathy), pregnancy, iron

deficiency, alcohol use, PD, uremia/renal failure

Treatment
•underlying contributors (iron and B 12 supplementation), dopaminergic agonists (first line),

clonazepam (causes tachyphylaxis), gabapentin, opioids (only exceptional circumstances)
•NOT recommended: levodopa/carbidopa (Sinemet*) which causes augmentation

Narcolepsy
Definition
• excessive daytime sleepiness (all narcolepsy), cataplexy (loss of muscle tone with emotional stimuli,

pathognomonic), sleep paralysis (unable to move upon wakening), hypnagogic and hvpnopompic
hallucinations (vivid hallucinations while falling asleep or waking up, respectively)

Epidemiology
• prevalence 1 in 2000, onset in adolescence/early'adulthood; life-long disorder

Etiology
• presumed autoimmune attack on orexin/hypocretin system, post head injur)', MS, hypothalamic

tumours; rarely familial

Diagnosis
• based on clinical history and multiple sleep latency test findings of short sleep latency <8 min and

REM within 15 min of sleep onset on 2/4 naps

Treatment
• sleep hygiene and scheduled brief naps, restricted driving
• alerting agents: modafinil (non-amphetamine stimulant), stimulant (i.e. methylphenidate)
• anticataplectic: TCAs, SSRls, sodium oxybate

Parasomnias
Definition
• unusual behaviours in sleep with clinical features appropriate to stage of sleep

Etiology
• in elderly, REM sleep behaviour disorder may be associated with PD; in children, slow wave sleep

arousals (sleep walking) may be associated with sleep-disordered breathing

Diagnosis
• dinical history in children, polysomnography in adults to exclude nocturnal seizures

Treatment
• behavioural management (safety, adequate sleep), clonazepam for REM sleep behaviour, tonsillectomy

if appropriate in children

nl
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Central Nervous System Infections
• see Infectious Diseases. 1D17 Hypertension Encephalopathy

Acute severe HTN (typically d8P >130
or sBP >200) can cause hypertensive
encephalopathy. Abnormal fundoscopic
exam (papilledema, hemorrhages,
exudates, cotton wool spots), focal
neurologic symptoms. N/V, visual
disturbances, seizures, and change
in IOC

Spinal Cord Syndromes
• sec Neurosurgery. NS34

Stroke

Terminology Consider transfer of acute stroke
patient to a designated stroke centre for
neuroprotective or thrombolytic therapy,
and endovascular therapy (EVT) if the
patient is seen in first few hours

• stroke: focal cerebral, spinal, or retinal infarction in a defined vascular distribution
infarction is permanent tissue injury (confirmed by neuroimaging)

• '11A: transient (<24 h), episode of neurological dysfunction caused by focal brain, spinal cord or
retinal ischemia without acute infarction on CT or MR!

may present with amaurosis fugax (transient monocular painless vision loss)

Early seizure activity occurs In 5-25% of
patients after ICHPathophysiology

•two major types: ischemic (~80%) and hemorrhagic (~20%)

1. ischemic
arterial thrombosis: thrombus formation in artery (local//n situ )

large vessel: stenosis or occlusion of the internal carotid artery, vertebral artery, basilar
artery, or middle/anterior/posterior cerebral arteries

- mechanism: insufficient blood flow beyond lesion ( hemodynamic stroke)
- underlying processes: atherosclerosis (most common cause), dissection , and

vasculitis
small vessel/ lacunar

- mechanism: chronic HTN and DM cause vessel wall thickening and decreased
luminal diameter

- affects mainly small penetrating arteries (primarily basal ganglia, internal capsule,
and thalamus)

• cardioembolic: blockage of cerebral arterial blood flow due to thrombus originating from a
cardiac source

atrial fibrillation (most common ), rheumatic valve disease, prosthetic heart valves, recent Ml,
fibrous and infectious endocarditis

systemic hypoperfusion (global cerebral ischemia)

Cerebral venous sinus thrombosis
should be considered in the differential
diagnosis of stroke and headache. It
is an uncommon cause of either, but
is associated with high morbidity and
mortality. Patients often present with
headache alone, but can have seizures,
focal neurological deficits, or cranial
nerve palsies. This is diagnosed with
MRV or CTV.Treatment is typically
anticoagulation with heparin initially,
then warfarin eventually

20-40% of patients with ischemic
stroke may develop hemorrhagic
transformation within 1 wk after the
initial infarction
Can be exacerbated by reperfusion
injury (distal migration of clot as
it dissolves) naturally or by use of
thrombolytic therapy, endovascular
therapy or anticoagulation

• inadequate blood flow to brain, usually secondary to cardiac pump failure (e.g. cardiac arrest,
arrhythmia, or Ml )
primarily affects watershed areas ( between the major cerebral arterial territories)

2. hemorrhagic
intracerebral hemorrhage

hypertensive (most common): due to chronic arteriosclerosis which predisposes vessels
to focal necrosis and pseudoaneurysm formation eventually leading to intraparenchymal
hemorrhage; most common sites are putamen, caudate nucleus, thalamus, cerebellum, and
pons
other: trauma, amyloid angiopathy (associated with lobar hemorrhage),
malformations, aneurysms, vasculitis, drug use (cocaine or amphetamines)

• SAH, see Ncurosuruerv. NS22

Stroke Syndromes According to Vascular Territory
•ACA:contralateral leg paresis, sensory loss, cognitive deficits (e.g. apathy, confusion, and poor

judgment)
•MCA: proximal occlusion involves

contralateral weakness and sensory loss of face and arm
cortical sensory loss
may have contralateral homonymous hemianopia or quadrantanopia
if dominant (usually left ) hemisphere: aphasia

• if non-dominant (usually right ) hemisphere: neglect
eye deviation towards the side of the lesion (away from the weak side)

$
Blood work should only delay treatment
if patient is on anticoagulants, low
platelet count suspected, abnormal
electrolytes suspected, or any bleeding
abnormality suspected

vascular

Suspect an alternate diagnosis if fever,
decreased LOC, fluctuating symptoms,
gradual onset, no focal neurological
symptoms, and/or positive symptoms

r t
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• PCA
contralateral hemianopia or quadrantanopia

« midbrain findings:CN 111 and IV palsy/pupillary changes, hemiparesis
thalamic findings:sensory loss, amnesia, decreased LOC
if bilateral:cortical blindness or prosopagnosia
hemiballismus

• basilar artery
« proximal (usually thrombosis): impaired EOM, vertical nystagmus, reactive miosis, hemi- or

quadriplegia, dysarthria, ataxia, locked-in syndrome, coma
distal (usually embolic, i.e. top of the basilar syndrome): somnolence, memory and behaviour
abnormalities, oculomotor deficit

• PICA (lateral medullary or Wallenberg syndrome): ipsilateral ataxia, ipsilateral Horners, ipsilateral
facial sensory loss, contralateral limb impairment of pain and temperature sensation, nystagmus,
vertigo, N/V, dysphagia, dysarthria, hiccups

• medial medullary infarct (anterior spinal artery, which can be associated with anterior cord infarct):
contralateral hemiparesis (facial sparing), contralateral impaired proprioception and vibration
sensation, ipsilateral tongue weakness

• lacunar infarcts (deep hemispheric white matter; involving deep penetrating arteries of MCA, circle of
Willis, basilar and vertebral arteries): contralateral face, arm, leg hemiparesis

• Common lacunar syndromes:
sensorimotor stroke: weakness and numbness of the face/arm/leg without other cortical signs (i.e.
aphasia, apraxia, visual loss)
pure motor hemiparesis (posterior limb of internal capsule or ventral pons): contralateral arm,
leg, and face
pure sensory loss (ventral thalamic): hemisensory loss

• ataxic hemiparesis (ventral pons or internal capsule): ipsilateral ataxia and leg paresis
dysarthria-clumsy hand syndrome (ventral pons or genu of internal capsule):dysarthria, facial
weakness, dysphagia, mild hand weakness, and clumsiness

See Landmark Nmrobgr trials for note information
on tire ARISTOTLE triaL It details the efficacy of
a pirtaban.an oraldrectfactorXa inhibitor, in
reducing the risk of stroke, as compared to warfarin.

The National Institute of Health
Stroke Scale (NIHSS) is a standardized
clinical examination that determines the
severity of an acute stroke: it can also be
used to monitor response to treatment
over time
The scale uses 11 items that evaluate:. LOC

• Visual system
• Motor system
• Sensory system
• Language abilities

Scoring (x/42):
0-no stroke
1-4-mild stroke
5-15-moderate stroke
16'20-modcrate to severe stroke
21-42-severe stroke

Aspect Score:10-Point Quantitative
Score to Assess Ischemic Changes on
CT Scan
• 10/10 is normal and <4/10 signifies

high-risk of bleed with rtPA
• Subtract 1point for each of following

structures if abnormal within the
ischemic hemisphere: caudate,
lentiform. insula, internal capsule.
MCA1, 23,4.5.6 regions

Cortical Vascular Territories: Left Hemisphere

O Area of anterior cerebral artery IACA)

G Area of middle cerebralartery (MCA )

G Area of posterior cerebral artery (PCA)Branches of ACA

If rtPA is given at stroke onset, delay
acute antiplatelet/anticoagulation
treatment by 24 hBranches ol

Cortical Vascular Territories: Vontral Surface Absolute Contraindications to rtPA
Any source of active hemorrhage,
any hemorrhage on brain imaging,

any condition that could increase the
risk of major hemorrhage after rtP A
administration

Q Area of anterior cerebral artery { ACA)
I I Area of middle cerebral artery (MCA)

Q Area of posterior cerebral artery (PCA)

BranchesofACA -
(

Branches of MCA A

(fyPCA I<L y
/I 1

A* 1-i

©

r
LJFigure 26. Vascular territories
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Assessment of Acute Ischemic Stroke
Relative Contraindications to rtPA
Historical:history of ICH. stroke or
serious head/spinal trauma in the
preceding 3 mo. major surgery in
the preceding 14 d (risk varies by
procedure), arterial puncture at a non-
compressible site in the previous 7 d
Clinical: suspicious for SAH, suspicious
for another non ischemic acute
neurological condition (e.g. post ictal
Todd's paralysis, focal neurological signs
due to severe hypo- or hyperglycemia),
elevated BP (sBPi180 mmHg, dBP ilOb
mmHg) refractory to treatment, current
use of direct oral anticoagulant
Imaging: early signs of extensive
infarction
Laboratory: blood glucose <2.7 mmol/L
or >22.2 mrnolfl, elevated aPTT. INR >1.7,
platelet count <100 x 103/mm3

General Assessment
• ABCs, full vital sign monitoring, capillary glucose (Accu-Chek*), urgent CODE STROKE if <4.5 h from

symptom onset (for possible thrombolysis), N1 HSS
• LOC (knows age, month; obeys commands), dysarthria, dysnomia (cannot name objects)
• gaze preference, visual fields, facial palsy
• arm drift, leg weakness, ataxia
• sensation to pinprick, extinction/neglect
• history

onset: time when last known to be awake and symptom free
• mimics to rule out: seizure/post-ictal, hypoglycemia, migraine, conversion disorder

• investigations
« neuroimaging: non-contrast CT head (STA1) to rule out hemorrhage, M Kl

vascular imaging: CT angiogram (STAT), carotid dopplers ultrasound, MUA ECCi
• ECCi, Holter monitor, transthoracic echocardiogram: to rule out cardioemholic causes such as

atrial fibrillation
• CBC, electrolytes, creatinine, partial thromboplastin time (PTT)/INR, blood glucose, lipid profile

• imaging ( i.e. CT ± MR or CT angiography) signs of stroke
• loss of cortical white-grey differentiation
• sulcal effacement (i.e. mass effect decreases visualization of sulci )

hypodensity of parenchyma
insular ribbon sign
hyperdense MCA sign
calculate ASPECTS score for CT

See Lard-narkBeurologyTrialsfor mote information
oo tte OSH triaL It deta Is the efficacy anil safety
<f endovascular thrombectomy performed mote
than 6 boom after tbe onset of ischemic stroke in
patents who were well 6-24 h earlier with a mismatch
between clinical deficit end infarct

Treatment of Acute Ischemic Stroke
1. Neuroprotective strategies
• BP, glucose, temperature control (exact targets will depend on clinical scenario)

2. Thrombolysis
• rtPA should be given within 4.5 h of acute ischemic stroke onset provided there are clinical indications

and no contraindications to use (see sidebar)

3. Intra-Arterial Mechanical Thrombectomy
• early endovascular treatment of proximal anterior circulation occlusion has significant benefit on

outcomes
26 hours: with small-to-moderate ischemic core on CT
6-24h:CT perfusion used to select patients with large mismatch volume
l 'or basilar occlusions: weigh risks and benefits

• current standard of care is IV tPA t mechanical thrombectomy

4. Anti-Platelet Therapy
• loading dose of antiplatelets at presentation of 'llA or stroke if rtPA not received

• loading dose of ASA: recommended dose 160 mg chewed
if patient intolerant to ASA, use another antiplatelet agent (e.g. dopidogrel 300 mg)

• IfTIA or minor stroke ( NIHSS 24), load with ASA and dopidogrel and treat with dual antiplatelet
therapy for 21 d / 3 wk (ASA 8I mg and dopidogrel 75 mg)

• ASA 81 mg or dopidogrel 75 mg daily should be continued indefinitely for secondary prevention
• Dual antiplatelets should not be continued for >90 d as risk of hemorrhage is significantly

increased beyond this point

5. Acute Anti-Coagulant Therapy
• delay initiation/hold oral anticoagulation depending on size of infarct and presence of petechial/frank

hemorrhage

Other Acute Management Issues
• avoid hyperglycemia which can increase the infarct size
• lower temperature if febrile (febrile stroke: think septic emboli from endocarditis)
• prevent complications

NPO if dysphagia (to be reassessed by SLP)
• DV T prophylaxis if bed-bound
• initiate rehabilitation early

SeeLacdmarkdeurologyTrialsfor more information
oa tbe SPAfiCL triaLIt details whether statins reduce
the risk of strokeafter a recent stroke or II*.

Evalualiag for Occult Atrial Fibrillation - CRYSTAL
IF Trial
ICJU 2014:370:2473 SS
Purpose lo investigate optimal methods for using
E(C to detect If ib alter ciyptogenic stroke.
Methods :«1 patens >40 yr with no evidence of
*f Ib during >24 h ECG nronrloring lece red long tein
monitoring with an mseitable cardiac monitor ( ICM )
or comrtntionel follow- up (control).
Results incidence of (Fib detection in the ICM group
*S.the contiol group was8.9% vs.1.4% at G mo
(haiard ratio.6.4:9S% Cl. 1.9 21.7; P-0.0011, and
12.4% n.2.0% at 12 mo (7.3 (2.0-20.8); P<0.001|.
respectrrefy.
Conclusion FoUowmgciyp'.ogenic stroke. ECO
monitoring with ICM was more effective than
cooientional follow-up lor detecting *f ib.

Carotid endarterectomy needs to be
done within 2 wk of the ischemic event
for the most benefit

r i
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Blood Pressure Control
• do not lower the blood pressure unless the HTN is severe
• antihypertensive therapy is withheld for 48-72 h (permissive hypertension ) after non-thrombolysed

ischemic stroke unless sBP >220 mmHg or dBP >120 mrnHg, or in the setting of acute Ml, renal
failure, aortic dissection (IV labetalol first-line if needed )

if patient receives tPA, target BP 180/105 mmHg
• acutely elevated BP is necessary to maintain brain perfusion to the ischemic penumbra
• most patients with an acute cerebral infarct are initially hypertensive but their BP will improve within

1-2 d

Stroke Rehabilitation
• individualized based on severity and nature of impairment; may require inpatient program and

continuation through home care or outpatient services
• multidisciplinary approach includes dysphagia assessment and dietary modifications, communication

rehabilitation, cognitive and psychological assessments including screen for depression, therapeutic
exercise programs, assessment of ambulation and evaluation of need for assistive devices, splints or
braces, vocational rehabilitation CHADS2

St roke risk stratification for patients
with atrial fibrillation
CHF (1point)
HIN sBP >160 mmHgftreated HTN (1
point)
Age >75 yr (1point)
DM (1point)
Prior Stroke or TIA|2 points)

Primary and Secondary Prevention of Ischemic Stroke
Anti-Platelet Therapy
• primary prevention

no firm evidence of a protective role for antiplatelet agents in low-risk patients without a prior
stroke/TIA

• secondary prevention
initial choice:ASA,but other antiplatelet agents reasonable alternatives (clopidogrel or ASA/
dipyridamole)
longer-term use of combined ASA and clopidogrel not recommended for secondary prevention
unless there is an alternate indication (e.g.coronary drug-eluting stent requiring dual antiplatelet
therapy),due to increased risk of bleeding and mortality

ABCD;Score
To predict/identify individuals at high-
risk of stroke following TIA
Age:1point for age >60 yr
Blood pressure (at presentation):
1point for HTN
(>140/90 mmHg at initial evaluation)
Clinical features:2 points for unilateral
weakness.1point for speech
disturbance without weakness
Duration of symptoms:1point for
10-59 min.2 points for >60 min
DM:1point
Stroke risk:0-3:low-risk.4-5:
moderate risk.6-7: high-risk

Carotid Stenosis
• primary prevention (asymptomatic)

carotid endarterectomy is controversial: if stenosis >60%, risk of stroke is 2% per yr; carotid
endarterectomy reduces the risk of stroke by 1% per yr (but 5% risk of complications)

• secondary prevention (previous stroke/ TIA in carotid territory)
carotid endarterectomy clearly benefits those with symptomatic severe stenosis (70-99%), as well

Surgery. VS9
• according to the CREST trial, endarterectomy and carotid stenting have similar benefits in a

composite endpoint of reduction of stroke, Ml, and death; however, in the periprocedural period,
stenting results in a higher rate of stroke, while endarterectomy results in a higher rate of Ml

Atrial Fibrillation
• primary and secondary prevention with anticoagulation

classical risk stratification used CH Al)S2 score (0-6), but Stroke 2014 guidelines recommend that
virtually all patients with atrial fibrillation without contraindication be anticoagulated

0 (low-risk, 1.9% annual stroke risk): antiplatclet
I ( intermediate risk. 2.8% annual stroke risk): anticoagulant or antiplatelet - patient specific
decision

See laadnurk Nevtology lulls for IBOIC Mounition
on the MMMMBurn.It complies the efficacy ol
p eruUMOcnliiiuluniMlangioplasty and stenting
(PUS) 1«aggiessire ordeal management in
Intracraaialarterial stenosis.

Endovascular Thrombectomy after large-VCssel
Ischemic Stroke:AMeta -Analysis ol Individual
f alien!DataIron fivt landomiitdTrills
Lancet 2016:387:1723-1731
Faipcst:To compare theefficacy of endovascular
thrombectomy to standard medical care In patients
nidiacute ischemic stroke doe to occlusion ol the
ptosnalinterior circulation.
Study: A neta-analysis of individual patient data from
5 BCTs (US UEAN.ESCAPE,REVASCJI.SWIFT PRIME,
and EXTENDIA).
Results: De:a fion128? indrvidual patents (634
assigned to endorascular thrombectomy and653
assigned to control) were analyzed.The number
needed to treat to reduce dsabildyfor one patient by
at least one level on the modified Rankin Scale,which
measures dsabiity and dependence in activities of
dally bring,was 2.6.Mortality at 90 d and risk of
parenchymal hematoma andsymptomatic ICH didnot
differ between the endorascular thrombectomy and
control groups.
Conclusion:Most pabents—irrespective of patient
characteristics or geographical location—with aente
setemc stroke caused by occlusion of lireprmimal
anterior circnlation benefit from endovascular
thrombectomy.

* >2 (high- risk, 4-18.2% annual stroke risk): anticoagulant
• anticoagulation therapy

* warfarin (titrate to INR 2-3)
* direct oral anticoa

PO BID), rivaroxa
gulants (DOAC): dabigatran (110 or 150 mg PO BID), apixaban (2.5 or 5 mg
ban (15 or 20 mg PO once daily), or edoxaban (30 or 60 mg once daily) may

be alternatives to warfarin and generally have a lower risk of ICH
- Praxbind* reversal agent for dabigatran if necessary
- Andexanet’ reversal agent for apixaban and rivaroxaban if necessary
- do not use DOAC in patients with mechanical heart valves or AT with valvular heart

disease

Hypertension
• primary prevention

targets: BP <140/90 mmHg (sBP <120 mmHg for high-risk without diabetes (SPRINT trial) or
<130/80 mmHg for diabetics or renal disease)
ACE1:ramipril 10 mg PO once daily is effective in patients at high-risk for cardiovascular disease
(HOPE trial)

• secondary prevention
combination of ACEI and thiazide diuretics are recommended in patients with previous stroke/
TIA ( PROGRESS trial)

r
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Hypercholesterolemia
• primary prevention

statins in patients with CAD or at high-risk for cardiovascular events, even with normal
cholesterol (CARE trial)

• secondary prevention
target LDL <2 mmol/L (or 50% reduction in LDL); high dose atorvastatin (SPARCL trial) but
lower doses may be adequate if intolerable

Type 1 and Type 2 Diabetes
• HbAlc <7%, fasting blood glucose 4-7 mmol/L, 2 h postprandial plasma glucose target 5-10 mmol/L

Smoking
• primary prevention: smoking increases risk of stroke in a dose-dependent manner
• secondary prevention:combination of pharmacological therapy and behavioural therapy should be

considered in all smoking cessation programs; after smoking cessation, the risk of stroke decreases to
baseline within 2-5 yr

Physical Activity
• beneficial effect of regular physical activity has a dose-related response in terms of intensity and

duration of activity

ACE Inhibitor in Stroke Prevention - HOPE Trial
NEJM 2000:342:145-153
Study: Randomined. blinded, placebo-controlled
trial.Mean follow-upSyr.
Patients: 929? patients >55 yr (mean age 66 yr.73%
men) wbo had evidence of vascular dsease or OH plus
oneother carctiwascutar risk factor and who were not
known to haie a low ejection fraction or heart failure.
Intervention:lamipril 10 mg POonce dadyn.
matching placebo.
Main Outcomes:Stroke.Ml.or dealt from
cardiovascular causes.
Results:

Cerebral Hemorrhage
• definition: intracranial bleeding into brain parenchyma or epidural, subdural or subarachnoid spaces
• etiology:head trauma, aneurysm,AVM,cavernous malformation, brain tumour, hemorrhagic stroke

Investigations
• general investigations: see Assessment and Treatment of Acute Ischemic Stroke, N53
• further investigations, when clinically indicated:

LP (if suspect SAH despite negative CT)
may require cerebral angiogram if suspecting aneurysm or AVM
if typical location for hypertensive hemorrhage, repeat CT head in 4-6 wk after hemorrhage has
resolved to rule out an underlying lesion

Outcome RRR (95%CI| HNT (Cl)
Stroke 32% (16-44) 67(43-145)
Ml, stroke, or 26 (19-43) 22% ( W-30|
CV modality

M-cause
modality

16% (5-25) 56 (32-195)

Treatment
• medical

anti-hvpertensives: no conclusive BP target ranges for managing 1CH exist; 2020 Canadian
Stroke Best Practice Guidelines suggest that SBP<140-I60 mmHg for the first 24-48h post-lCH is
reasonable

• 1CP lowering medical management (if necessary): see Neurosurgery, NS8
• surgical: see Neurosurgery, NS25

Ireatmtntwith ramipril reduced the riskofstroke
(3.4% vs.4.9%: RR 0.68;M.001).
Conclusions: In admits at high-risk for cardiovascular
fronts, ramipril reduced the risk of stroke, as well
as other vascular events and overall modally.In
addition.ACEI reduce risk of stroke beyond their
hypertensive effect.

Neurocutaneous Syndromes Relapsing
remitting |~| n 11 l~l l~l. see Paediatrics, P89 rl Progressive f| nIMultiple Sclerosis 8 1“

Progressive
SDefinition

• a chronic inflammatory disease of the CNS characterized by relapsing-remitting or progressive
neurologic symptoms due to inflammation, demyelination, and axonal degeneration

Epidemiology
• global prevalence -2.8 million
• onset 17-35 yr; l;:M=3:l
• genetic

• polygenetic: the HLA-DRB1 gene has been demonstrated to be a genetically susceptible area
• 30% concordance for monozygotic twins, 2-4% risk in offspring of affected mother or father

• environmental
MS is more common in regions with less sun exposure and lower stores of vitamin D ( Europe,
Canada, US, New Zealand, Southeast Australia)
MS has also been linked to certain viruses (e.g. EBV )

Clinical Patterns
• clinically isolated syndrome (CIS): first clinical episode that is suggestive of MS
• relapsing-rcmitling ( RRMS) 85%, primary progressive (PPMS) 10%, progressive relapsing (PRMS) 5%,

secondary progressive (SPMS)
• most RRMS goes on to became SPMS

Progressive
relapsing

Time

Figure 27. Clinical patterns of MS

Most symptoms in MS are due to cord,
brainstem, and optic nerve lesions

1
J

Chronic Cerebrospinal Venous
Insufficiency (CCSVI)
A theory proposed in 2008 described
abnormal venous blood flow in patients
with MS: while some RCTs are still
underway, recent studies have largely
discredited this highly controversial
theory. That is. studies indicate no
connection between CCSVI and MS
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Clinical Features
• an MS relapse/attack/exacerbation is characterized by the onset of new neurological symptoms lasting

more than 24 h, in the absence of fever or infection
symptoms typically peak over days to weeks, followed by variable improvement over weeks to
months
in KKMS, average 0.4-0.6 relapses per yr, but higher disease activity in first yr of disease

• symptoms include numbness, visual disturbance (optic neuritis), weakness, spasticity, diplopia (e.g.
1NO), impaired gait, vertigo, bladder dysfunction

• Lhermitte's sign: llexion of neck causes electric shock sensation down back into limbs suggestive of a
dorsal cervical cord lesion

• UhthotT’s phenomenon: worsening of symptoms in heat
• SPMS:classically presents with progressive weakness and gait dysfunction with cerebellar findings

of arms (i.e. intention tremor); associated features: fatigue, depression, subtle cognitive dysfunction,
autonomic dysfunction

• symptoms not commonly found in MS:visual field defects, aphasia, apraxia, progressive hemiparesis
• negative prognostic factors include age >40 at onset, male sex, non-White ethnicity, frequent relapses,

moderate or severe relapse, multi-system relapse (motor, sensory, cerebellar, brainstem, etc.),
incomplete recovery, high MRI lesion burden, presence of brainstem and/or spinal cord lesions

Diagnosis
• demonstration of both dissemination in time and space based on the revised McDonald criteria (2017)

• dissemination in time:>2 attacks (lasting at least 24 h with 30 d between the 2 attacks),
simultaneous presence of gadolinium enhancing and non-enhancing MKI lesions at any time,or
a new T2 and/or gadolinium-enhancing lesion(s) on follow-up MRI, presence of CS1; oligoclonal
bands
dissemination in space:>1 T2 lesions on MRI in at least 2 of the 4 CNS regions (periventricular,
cortical/juxtacortical, infratentorial, or spinal cord) or developing a second attack that implicates
a different CNS region

MS Variants
• Devic’s = neuromyelitis optica (NMO):severe optic neuritis and longitudinally extensive transverse

myelitis extending >3 vertebral segments (aquaporin-4 antibody positive)
• tumefactive MS:solitary lesion >2 cm mimicking neoplasms on MRI
• fulminant MS (Marburg): rapidly progressive and fatal MS associated with severe axonal damage,

inflammation, and necrosis
• paediatric MS:onset of MS before the age of 18

epidemiology: rare (1.35-2.5 in 100000 children)
presentation: more likely to present with isolated optic neuritis, isolated brainstem syndrome,or
symptoms of encephalopathy compared to adults
course:98% have RRMS
diagnosis and treatment similar to adult MS
differential diagnosis: in the setting of nonspecific CS1:abnormalities and MRI evidence of white
matter lesion, rule out ADEM (acute disseminated encephalomyelitis), optic neuritis, transverse
myelitis, neuromyclitis optica,CNS malignancies, stroke, leukodystrophies, and mitochondrial
disease

• ADEM: monophasic demyelinating disorder with multifocal neurologic symptoms with
encephalopathy seen mainly in children, often following infection

Investigations
• MKI: demyelinating plaques appear as hyperintense lesions on T2-weighted MKI, with active lesions

sometimes showing enhancement with gadolinium
typical locations: periventricular, corpus callosum, cerebellar peduncles, brainstem, juxtacortical
region, and dorsolateral spinal cord
Dawson's fingers: periventricular lesions extending into corpus callosum

• T1 “black holes"
cranial MKI is more sensitive than spinal MRI

• CSE: oligoclonal bands in 90%, increased IgG concentration
• evoked potentials (visual/auditory/somatosensory): delayed but well-preserved wave forms

Treatment
• acute treatment: methylprednisolone 1000 mg IV daily x 3-7 d (no taper required) or prednisone 1000-

1250 mg PO daily x 3-7 d (no taper required); if poor response to corticosteroids, may consider plasma
exchange

• long-term treatment:vitamin D 4000 units/d
• disease modifying therapy (DMT)

goals:decrease relapse rate,decrease progression of disability, slow accumulation of MRI lesions
first line: teriflunomide, interferon-(3 (injection:Betaseron*, Avonex", RebiP),glatiramer acetate
(injection:Copaxone*), dimethyl fumarate (Tecfidera*)
second line: natalizumab (Tysabri*) (monthly IV infusion), fingolimod (Gilenya*), ocrelizumab
(Ocrevus*), alemtuzumab (Lemtrada*), cladribine (Mavendad*), ofatumumab (Kesimpta*)
increased risk of PML associated with natalizumab; PML may also described with fingolimod,
dimethyl fumarate, and ocrelizumab,but to a lesser degree

The Expanded Disability Status Scale
(EDSS) is used as a measure of disability
progression and is scored from 0 to
10 based on the neurologic exam and
ambulation

Fingolimod for Retapsiag-ilemKting Multiple
Sclerosis
Cochrane 08Syst In 201S;4:C00093)1
Purpose Systematic literature leview of the evidence
for fingo'rod in treatment of relapsing remitting US.
Study:Ueta -analysisod sin RCIs (n-S51S2|
inresbgatiog the be-ehts and harmsof fingolimod
andother disease modifying drugs in the treatment of
relapsmgremitbng US.
Results: Co*pared to placebo and interferon
9-la.tngokmod increases the proba bitty of being
relapse Iteeat 24 m o (RR 1.(4 vs. placebo, RR 1.18
vs.interferon J-la) but has little to no effect on
drsabiHy progression|RR 1.0) us.placebo.RR 1.02
us.interferon 8-1a|.Fingolimod use was associated
with a higher incidence of adverse events and
: V.:-. :- A : " 6 - :
Conclusions: fingolimod significantly redeces
disease activity m relapse-remitting US compared
to placebo bnt does not prevent disability. Its use is
associated winadverse eventsand requiresdose
patient monitoring, particularly within the first 6
mo.Further study is needed to assess the benefits of
fingofimod vs.ether disease modifying drugs.

Recoubinant Interferon 8or Glatiramer
Acetate for DelayingConversion of the first
Demyelinating Kentlo Multiple Sclerosis
Cochrane 08Syst Rer 2008:2*00052)8
Study:Meta analysis of RCIs investigating clinically
isolated syndrome (CIS) paleints treated with
immunomodulatory drugs.
Priaaiy Oatcomes Proportion of pilienll
converting to clinically definite US and adverse
effects
Resalts: Ibree trills|n*1l60) tested the efficacy of
interferon beta (IFH) and no trial lasted glatiramer
acetaie|GA) Ihe pooled odds ratio (OR) lor patents
on FA vs. placebo al1yt was 0.S3(9$% Cl 0.40-0.71.
P<0.0001). Ihe 2 yr follow up OR was 0.52 (95%
Cl 0.38 0.20.P-0.0001) Ibeie was no significant
increase ia adverse events for those on IfH.
Conclusions KK treatment can delay progression lo
cboicaly definite US In patients with CIS over 2 yt.

See lanfcrait neurology Inals for more information
on the PreCISe trial. It details theefficacy ol early
bailment with glatiramer acetate ia delaying onset
of clinically definite multiple sclerosis (MS).
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CIS: early treatment may delay potential second attack; glatiramer acetate, interferons, and
teriflunomide all with RCT data
RRMS:first-line DMT reduces rate of relapse by about 30%;second-line by 50-90%
miS:ocrelizumab infusion (ORATORIO trial 2017)

• SPMS: siponimod (Mayzent*)
•symptomatic treatment

• spasticity: baclofen, tizanidine.dantrolene, benzodiazepine, botulinum toxin
• bladder dysfunction: oxybutvnin, mirabegron

pain: 1 CA, carbamazepine, gabapentin
fatigue: amantadine, modafinil, methylphenidate

• depression: antidepressant, lithium
constipation: high fibre intake, stool softener, laxatives

• sexual dysfunction: sildenafil (Viagra*), tadalafil (Cialis*), vardenafil ( Levitra*, Staxyn*)
•education and counselling: MS Society, support groups, psychosocial issues

Prognosis
•good prognostic indicators: female, young, RRMS, presenting with optic neuritis, low burden of

disease on initial MR1, low rate of relapse early in disease
•FPMS:poor prognosis, higher rates of disability, poor response to therapy

Common Medications
Table 26. Common Medications - Major Issues
Indications Mechanism of

Action/Class
Generic Name Trade

Name
Dosing Contraindications Side Effects

Parkinson's
Disease

Dopamine precursor levodopa *
carbidopa

Sinemet 1 Carbidopa 25 mgjlevodopa Use of MAO inhibitor in
100 mg POTID
Maximum 200 mg
carbidopa and 2000 mg
levodopa/d

Initial: 0.125 mg 110 Hypersensitivity
Maximum: 4.5 mgld
Initial:0.25 mg 110
Maximum: 8 mg
5 mg P0 BIO
1 mg P0 once daily

Nausea, hypotension, hallucinations, dyskinesias
last14 d

Ooparninc agonist pramipcxole
ropinirole
roligoline

Mitpaex '

Rcquip '
Hcupro -

Hdllucinalions, nausea, dirtiness, headache,
insomnia, somnolence, application site reactions
(roligoline)

MA0B inhibitor Concomitant use of
meperidine or tricyclic
antidepressants

MA0B inhibitor Eldepryl ;

Acilect:
H/A. insomnia, dirtiness, nausea, dry mouth,
hallucinations, confusion, orthostatic hypotension,

increased akinesia, risk of hypertensive crisis with
tyraminecontaining foods

N /V.diarrhea , abdominal cramps, increased
peristalsis, incicascd salivation, increased bronchial
secretions, miosis, diaphoresis, muscle cramps,
fasciculalions, muscle weakness, bradycardia

Hemiplegic /basilar migraine, Vertigo, chest pain , flushing, sensation of heat,
ischemic heart disease, CVD. hypeitensive crisis, peiipheral vascular disease,
uncontrolled BIN, use of coronary artery vasospasm, cardiac arrest, nausea,
ergotamine/5'HT1agonist vomibng. HiA. hyposalivation.fatigue
in past 24 h. use of MAO
inhibitor in last 14 d, severe
hepatic disease

Nasal spray 0.5 mg/spiay. Hemiplegiclbasilar migraine, Coronaiy aitcry vasospasm, transient myocardial
maximum 4 sprays/d high dose ASA therapy. ischemia. Ml. ventricular tachycardia.vcntriculai

uncondoned H1N, ischemic fibrillation: may cause significant rebound HIA
heart disease, peripheral
vascular disease, severe
hepatic orrenal dysfunction,
use of triptans in last 24
h.use of MAO inhibitors in
last14 d

Myasthenia
Gravis

Mestinon ’ 600 mg/d P0 divided in
5-6 doses
Range 601500 mg Id

Gl or GU obstructionAcetylcholinesterase pyridostigmine
inhibitor

Imitrex ' 25100 mgP0 PRH,

maximum 200 mg/d
Acute Migraine Iriptan (selective sumatriptan

5-hydroxyl ryptamine
receptoragonist)

drhydroergolamine Migranal 5Ergot (5- HT1D
receptoragonist)

Migraine
Prophylaxis

Topamax Sedation, mood disturbance, cognitive dysfunction,
anorexia, nausea, diarrhea, paresthesias, metabolic
acidosis, glaucoma. SJS/ IEN

80 mgld divided every 6 8 Uncompensated CNF.severe fatigue, cognitive dysfunction, disturbed sleep,
h; increase by 20- 40 mg! bradycardia or heart block. rashes,dyspepsia, dry eyes, heart failure,
dose every 3-4 wk to max severe C0PD or asthma bronchospasm, risk of acute tachycardia and BIN if
160-240 mg/d in divided withdrawal
doses q6-8 h

25 mg P0 (in evening); Nephrolithiasis
may increase weekly by 25
mgld to a max 50 mg 810

Anticonvulsant topiramate

Inderal '0- blocker propranolol

r T
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SJS:Stevens-Johnson Syndrome. TES: toxicepidermal necrolysis
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Table 26. Common Medications - Major Issues
Dosing Side EffectsIndications Mechanism of

Action/Class
Generic Name trade

Name
Contraindications

Epilepsy Start at 100-200 mg P0
once daily to IID.increase
by 200 mgfd up to 800-
1200 mg /d

Anticonvulsant
for partiali2’
generalization,
generalized Ionic-
clonic

Anticonvulsant for phenytoin
partial, tonic-clonic,
status epilepticus

carbamazepine Tegtelol 9 History of bone marrow
depression,hepatic disease, rash, agranulocytosis/aplastic anemia (rare)
hypersensitivity to the
drug,use of MAO inhibitor
in last14 d

Hypersensitivity,pregnancy. Hypotension.SJS/TEN,SLE-type symptoms,gingival
breastfeeding:caution with hypertrophy,peripheral neuropathy.H/A.blood

dyscrasias.nystagmus, N.'V.constipation,sedation,
teratogenic

Drowsiness. H/A. unsteadiness,dizziness. M/V.skin

Dilantin1 100 mg P0 TID,
maintenance dose up to
200 mg P0 TID
SE:10-15 mg/kg IV loading
dose then maintenance

P -450 interactions

doses ol 100 mg P0 or IV
q6 8 h

Depakene 10 -15 mg/kg/d POin
Apo Valproic 9 divided doses, increase

incrementally until
therapeutic dose to max of
60 mg/kg/d

2arontin» 500 mg/d P0, increase by
250 mg every 4-7 d to max
1.5 g/d in divided doses

Hyperscnsitivrty.hepatic Hepatic failure, H/A. somnolence, alopecia.M/V.
disease,urea cycledisorders diarrhea, tremor,diplopia, thrombocytopenia,

hypothermia,pancreatitis,encephalopathy,most
leratogenicAED (dose-dependent)

Anticonvulsant valproic acid
lor partial or
generalized,absence
seizures

Anticonvulsant for ethosuximide
absence seizures

CHS depression,blood dyscrasias,SIE.SJS.61
symptoms

Hypersensitivity
(succinimides)

Stroke
Preventionin
Atrial Fibrillation

Anticoagulant (direct dabigatran
thrombin inhibitor)

Pradaxa! 110 mg P0 BID or 150 mg CrCI'30ml/min.significant Dyspepsia,gastritis,bleeding
hemostatic impairment,or
CNS lesions within 6 mo with
high-risk of bleeding

Concomitant anticoagulant. Bleeding
hepatic disease,pregnancy,
strong CYP3A4 and
P glycoprotein inhibitorse.g.
itraconazole, ritonavir

Active bleeding,
gastrointestinal bleeding,
recent cerebral inlardion,
active peptic ulcer disease
with recentbleeding.
hepatic disease with
coagulopathy
Active bleeding,hepatic Bleeding
disease,CrCI <30ml/min
Hypersensitivity todonepezil Diarrhea,N/V.insomnia,muscle cramps, fatigue,
or to piperidine derivatives anorexia, HTN,syncope,AV block

P0 BID

Anticoagulant (Factor rivaroxaban
Xa inhibitor)

Xarelto - 15 mg PO once daily or 20
mg P0 once daily

Anticoagulant (Factor apixaban
Xa inhibitor)

Eliquis' 2.5 mg P0 BID or 5 mg Bleeding (conjunctival, gastrointestinal, gingival,
contusion,hematoma,epistaxis,hematuria)NII0

Savaysa 1 30 mgP0 or 60 mg P0
once daily
5 mg POonce daily,may
increase to10 mg P0 once
daily after 4-6 wk

Anticoagulant (Factor edoxaban
Xa inhibitor)
Cholinesterase donepezil
Inhibitor

Mild to Moderate
Alzheimer's
Disease or
Dementia with
Lewy Bodies

Aricept -

Multiple Sclerosis MS Disease Modifying interferon-fMb
therapy

Bclaseron
inlerferon -p -la SC Rebil'
interferon p la IM Avonex '

Pregnancy,hypersensitivity Injection site reactions, injection site necrosis,flu-like
lo natural or recombinant
interferon-0

0.25 mg (8 MU) SC every
other day
44 pg SC 3 times/ wk
30 pglM once weekly
20 mg SC once dally

symptoms (fever,chills,myalgia:tend to decrease
over time)

MS Disease Modifying glaliramer acetate Copaxone
Therapy
MS DiseaseModifying natalizumab Tysabn
Therapy

Hypersensitivity to
glaliramer or mannitol
Hypersensitivity
lo natalizumab,
progressive multilocal
leukoencephalopathy (PML)

Hot available

Injection site reactions, nausea, transient chest pain,
vasodilation
Rash,nausea,arthralgia,H/A.infections,rare risk of
PMl and melanoma

300 mg IV given over 1h.
every 4 wk

MS Disease Modifying fingolimod
Therapy
Muscle Relaxant- baclofen
Antispastic

6ilenya: 0.5 mg P0 once daily Diarrhea, transaminitis,H/A.bradyarrhylhmia.
lymphopenia

Hypersensitivity lobaclofen Transient drowsiness, daytime sedation,dizziness.
weakness,fatigue,convulsions,constipation,nausea

Spasticity (Le. lioresal' 5mg P0 TID, increase by
15 mg/dq3dto max dose
80 mg/d in three divided
doses

MS)

SJS:Stevens-Johnson Syndrome,US: toxic epidermal necrolysis
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Landmark Neurology Trials
Trial Name Reference Clinical Trial Details
Stroke
NASCET NEJM 1991:7:445- Title:Beneficial Effect olCarotid Endarterectomy inSymptomatic Patients with High-Grade Carotid Stenosis

Purpose:To assess the efficacy of carotid endarterectomy for reducing stroke risk inpatients witha recent adverse cerebrovascular event and ipsilateral carotid
stenosis.
Methods:659patients with recent|'120d) hemispheric or retinal TIAor nondisablingstroke with70-99%stenosis received optimal medical care.Those
assigned tosurgical treatment underwent carotid endarterectomy.
Results:Esumated cumulative risk of any ipsilateral stroke at 2yr was 26%in medical patientsand9%insurgical patients (absolute risk reduction,17%;
P<0.001).and13.7%and 2.5%,respectively, for major or fatal ipsilateral stroke (10.6%:P'0.001).
Conclusion Carotid endarterectomyeffedively reducesstroke risk in patients with arecent adverse cerebrovascular event and ipsilateral carotid stenosis.
Title:Tissue Plasminogen Activator for Acute IschemicStroke

1995:333:1581- Purpose:To investigate the clinical efficacy of IV rtPAinacute ischemic stroke.
Methods:Patients withacuteischemic stroke randomly assigned to receive rtPA or placebo.
Results:At 24hr.therewas no significant dilferencesin neurologic improvement between rtPA andplacebo.Clinical benelilol rtPAwas observed at 3mo for all
outcome measures.Patientstreated with rtPA were 30%less likely tobe disabledat 3mo.rtPA was associated withsignificantly more symptomatic intracerebral
hemorrhage within 36h after stroke.
Conclusion:When administered within 3h ol ischemic stroke, rtPA improvedclinical outcomes despite a greater risk of symptomatic intracerebral hemorrhage.
Title:Comparison ol Warlarin and Aspirin lor Symptomatic Intracranial Arterial Stenosis
Purpose: To compare the safety and efficacy ol warlarin and aspirin in the treatment ol stroke caused by atherosclerotic intracranial arterial stenosis.
Methods: 569patients with TIA or stroke caused by 50-99% stenosis were randomized to receive waifarin (target international normalized ratio, 2.0-3.0) or
aspirin (1300 mg/rf).
Results:Study stoppedearly due to salety concerns. Adverse events included death(4.3%on aspirin vs.9.7% on warlarin;P-0.02),major hemorrhage (3,2%vs.
8.3%;P-0.01J. and Ml or sudden death (2.9% vs.7.3%;P-0.02) during1.8 yr mean lollow-up.
Discussion: In patients with intracranial arteiial stenosis,
warlarin afforded noclinical benefit and was associatedwith more adverse events.Aspirin is thus preferable.

53

NIHDS rtPA NEJM

87

WA5I0 NEJM
2005:352:1305
16

SPARCl NEJM Title:High-Dose Atorvastatin alter Stroke orTransient Ischemic Attack
2006;355:549-59 Purpose: To investigate whether statins reduce the risk of stroke alter a recent stroke or TIA.

Method:4731patients with strokeor TIA within1-6mo and LOL-2.6-4.9 mmol/L and without coronary disease were randomly assigned to receive 80 mg
atorvastatin daily or placebo.
Results:Fatal oc nonlalal stroke occur edin11.2% olpatients receiving atorvastatin and13.1%recerving placebo (5-yr absolute reduction in risk,2.2%;adjusted
hazard ratio,0.84:95% Cl,0.71to 0.99:P-0.03).The atorvastatin group experiencedrelativelymorehemorrhagic strokes (hazard ratio1.66 (1.08-255)).
Conclusion Atorvastatin reduced the overall incidence of strokes in patients withrecent strokeor TIA.despite an increase in rates of hemorrhagic stroke
Title:Thrombolysis With Atteptase3 to 4.5 Hours After Acute Ischemic Stroke

2008:359:1317- Purpose:To investigate theefficacy and salety of aiteplaseadministered 3-4.5 h following stroke onset
Methods:Randomly assigned 821patients with acute ischemic stroke to receive IValteplase [0.9 mgfkg) or placebo.Primary outcome was disability at 90d
(favorable outcome:0-1on modified Rankin scale) or unfavorable outcome (2-6).
Results:Aiteplase wasassociated with more favourableoutcomes than placebo (52.4%vs.45.2%:OR.1.34:95% Cl,1.02-1.76;P-0.04).Intracranial hemorrhage
was morefrequent on aiteplase vs.placebo (27.0% vs.17.6%;P-0.001).Ho significantdifference inmortality or adverse events.
Conclusion: In patients with acute ischemic stroke,IV aiteplase administered 3-4.5h after symptom onset significantly improved clinical outcomesbut also
increased the frequency of ICH.
Title:Oabigatran Versus Warfarin in Patients with AtrialFibrillation
Purpose:To investigate the efficacy and salety of dabigalran vs. warfarinin preventing stroke or systemic embolism in patients with AFib
Methods: 18,113 patients with AFib and risk of stroke were randomly assigned lo receive dabigatran110-150mg BID or adjusted-dose warfarin.
Results:Rates ol stroke or systemic embolism were1.69%/yr on warlarin and 1.53%/yr on110 mgdabigaIran (relative risk with dabigalran,0.91:95%Cl,
0.74-1.11) and 1.11 /yr on 150 mg dabigatran (0.66 (0.53-0.82)).Frequency of major bleeding was 3.36Vyr on warfarin and 2.71%/yr on 110 mg ol dabigalran
(P-0.003) and 3.11%/yr on 150mg dabigalran (P-0.31).
Conclusion:When comparedlo warlarin, dabigalran has potential to lower stroke rates or major hemoirhage depending on dose.
Title:Stenting Versus Endarteiectomy lor Treatment ol Carotid-Artery Stenosis

2010:363:11-23 Purpose:To investigate the ellicacy and salety olcarotid-artery stenting vs.carotid endarterectomy tor treating carotid-artery stenosis.
Methods: 2502patients with carotid stenosis wererandomly assigned to carotid-artery stenting or carotid endarterectomy.Primary composite outcome was
Ml,stroke, or death from any causeor any ipsilateral stroke within 4yr.
Results:Estimated 4 -year rates of theprimary outcome did not significantly differ between stenting and endarterectomy (7.2%vs. 6.8%;hazard ratio with
stenting.1.11(0.81-1.5(1:P-0.51).Rates ol individual endpoint components for stenting vs.endarterectomy were 0.7%vs.0.3%,P-0.18 lor death; 4.1% vs.2.3%,
P-0.01for stroke:and1.1%vs.2.3%,P-0.03 tor Ml.
Conclusion:Composite primary outcome risk did not differ significantly between stentingandendarterectomyinpatients withcarotid stenosis.
Title:Apixaban Versus Warlarin in Patients With Atrial Fibrillation

2011;365:981-92 Purpose:To assess theefficacy of apixaban in reducing the risk of stroke as comparedto warfarin.
Methods:18.201patients with AFib and one additional risk factor for stroke were randomizedto recedeeither apixaban or warfarin.The primary outcome was
stroke or systemic embolism.
Results:The rateotstrokeor systemic embolism was lower in the apixaban group thanin the warlarin group (1.27% vs.1.60%;P'0.001lor noninleriority,
P-0.01for superiority).The ratesof major bleeding (2.13%vs.3.09%:P'0.001) and death (3.52%vs.3.94%;P-0.047) were lower in theapixaban group than in
the warfarin group.
Conclusion:Inpatients with AFib, apixaban was superior to warfarin for preventing stroke or systemic embolism with lower rates olmajor bleeding and death.
Title:Apixaban in Patients with Atrial Fibrillation

2011:364:806-17 Purpose:To investigate the efficacy and salety of apixaban in preventing stroke in patients with AFib.
Methods: 5599 patients with AFib at increased risk lor stroke and who were unsuitable lor vitamin Kantagonist therapy were randomly assigned to receive 5 mg
apixaban BID or aspirin(81-324 mg daily).
Results:Study terminated early due to cleat apixaban benefit . Rates of stroke or systemic embolismwere 1.6%/yron apixaban and 3.7%/ yr on aspirin (hazard
ratio withapixaban.0.45 (0.32 to0.62);P'0.001). There were no significant dilterences in rates olmajor bleedingor intracranial bleeding.
Conclusion:Apixaban reduced the risk of stroke or systemic embolism without increasing bleeding or hemorihage risk inpatients with AFib unsuitablelor
vitamin K antagonists.
Title:Rivaroxaban Versus Warfarin InNonvalvular Atrial Fibrillation

2011;365:883-91 Purpose: To investigate ilrivaroxaban isnoninlerior to warlarin inpreventing stroke or systemic embolismin AFib.
Methods: 14.264 patients with nonvalvular AFib at increased risk for stroke were randomly assigned to receive either rivaroxaban (20 mg/d) or dose-adjusted
warfarin.
Results:Rates ol stroke oc systemic embolism were1.7%/yr onrivaroxaban and 2.2%/yr on warlarin(hazardratio.0.79 (0.66 to 0.96);P<0.001lor
noninteriocityl.Significant reductions in ICH (0.5% vs.0.7%.P-0.02) and fatal bleeding (0.2% vs.0.5%. P-0.003) were seen in the rivaroxaban group.
Conclusion:Rivaroxaban was noninferior to warlarin in patients with AFib for preventing strokeor systemic embolism with lower risks of ICH and fatal bleeding.

ECA5S 3 NEJM
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Trial Name Reference Clinical Trial Details
Title:Stenting Versus Aggressive Medical Therapy lor Intracranial Arterial Stenosis

2011:365:993- Purpose: To compare theetlicacy olpercutaneous transluminal angioplasty and stenting (PTAS) vs.medical management in intracranial arterial stenosis.
Methods:451patients with recent TIA orstroke attributed to 70-99% stenosis were randomly assigned to aggressive medical management plus PTAS or
aggressive medical management alone.
Results:30-day strokeor death rate was14.7% and 5.8% in the PTASandmedical-management group, respectively (P-0.002).1-yr ratesof theprimary end
point (stroke or death within 30 dor alter a revascularization during follow-up or stroke in the territory of the qualifyingartery beyond 30d) were 20.0% in PTAS
and12.2%Inmedical-management (P-0.009).
Conclusion: Aggressive medical management inpatients with Intracranial arterial stenosis was superior to PTAS.
Title:Rapid Blood-Pressure Loweringin Patients with Acute Intracerebral Hemorrhage

2013:368:2355- Purpose: To investigate theefficacy of rapidlowering of elevated BPfor improving outcomes inpatients with intracerebralhemorrhage.
Methods: 2839patients with spontaneous intracerebral hemorrhage andelevated sBP were randomly assigned to receiveintensive treatment (target sBP*140
mmHg within1hr) or guideline-based treatment (target sBP'180 mm Hg).
Results:52.0% receiving intensive treatment vs. 55.6%receiving guideline-based treatment experienced a primary outcome event (death or major disability)

J0R.0 87 (0.75 -1.01): P-0.06). Intensive treatment was associatedwith signilicantly lower modiliedRankin scores(OR for greater disability.0.87 (0.77-1.00):

Conclusion: Intensive BPlowering in intracerebral hemorrhage didnolsignificantly reducerates of death or severe disability but may improve functional
outcomes.

SAMMPRIS NEJM

1003

IIITERACT2 NEJM

69

Title:Randomized Assessment oi Rapid Endovascular Treatment of Ischemic Stroke
2015:3721019-30 Purpose: To investigate rapidendovascular treatment plus standard care inacute ischemic stroke with a proximal intracranial arterial occlusion,small infarct

core,andmoderate-good collateral circulation.
Methods 316 patients randomly assigned to receive endovascular treatment with the use of available thrombectomy devicesplus standard of cate (intervention
group) or standardcare alone (control group).
Results:The intervention reduced mortality 110.4%.vs.19.0%in controls:P-0.04) and was associated withimproved scoreson the mod
days (common OR.2.6:95%CI,1.7 to 3.8:P̂ O.001).
Conclusion:Rapid endovascular treatment improved functional outcomes andreduced mortality inselect patients with acute ischemicstroke.

ESCAPE NEJM

died Rankin scale at 90

MR CLEAN Title:A Randomized Trial olIntraarterial Treatment for Acute Ischemic Stroke
2015:372:11-20 Purpose: To investigate tuictional outcomes of intraarterial treatment lor emergency revascularizationinpatients with acute ischemic stroke caused by a

proximal intracranial arterial occlusion.
Methods: 500 patients that could be treated intraarterially within6h alter symptom onset were randomly assigned toelther intraarterial treatment plus
standard care or standard care alone.
Results:The rate of functional independence (modified Rankinscore.Oto 2) was higher in the intervention group (32.6%vs. 19.1%;absolute difference,13.5%,
95% CL 5.9 to 21.2).Rates of mortality or symptomatic intracerebral hemorrhagewere nolsignificantly differentbetween groups.
Conclusion:Intraarterial treatment within 6 h following stroke onset was safe and effective inacute ischemic stroke caused by intracranial,proximal arterial
occlusion olthe anterior circulation.
Title:Thrombectomy 6 to 24 Hoursafter Stroke with a Mismatch between Deficit and Infarct
Purpose: To Investigate theetlicacy and safety olendovascular thrombectomy performed > 6 h following ischemic strokeonset.
Methods:206patients with acute stroke who were well 6-24 hours earlier with mismatch between clinical deficit and infarct were randomly assigned to
thrombectomy plus standard care or standard care alone (control).
Results:At 90 d.mean scores on a modified Rankin scale were 5.5 in thrombectomy and 3.4 in controls(adjusted difference,2.0 points(1.1-3.0):posterior
probability of superiority,H3.999).and the rateof functional independence were 49% and13%,respectively (adjusted difference,33%(24-44):posterior
probability of superiority,>0.999).
Conclusion: Adding thrombectomy tostandard of care improveddisability outcomes inpatients withacute stroke who were well6-24 hoursearlier with clinical
deficit and infarct mismatch.

NEJM 18:379:215- Title:C!opidogrel and Aspirin in Acute Ischemic Strokeand High-Risk TIA
Purpose:Toinvestigate the efficacy of dopidogrel plus aspirin toreduce therateof stroke recurrence during the first 3 months following a minor ischemic stroke
or TIA.
Methods:4881patients with minor ischemic strokeor high-risk TIA wererandomly assigned todopidogrel plusaspirin or aspirin plus placebo.
Results: Tewer major ischemic events wereobserved in those receiving dopidogrel plus aspirin|5%) vs.aspirin plus placebo (6.5%)(hazardratio.0.75 (0.59-
0 95);P-0.02). Risk of major hemoirhage was greater in those receiving dopidogrel plus aspirin (0.9%) vs. those receiving aspirin plus placebo (0.4%) (2.32
(1.10- 4.87);P-0.02),
Conclusion:Clopidogrel plusaspirin lowers riskolmajor ischemic events but increases risk olmajor hemoirhagein patients with minor ischemic strokeor
high-risk TIA.

NEJM

NEJMDAWN
2018:378:11 21
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Multiple Sclerosis
Interferon-p-lb
is dietlive in
relapsing -remitting
multiple sclerosis.
I.Clinical results
of a multicenter,
randomized,
double-blind,
placebo-controlled
trial.The IENB
Multiple Sclerosis
Study Group.1993

PreCISe

Neurology Title:lnterferon-p-1b is effective in relapsing-remitting multiple sclerosis.I.Clinical results ol a multicenter, randomized,double-blind,placebo-controlled trial.
1993:43:655-61 The IfNBMultiple Sclerosis Study Group

Purpose: To Investigate the efficacy of Interferon (3 -1b ( IFIIB) in relapsing-remittlng MS.
Methods: 372 ambulatory patients with relapsing-remitting MS sell-administered either placebo.1.6million international units (MIU) ol IFNB.or 8 Mill ol IFIIB.
Results:After 2 yr,rates of annual clinical exacerbation for patients on placebo were 1.27:1.17 lor 1.6 MIU IFNB:and0.84 lor 8 MIU IFIIB.indicating both
treatment groupsperformedsignificantly better thanplacebo.In the 8MIU group,there wasa twofoldreductioninthe frequency of moderate-severe attacks.
Conclusion: Interteron- jHbreduces relapse rate andseverity of relapsesin relapsing-remitting MS.

Title:Effect of filatiramer Acetate on Conversion to Clinically DefiniteMultiple Sclerosis inPatients with Clinically IsolatedSyndrome (Precise Study):A
2009:374:1503-11 Randomised,Double-Blind,Placebo-Controlled Trial

Purpose: Toassess the efficacy of early treatment withglatiramer acetate in delaying onset of clinically definite MS
Methods: 481patients with clinically isolated syndrome with unifocal manilestation.and >212-weighted brain lesions -6 mm,received SC glatiramer acetate
(20 mg/d) or placebo for up to 36months.
Results:Relative to placebo, the risk ol developing clinically definite MS was reduced by 45% withglatiramer acetate(hazardratio 0.55.95% Cl 0.40-0.77;
P-0.0005).It prolonged die time for 25% of patients to convert to clinically definite disease by115%.Injection-site reactions and immediate post-injection
reactions were the most common adverse events.
Conclusion: In patients presenting with clinicaly isolated syndrome and brain lesions,conversion to clinically definiteMS can bedelayedby early treatment with
glatiramer acetate.
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Trial Name Reference Clinical Trial Details
Seizure Disorders and Epilepsy

Title:Immediate Versus Deferred Antiepileptic Diug Treatment for Early Epilepsy andSingle Seizures:A RandomisedControlled Trial
2005:365:2007- Purpose: To investigate the relativebenefits and risksof initiatingor withholding antiepileplic drug trealmenl inpatients with few or infrequent seizures.

Methods: 1443 patients with single seizures or early epilepsy were randomly assigned to leceive either immediateor deferred antiepileplic drug treatment
Results:Immediate treatment prolonged time to1st seizure (hazardraiiol.4;(95%Cl 1.21.7)), 2nd seizure <1.3(1.1-1.6)).and first tonic-clonic seizure (1.5 (1.2-
l.8|). Time to 2-yr remission of seizures was reduced by immediate treatment (P-0.023). The proporlion olpatients that were seizure -tree between years 3-5
were 76%on immediate treatment and 77% on deleried treatment.
Conclusion:In individuals with singleor infrequent seizures,seizure occurrence in the first1-2 yr isreduced by immediate antiepileptic drug treatment,but
long-term remission is not affected.
Title:The SANAD Study of Effectiveness of Valproate,lamotrigine,orTopiramate for Generalisedand Undassifiable Epilepsy:An Unblinded Randomised
Controlled Trial
Purpose: To investigate the long-term effects of valproate,lamotrigine.and topiramale in patients with generalized onset seizuresor seizures that are not easily
classified.
Methods: Between1999-2004 during theinitial trial,patients were randomly assigned to receive valproate,lamotrigine, or topiramate,and follow-up data
were obtained up to 2006.
Results:Valproate was significantly better than topiramate for time to treatment failure (hazard ratio 1.57 (95% Cl 1.19-2.08)). and significantly beltei Ilian
lamotrigine foi lime lo 12-mo remission (0.76 (0.62-0.94)).
Conclusion: Valproate should remainthe lirst line therapy lor generalised andunclassified epilepsiesdue to superior eflicacyand safety profiles.

MESS Lancet

13

SAIIAD lancet
2007:369:1016-
26

Alzheimer's Disorder
Am J Psychiatry
2011:168:831-839

CATIE-AD Title:Cognitive Effects of Atypical Antipsychotic Medications inPatients withAlzheimer's Disease:Outcomes from CATIE-AD
Purpose:Toexamine the effects of time and treatment on neuropsychological functioning during the Clinical Antipsychotic Trials of the Intervention Effectiveness-
Alzheimer’s Disease study.
Methods: 421outpatients withAlzheimer's disease and psychosis or agitatediaggressive behaviour were randomized to receiveolanzapine,gueliapine.risperidone,
or placebo in a multicentre double -blinded RC1.MMSE and Alzheimer’s Disease Assessment Scale|ADAS|scores were measured at 36 wk.
Results:Patients receiving atypical anlipsycholKscxhlbiled a faster late olcognitive decline as measured by MMSE scores!- 0.067/wk vs. 0.007/ wk). They also
had a significantly faster decline computed loplacebo on a composite measure of ADAS. MMSE. and various other cognitive tests ( O.OIVwk vs. 0 OOlAvk).
Conclusions Long leiin useol atypical anlipsychotics for behavioural symptoms andpsychosis in dementia patients is associated with greater rates olcognitive decline.

Neuropathic Pain
A Vaccine to
Prevent Herpes
Zoster and
Postherpetic
Neuralgia inOlder
Adults. Oxman et
al. 2005

NEJM Title:A Vaccine to Prevent Herpes Zoster and Postherpetic Neuralgia in Older Adults
2005;352:2271- Purpose: To investigate whethervaccinalion against herpes zoster would decrease the incidence and/or severity ol infection or PHH in older adults.

Methods:38.546 adults aged 60 yr were randomized to receive live attenuated Oka/Merck VZV vaccine (zoster vaccine) or placebo.
Results:Vaccination reduced herpes zoster dlness burden by 61.156 (P'0.001),incidence of infection by 51.3% (P-0.001). and incidence of PHN by 66.5% (P'0.001).
Conclusion:Among older adults, the zoster vaccine significantly reducedmorbidity from herpes zoster and postherpetic neuralgia.

;/ !
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Acronyms
SDHACom anterior communicating artery EVD

AVF arteriovenous fistula
AVM arteriovenous malformation

blood-brain barrier
blood urea nitrogen
culture and sensitivity
cerebral blood flow
cranial nerve

CNS central nervous system
CPA cerebellopontine angle
CPP cerebral perfusion pressure
CSF cerebrospinal fluid
CVR cerebral vascular resistance
DBS deep brain stimulation

diabetes insipidus
ECF extracellular fluid

external ventricular drain
Glasgow coma scale
globus pallidus pars interna
headache
internal capsule
internal carotid artery
intracellular fluid
intracerebral hemorrhage
intraventricular hemorrhage
lower motor neuron
level of consciousness
lumbar puncture
mean arterial pressure
mldlinc shift
magnetic resonance
angiography

N/V nausea/vomiting
neurogenic claudication
non-contrast CT
neonatal intensive care unit
normal pressurehydrocephalus
ossification of posterior
longitudinal ligament
periaqueductal grey matter
posterior communicating artery
positron emission tomography
posterior longitudinal ligament
primitive neuroectodermal
tumour
periventricular grey matter
subarachnoid hemorrhage
spinal cord injury

subdural hematoma
syndrome of inappropriate
antidiuretic hormone
single photon emission
computed tomography
stereotactic radiosurgery
subthalamic nucleus
traumatic brain injury
upper motor neuron
ventral posterolateral
ventral posteromedial

whole brain radiation therapy
radiotherapy

GCS NC SIADH
GPi NCCT

BBB H/A NICU SPECT
BUN 1C NPH
C&S ICA OPLL SRS
CBF ICF STN
CN ICH PAG T8I

PComIVH UMN
LMN PET VPL
LOC PLl VPM
LP PNET WBRT
MAP XRT
MIS PVG

SAHDl MRA
SCI

Basic Anatomy Review
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Figure 1. Basic surface anatomy

MRI BrainCentral sulcusFrontal lobe Parietal lobeSeptum pellucidumCingulate gyrus

^ Superior
sagittal sinus
Corpus callosum
Thalamus

^ Hypothalamus
Cerebral
aqueduct
Occipital lobe
Tentorium

— Midbrain
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Cerebellum

Frontal lobe

^ Caudate nucleus
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Internal capsule

— Insula
Thalamus
Cerebral
Aqueduct
Parietal lobe

Pons
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Figure 2. MRI neuroanatomy. The left panel is a T1-weighted image; the right panel is T2-weighted
Stewart P.Cameron T.Farb R.Functional Neuroanatomy(Version 2.1).Health Education Assets Library 2005
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Differential Diagnoses of Common
Presentations

Table 1. Differential Diagnoses of Common Presentations
Intracranial Mass Lesions Disorders of the Spine Peripheral Nerve Lesions

Neuropathies
Traumatic
Entrapmenls
Iatrogenic
Inflammatory
Tumours

Tumour
Metastasis
Glioma
Meningioma
Vestibular schwannoma (acoustic neuroma)
Pituitary adenoma
Primary CNS lymphoma

Extradural
Degenerative:discherniation,canal stenosis,
spondyloiisthesis'spondylolysis
Infection.'

'inflammation:osteomyelitis,discitis
Ligamentous:OPLL
Trauma:mechanical compressiom'inslability,
hematoma
Tumours (55% of allspinal tumours):
lymphoma,metastases (lymphoma,lung,
breast,prostate),neurofibroma

Pus/Inflammation
Cerebral abscess,extradural abscess,
subdural empyema
Encephalitis.e.g.Herpes Simplei Virus (see
Infectious Diseases.1018)
Tumelactive multiple sclerosis (MS)
Sarcoidosis

Intradural Extramedullary
Vascular,dural AVE.SON (especially if on
anticoagulants)
Tumours (40% of all spinal tumours):
meningioma,schwannoma,neurofibroma

Blood
Extradural (epidural) hematoma Intradural Intramedullary

Tumours(5% of all spinal tumours):gliomas,
ependymomas,hemangioblastomas,and
dermoids
Syringomyelia:trauma,congenital,idiopathic
Infectousinflammatory:TB.sarcoid,
transrerse myelitis
Vascular:AVM.ischemia

SDH
Ischemic stroke
Hemorrhage: SAH.ICH.IVH

Cyst
Arachnoid cyst
Dermoid cyst
Epidermoid cyst
Colloid cyst (3rd ventricle)

INTRACRANIAL PATHOLOGY

Intracranial Pressure Dynamics
Table 2. Approach to Intracranial Pathology

Time FrameIssue Features

SuddenVascular No H A- occlusive
H.A "hemorrhagic

Affects entire CNS
Often a source of infection or immunodeficiency on history

Increased ICP:
Initially -H A

Constant
Progressive
Sevete
Worse inmorning andlor wakes from sleep

AsICPtncreases:
Blurry vision
Projectile vomiting (may initially piesent without nausea)

Severely raised ICP:
Cushing's triad

1.Bradycardia
2.HTN

3.Sesplratory irregularity

Metabolic
Infectious

Hours to days
Days to weeks

MonthsTumour

r *i
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Table 3. Consequences of Common Brain Lesions
Location of Lesion Consequence

Abulia, disinhibition.apathy, executive dysfunction, deficits in oiientation and judgment.
primitive reflex re-emergence, t contralateral UMN signs (upgoing Babinski reflex and

pronator drill)
Gate deviation toward side ol a destructive lesion
Gate deviation away from Irritative lesion (i.e. seizure)

Non-fluent, dysarthric. aphasia
Repetition impaired
Comprehension spared

Contralateral homonymous hemlanopla

Orcssmg apraxia, cortical sensory loss, lower homonymous quadranlanopia
Inattention or extinction of non -dominant side
Aphasias.Gerstmann'ssyndrome
Hemispatial neglect, apraxias, agnosias|if temporal involvement)

Hippocampus: anterograde amnesia
Upper homonymous heinianopia
Wernicke's aphasia (if loftfdominant side)

fluent aphasia
Repetition impaired
Comprehension impaired
Resting tremor
Chorea
Athetosis
Hemiplegia if 1C involved
Contralateral hemiballismus
Absent brainstem reflexes:oculocephalic. oculovestibular.corneal, gag.and cough
Dorsal midbrain/pineal gland: Parinaud’s syndrome (supranuclear upward gaze palsy)
Pons: locked-in syndrome
Below red nucleus:decerebrate posture
Above red nucleus: decorticate posture
Reticular activating system (midbrain): reduced level of arousal
CPA:disequilibrium,ataxia,and CN V.VII, VIII deficits

Intention tremor
Ipsilateral limb ataxia
Fall towards side of lesion
Truncal ataxia
Dysarthria

Frontal Lobe
Usually large lesions produce symptoms

Frontal Eye Fields

Broca's Area
Posterior inferior frontal gyrus of dominant
hemisphere
Occipital Lobe
Parietal lobe
Either side
Dominant side ( left)
Hon -dominanl side (right)
Temporal lobe

Wernicke's Area
Posterior superior temporal gyrus of dominant
hemisphere
Basal Ganglia

Subthalamic Nucleus
Brainstem

Cerebellar Hemisphere

Cerebellar Vermis

ICP/Volume Relationship
^ ICP inmHcj

• Monro-Kellie doctrine: the brain is encased in a rigid skull with constant intracranial volume
• the intracranial space contains C 'Sl ', blood, and brain

• the increase in one constituent will: 1) necessitate the redistribution of CS1-', blood, and/or brain; and
2) increase ICP

• compensatory mechanisms initially maintain a normal ICP
• compensatory reserve (spatial compensation): 60-80 ml. in young people, 100-140 mL in elderly

(largely due to cerebral atrophy)
• immediate: egress of CS1- through foramen magnum to spinal canal, displacement of venous

blood from sinuses into jugular veins
• once compensation is exhausted, ICP rises exponentially;

• late: displacement of arterial blood (decreased CPP) eventually leading to ischemia, increasing
brain edema, or expanding mass displaces parenchyma into compartments under less pressure
(see Table4,NS7)
end: cessation of cerebral perfusion when ICP>MAP, cerebral herniation down into foramen
magnum

too
80
60
40

r * * * - 20
0

Volume *
Eventually, further
small Increment!
m volume pioduco
largor andlargor
increments in ICP

When a mass expands
within the skull,
compensatory
mechanisms initially
maintain a normal ICP

Figure 5. ICP volume curve
Adapted from:Lindsay KW. Bone I. Fuller G.
Neurology and Neurosurgery illustrated. 2004.
With permission from Elsevier
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Cerebral Blood Flow
CBF- CPP / CVR
CPP= MAP- ICP

• brain receives about 15% of cardiac output (~750 mL/min)
• CBF is the vital parameter for brain function, it depends on CPP and CV’R
• CPP is the difference between MAP and ICP (normal CPP >50 mrnHg)
• cerebral autoregulation: mechanism that maintains constant CBI despite changes in CPP, unless:

• high ICP such that CPP <40 mmHg
• MAP >150 mmHg or MAP <50 mmHg (these setpoints can be higher in hypertensives, thus

important to avoid hypotension)
increased C02 = increased CBP via vasodilation
O2 <50 mmHg = increased CBF via vasodilation

• brain injury: e.g. SAH, severe trauma

MAP Targets in Trauma
TBI: MAP >80 mmHg
SCI:MAP between 85-90 mmHg in first
7 d post injury

Autoiegulation: CBF maintained despite
change in CPPICP Measurement i

J•normal ICP 10- 15 mmHg for adult, 3-7 mmHg for child, 1.5-6 mmHg for infant; varies with patient
position

• ICP >25 mmHg > end-organ damage possible, treatment should be initiated
•ICP >40 mmHg > life- threatening emergency, urgent pressure reduction required

ICP measurements should be considered in the context of underlying pathology when evaluating
severity

*t-1-
Vo <60 iron Hu H 50 in 111Hu

Low BP or High ICP High BP
Cerebral perfusion pressure (MAP-ICP)

Acute Monitoring
•indications include: severe FBI (CCS <8T) t abnormal CT; or severe 'FBI and normal CT if two or

more of: age >40, BP <90 mmHg, or abnormal motor posturing
•methods:

intraventricular catheter ( EVD) is the “gold standard”; most accurate method and allows
therapeutic drainage of CSF

• parenchymal ICP monitor
• non-invasive methods (e.g. transcranial Doppler, CT/MR 1, fundoscopy, etc. ) fail to measure ICP

accurately enough to be used as routine measurement techniques

Figure 6. Cerebral autoregulation
curve
'J pled liotri:Lindsay KW.BoneI.Fuller 6.
Neurology and Neurosurgery illustrated.. 2004.
With permission fromElsevier

LP can be used (or ICP monitoring,
although it is not the most accurate.
LP can precipitate tonsillar and uncal
herniation with elevated ICP This
procedure is absolutely contraindicated
in the setting of suspected acutely raised
ICP or obstructive hydrocephalus, and
relatively contraindicated with known/
suspected intracranial mass

Chronic Monitoring
•Licox monitor (intraventricular, intraparenchymal, subdural ), subarachnoid bolt (Richmond screw),

and epidural monitor

Elevated ICP
Etiology
• pathologic structure

• intracranial mass (tumour, cyst)
» cerebral edema

vasogenic: BBB compromised (meningitis, hypertensive encephalopathy, tumour, late
ischemia)
cytotoxic: BBB intact (cell death in: early ischemia, brain injury, encephalitis, status
epilepticus)
interstitial: transudation of CSF into periventricular white matter in hydrocephalus
osmotic: osmotic gradient increases intracellular free H:0 (acute hyponatremia, hepatic
encephalopathy)

other space occupying lesions: depressed skull fracture, foreign body, pus/empyema
< increased intracranial blood volume

• space occupying blood: epidural and subdural hematomas, intraparenchymal and subarachnoid
hemorrhages

• venous obstruction (venous sinus thrombosis, superior vena cava syndrome, cor pulmonale,
venous sinus compression)

• impaired autoregulation (hypotension, HTN, brain injury, status epilepticus)
• vasodilation (increased p(X):/decreascd pO’/decreased extracellular pH)

• increased intracranial CSF volume (see Hydrocephalus, Tabic 7, NS9)
non-obstructive: increased production ( rare, choroid plexus papilloma, secretory vestibular
schwannoma), decreased absorption (e.g. post-traumatic, post-SAH/lVH, post-meningitis)
obstructive: blockage in CSF pathway

• idiopathic intracranial HTN (pseudotumour cerebri; see Idiopathic Intracranial Hypertension, .VS,S')

Consider Monitoring ICP in the
Following Situations
• Patients with an abnormal head CT

(SAH. hematoma, contusion, basal
cistern compression, swelling, and
herniation), and GCS score <8 after
CPR

OR
• Patients with a norma! head CT and

GCS score of <8 AND the presence of
two or more of the following:

• >40 yr
• Unilateral or bilateral motor

posturing
• sBP <90 mmHg
• Postoperative monitoring
• Investigation of NPH

Cautioned Medication Use in Elevated
ICP
• Nitroprusside: can raise ICP in

patients with intracranial mass
lesions due to direct vasodilation
(arterial>venous)

• Nitroglycerine:can raise ICP
via vasodilation but less so
than nitroprusside because
venous>arterial

• Succinylcholine:induced
fasciculations may increase ICP

rT
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Clinical Features

Table 4. Clinical Features of Elevated ICP Blood-Brain Barrier (BBB)
Glucose and amino acids cross slowly
Non polar:lipids cross fast

Clinical Features Acutely Elevated ICP Chronic Progressive ICP Elevation
Both aggravated by stooping,coughing, and straining (Valsalva)
Morning H/A: vasodilation due to increased C02 with recumbency

Present in both, though greater predilection in acutely elevated ICP

Lethargy if ICP - dBP or midbrain compression

Headache

Infarction/neoplasm •* destroy tight
junctions » vasogenic edemaNausea and Vomiting

LOC Irritability, inaltentiveness. Normal or modestly
reduced LOC. confusion
Can be unchanged or modestly decreasedGCS Significant decline In GCS

Best index to monitor progress and predict outcome ol
acute intracranial process (see Naitoltatima.«535)

Sublie changes suggesting papilledema (subtle elevations Obvious papilledema
in disc margin, mild disc hyperemia) t retinalhemorrhages
(may take 24 - 48 h to develop)

Cushing's Triad of Acute Raised ICP
(Full triad soon in 1/3 of cases)
• Bradycardia (late finding)

HTN
• Irregular respiratory pattern

Optic Disc Changes

Less common.Olten not affected initially: however, visual Optic atrophy/blindness due tochronic papilledema
obscurations, flickering, or blurring can occur

Visual Changes
Enlarged blind spot, if advanced * episodic
constrictions of visual fields ("grey-outs" lasting
~20 min)
Differentiate from papillitis (usually unilateral with
decreased visual acuity)

Papilledema
• Optic disc swelling with blurred

margins (most commonly bilateral)
• Larger blind spot

less common. CN VI palsy:due to long intracranial course. Often full extraocular movement
more sensitive lo ICP changes and thus earlier sign of
acutely increasedICP
Often falsely localiiing (causative lesion remote lo nerve)
Upward gate palsy and sunset eyes (especially in children
with obstructive hydrocephalus due lo pressure on tectal
plate)
Often occur
Focal deficits present

Extraocular Movements

Herniation Syndromes

Neurologic Deficits
Present if acule-on- chronic presentation

focal deficits can be present
f . Subtalcine
2. Central

L 3. Uncal
3 4. Upward
15. Tonsillar

Investigations
• patients with suspected elevated ICP require an urgent CT/MR1 to identify etiology, assess for MLS/

herniation
• ICP monitoring where appropriate 'Ss

1
Herniation Syndromes fi

Figure 7. Herniation types

Table 5. Herniation Syndromes
Herniation Syndrome Definition Etiology Clinical Features
1.Subfalcine Cingulate gyrus herniates under lateral supratentorial lesion Usually asymplomatic

Warns of impending transtentorialherniation
Risk of anterior cerebral artery (ACA) compression

Small pupils,moderately dilated, fixed (rostral to caudal
deterioration), sequential failure of diencephalon,medulla
Decreased LOC (midbrain compression), extraocular movement
|E0M),'upward gaze impairment ("sunset eyes"):compression of
pretectum and superior colliculi (Parinaud's syndrome)
Risk of posterior cerebral artery (PCA) compression
Brainstem (Durcl) hemorrhage: secondary lo shearing ol basilar
arlery perforating vessels

Ol (traction on pituitary stalk and hypothalamus), end- stage sign
Ipsilatcial non reactive dilated pupil (cailiest, most reliable sign)
-> ipsilalera! EOM paralysis, plosis (CH III compression)
Decreased LOC (midbrain compression)
Risk of PCA compression
Contralateral hemiplegia t extensor lupgoing) plantar response
1 ipsilateral hemiplegia ("Kernohan's notch"- a false localizing
sign resulting from pressure from the edge of the tentorium on the
contralateral cerebral peduncle)
Cerebellar infarct (superior cerebellar artery (SCA) compression)
Hydrocephalus (cerebral aqueduct ol Sylvius compression)

hh

2. Central Tentorial (Axial) Displacement of diencephalon
through tentorial notch

Supratentorial midline lesion
Diffuse cerebral swelling
tale uncal herniation

3, lateral Icntoria (Uncal) Uncus ol temporal lobe herniates
down through tentorial nolch

lalcral supratentorial lesion (often rapidlycipandmg
traumatic hematoma)

4. Upward Cerebellar vermis herniates
through tentorial incisura

Posterior lossa mass,brainstem or cerebellar infarction,
exacerbated by ventriculostomy or ventriculoperitoneal
(VP) shunt
Infratentorial lesion
following central lenlotial herniation
following IP in presence ol intracranial mass lesion

5. Tonsillar Cerebellar tonsils tierniatc
through loramen magnum

Neck stillness and head lilt (tonsillar impaction)
Decreased LOC (midbrain compression)
flaccid paralysis
Respiratory irregularities, respiratory arrest (compression ol
medullary respiratory centres)
Blood pressure instability (compression ol medullary
cardiovascular centres) +
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Treatment of Elevated ICP
Treatment of Elevated ICP• treatment principle: treat primary etiology (i.e. remove mass lesions, ensure adequate ventilation e.g.

in acute respiratory distress syndrome (ARDS))
• if elevated K.' P persists following treatment of primary cause, consider therapy when ICP >20 mmHg
• targets: ICP <20 mmHg, CPP 60-70 mmHg, sBP >100 (ages 50-69) or >110 (age <50 or >70) mmHg

(individualize targets based on patient's clinical picture and progression )

ICP HEAD
Intubate
Calm (sedate)fComa
Place drain/lfcralysis
Hyperventilate
Elevate head
Adequate BP
Diuretic (mannitol)

Table 6. Management of Elevated ICP
Consideration Intervention Rationale

Conservative Measures
Position Elevate head of bed at 30"

Maintain neck inneutral position
Increases
1. Jugular venouspatency
2. Intracranial venous outflow with minimal effect on MAP
Decrease basal metabolic and oxygen demands in order to
minimise brain injury

Maintains CBP

Irialof Decompressive Craniectomy for Traumatic
IntracranialHypertension
NEJM 2016:375:1119-1130
Purpose loconpaie the effect oldecompressive
craniectomy on Omul outcomes to that pimedcaf
management in patients with traumabt brain myury
(181) and refractory intracranial hypertension|HIH|.

Methods Patients with TBI and refractory
intracranialHIN >25 mmHg were randomiied to
undergo decompressive craniectomy or receive
ongo:g medical care.Primary outcome wasExtended
Glasgow Outcome Scale at 6 mo.
lesntts:Patients treated with decompressive
craniectomy had lower mortality rales|26.9% vs.
48.9%) hst tighei rates oldisability 18.53,vs. 2.1%
lower sewredisabiiity, 21.9% vs.14.4% upper severe
dsabitty.154% vs. 8.0% nodeidle disability).
Conclusion: Compared lomedical care,
decompressive craniectomy inpatients with 181and
refractory intracranialHIN results m lower mortality
but higher rates of vegetative slate and severe
disability.

Fever Management Acetaminophen or mechanical cooling

Prevent Hypotension PRN: Fluid, vasopressors, dopamine,
norepinephrine
Ventilate to pCOi 35- 40 mmHg
Target pOa »60 mmHg

Prevents vasodilationNormocarbia
Adequate 02
Osmolar Diuresis

Prevents hypoxic brain injury
Mannitol 20% IV solution1-1.5 g/kg, then 0.25 g/kg Increases serum tonicity -* osmolically drives fluid out of
q6 h to serum osmolarily of 315-320 mOsm/kg brain
Ads in 15-30 min,maintain sBP >100 mmHg
Hyperionic saline 3% comparable lo mannitol
Dexamethasone Decrease vasogenic edema over subsequent days around

brain tumour, abscess, blood
No proven value In head Injury or siroke

Corticosteroids

Aggressive Measures
Sedation Usually propolol

Others:barbiturates/codeine, or fenlanyl/MgS04
Light - barbiturateslcodeine
Heavy - fentanyl/MgS04
Vecuronium

Reduces sympathetic tone
Reduces HIN induced by muscle contraction

Reduces sympathetic tone
Reduces HTNinduced by musdecontraction
Reduce CBF and metabolism
Decreases mortality, but no elfect onneurologic outcome
No role lor the use ol hypothermia in head injury
Decreases CBF and thus ICP. but use lor Uriel periods only

Paralysis

Barbiturate-Induced Coma Phenobarbital 10 mg/kg over 30 min. then 1mg/
(refractory ICP) kg qlh continuous inlusion

Hyperventilate Target pCOz 30-35 mmHg
Avoid within 24 h following trauma
Insert EVD (it acute) or shunt
Drain 3-5mLCSF
Decompressive craniectomy

Reduces intracranial volumeDrain CSF

Allows brain to swell while reducing risk of herniationDecompression

Idiopathic Intracranial Hypertension
(Pseudotumour Cerebri)

Definition
• raised ICP with papilledema, but without: mass, hydrocephalus, infection, or hypertensive

encephalopathy (diagnosis of exclusion)
• diagnosed by modified Dandy’s criteria

Etiology
• unknown ( majority), but associated with:

vascular: dural venous sinus thrombosis
habitus/diet: obesity, hypervitaminosis A
endocrine: reproductive age, menstrual irregularities,Addison's/Cushing's disease

• hematologic: iron deficiency anemia, polycythemia vera
drugs: steroid withdrawal, tetracycline, amiodarone, lithium, nalidixic acid, oral contraceptive,
growth hormone, retinoids

• risk factors overlap with those of venous sinus thrombosis; similar to those for gallstones (“fat, female,
fertile, forties")

Modified Dandy's Criteria
1. Symptoms ol raised ICP
2.No localizing signs except CN VI palsy
3.Patient awake and alert
4.Normal neuroimaging without

evidence of thrombosis
5.LP opening pressure >25 cm ECO,

normal CSF
6.No better explanation for raised ICP

r T
L J

Epidemiology
• incidence: general population -I -2 in 100000 per yr; women of childhearing age with obesity 19-21 in

100000 per yr
+

Activate Windows
Go to Settings to activate Windows.



NS9 Neurosurgery Toronio Notes 2023

Clinical Features
•symptoms: H/A in >90%, nausea, transient visual obscurations, pulsatile tinnitus, diplopia can occur

with CN VI palsy, neck/back pain
•signs:CN VI palsy can occur (otherwise no neurologic deficits), visual acuity and field deficits,

papilledema, optic atrophy
• morbidity: risk of blindness and severe visual impairment (6-24% risk) are the major morbidity of

idiopathic intracranial hypertension (11 H ), but are not reliably correlated to duration, symptoms, or
clinical course

•clinical course: usually self-limited, recurrence in 10%, chronic in some

Investigations
• MRI brain (with and without contrast ): slit-like ventricles and distended perioptic subarachnoid

space, but otherwise normal
rule out: venous sinus thrombosis, mass, infection, hydrocephalus

•LP findings
opening pressure >25 cmH’O
normal CSP analysis

• ophthalmologic: fields, acuity, papilledema

Effect of Acetazolamide on Visual Function
in Patients with Idiopathic Intracranial
Hypertension and Mild Visual toss (IIHTT)
JAMA 2014:311(16|:1641-1651
Purpose: to determine whether acetarolamide and
a low-sodi un weight reduction diet is beneficial in
impronrg ms- on compared to diet alone m patients
with IIH and mild visual loss.
Methods patients were landomited to Mirer a
tow -sodium wreigM reduction diet plus the maiireally
tolerated dosage of acetaiolamideor placeSo for
Smo.
Desilts:Acelaiolamide was superior to placebo with
regards toperimetric mean deviation improvement
(P^O.05). papilledema grade improvement tP« 0.001).
insios-related quality of life (H.003),and weight
reduction (M1.001).
Conclusion: Acetazolamide w tit low-sodium weight-
reduction diet resulted In Improvement in visual field
function in patients with IIH and mildvisual loss.

Treatment
• lifestyle change: encourage weight loss, fluid/salt restriction
• pharmacotherapy: acetazolamide (decreases (’SI production ), thiazide diuretic, or furosemidet

discontinue offending medications
• surgery: if above fail, serial LPs (temporizing), optic nerve sheath fenestration ( if progressive

impairment of visual acuity), shunt placement (ventriculo-peritoneal, lumbo-peritoneal )
• long term: 2 yr follow-up, repeat imaging to rule out occult tumour, ophthalmology follow-up

Hydrocephalus
• for hydrocephalus in children, see Paediatric Neurosurgery. NS42

Definition
•accumulation of excess CS1; in the brain, functionally divided into obstructive and communicating

• flow of CSF: produced by choroid plexus, lateral ventricles > foramen of Monro > 3rd ventricle
> cerebral aqueduct of Sylvius > 4th ventricle > foramen of Luschka ( lateral ) and Magendie

(medial) > subarachnoid space where CSF is reabsorbed by arachnoid villi/granulations into
dural venous sinuses

Classification
CSF production - CSF reabsorption *-•500 mL/d in normal adults
Normal CSF volume ~150 mL (50%
spinal. 50% intracranial » 25 mL
intraventricular, 50 ml subarachnoid)

Table 7. Classification of Hydrocephalus
Disorder Definition Etiology Findings on CT/MRI

CSF circulation blocked Acquired
within ventricular system Aqucductal stenosis: adhesions alter
proximal to the arachnoid inlection, hemorrhage:gliosis, tumour|e.g.
granulations medulloblastoma)

Intraventricular lesions: tumours, e.g. 3rd
ventricle colloid cyst, hematoma
Mass causing tentorial herniation causing
aqueduct/4th ventricle compression
Others: neurosarcoidosis, abscess/granulomas.
arachnoid cysts

Obstructive ( Non-
Communlcatlng )
Hydrocephalus

Ventricular enlargement proximal
to block (enlarged temporal
horns, ballooning frontal and/or
occipital horns, enlarged 3rd14th
ventricles)
Periventricular hypodensity/
lucency (transependymal
migration of CSF forced info
extracellular space)
Sulcal effacemenl, reduced
visibility of Sylvian and
interhemispherlc fissuresCongenital

Primary aqueductal stenosis. Dandy -Walker
malformation.Arnold - Chian malformation,
myelomeningocele, enccphalocele (see /’ot-tfra/nc
Hmosurgeiy.#542)

Post infectious (#1 cause)*meningitis, abscess. All ventricles dilated
cysticercosis
Post- hemorrhagic (*2 cause) -» SAH. IVH. traumatic
Leptomeningeal carcinomatosis-metastatic
meningitis
Choroid plexus papilloma
Idiopathic » NPH
Idiopathic (50%)
Others:SAH.meningitis, trauma, radiation-
induced

MosIcommonlyCSF
absorption blocked at
extraventricular site *

arachnoid granulations,
rarely CSF absorption is
overwhelmed by increased
production

Persistent ventricular
dilation In the con text ol
normal CSF picssure

Ventricular enlargement Normal aging
resulting Irom atrophy ol Degenerative dementias:Alzheimer's,
surrounding brain tissue frontotemporal.Crculzleldt Jakob disease|sce

Neuioloqy. N 2?|

Non -Obstructive
(Communicating)
Hydrocephalus

1. Lateral ventricles
2.Choroid plexus
3.Third ventricle
4. Cerebral aqueduct (of Sylviusl
5.Fourth ventricle -6. Foramina of Luschka and Magendie 2
7. Arachnoid granulations
8.Subarachnoid space
9. Confluence of sinuses Itorcula)

r t
5 L J

Normal Pressure
Hydrocephalus (NPH )

Enlarged ventricles without
increased prominence of cerebral
sulci

Figure 8. The flow of CSF
Enlarged ventricles and sulci
Cerebral atrophy

Hydrocephalusfx
Voeuo +
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Etiology
• impaired CSF dynamics

• obstruction of CSF How
• decreased CSF absorption

increased CSF production ( rarely in choroid plexus papilloma 0.4- 1% of intracranial tumours)
• congenital and acquired causes

Epidemiology
• estimated prevalence 1-1.5%; incidence of congenital hydrocephalus -1-2 in 1000 live births

Clinical Features
• acute hydrocephalus:signs and symptoms of acutely elevated ICP (see Table 4 ,\S7 )
• chronic/gradual onset hydrocephalus: (wk to mo; i.e. NPH) presents with a classic triad (Hakim’s

triad)
• Ataxia ( magnetic gait ) i apraxia (pressure of ventricle on lower extremity motor fibres > gait

disturbance)
• Incontinence (pressure on cortical bowel /bladder centre)
• Dementia (subcortical )

Classic (Hakim's) Triad of NPH
Progression
“W*t. wacky, wobbly": Incontinence,
dementia, ataxia

Important Features to Note on CT and
MRI (± contrast enhancement)
• Lesions (iedema, necrosis,

hemorrhage)
• MLS and herniations
• Effacement of ventricles and sulci

(often ipsilateral). basal cisterns
• Single or multiple (multiple implies

metastasis)

Investigations
• imaging

• CT/MR1 findings (see Table 7, NS9)
• ultrasound (through anterior fontanelle in infants): ventriculomegaly. size and location of lesions

(e.g. lVH )
mantle radionuclide cisternography can test CSF flow and absorption rate (unreliable)

• ICP monitoring (e.g. LP, EVD) may be used to investigate NPH and test response to shunting (lumbar
tap test)

Treatment
• EVD (acute hydrocephalus, intraventricular hemorrhage)
• intermittent LPs for transient communicating hydrocephalus (SAH, 1VH in premature infants)
• eliminating obstruction ( i.e. excision of mass, posterior fossa decompression for Chiari malformation)
• endoscopic

endoscopic third ventriculostomy (ETV) ± choroid plexus cauterization (for obstructive
hydrocephalus)

• endoscopic placement of aqueductal stent

Complications of Specific
Hydrocephalus Treatments
1. VP Shunt:intra abdominal cysts,

adhesions,ascites
2. VA Shunt:greater infection risk,

septicemia, emboli
3. Ventriculopleural Shunt:pleural

effusion, hydrothorax, respiratory
distress

4. LP Shunt radiculopathy. CSF leaks,
adhesions, arachnoiditis

5. ETV:56% success rate, hypothalamic
injury, iatrogenic basilar aneurysm

• shunt
• VP: most common shunt

ventriculopleural
ventriculoatrial ( VA)
lumboperitoneal: for communicating hydrocephalus and pseudotumour cerebri

Shunt Complications

Table 8. Shunt Complications
Complication Etiology Clinical Features Investigations

Obstruction by choroid plexus
Buildup of proteinaceous accretions, blood, cells ICP
(inflammatory or tumour )
Infection
Disconnection or damage
5. epidermidis
S. aureus
P. owes
Gram- negative bacilli

Acute hydrocephalus signs and symptoms of increased "Shunt series" (plain x- rays of entire shunt that only
rule-out disconnection, break, tip migration)

Obstruction
(most common)
Proximal Catheter
Valve
Distal Catheter
Infection
(3-6%)

C!
Radionuclide "shunlogram"

fever, N/ V.anorexia, irritability
Meningitis
Peritonitis
Signs and symptoms of shunt obstruction
Shunt nephritis (VA shunt)

Slit ventricle syndrome, collapse of ventricles Chronic or recurring H/A often iclieved when lying
leading lo occlusion ol shunt ports by ependymal down
lining

CBC
Blood culture
Tap shunt for CAS (LP usually NOT recommended)

Overshunting
(10% over 6.5 yr)

C1/MRI
Slil- like ventricles on imaging

CTSDH Asymptomatic
Collapsing brain tears bridging veins (especially H/A, vomiting, somnolence
common in NPH patients)

Secondary craniosynostosis (children):
apposition and overlapping ol the cranial
sutures in an infant following decompression ol
hydrocephalus
Ventricular shunts only

ClinicalAbnoimalhead shape
CT

Seizures
(5.5% risk in1st yr,1.1% after 3rd yr)

Inguinal hemia
(13-15% incidence when shunt
inserted in childhood)

EEC

+Increased intraperitoneal pressure/fluid results Inguinal swelling, discomfort
in hernia becomingapparcnt

U /S
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Spontaneous Intracranial Hypotension
Definition
• low CSI; pressure t postural headache secondary to CSI:leak
• symptoms not attributable to another disorder, no recent history of dural puncture

Etiology
• CSI; leakage from the thecal sac within or along the spinal canal

Epidemiology
• incidence: ~2-5 in 100000 per yr, but likely underdiagnosed; M:l-'=1:2

can occur at any age, but most frequently in 4th or 5th decade

Clinical Features
• symptoms: orthostatic H /A in 75-80%, tinnitus or auditory disturbance (“underwater feeling") in

50%,dizziness in 50%, nausea, vomiting, photophobia, meningismus
• signs: CN 111,CN IV, CN VI palsy in <10%
• morbidity: misdiagnosis and underdiagnosis are common, leading to delays in treatment and

inappropriate treatment for mimickers of intracranial hypotension
• clinical course: usually self-limited, recurrence in 10%, chronic in some

Investigations
• MKI brain with contrast: sagging of the brain (e.g. low cerebellar tonsils), pachymeningeal

enhancement, subdural hematoma or hygroma, pituitary hyperemia
• MKI spine with contrast: extrathecal fluid collections/extrathecal contrast accumulation and/or

meningeal diverticula
• CT myelogram with contrast: preferred method to diagnose and localize CSF leak

digital subtraction myelogram (DSM): combines fluoroscopy and ability to subtract background
images to visualize small CSF leaks by contrast extravasation

• LP:opening pressure <6 cmHiO; xanthochromia, elevated protein, lymphocytic pleocytosis

Treatment
• conservative management: bed rest, hydration, caffeine, possibly theophylline
• epidural blood patch: mainstay treatment; autologous blood (10-20 niL) injected into epidural space
• surgery: indicated if epidural blood patches are ineffective and site of leak has been localized

ECNS Tumours
Ventricular: colloid cyst, choroid plexus
papilloma, ependymoma,
germinoma, teratoma,
meningioma

DDx for Ring Enhancing lesion on CT
with Contrast, Supratentorial extra-axial:

K^meningioma.cysts
/ MAGICAL DR

Metastases*

Abscess*

Glioblastoma (high-grade glioma)*
Infarct
Contusion
AIDS (toxoplasmosis)
lymphoma
Dcmyclinatlon
Resolving hematoma. Radiation Necrosis
(*3 most common diagnoses)

I \\ Supratentorial
intra-axial:
astrocytoma,

[glioblastoma,
oligodendroglioma,
ganglioma,

!lymphoma,
metastases

.-s.I

'N /lt^Skull base: carcinoma,
chordoma, glontus —
jugulare, osteoma V.\ -Posterior fossa intra-axial:

schwannoma,meningioma,
cysts, metastases.
medulloblastoma * Ring Enhancing Lesions in Patients

with HIV
DDx: toxoplasmosis or CNS lymphoma
Treatment: Empiric treatment with
pyrimethamine and sulfadiazine:brain
biopsy if no resolution with antimicrobial
therapy
Primary CNS lymphoma reported in
6-20% of HIV infected patients\

Sellar or suprasellar: \
pituitary adenoma, |
craniopharyngioma,
optic nerve glioma, cyst

\ Posterior fossa extra-axial:
schwannoma, meningioma,
cyst, metastases oT

nFigure 9. Tumours of the CNS iJ

Classification
• benign vs.malignant, primary vs.metastatic (e.g. primary in breast, lung), intra-axial (parenchymal)

vs. extra-axial, supratentorial vs. infratentorial, adult vs. paediatric
• benign: non-invasive, but can be devastating due to mass effect in fixed volume of skull (e.g. most

meningiomas)
• malignant: implies rapid growth, invasiveness, possibly drop-metastases to spinal cord from a

primary CNS tumour ( rare)

+
Primary Brain Tumours
Rarely undergo metastasis
Adults - mostly supratentorial
Children - mostly infratentorial
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• Based on the 2021 WHO Classification of Tumours of the CNS guideline which integrates molecular
diagnostics with other diagnostic approaches (i.e. immunohistochemistry,histology)

Table 9. WHO 2021Classification of Tumours of the CNS
Gliomas, Glioneuronal Tumours, Neuronal Tumours
Adult -lype diffuse qliomas Astrocytoma.IOH -mulant

Oligodendroglioma, IDH mutant, and 1p/19q-codelcled
Glioblastoma, IDH-wildlypc
Oiffuse astrocytoma. MYB- or AMlf-altered
Angiocentric glioma
Polymorphous low-grade neuroepithelial tumour of the young
Diffuse low-grade glioma.MAPK pathway-altered

Diffuse midlrne glioma,H3K27-allcred
Diffuse hemispheric glioma.H3G34-mutant
Diffuse paediatric-type high- grade glioma.H3-wildlypc and IDH wildtype
Infant-type hemispheric glioma

Pilocytic astrocytoma
High-grade astrocytoma with piloid features
Pleomorphic lanthoastrocytoma
Subependymal giant cell astrocytoma
Chordoid glioma
Astroblastoma,MUI- altered
Gangliogtioma
Desmoplastic infantile ganglioglioma/desmoplastic infantile astrocytoma
Dysembryoplastic neuroepithelial tumour
Diffuse glioneuronal tumourwith oligodendroglioma-like features and nuclear clusters
Papillary glioneuronal tumour
Rosette - forming glioneuronal tumour
Myxoid glioneuronal tumour
Diffuse leptomeningeal glioneuronal tumour
Gangliocytoma
Multinodular and vacuolatingneuronal tumour
Dysplastic cerebellar gangliocytoma (Lhermitte -Duclos disease)
Central neurocytoma
Extraventricular neurocytoma
Cerebellar liponcurocytoma
Supratentorial ependymoma (includingIflA fusion- positive or YAPI fusion-positive)
Posterior fossa ependymoma (including group PfA andPf8)
Spinal ependymoma (including AWAf-amplified)
Myxopapillary ependymoma
Subependymoma

Paediatric-type diffuse low- grade gliomas

Paediatric- type diffuse high- grade gliomas

Circumscribed astrocytic gliomas

Glioneuronal andneuronal tumours

Ependymal tumours

Choroid Ploxuslumours
Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma
Embryonal Tumours

Medulloblastoma Medulloblastomas,molecularly defined:WNI-activated.SHH-activaled and IPS3-
wildtype.SHH -adivaled and fPSTmutant, non-WNI/non- SHH
Medulloblastomas, histologically defined
Atypical teratoid/rhabdoid tumour
Cribriform neuroepithelial tumour
Embryonal tumour with multilayered rosettes
CHS neuroblastoma,POWi-activated
CNS tumour with BCOB internal tandem duplication
CHS embryonal tumour

Other CHS embryonal tumours

Pineal Tumours

Pineocytoma
Pineal parenchymal tumourof intermediate
differentiation
Pineoblastoma
Papillary tumour of the pineal region
Desmoplastic myxoid tumour of the pineal region.
JM/MOf -mutant

Cranial and Paraspinal Nerve Tumours

Schwannoma
Neurofibroma
Perineurioma
Hybrid nerve sheath tumour
Malignant melanotic nerve sheath tumour
Malignant peripheral nerve sheath tumour
Paraganglioma

r1 I
1 I J

Meningiomas +
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Table 9. WHO 2021Classification of Tumours of the CNS
Mesenchymal.Non-Meningothclial Tumours
Soil tissue tumours Fibroblastic and myofibroblastic tumours:solitary fibrous tumour

Vascular tumours:haemangiomas and vascular malformatrons. hemangioblastomas
Skeletal muscle tumours:rhabdomyosarcoma
Uncertain differentiation:intracranial mesenchymal tumour.fCJ-CUB mutation positive,
C/f-rearranged sarcoma,primary intracranial sarcoma.0/f£W-mutant.Ewing sarcoma

Chondrogenic tumours:mesenchymal chondrosarcoma,chondrosarcoma
Notochordal tumours:chordoma (including poorly differentiatedchordoma)

Chondro-osseous tumours

Metanocytic Tumours

Diffuse meningeal melanocylic neoplasms Meningeal melanocylosis
Meningeal melanomatosis
Meningeal melanocyloma
Meningeal melanoma

Circumscribed meningeal melanocylic neoplasms

Hemalolymphoid Tumours

lymphomas CNS lymphomas:primary diffuse large 8 -cell lymphoma ol the CKS.mmunodefluency-
associated CNS lymphoma,lymphomatoid granulomatosis,intravascular large B cell
lymphoma
Miscellaneous rare lymphomas in the CNS: MALT lymphoma of the dura,other low-grade
B-cell lymphomas of the CNS,anaplastic large cell lymphoma [ALK*/ALK-).T-cell and
NK/T-cell lymphomas

Erdheim-Chesler disease
Rosai-Dorfman disease
Juvenile xanthogranuloma
Langerhans cell histiocytosis
Histiocytic sarcoma

Histiocytic tumours

Germ Cell Tumours

Teralotna:mature,immature,somatic - type malignancy
Germinoma
Embryonal carcinoma
Volk sac tumour
Choriocarcinoma
Mixed germ cell tumour

Tumours of the Sellar Region

Adamantinomatous craniopharyngioma
Papillary craniopharyngioma
Pituicy toma.granular cell tumour of the sellar region,
and spindle cell oncocytoma
Pituitary adenoma/PitNET
Pituitary blastoma
Metastascs to the CNS

Mctasfases to the brain and spinal cord parenchyma
Metastases to the meninges

Familial Syndromes Associated with CNS Tumours
• ataxia telangiectasia
• Cowden syndrome
• familial adenomatous polyposis
• hereditary non-polvposis-related colorectal cancer
• Li-l-'raumeni syndrome
• Gorlin syndrome
• neurofibromatosis types 1 & 2
• multiple endocrine neoplasia type 1
• tuberous sclerosis complex
• von Hippel-Lindau disease
• Turcot syndrome
• Lynch syndrome

Investigations
• O', MR1 with contrast, stereotactic biopsy (tissue diagnosis and molecular markers for prognosis),

tumour resection (often performed as initial step rather than biopsy), metastatic workup, tumour
markers ( i.e. germ cell tumours)

Treatment
• conservative: serial history, physical, imaging for slow growing/benign lesions
• medical: corticosteroids to reduce 1CP, cytotoxic cerebral edema; pharmacologic (i.e. pituitary

adenoma)
• surgical: total or partial excision (decompressive, palliative)
• radiotherapy: conventional fractionated XR1, hvpofractionated XRT, SRS (e.g. Gamma Knife*)
• chemotherapy:e.g. alkylating agents (i.e. temozolomide, vincristine, cyclophosphamide, etc.)
• targeted therapy: e.g. trastuzumab for HER2-positive breast cancer and brain metastases, osimertinib

for EGER-mutant lung cancer and brain metastases

New onset communicating
hydrocephalus in a patient with
cancer should raise the suspicion of
leptomeningeal carcinomatosis

r n
t.J
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Table 10. Tumour Location: Etiology and Clinical Features
Supratentorial Infratentorial (Posterior Fossa)

Epidemiology

Glioma (all grades) (50%)
Craniopharyngioma (2-5%)
Others: pineal region tumours, choroid
plexus tumours, ganglioglioma.
dysembryoplastic neuroepithelial tumours
( DNET)
High -grade glioma (12-15%.e.g.GSM)
Metastasis (15-30%. includes infratentorial)
Meningioma (15-20%)
Low-grade astrocytoma (8%)
Pituitary adenoma (5-8%)
Oligodendroglioma (5%)
Other: colloid cyst. CNS lymphoma, dermoid/
epidermoid cysts

Medulloblastoma (15-20%)
Cerebellar astrocytoma (15%)
Ependymoma (9%)
Brainstem astrocytoma

Age <15 yr
Incidence:2-5 in 100000 per yr
60% infratentorial

Age ^15 yr
80% supratentorial

Metastasis
Acoustic neuroma (schwannoma) (5-10%)
Hemangioblastoma (2%)
Meningioma

Clinical Features
Shared Features (from devoted ICP) H/A: usually worse in AM and made worse with straining , coughing

N/V
Papilledema
Diplopia - CN VI palsy

Seizure: commonly the First symptom
Progressive neurological deficits (70%)
Frontal lobe:hemiparesis. dysphasia,
personality changes, cognitive changes
Temporal lobe:auditory/olfactory
hallucinations, memory deficits, contralateral Vertigo
superior quadrantanopia
Mental status change: depression, apathy,
confusion. lethargy
"Tumour TIA" (transient ischemic attack)
stroke like symptoms caused by
a) occlusion of vessd by tumour cells
b) hemorrhage
c) V to "steal phenomenon" - blood is shunted
Irom ischemic regions tonon-ischcmic regions
Endocrine disturbance: pituitary tumouis (see
Endocrinology.E22)

Distinguishing Features Brainstem involvement: CN deficits and long
tract signs
H/V:compression on vagal nucleus/area
postrema
Diplopia: direct compression CN VI

Nystagmus
Truncal ataxia + titubation:cerebellar vermis
lesions
limb ataxia,dysmotria, intention tremor:
cerebellar hemisphere lesions
Obstructive hydrocephalus more common
than supratentorial lesions

Figure 10. Multiple brain metastases
(see arrows)

Metastatic Tumours
Brain Metastasis
• most common intracranial tumour in adults (~50% of all brain tumours)
• afflict ~25% of patients with any cancer
• hematogenous spread most common
• 80% are hemispheric, often at grey-white matter junction or temporal-parietal-occipital lobe junction

• likely emboli spreading to terminal middle cerebral artery (MCA ) branches

Most Common Cancers that
Metastasize to the CNS
She of Primary Frequency of CNS

metastasis

44%Lung
10%Breast

Kidney (RCC)'Investigations
• identify primary tumour

• full metastatic workup CXR, Cl' chest/abdomen, abdominal U/S, nuclear medicine scan/ RUT,
mammogram)

• CT with contrast > round, well-circumscribed, often ring enhancing, H- I edema, often multiple
• contrast-enhanced MRI more sensitive, especially for posterior fossa
• consider biopsy in unusual cases or if no primary’ tumour identified

n
6\61
3%Melanoma

•RCC Mcnul cell mclnorod

Treatment
• medical

phenvtoin (or levetiracetam) for seizure prophylaxis if patient presents with seizure
dexamethasone to reduce edema given with H2 blocker
role of chemotherapy limited because of poor penetration across BBB
targeted therapies are currently being investigated (e.g. HGI-’R (epidermal growth factor receptor)
inhibitors in patients with HCil 'R-mutant lung cancer and brain metastases)

• radiation
• SRS (highly focused fraction of radiation targeted to tumour): for discrete, deep-seated/

inoperable tumours
Itiple lesions: use WBRT (upwards of 10 lesions); consider SRS if <4-10 lesions

postoperative adjuvant radiotherapy consideration: SRS to surgical cavity following resection
emerging evidence supports avoidance of WBRT and use of focal radiation to spare cognitive
functions (refer to Brown et al., 2016)

1.Heterogenous contrast enhancement
2. Ill-defined borders (inliltrativel
3 Peiitumoural edema
4. Central necrosis
j Compression of ventricles,midline shill y

• mu

+
Figure 11. High-grade glioma on CT• surgical

» single/solitary lesions or dominant lesion with significant mass effect or symptoms:surgical
resection and radiation in carefully selected patients
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Prognosis
• median survival without treatment once symptomatic is ~1 mo, with optimal treatment 6-9 nio; may

be prolonged survival in some patient subgroups (e.g. HBR2/neu breast cancer, EGl-'R-mutant lung
cancer)
the disease-specific Graded Prognostic Assessment (DS-GPA) is a useful prognostic index

• depending on primary tumour type, prognosis may depend on a combination of patient age,
Karnofsky score, extent of extracranial metastatic disease, number of intracranial lesions, and
molecular disease subtype

Surgical Resection vs. Watchful Wailing in low-
Grade Gliomas
fcin Oncol 2017:28:19421948
Purpose: This study eie~ ined the effect of up-frort
surgery vs.watchful waiting for treatment of low-
grade gliomas on long term survival.
Methods: Ihe study was designed as a population -
based parallel cohort study that compared outcomes
from a hospital lavoaring watchful wailing (n *6$
patients)and one favouring early resection (n-8?
patients), follow up was between 7 and 18 yr post-
dagnosis.The two groups were eq. ve ert in terms of
baseline parameters.
Results: Overall, surv.nral wassigmfkantly better
with early surgical resection. Patients from the
centre favouring watchful waiting had a nedan
sur vival of 5.8 yr (95% Cl 4.5-7.21 whereas patients
fiom the centre favounng early resection had a
median survival of 14.4 yr (95% Cl10.4-18.5).The
enhanced survival benefit remained after adjusting
for molecular markers.
Conclusions: Early surgical resection of low grade
gliomas Is associated with significantly Improved
overall survival compared to watchful waiting.

Adult Diffuse Gliomas
• most common primary intra-axial brain tumour, common in 4th-6th decades

Table 11. WHO 2021 Diffuse Gliomas Classification
WHO Grade’ Typical CT/MRI

Findings
PrognosisType Altered Molecular

Profiles
Oligodendroglioma 2.3 Low grade: areas ol

calcification on CT, t
enhancement

Defining: IDH- mulant Low grade:-10 yr

Ollier: TEH!promoler. CIO. High grade: 5 yr
fUBPI, N0TCH1

High grade:enhancement

2, 3, 4 Low grade:mass effect, no Defining: IDH mutant and Low grade:3yr
1pf19q codeleted

Astrocytoma
enhancement

High grade:1.5-2 yr
Other : ATRX , TP53,
C0KN2A /B
Defining: IDH -wildtype 15 mo

High grade:complex
enhancement
Necrosis (ring
enhancement)

Glioblastoma 4

Olher: TERT promoler.
chromosomes 7/10. EGER

Comparison ota Strategy favouring Early Surgical
Resection vs. a Strategy favouring Watchful
Wailing in Lov*-6 rade Gliomas
JAMA 2012:308(18):188t 18S8
Purpose: to examine’watchful waiting’vs.eaify
surgical resection of low-grade gliomas.
Study: A population-based paralel cohort study
was undertaken between two hospitals Ihateach
favoured different management approaches lor low-
grade gliomas (biopsy and watchful wailing vs.early
surgical resection).
Results: 66 patients were included from the watchful
waiting hospital and 87 patients from Ihe early
reseebon centre. Median follow-up was 7.0 and 7.1
pat each centre, the two groups were equivalent
m feints ol baseline parameters. Overall, survival
was significantly bettev wdh eaily surgical resection
Iwatchlul waiting:median survival of 5.9 yr 95% Cl,
4.S-7.3 vs.early resection:median survival was no!
reached due to prolonged lenglh of life, P'0.01).
Conclusions: Early surgical resection of low-grade
q onas is associated with better overall suruvtlas
compared to watchful waiting.

'grade based on natural history

Clinical Features
• sites: cerebral hemispheres»cerebellum, brainstem, spinal cord
• symptoms: recent onset of new/worsening H/A, N/ V, seizure, ± focal deficits or symptoms of increased

IGF

Investigations
• CT/MRI with contrast: variable appearance depending on grade

hypodense on CT, hypointense on T1 MRI, hyperintense on T2 MR1
• low-grade: most do not enhance and have calcification on CT
• high-grade: most enhance with CT contrast dye/gadolinium, possibly with central necrosis

(especially if IDH wildtype)
• histology during surgical resection or biopsy

Treatment
• low-grade diffuse gliomas

close follow-up, radiation, chemotherapy, and surgery are all valid options
• dedilferentiation to more malignant grade; typically occurs faster when diagnosed after age 45

surgery: maximal safe resection, not curative, trend towards better outcomes, provides tissue
sample for histologic/molecular characterization
XRT alone or postoperative prolongs survival (retrospective evidence)
chemotherapy: initial therapy in all patients with high-risk low-grade glioma

• high-grade ditTuse gliomas
• goal is to prolong “quality" survival

surgery
gross total resection: maximal safe resection + fractionated radiation with 2 cm margin +
concomitant and adjuvant temozolomide

- except: nearing end-of-life; or extensive brainstem, bilateral, or dominant lobe GBM
involvement

Bevaciiumab Plus Radiolherapy-Temozolomide
for Newly Diagnosed Glioblastoma
NEJM 2014;370:709-722
Purpose: fo evaluate the effect of combined
bevaciiumab andXRI -tenoiolomidem the treatment
of newly diagnosed glioblastoma.
Methods:Patients with supratentorial GBM were
randomly assigned to receive IV bevaciiumab (ir458|
or placebo plus XII and oral temoiolom Ide(n-463)
for 30 wh total in cycles, followed by bevacitumab or
placebo monotherapy.Outcomes were progression-
free survival and overall survival.
Results: the median progression-free survival
was longer mlhe bevacizumebgroup compared
with placebo (10.6 mo vs.6.2 mo.HR 0.64, 05% G
0.55 0.74|. although overall survival did not differ
significantly between groups ( HR 0.88. 95% Cl
0.764.02). Baseline health - related quality-of life
and performance status were maintained longei a
the bevaciiumabgroup although there was a higfce-
frequency of adverse events.
Conclusions: Ire addition of hevaciiumab to XRT-
temorolomide improves progression-tree sunmral but
Ml overall survival ut patients with glioblastoma.

awake craniotomy for tumours in “eloquent” regions (e.g. speech and language regions or
near motor strip)

stereotactic biopsy if resection not possible, followed by fractionated radiation with 2 cm
margin

ri
c.J

- expectant: based on functional impairment Karnofsky score <70; patient’s/family’s
wishes

• chemotherapy: temozolomide (agent of choice); better response to temozolomide predicted by
MGMT gene methylation

• multicentric gliomas
• WBRT ± chemotherapy

+
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Primary Central Nervous System Lymphoma
Interim Results from the CATRON trial [EORTC
study 26053 2 2054) of Treatment with
C oncurrent and Adjuvant tlmoiolomlde for Ip 19q
Nonco-deleted Anaplastic Glioma:a phase 3.
randomised, open-label intergroup study
lancet 2017:390(10103):1645 S3
Purpose fo assess the use ol radiotherapy vnth
concurrent and adjuvant tenwolomide in adults with
non -co-deleled anaplastic gliomas.
Methods:Patients with newly diagnosed non-co-
deleted anaplastic glioma were randomized to receive
radiotherapy alone or with adjovant temozotamide:
or torecerve radiotherapy with concurrent
temozoiomde IS iug/m 2per day. with or without
adjuvant temomlumide. Ihe primary endpoint was
overall survival.
Results:Overall survival at 5 years was 55-9%
(35% Cl 4) 2-63-81with and 44-1% (363-51 6)
without adjuvant temozolonide. Grade 3-4 adverse
events were seen in 8-12% of 549 patientsassigned
temozolomide.and were mainly haematological and
reversible.
Conclusions: Adjuvant temozoiomide chemotherapy
wosassooaled with i significant survival bentit
in patients with newly diagnosed non-co-deleted
anaplastic glioma.

•highly aggressive, non-Hodgkin lymphoma confined to the CNS;-95% are large B-lymphocyte
•brain t spinal cord, leptomeningeal, CSF,and ocular manifestations possible
•intracranial lesions predominantly supratentorial

Clinical Features
•occurs in both immunocompetent and immunocompromised populations (multifocal lesions in 2D-

40% of immunocompetent patients, and in 30-80% of immunocompromised patients)
•epidemiology:0.47 in 100000 per yr; M:F=1.35:1;age of onset 50-70 (30-40 in immunocompromised

individuals)
•symptoms: focal neurological deficit, cognitive/behavioural symptoms ± increased ICP or seizures or

CN palsies
blurred vision + floaters if ocular involvement

« high association with Epstein-Barr virus in patients with HIV

Investigations
•CT:hyper- or iso-attenuated lesions; significant enhancement with contrast
•MRI with contrast (imaging of choice): intensely enhancing lesions,often localized to periventricular

space
• immunocompetent -> homogenous enhancement ± minimal edema
• immunocompromised > heterogenous or ring enhancement, necrosis, edema ± hemorrhage
• restriction on diffusion imaging due to hypercellularity helpful to distinguish from other brain

tumours
•confirmation by stereotactic biopsy and histopathology

• corticosteroids may prevent histopathological diagnosis > avoid until biopsy complete when
clinically possible

Treatment
•chemotherapy: first-line treatment; induction therapy using M ATKix regimen (high-dose

methotrexate (HDMTX) + cytarabine + thiotepa + rituximab) preferred
•surgery:generally reserved for stereotactic biopsy; resection discouraged
•radiation: WBRT used in consolidation therapy and for palliation;consider as second-line induction

therapy in HDMTX-lneligiblc patients
significant risk of neurotoxicity when combined with HDMTX

• vl
A'1

-2/

Prognosis
•age and performance status are key prognostic factors
• median survival:26 mo across all age groups; <7 mo for patients 270 yrold

3
1. Homogenous contrast enhancement
2. Dural attachment

Distinct marginsMeningioma
Figure 12. Meningioma on CT

•most common primary intracranial tumour, arising from arachnoid cap cells
•sometimes calcified, often causes hyperostosis of adjacent bone (detectable on imaging)
•classically see Psammoma bodies (“meningocytic whorls") on histology
•location: 70% occur along the parasagittal convexity, falx cerebri, and sphenoid bone; other locations:

tubcrculum sellae, foramen magnum, olfactory groove, and CPA

Clinical Features
•middle aged, slight female predominance (M;P=1:1.8), many express the progesterone receptor

(increase in size with pregnancy)
• many are asymptomatic and can he an incidental finding; when symptoms occur focal neurologic

deficits specific to location, ± seizures, symptoms of increased ICP
•molecular changes: between 40-80% of meningiomas contain mutations in chromosome 22 (involved

in suppressing tumour growth); some have extra copies of PUG1:R and EGER; some are associated with
mutations in the h'1'2 gene

WHO Classification of Meningioma
(by histology)
Grade 1: low-risk of recurrence
Grade 2:intermediate risk of recurrence
Grade 3:high-risk of recurrence

Recommendationslor Management oi
Meningiomas
l ancet Oncol 2016;T7(9):e383-391
European Association of Nemo-Oncology assessed
available literature, rated scientific evidence, and
graded recommendation levels.
Key recommendations:
1. First standard therapy sgross total surgical

resection (including imrotred dura).
2.Alternative treatments include radiosurgery lot

small tumours and fractionated Xtl in large/
previously treated tumours.

3. New treatment conceptscombining surgery and
radiosurgeiy/lractionated XRI to treat complete
tumour volume are being developed.

4. Although pharmacological treatments are still
experimental, antiangiogenic drugs, peptide
receptor radionuclide therapy, and targeted
agents ate candidates for future pharmacological
approaches lo treat refractory meningioma ot all
WHO grades.

Investigations
•CT with contrast: homogeneous, densely enhancing, along dural border (“dural tail"), well

circumscribed, usually solitary (10% multiple, likely with loss of NE2 gene/22q 12 deletion)
i MRI with contrast: characterization of mass and provides a belter assessment of the patency of dura )

venous sinuses
•angiography

most are supplied by external carotid feeders (meningeal vessels)
can assess venous sinus involvement, "tumour blush' commonly seen (prolonged contrast image)

Treatment
•conservative management:asymptomatic and/or non-progressive on CT/MK1serial monitoring for

interval growth changes
•surgery: often curative if complete resection and Indicated when symptomatic and/or documented

growth on serial C1/MR1

t-J
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•endovascular:embolization for highly vascularized, likely bloody, tumours to facilitate surgery
•radiation: SRS may be an option for lesions <3cm partially occluding the superior sagittal sinus;SRS

or XRT for non-resectable, recurrent atypical/malignant meningiomas

Prognosis
•5 yr survival is >85% for Cirade 1, 60-90% for Grade II, and 35-65% for Grade 111
•depends on extent of resection
•Simpson’s classification: degree of surgical resection completeness with symptomatic recurrence

Progressive unilateral or asymmetrical
sensorineural hearing loss - vestibular
schwannoma until proven otherwise

Table 12. Simpson Grade of Meningioma Resection
CriteriaGrade

I Macroscopically complete removal ol tumour, with excision of its dural attachment and of anyabnormal bone
Macroscopically complete removal ol tumour, with coagulation ol its dural attachment
Macroscopically complete removal ol tumour without resection or coagulation ol dural attachment or extradural extensions
Partial removal ol tumour
Simple decompression with or without biopsy

II
III
IV
V

Vestibular Schwannoma (Acoustic Neuroma)
•slow-growing (60% show no growth over 1 yr; average rate for growing tumours 1-2 mrn/yr), benign

posterior fossa tumour (8-10% of tumours)
•arises from vestibular nerve of CN Vlll in internal auditory canal, expanding into bony canal and CPA
•if bilateral, diagnostic of NF2
•epidemiology:1.5 in 100000; all age groups affected, peaks at 4th-6th decades

Clinical Features
•early clinical triad: (tumour <2 cm) unilateral progressive hearing loss 98%, tinnitus, and

disequilibrium (compression ofCN Vlll)
•later clinical features

tumour usually >2 cm: otalgia, facial numbness + weakness, changes to taste (due to CN V and
VII compression, respectively)
tumour usually >4 cm:ataxia, H/A, N/V, diplopia, cerebellar signs (due to brainstem
compression; ± obstructive hydrocephalus)

Investigations
•MKI with gadolinium or T2 fast imaging employing steady-state acquisition (FIESTA) sequence

(>98% sensitive/specific); CT with contrast 2nd choice
•audiogram, brainstem auditory evoked potentials, caloric tests

Treatment
•expectant: serial imaging (CT/MRI q6 mo) and audiometry if tumour is small, hearing is still

preserved, high perioperative risk, or elderly patient
•radiation:SRS
•surgery: if lesion >3cm, brainstem compression, edema, hydrocephalus
•curable if complete resection (almost always possible)
•operative complications: CS1; leak, meningitis, required shunt;CN V, VU, VIII dysfunction

(proportional to tumour size; only significant CN VIII disability if bilateral)
•implications for testing of family members of NT2 mutation carrier

Figure 13. Vestibular schwannoma
(tumour in CPA)

Pituitary Adenoma

•primarily from anterior pituitary, 3rd-4th decades, M=l-, associated with multiple endocrine neoplasia
type 1 (MEN-1) syndrome

•incidence in autopsy studies approximately 20%
•classification

microadenoma < I cm; macroadenoma >1 cm
endocrine active (functional/secretory) vs. inactive (non-functional)
most common functional: prolactinomas, adrenocorticotropic, GH-producing

• differential diagnosis: parasellar tumours (e.g. craniopharyngioma, tuberculum sellae
meningioma), carotid aneurysm

Clinical Features
•mass effects
•H/A
•bitemporal hemianopia (compression of optic chiasm); hydrocephalus (3rd ventricle compression)
•invasive adenomas:CN III, IV, VI, V2, VI palsy (cavernous sinus compression); proptosis and

chemosis (cavernous sinus occlusion )

Go Look For The Adenoma Please -
GH, LH, FSH.TSH.ACTH, Prolactin
A compressive adenoma in the pituitary
will impair hormone production in this
order (i.e.GH-secreting cells are most
sensitive to compression)
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• endocrine effects (see Endocrinology, E22)
hyperprolactinemia (prolactinoma): infertility, amenorrhea,galactorrhea, decreased libido
AC i H production: Cushing's disease, hyperpigmentation
GH production: acromegaly/gigantism
panhypopituitarism:due to compression of pituitary (hypothyroidism, hypoadrenalism,

hypogonadism)
DI - rare, except in apoplexy

• pituitary apoplexy (sudden expansion of mass due to hemorrhage or necrosis)
• abrupt onset H/A, visual disturbances,ophthalmoplegia, reduced mental status,

panhypopituitarism and Dl
CSF rhinorrhea and seizures (rare)
signs and symptoms of SAH (rare)

Investigations
• formal visual fields, CN testing
• endocrine tests (prolactin level, TSH, 8 AM cortisol, fasting glucose, l 'SH /LH, insulin-like growth

factor 1 ( IGF-I )), electrolytes, urine electrolytes, and osmolarity
• imaging (MK1 with and without contrast)

1.Antodor cerebral artory
2. Internal carotid artery (communicating part)
3. Pituitary gland
4. Oculomotor nerve
5.Trochlear nerve
6. Internal carotid artery (cavernoussegment)
7. Ophthalmic nerve
8.Abducens nerve
9. Cavernous sinus
10. Maxillary nerve

Treatment
• medical

for apoplexy: rapid corticosteroid administration ± surgical decompression
for prolactinoma:dopamine agonists (e.g.bromocriptine)
for Cushing’s: serotonin antagonist (cyproheptadine), inhibition of cortisol production
(ketoconazole)
for acromegaly: somatostatin analogue (octreotide) ± bromocriptine
endocrine replacement therapy

• surgical
endoscopic endonasal trans-sphenoidal, and less commonly trans-cranial approaches (i.e. for
significant suprasellar extension)

• postoperative concerns: Dl, adrenal insufficiency (Al ), CSF leak
Dl and Al: AM cortisol, serum sodium and osmolality, urine output and specific gravity
(treatment - Al:glucocorticoids; Dl:desmopressin/ DDAVP")

• CSF rhinorrhea: test for p-transferrin

Figure14. Cavernous sinus

Genetic Associations
• sellar masses have known associations with several classic oncogene mutations, including:

MEN1: loss-of-function mutations are common
GNSA1:activating mutations found in -40% of somatotroph adenomas
AIP:mutations associated with familial pituitary'adenomas

Cerebral Abscess
Definition
• pus in brain substance, surrounded by tissue reaction (capsule formation )

Etiology
• modes of spread: 10-60% of patients have no identifiable cause
• pathogens

• Streptococcus (most common), often anaerobic or microaerophilic
Staphylococcus (penetrating injury)
Gram-negatives, anaerobes ( Bacteroides, l:usobacterium)
in neonates: Proteus and Citrobacter (exclusively)
immunocompromised: Toxoplasma, Nocardia,Candida albicans, Listeria monocytogenes,
Mycobacterium,and Aspergillus

Sources of Pus/Infection
• four routes of microbial access to CNS

1.hematogenous spread: arterial and retrograde venous
adults: chest is most common source (lung abscess, bronchiectasis, empyema)

• children: congenital cyanotic heart disease with K-lo-L shunt
• immunosuppression (AIDS toxoplasmosis)

2.direct implantation (dural disruption)
trauma

• iatrogenic (e.g. following LP, postoperative)
congenital defect (e.g. dermal sinus)

3.contiguous spread (adjacent infection): from air sinus, naso/oropharynx, surgical site (e.g. otitis
media, mastoiditis, sinusitis, osteomyelitis,dental abscess)

4.spread from peripheral nervous system (PNS) (e.g.viruses: rabies, herpes zoster)
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•common examples
epidural abscess: in cranial and spinal epidural space, associated with osteomyelitis

treatment: immediate drainage and antibiotics, surgical emergency if cord compression
subdural empyema: bacterial/fungal infection, due to contiguous spread from bone or air sinus,
progresses rapidly

treatment: surgical drainage and antibiotics, 20% mortality
meningitis, encephalitis (see Infectious Diseases. ID17)
cerebral abscess Li

Risk Factors
•lung abnormalities ( infection, AVTs;especially Osler-Weber-Rendu syndrome/hereditary

hemorrhagic telangiectasia)
•congenital coronary heart disease: R-to-L shunt bypasses pulmonary filtration of microorganisms
•bacterial endocarditis
•penetrating head trauma
•immunosuppression (e.g. AIDS)
•dental abscess, poor dentition 1. Surrounding edema

2. Central low density (pus)
3.Ring enhancementClinical Features

•focal neurological signs and symptoms
• H /A, decreased LOG

•mass effect, increased 1CP and sequelae (cranial enlargement in children)
•hemiparesis and seizures in 50% of cases
•± signs and symptoms of systemic infection (low-grade fever, leukocytosis)

Figure 15. Cerebral abscess on CT

Recommendations for Duration ol Antibiotic
Therapy lor Brain Abscesses
Int1 Infect Bis 2010;14Supp!4:S79-92
Systematic literature search 111:9 UEOIINE database
for studies dur. 1191988 2008 to nrethoilologicaly
evaluate antibiotic therapy duration pertaining to
brain abscess.
Key recommendations:
t. Prudent per od of 4 -6 wk of antibiotic theiapy (or

surgically heated abscesses.
2.6-8 wk of IV treatment for abscesses treated

medically only.
3. 6 8 wk of IVtreatment lor multiple abscesses nrtien

laiger ones are healed surgically.

Complications
•with abscess rupture: ventriculitis, meningitis, venous sinus thrombosis
•CS1:obstruction
•transtentorial herniation

Investigations
•CT scan often first test in emergency department.MR1

• imaging of choice
• restriction on diffusion imaging (also seen in lymphoma)

apparent diffusion coefficient (ADC) used to differentiate abscess ( black) from tumour ( white)
•WBC/ESR may be normal, blood cultures rarely helpful and LR contraindicated if large mass
•CSF:non-specific (high 1CP, high WBC, high protein, normal carbohydrate), rarely helpful, usually

negative culture

Treatment
•aspiration ± excision and send for Gram stain, acid-fast bacillus (APB), C&S, fungal culture
•excision preferable if location suitable
•antibiotics

empirically: vancomycin + ceftriaxone + metronidazole or chloramphenicol or rifampin (6-8 wk
therapy)
revise antibiotics when C&S known

•anticonvulsants (1-2 yr)
•follow-up is done clinically and with MRI

Prognosis
•-10% mortality with appropriate therapy, permanent deficits in -50% of cases

Table 13. Stages of Cerebral Inflammation/Infection
Stage CT Features MRI Features Microstructural changes
Early cerebritis (1-3d) Low attenuation abnormality

Mass effect
Low 11signal
High 12 signal
Patchy contrast enhancement
Increased lesion demarcation

Neotrophil accumulation
Tissue necrosis and edema
Microglia andaslrocyte activation

Macrophage and lymphocyte infiltration
Microglia and astrocyte activation

Late cerebritis (4-9 d)

Early capsule
formation (10-13 d)
Late capsule
formation (> 14 d)

Seller demarcation ol lesion formation ol thin, well-vasculamed wallRing contrast enhancement,
particularly in lale capsule
formation

Ring contrast enhancement Microglia and astrocyte activation

Sued(MlWithll,inner media'Wa" ,hiCk CaPSU'e mU"iple 'ayerS
r “i
LJ

Microglia and astrocyte activation

+

Activate Windows
Go to Settings to activate Windows.



NS20 Neurosurgery Toronto Notes 2023

Blood
Table 14. Comparison of Epidemiology and Etiology of Intracranial Bleeds
Types of Etiology
Hematoma/
Hemorrhage

Epidemiology Clinical
Features

PrognosisCT Features Treatment
CT Density and MRI Appearance
of Blood

Epidural
Hematoma

Skull fracture M» f (4:1J.
causing middle associated with
meningeal
bleed

lucid Interval Hyperdense Craniotomy
before loss of lenticular mass
consciousness with sharp

margins, usually
limited by suture
lines
Hyperdense
crescentic mass,
crossing suture
lines

Good with prompt
management; respiratory
arrest can occur from
uncal herniation; 89%
recovery at 6 mo

time Cl MRIT1 MRI 12
Acute Hyperdense Grey Slacktrauma
(<72 h|

Subacute Isodense White White
ft3*k|
Chronic Hypo-dense Black Black
tfrrt)

Acute SDH Ruptured
subarachnoid associated with
bridging vessels trauma

Age »50. No lucid
interval,
hemiparesis,
pupillary
changes

Craniotomy if bleed
>1cm thick

40-60% mortality in
patients requiring surgery

M8M1- -fcorpe Wuihfiglun Dllilge"
MRI 12. -Orto* cookie - Bl.uV WluU Bl.ick

Chronic SDH Age >50.
ElOH users. Often 8.6% mortality at 6 mo

with drain.18.1% without
Ruptured
subarachnoid
bridging vessels anticoagulated

Hypodense
asymptomatic, crescentic mass,
minor H /A, crossing suture
confusion,signs lines
of increased

Burr hole to drain;
craniotomy if recurs

ICR. light-
headedness

SAH Trauma.
spontaneous
(aneurysms.
idiopathic,
AVM)

Age 55-60.20%
cases under
age 45

Sudden onset
thunderclap
H/A, signs of
increased ICP

Hyperdense blood Honsurgical: NP0.
in cisterns/fissures IV normal saline
(sensitivily
decreases over
time)

Traumatic;
0.6% mortality with
isolated SAH in the setting
of mild traumatic brain
injury|GCS >13)

|NS), ECG, Foley, BP
120-150, vasospasm
prophylaxis
(nlinodipine):open
vs. endovascular
surgery to repair if
rebleed;
external ventricular

More severe IBI is
typically associated with
additional forms of brain
injury.

drainage or internal
CSf diversion may be Aneurysmal:
needed if secondary 50% mortality at1month
hydrocephalus without treatment.

20- 40% with moderate
to severe disability with
treatment

Hyperdense Medical:decrease BP. Poor: 44% mortality due to
inlra parenchymal control ICP

Surgical:craniotomy

ICH HTN . vascular
abnormality,
tumours.
infections,
coagulopathy

Age >55.
male, drug use
(cocaine.EtOH,
amphetamine)

TIA-likc
symptoms,
signs of
increased ICP

cerebral herniation
collection

Epidural (Extradural) Hematoma
Etiology
• temporal-parietal skull fracture; 85% are clue to ruptured middle meningeal artery; remainder of

cases are due to bleeding from middle meningeal vein, dural sinus, or bone/diploic veins

Epidemiology
• young adult, M:F=4:1; rare before age 2 or after age 60
• 1-4% of traumatic head in juries

Clinical Features
• classic sequence (seen in <3096): post-traumatic reduced LOC, a lucid interval of several hours, then

obtundation, hemiparesis, ipsilateral pupillary dilation, and coma
• signs and symptoms depend on severity but can include H /A, N / V, amnesia, altered LOCI, aphasia,

seizures, HTN, and respiratory distress
• deterioration can take hours to days

I Compression olvonlricloslMLSI
2. Blood

Figure 16. Extradural hematoma
on CT

rnInvestigations
• CT without contrast: “lenticular-shaped,” usually limited by suture lines but not limited by dural

attachments (not visible on initial CT in 8% of cases)

L J

Poor Prognostic Indicators for Epidural
Hematoma
• Older age
• Low CCS on admission
• Pupillary abnormalities (especially

nonreactive)
• longer delay in obtaining surgery (if

needed)
• Postoperative elevated ICP

Treatment
• admission, close neurological observation with serial CT indicated if all of the following are present

small volume clot (<3() mL), clot thickness <15 mm, minimal midline shift (MLS <5 mm ), (iCS
>8, no focal deficit

• otherwise, urgent craniotomy to evacuate clot, follow-up CT
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•patients with initial epidural hematoma >10 mL on CT within 2 h or epidural hematoma enlargement
in temporoparietal region are more likely to develop epidural hematoma enlargement and require
close CT follow-up at 5-6 h post impact

•mannitol preoperative if elevated ICP or signs of brain herniation
•reverse anticoagulation if on warfarin

Prognosis
•good with prompt management, as the brain is often not damaged
•worse prognosis if bilateral Babinski or decerebration preoperatively
•death is usually due to respiratory arrest from uncal herniation (injury to the midbrain)

Compression of ventricles MLS
Blood

Subdural Hematoma

Table 15. Comparison of Epidemiology and Etiology of Acute and Chronic SDH
Acute SDH Chronic SDH

Time Course 1-2 d after bleeding onset

Rupture of vessels that bridge the subarachnoid space
(c.g.cortical artery,large vein, venous sinus) or cerebral
laceration

>15 d after bleeding onset

May start out as acute SDH
Often due to minor injuiies or no history of injury
Blood within the subdural space evokesan inflammatory
response:

Fibroblast invasion of clot and formation of
neomembranes within days -* growth of neocapillaries
» fibrinolysis and liquefaction of blood clot|forming
a hygroma)

Course is determined by the balance of rcbleeding from
noomcmbtancs and resorption of fluid
Advanced age,alcoholics,patients with CSF shunts,
anticoagulants,coagulopathies,shaken baby syndrome

Etiology
Old blood

Risk Factors Trauma,acceleration-deceleration injury,anticoagulants.
EtOH.cerebral atrophy,infant head trauma,shaken baby
syndrome
Altered LOC,pupillary irregularity,hemiparesis
Up to 50% of patients can present with coma from the time
of injury

Clinical Features May presentwith minor H/A.confusion,language
difficulties.TIA -like symptoms, symptoms of raised
ICP t seiiures. progressive dementia, gait problem,
light -headcdness
Presents with global rather than focal deficits,such as
disturbance of consciousness:“the great imitator* of
dementia, tumours

CT:hyperdense.concave, crescentic mass,crossing suture CT:hypodense (liquefied clot),crescentic mass
lines

Indications lor craniotomy: if clinically symptomatic,
hematoma >1cm thick. MIS >5 mm.CCS decreased by >2
from time of injury to hospital admission,or ICP persistently Burr hole drainage of liquefied clot indicated if
>20 mmHg (optimal if surgery <4h from onset) symptomatic or thickness >1cm:craniotomy if recurs
Otherwise observe with serial imaging if stable or
improving
Poor overall since Ihe brain parenchyma is often injured Good overall as brain usually undamaged,but may
(mortality range is 50-90%,due largely to underlying brain require repeat drainage
Injury)
Prognostic factors:initial CCS and neurological status,
postoperative ICP

Figure 17. Subdural hematoma on CT

Investigations
Use of Drains vs.No Drains After Burr-Hole
Evacuation For Treatment of Chronic Subdural
Hematoma
CochraoeDB Syst Rev 2016:|S):(DOI1402
Purpose: Tocompate eiternal subdural drams to
no drains after burr-hole evacuation for treatment
of chronic SDH
Methods:Systematic renew withcomprehensive
search strategy databases eitracbog9 RCTs|n*9G8)
Results : SgrTirant reduction m the risk of
recunence with subdural drains(RR 0 45.95%
Cl0.32 C-61). no strong evidenceod increase in
comptcations (RR 0.78.95% Cl 0.77-1.72).mortality
(SR 0.78.95% Cl 0.45-1.33).poovfunctional outcome
(SR 0.68.95% Cl 0.44-1.05).
Conclusions
1. Some evidence that postoperative drainageis

effective in reducing the symptomatic recurrence
of chronic subdural hematoma.

2.Ihe effect of drainage on the occurrence olsurgical
complications,mortality,andxor functional
outcomes is uncertain due to low quality evidence.

3.No strong evidence olincrease hi complications
when drains aroused.

Seiture prophylnais only il post traumatic seiiute
Reverse coagulopathies

Treatment

more than twice

Prognosis

Cerebrovascular Disease
Cerebrovascular disease may be divided into two general categories:

Ischemic Cerebral Infarction (80% of disease)
• includes embolism, thrombosis of intracerebral arteries, vasculitis, hypercoagulability, etc. (see

Neurology.Stroke, N5 I )

Intracranial Hemorrhage (20% of disease)
• includes SAH, spontaneous1CH, 1VH
• may occur due to ruptured intracranial aneurysms
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t. Anterior communicating artery. 30%
2. Middle cerebral artery.20%
3. Internal carotid/posterior

communicating artery. 30%
4. Basilar bp. 2%
5. Superior cerebellar artery,3%
6. Vertebrobasilar junction. 2%
7 Posterior inferior cerebellar artery.3%

Hemiuanicctomy inOlder Patients with Extensive
Middle-Cerebral- Artery Stroke
N EJM 2014:370:1091 1100
Purpose lodeletm.ne il early decompressive
hetnicraniectomy reduces mortality among patients
>60 yr.
Methods:112 patients >60 yr (medan age 70 yr)
wdh malignant MU infarction randomly assigned
10 conservative ICU treatment is. bemicraniectomy.
Endpoint was survival without severe disability
(modified Rankin scale score 0-4).
Results: Ine proportion of patients who survived
without seiere drsahilily was 3S\ m the
bemicraniectomy group and 18% in the control group
(OR 2.91.95*o a1.06-7.49). Modified Rankin scale
scores inhemicramectomy vs. control group in terms
of percentagesod patients:0 2 (0% vs.0%|, 3 or
moderate dlsabakty (7%is. 3%). 4 or moderate severe
disabil ty {32% is.15%), 5 or severe disahi lity (28%
us.13 %),ard 6 or death|33%n.70%). Infections
were more frequent in the hemicramectomy group
and herniation morefieguent in the control group.
Conclusions: Hemitraniectomy "(leased survival
withoutseiere disability among patients>60 yr with
a malignant MCA infarction.

3
Types of Aneurysms

4
5

6
Saccular Fusiform Dissecting

^7§
Imi

© Jerry Won 2014, after Kristina Neuman 2011

Figure 18. Aneurysms of the Circle of Willis: figure outlines most common aneurysms In the vessels

Subarachnoid Hemorrhage
Definition
• bleeding into subarachnoid space (intracranial vessel between arachnoid and pia)

Etiology
• trauma (most common)
• spontaneous

• ruptured aneurysms (75-80%)
• idiopathic (14-22%)
• AVMs (4-5%)

• coagulopathies (iatrogenic or primary), vasculitides, tumours, cerebral artery dissections (<5%)

Epidemiology
• ~10-28 in lOOOOO population peryr
• peak age 55-60, 20% of cases occur under age 45

Risk Factors
• H1N
• pregnancy/parturition in patients with pre-existing AVMs, eclampsia
• oral contraceptive pill
• substance use disorder (cigarette smoking, cocaine, EtOH)
• conditions associated with high incidence of aneurysms (see Intracranial Aneurysms, XS2-I )

Hunt and Hess Grade (Clinical
Grading Scale for SAH)
Grade Description

Mo 5« or mildH/A and/or mild
meningismus

Grade1 <- CM palsy
Confuboitflethaigy.mild
hemipareur, oraphaua

GCS<IS but >8.moderate-severe
heniparesis. mild rigidity
Coma (GC$ <9). decerebrate,
moribund appearance

1

2
3

Clinical Features of Spontaneous SAH
• sudden onset (seconds) of severe “thunderclap” H /A usually following exertion and described as the

“worst headache of my life" (up to 97% sensitive, 12-25% specific)
• N/V,photophobia
• meningismus (neck pain/stiffness, positive Kernig's and Brudzinski’s sign)
• decreased LOG (due to either raised 1GP, ischemia, or seizure)
• focal deficits: cranial nerve palsies (GN 111, IV ), hemiparesis
• ocular hemorrhage in 20-40% (due to sudden raised IGF compressing central retinal vein)
• reactive HTN
• sentinel bleeds

• represents undiagnosed SAH
• SAH-like symptoms lasting <1 d (“thunderclap H/A")

may have blood on CT or LF
• -30-60% of patients with full blown SAH give history suggestive of sentinel bleed within past 3

wk
• differential diagnosis:sentinel bleed, dissection /thrombosis of aneurysm, venous sinus thrombosis,

benign cerebral vasculitis, benign exertional H /A

4

5

Mortality ot Grade1-2 20uu,increased with grade

r “t
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Investigations
• non-contrast CT ( NCCT) for diagnosis of SAH

• 98% sensitive within 12 h, 93% within 24 h; 100% specificity
• may be negative if small bleed or presentation delayed several days

acute hydrocephalus, 1VH, 1CH, infarct or large aneurysm may be visible
• LP (highly sensitive) for diagnosis of SAH if CT negative but high suspicion:

• elevated opening pressure (> I 8 cm Hit))
• bloody initially, xanthochromic supernatant with centrifugation (“yellow") by -12 h, lasts 2 wk
• RBC count usually >100000/mm 3 without significant drop from first to last tube (in contrast to

traumatic tap)
elevated protein due to blood breakdown products

• four vessel cerebral angiography (“gold standard" for aneurysms)
• demonstrates source of SA H in 80-85% of cases
• angiogram negative SAH: repeat angiogram in 7-14 d, if negative > “perimesencephalic SAH"

• MRA and CT angiography/angiogram (CTA): sensitivity up to 95% for aneurysms, CTA>MRA for
smaller aneurysms and delineating adjacent bony anatomy

World Federation of Neurological
Surgeons (WFNS) Grading of SAH
WfNS Grade CCS Score Aphasia ,

Hcmiparesis.
or Hemiplegia

ll -
IS1

2 tt-14
3 13-14

M24 pr -
S 36 or -
*kilaclaneurysm

Blood in
basal cisterns

Blood in Blood in
suprasellar cistern interhemisplieric fissure

Nontraumatic Subarachnoid Hemorrhage in
the Setting of NegathreCranial Computed
Tomography Results:External Validation of a
Clinical and Imaging Prediction Rule
A- n imerg Med 2013:61|1|:110
Purpose: lo validate twodfosion rules for the
dagnosisol SAH: (1|A cIvricM prediction rule stales
that patients with acute severe H/A but without
the dinical variables age >40 yr, neck pain,loss of
consciousness, oionsef ofH'Awith exertion are at
low-risk for SAH; (2) An rmagirg prediction lule hoses
diagnosis on non -contrast cranial Cl loi patients
vrl'nn 6 hof Hf* onset.
Methods: Matched case-contiol studyol SS patients
at 21 emergency departments between 2000 and
2011,and diagnoses were verified by LP.
Results: The clinical pied ci on rule fotdiagnosis
of SAH was 97.1% sen si tire.22.7% specific, and
tad a negative likelr -wod ratio of 0.13. Using the
nagmg prediction rule resulted in a false negalne
rate of 20%.
Conclusions: Performing tte clinical and imag -g
rules together has the potential for maximizing
sensitivity of prediction and reducing rates of IP. but
using imaging alonecan resell in missed cases.

Blood in
Sylvian fissures

Blood on
surface of tentorium

Figure 19. Diagnosis of SAH

Positive(NCCT}

s—03

(Positive)
rtf No

CT or MRA
positive fT

( Diagnostic PSA )
Gold Standard

( MRI/MRA ) ( LP ) C 1 JI, l l

LP positive
Diagnostic DSA i

( OR

! .1 .1 The Vasograde:A Simple Grading Scale for
Prediction of Delayed Cerebral Ischemia after
Subarachnoid Hemorrhage
Stroke 2015;46|7):1826TJ31
Purpose: Patients are classically at risk of delayed
ceietual ischemia (OCI)aftei aneurysmal SAH. Ihis
study validated a grading scale- the VASOGRADE -
for prediction of DCI.
Methods: Oata from three Phase II RCTs and a s ogle
hospital series were used to assess the lelationshp
between the VASOGRADE and DCI.
Results: in a cohort of 746 patients, the VASOGRADE
significantly predicted Ml (P<0.001). lire
YASOGRADE-Yellow had a tendency lor increased risk
for DCI ( OR 1.31:95% Cl 0.77-2.23) when compared
With VASOGRADE- Green:those with VASOGRAOE-Red
had a 3 fold higher tisk of DCI (OR 3.19; 95% Cl 2.07-
4.50|. VASOGRADE had an adequate diswmuut c - foi
prediction of OCI {area under the receiver operating
characteristics cune-0.63) and good calibration.

Conclusions: Ire VASOGRADE results validated
previously published risk charts in a large and
d versesample of SAH patients, which allows DCI risk
stiatdication on piesentalon after SAH. It coJd help
to select patients at fugh-nsk of OCI and standardize
treatment protocols and research studies.

to—x> —6 —
r-

(Coiling)(Clipping)' r
( Stop ] ( Stop ] ( Slop )

Gold Standard
Figure 20. Approach to SAH
Adapted from:de Oliveira Manoel et al. (2014)Subarachnoid haemorrhage Irom a neuroimaging perspective.Critical Care

Treatment
•admit to K!U or NICU

oxygen/ventilation PRN
NPO, bed rest, elevate head of bed 30“, minimal external stimulation, neurological vitals ql h

• aim to maintain sBP=120-150 mmHg (balance of vasospasm prophylaxis, risk of rebleed, risk of
hypotension since CBF autoregulation impaired by SAH)

• cardiac rhythm monitor, Foley PRN, strict monitoring of ins and outs
•medications

IV NS with 20 mmol KC1/L at 125-150 cc/h
nimodipine 60 mg PO/NG q4 h x 21 d for delayed cerebral ischemia neuroprotection; may
discontinue earlier if patient is clinically well
seizure prophylaxis: levetiracetam (Keppra*) 500 mg PO/IV q 12 h x 1 wk

• mild sedation PRN
• neuroprotection

the only validated neuroprotective agent is nimodipine
studies on the use of IV magnesium and endothelin-A receptor antagonist (clazosentan) showed
reduction in DCI and vasospasm, respectively, without any effect on functional outcome
a trial on the use of statins did not show any neuroprotective benefit

r -x
L J
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Complications
• vasospasm:vasoconstriction and permanent pathological vascular changes in response to vessel

irritation by blood can lead to delayed cerebral ischemia and death
onset: 4-14 d post-SAH, peak at 6-8 d; most commonly due to SAH, rarely due to ICH/IVH

• clinical features (new onset ischemic deficit):confusion, decreased LOC, focal deficit (speech or
motor, e.g. pronator drift )
risk factors: large amount of blood on CT (high fisher grade), smoking, increased age, HT'N
“symptomatic" vasospasm in 20-30% of SAH patients
“angiographic” vasospasm in 30-70% of arteriograms performed 7 d following SAH
diagnosed clinically, and /or with transcranial Doppler (increased velocity of blood flow)
risk of cerebral infarct and death
treatment

hyperdynamic (“triple H”) therapy using fluids and pressors, usually after ruptured
aneurysm has been clipped/coiled
direct vasodilation via angioplasty or intra-arterial verapamil for refractory cases

• delayed cerebral ischemia: neurological deterioration persisting >1 h in the absence of any obvious
contributing physiological, radiological, or laboratory abnormalities

peaks 4-10 d post-ictus
can progress to cerebral infarction and is associated with significant morbidity and mortality

• mechanism behind DG is unclear, hut includes vasospasm, vascular dysautoregulation,
neurotoxic effects from the blood breakdown products, inflammation, micro-thrombi, and
cortical spreading depolarizations

» it is an essential target for SAH management
• hydrocephalus (15-20%):due to blood obstructing arachnoid granulations

can be acute or chronic, requires extraventricular drain or shunt, respectively
• neurogenic pulmonary edema
• hyponatremia:due to cerebral salt wasting (increased renal sodium loss and EG; volume loss), not

S1ADH
• Dl
• cardiac: arrhythmia (>50% have ECG changes), Ml, CHF

VASOGRADE

VASOGRAOi WFNS Modified
Fisher scale

M 1-2Green
Yellow 1-3 34

45Red Any

The Durability of Endovascular Coiling vs.
Neurosurgical Clipping of Ruptured Cerebral
A ncurysms:18 Yr Follow-Up of The U K Cohort
of the International Subarachnoid Aneurysm
Trial (ISM)
lancet 2015:385(9969):691-697
Methods: RCT comparing endovascular coiling
treatment with craniotomyand dipping for luptured
intracranial aneurysms in 2143 patients who were
considered eligible for either modality or therapy
between 1994-2002.1644 patients were Mowed lor
deaths and outcomesfor10-18.5 yr.
Results:At10 yr.83% of endovascular coiling group
and 79% of neurosurgical clipping group were alive.
82% of patients treated with endovascular coiling and
78% of patients treated with neurosurgical dipping
were independent.Fatients m the endovascular
group were more likely to be alive and independent
at10 yr vs.neu rosurgery group (081.34,95% Cl
1.07-1.67). Rebleeding risks from target aneurysm for
endovascular group and neurosurgery groupwere
0.0216 (95% Cl 0.0121 0.0383) and 0.0064|95% CI
0.0024-0.0173), respectively..
Conclusions:
IThe probability of death or dependency was

significantly greater in the neurosurgical group (vs.
endovascular group) at10 yr follow-up.

2. Rebleeding was more likely in endovascular group
(vs. neurosurgical group), but risk wassaall at 10
yr follow-up.

3. Probability of disability-free survival was
significantly greater in the endovascular group (vs.
neurosurgical group) at 10 yt follow-up.

Prognosis
• 10-15% mortality before reaching hospital, overall 50% mortality (majority within first 2-3 wk)
• 30% of survivors have moderate to severe disability'
• a major cause of mortality is rebleeding, for untreated aneurysms:

• risk of reblecd: 4% on 1st day, 15-20% within 2 wk, 50% by 6 mo
• if no rebleed by 6 mo, risk decreases to same incidence as unruptured aneurysm (2%)
• only prevention is early clipping or coiling of “cold" aneurysm

rebleed risk for “perimesencephalic SAH” is approximately same as for general population

Intracranial Aneurysms
Epidemiology
• prevalence 1-4% (20-30% have multiple)
• 1;>M; 35-65 yr (mean age of presentation is 50 yr)

Types
• saccular (berry)

most common type
located at branch points of major cerebral arteries (circle of Willis)
85-95% in carotid (anterior) system, 5-15% in vertebrobasilar (posterior) circulation

• fusiform
atherosclerotic
more common in vertebrobasilar system, rarely rupture

• infectious (mycotic)
secondary to any infection of vessel wall, 20% multiple
60% Streptococcus and Staphylococcus

• 3-15% of patients with bacterial endocarditis

Most Common Locations of Saccular
Aneurysms
• Anterior communicating artery

(ACom):30%
• Posterior communicating artery

(PCom):25%
- MCA:20%
• Basilar tip:7%

Risk Factors for Saccular Aneurysms
Smok ing
HTN
Adult Polycystic kidney disease
Ehlers-Danlos syndrome
Family history:>2 first-degree relatives

Risk Factors
• autosomal dominant polycystic kidney disease (15%)
• fibromuscular dysplasia (7-21%). AVMs
• connective tissue diseases (Ehlers-Danlos syndrome, Marfan syndrome)
• family history
• bacterial endocarditis
• Osier-Weber-Kendu syndrome (hereditary hemorrhagic telangiectasia)
• atherosclerosis, HT N, and smoking
• trauma

j

+
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Table 16. Five Year Cumulative Rupture Risk in Unruptured Aneurysms Based on Size and
Location

Long-Term.Serial Screening for Intracranial
Aneurysms in Individuals wilti a Family History
d Aneurysmal Subarachnoid Hemorrhage:A
Cohort Study
lance!Neurol 2014:13:385-392
Purpose: Toeiamine the y.eld of long-term serial
screening lor Intracranial aneurysms loi Individuals
with a positive famdy history ol aneurysmal
subarachnoid hemorrhage (aSAH) (hroor more first
degree relatives who have had aSAH or unruptured
Intracranial aneurysms).
Study:Screening results Iron April 11993 to April 1
2013wece reviewed in a cohort study.MSAor CIA was
done from ages16-18 to ages 65 )0.Alter a negative
screen, individuals were advised to contact IheOnme
hsSyrfoi follow-up.
Results:Aneurysmswere identified in 11% of
indivvduals al (list screening|n-458), 8% at second
screening (n*261).5% atlhird screening (n-128|.
and &% atfourth screening (n*63|.Smoking (OR 2.).
95% Cl1.2-5 j), history of previous aneurysms (3.9.
1.2-12.)).and fami al history olaneurysms (3.5.
1.68.1) were significant risk factors for aneurysm at
first screening. History ol previous aneurysms vrastte
only significant risk factor for aneurysms at follow -up
screening (HR 4.5.95% Cl1.1-18.)).
Conclusions: Ihe benefit ol long - term screening in
individuals with a family history of aSAH is substantial
up to and after 10 yr of follow-up and twn initial
negative screens.

Cavernous Carotid ACAorACom/MCA/ICA Vertebrobasilar/PCAtPCom
0% 0% 2.5%*7 mm

7-12 mm 0% 2.6% 14.5%

3%13-24 mm
v24 mm

14.5% 18.4%
6.4% 40% 50%

ACA = anterior cerebral artery: ACom = anterior communicating artery:ICA- internal carotid artery:MCA- middle cerebral artery: RCA- posterior
cerebral artery: PCom = posterior commuiicating artery.
Table adopted Irorn the ISUIA Trial: lancet 2003:362:W3-!10

Clinical Features
• rupture (90%), most often SAH, but 30% ICH, 20% IVH, 3% subdural bleed
• sentinel hemorrhage (“thunderclap H /A") > requires urgent clipping/coiling to prevent catastrophic

bleed
• mass effect (giant aneurysms)

• ICA or ACom aneurysm may compress:
the pituitary stalk or hypothalamus causing hypopituitarism
the optic nerve or chiasm producing a visual field defect
basilar artery aneurysm may compress midbrain, pons (limb weakness), or CN III
PCom aneurysm may produce CN III palsy
intracavernous aneurysms (CN 111, IV, VI, V2, VI)

• distal embolization (e.g. amaurosis fugax)
• seizures
• H/A (without hemorrhage)
• incidental CT or angiography finding (asymptomatic)

Investigations
• CTA, MRA, cerebral angiogram

Treatment
• ruptured aneurysms

overall trend towards better outcome with early surgery or coiling (48-96 h after SAH)
treatment options: surgical placement of dip across aneurysm neck, trapping (clipping of
proximal and distal vessels), coiling using (iuglielmi detachable coils, (low diversion stents,
wrapping (last resort)

choice of surgery vs. coiling: consider location, size, shape, and tortuosity of the aneurysm,

patient comorbidities, age, and neurological condition; in general:
endovascular coiling > clipping for ruptured intracranial aneurysms suitable for both
treatments -> greater survival benefit at 1 yr with sustained effect for up to 7 yr post-treatment

coiling: posterior > anterior circulation, deep/eloquent location, basilar artery bifurcation/
apex, older age, presence of comorbidities, presence of vasospasm
clipping: difficult endovascular access, broad aneurysmal base, branching arteries at the
aneurysm base, tortuosity/atherosclerosis of afferent vessels, dissection, hematoma, acute
brainstem compression

• unruptured aneurysms
average 1.4% annual risk of rupture; predictors include: age, HTN, history of SAH, aneurysm size
and location, and geographical region (Finnish people = 3.6 times increased risk; Japanese people
= 2.8 times increased risk)
no clear evidence on when to operate; need to weigh life expectancy

• risk of niorbidity/mortality of SAH (20-50%) vs. risk of coiling (-2%)
generally treat unruptureu aneurysms >10 mm

• treatment guided by balance of risks of SAH per ISUIA and PHASES and of intervention per
centre experience and outcomes
follow smaller aneurysms with serial angiography

The Unruptureil Intracranial Aneurysm Treatment
Score
Ffc.rc ogy 2015:85(101:881 839
Purpose: To develop an unruptured intracranial
aneurysm ( UIA) treatment score|UIA!$|model lira!
includes and quantifies key lectors involved in clinical
decision - making m the management of UlAs and lo
assess agreement for this model airo'g specialists in
UIA management and research.
Methods : An international mullidisup inary
(neurosurgery, neuroradiology. neurology, clinical
eptdeminlogyl group of 69 specaiists was convened
to develop and validate the UIAIS model using a
Delphi consensus method .
Results: Hie UIAIS accounts lor 29 key factors m UIA
management.
Conclusions: T'is novel UIA decs on guidance
study captures an encellent consensus among
highly informed individuals on UIA management,
irrespective of their underlying specialty.

See landmark Neurosurgery Trials ta£>le for more
information on the natural history ol unrupluied
intracranial aneurysms and the risk associated with
the repair.

Intracerebral Hemorrhage
Definition
• hemorrhage svithin brain parenchyma, accounts for ~10% of strokes
• can dissect into ventricular system ( IVH ) or through cortical surface (SAH )

Etiology
• HT N (usually causes bleeds at putamen, thalamus, pons, and cerebellum)
• hemorrhagic transformation (reperfusion post-stroke, surgery, strenuous exercise, etc.)
• vascular anomalies

aneurysm, AVMs, and other vascular malformations (see Vascular Malformations, NS27)
venous sinus thrombosis
arteriopathies (cerebral amyloid angiopathy, lipohvalinosis, vasculitis)

location of ICH
• Basal ganglia/internal capsule (50%)
• Thalamus (15%)
• Cerebral white matter (15%)
• Cerebellum/brainstem- usually

pons (15%)
• Other (5%) +
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• tumours (1%):often malignant (e.g. GBM, lymphoma, metastases)
• drugs (amphetamines, cocaine, alcohol, anticoagulants, etc.)
• coagulopathy (iatrogenic, leukemia, thrombotic thrombocytopenic purpura, aplastic anemia)
• CNS infections (fungal, granulomas, herpes simplex encephalitis)
• post-trauma (immediate or delayed, frontal and temporal lobes most commonly injured via coup-

contrecoup mechanism)
• eclampsia
• postoperative ( post-carotid endarterectomy cerebral reperfusion, craniotomy)
• idiopathic

ICH Score Components
• GCS score (3-4-2 pts;5-12-1pt,

13-15-0pt). ICH volume(>30 cm~1pt,<30 cm-Q
pi). Presence of IVH (yes-1pt no-0 pt). Infratentorial origin (yes-1pt,no'0

• Age (i80-1pt <80 *0 pt)
Epidemiology
• 12-31 cases in 100000 population per yr

Surgical Dedsrca Makiag inBrain Hemorrhage:
Hew Analysis of theSIKH.STICK IIand STITCH
(Tranra) Bandocaed Trials
Stroke 2015:50:1108-1115
Summary:IheSICH(Snrgical Trial in Lobar
IntracerebralBesonhage)I(“1033 patients)and
II(n401patents) trials randomized patients with
spontaneoss ateceehralhemorrhage (ICH) to
early sargeryorrmtaltyaiasenatrire treatment.The
STITCH (Tranma) triadimestgatedthese options in
theentailof tead-apredpatents(n-170 patients).
Ilea-analyse of spontaneous ICH patients suggests
that thosepresentrgno a 6CS0110-13 anda large
KHare more Skety to benefit from early surgery
than'Josepresent egndh a CCS ontside this range.
S»gical treatsea of fsroatic ICH with CCS10-13-ares - a- . oe-eSca ariOMS
Refer a the landmark lenrosnrgery trials able for
details of STICH.

Risk Factors
• increasing age (mainly >55 yr)
• male
• HTN. Black/Asian > White
• previous cerebrovascular accident of any type (23 times risk)
• both acute and chronic heavy EtOH use; cocaine, amphetamines
• liver disease
• anticoagulants

Clinical Features
• TIA-like symptoms often precede ICH, can localize to site of impending hemorrhage
• gradual onset of symptoms over minutes-hours, usually during activity
• H/A, N/Y, and decreased LOG are common
• specific symptoms/deficits depend on location of ICH

Investigations
• baseline severity score such as the ICH Score should be performed as part of the initial

workup
• hvperdense blood on non-contrast CT
• CTA routine, if spot sign (contrast in the hematoma) demonstrated there is high likelihood of clot

growth
Spetder-Martin AVM Grading Scale

StoreRea
Size

Treatment
• patients should be transferred to and managed in a neuro-ICC or stroke unit
• medical

• decrease MAP to pre-morbid level or by-20% (target BP 140/90) in emergency department
• check partial thromboplastin time/international normalized ratio (PTT/1NR), and correct

coagulopathy (immediate reversal of anticoagulation)
• control raised ICP (see Intracranial Pressure Dynamics, SS4 )
• corticosteroids should NOT be used for elevated ICP in ICH

0-3re

Wire 2
4c- 3
location

0hfrdow*
Oogocct
OtepVzoonsOrainagt
Httpceswt

Presetf

I

levetiracetam/phenytoin for seizure prophylaxis
• follow electrolytes (S1ADH common)
• angiogram to rule out vascular lesion unless >45 yr,known HTN,and putamen/thalamic/

posterior fossa ICH (yield -0%)

0

ZVU varies w? ukdntod by nddntg trio 3 individual
Sperite-HortiSafescare horn the above table.

-9- a 2 cn hnctx e rcr-etoquetit locaticci without
bawtage = Grade I

• surgical
* craniotomy with evacuation of clot, treatment of source of ICH (i.e.AVM, tumour, cavernoma),

ventriculostomy to treat hydrocephalus
• indications

symptoms of raised ICP or mass effect
rapid deterioration (especially if signs of brainstem compression)
favourable location (e.g. cerebellar, non-dominant hemisphere)
young patient (<50 yr)
suspected tumour, AVM, aneurysm, or cavernoma ( resection or clip to decrease risk of
rebleed)

• contraindications
small bleed: minimal symptoms, GCS >10
poor prognosis: massive hemorrhage (especially dominant lobe), low GCS/coma, lost
brainstem function
medical reasons (e.g. advanced age, severe coagulopathy,difficult location (e.g. basal ganglia,
thalamus)) nu

Prognosis
• 30 d mortality rate 44%, mostly due to cerebral herniation
• rebleed rate 2-6%, higher if HTN poorly controlled +

Activate Windows
Go to Settings to activate Windows.



XS27 Neurosurgery Toronto Notes 2023

Vascular Malformations
Types
• AVMs
• cavernous malformations (cavernomas, cavernous hemangiomas/angiomas)
• venous angioma
• capillary telangiectasias
• AY1 (carotid-cavernous fistula, dural AYF, vein of Galen aneurysm)
• “angiographically occult vascular malformations” (any type, 10% of malformations)

Arteriovenous Malformations, Cavernous Malformations,
and Dural Arteriovenous Fistulas

Table 17. Comparison of Pathoetiology, Clinical Features, and Treatment of Arteriovenous
Malformations, Cavernous Malformations, and Dural Fistulas

Arteriovenous Malformations Cavernous Malformations Dural Fistulas

Definition Tangle of abnormal vessels/arteriovenous Benign vascular hamartoma
shunts,with no intervening capillary beds consisting ol irregular sinusoidal
or brain parenchyma;usually congenital vascular channels located within

Frstu'as connecting dural arteries to
dural veinsor the dural sinus
frequently occur at the transverse and

the brain without intervening neural cavernous sinuses,but can be found at
tissue or associated large arteries/ every cranial dural sinus

Hypothesised to be related to venous
Several genes now described:CCM1. sinus thrombosis formation,and

subsequent microvascular shunt
lor.mat on within the dura between
arteries and veins
Unknown trueincidence
Constitute 10-15% of all intracranial
vascular abnormalities

veins

CCM2.CCM3

Epidemiology Prevalence -0.14%.M:F"2:1.average age Prevalence ol 0.10.2%,both
sporadic andhereditary forms
described

Figure 21. MRI of cavernous
malformation
A. T2-weighted imaging MRI
B. Gradient echo sequencing MRI

at diagnosis-33 yr
15-20% olpatients with hereditary
hemorrhagic telangiectasia (Osier -Weber-
Rendu syndrome) will havecerebral AVUs

Clinical Features Hemorrhage (40-60%);small AVMs are
more likely to bleed due to directhigh
pressure AV connections
Seizures (50%);more commonwith
larger AVMs
Mass effect
Focal neurologicalsigns secondary
to ischemia (high (low "steal
phenomena")
localized H/A,increased ICP
Bruit (especially with dural AVMs)
May be asymptomatic (“silent")

Investigations MRI (flow void),MRA
Angiography (7% will also have one or
more associatedaneurysms)

Seizures (60%),progressive
neurological deficit (50%),
hemorrhage (20%),H/A
Often an incidental finding
Hemorrhage risk less than AVM.
usually minor bleeds

Asymptomatic,pulsatile tinnitus if
involving sigmoid or transverse sinuses,
bruits.H/A
Carotid cavernousinvolvement
classically produces proptosis,
chemosis.and bruits
Symptoms of SAH, S0H.or ICH

Clinical Course ofUntreated Cerebral Cavernous
Nalforwations (CCM)
laxe:leant2015 pi.̂ 1474-4422(15)00303-8
Purpose. loohCam precise estimates and predictors
of tte ris< of rtratrana semorrhage (ICH) in patients
urth.̂ treated cerebral cavernous malformations
(CCMs).
Methods Colected individual patient data from
iwestigMhtsof pubkstedstudies on MEDLINE aid
Eriasesnce mteoSon cut April 201517 cohorts
from 6 sides.-16211) on clmcalcourse from CCM
dagnpss 5rsiCCM treatment or last armlaile
Hnp
Results:2Mof tte1520patients experienced ICH
darng 5187persoc-yr -nllouv-up (Kaplan-Meier
estoaSd 5 yr risk 15.8%.95% Cl13.7-17.9).ICH
irtnSyr of CCM degnoss was associated with
clinical presernateo with ICH or focal neurological
deScitw-thoatbra n imaging evidenceof recent
renrrtage(is.Oder presentations; HR 5,6.95% Cl
32-9.7)asd»8b-amstem CCM location|vs.other
locahoos;Hi44.95% 02.3-8.6).
Conclusions :liMode of deucal presentation and
(2) CCM scatoc a-e rdeoendentlyassocratedwith
ICH w“- 5 yr of CCM diagnosis. The risk of recurrent
hemortage‘-or a CCM is greater than the risk of the
hrst ere:rddec!res over 5 yr.

T2-weighted image MRI|non-
enhancing)
Gradient echo sequencing (best for
diagnosis)

Surgical excision:
Only appropriate for symptomatic
lesions that are surgically
accessible (supratentorial lesions
are less likely to bleed than
infratentorial lesions)

Ang ogr aphy remains the gold standard
Non-enhanced CT to rule out hemorrhage
MRI:however,this does not demonstrate
the arterial supply to the fistula

Approach is dependent on size, location
and symptoms,and includes:

Conservative treatment
Neuroradiotogical endovascular
interventions
Radiation therapy
Surgery
Combination ol the above

Decreases risk of future hemorrhage
and seizure
Surgical excision is treatment of choice
even in Spetzler-Martin gradesI-IIwith
general good health
SRS is preferred tor small (<3 cm) or very
deep lesions
Endovascular embolization (glue,balloon)
can be curative (5%) or used as adjuvant
to surgery or SRS in larger lesions
Conservative (e.g. palliative
embolization,seizure control if
necessary)
12-66% mortality.23-40% morbidity
(serious neurological deficit) per bleed
Risk olmajor bleed in untreatedAYMs;
2-4%/yr
Outcomes dependon Speltzer-Martm
grade

Treatment

Annual bleeding rates:0.25-1.1% for 8.1% anrnal risk of hemorrhage
supratentorial,2-3% for brainstem 6.9% annual risk for non-hemorrhagic
Symptomatic lesions have a higher neurological deficit
hemorrhage risk than asymptomatic 10.4%mortality rate

Outcomes influencedby dural fistula
type (presence olcortical venous
drainage -•poorer outcomes)

Prognosis

+
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Cerebrospinal Fluid Fistulas
Suspect CSF fistula in patients with
otorrhea or rhinorrhea after head trauma
or recurrent meningitis

Etiology
• cranial or spinal
• traumatic:after head trauma, iatrogenic (post-transsphenoidal surgery, post skull base surgery)
• nontraumatic:high pressure (hydrocephalus, tumour), normal pressure (bone erosion secondary to

infection, congenital defect )

Clinical Features
• otorrhea or rhinorrhea (clear fluid)
• low pressure H/A (worse when sitting up)
• confirmatory testing for CSF:(5-transferrin test, quantitative glucose analysis of fluid, “ring sign",

“reservoir sign'

Investigations
• CT (detect pneumocephalus, fractures, skull base defects), water contrast CT cisternography

Ring Sign:If CSF is mixed with blood.
Allow CSF to drain onto the surrounding
sheets;positive if dear in centre with
surrounding blood coloured ring (double
ring sign)
Reservoir Sign:Gush of CSF leaks out in
certain head positions (i.e. teapot sign):
not specific or sensitive

Treatment
• lower ICP (avoid straining, acetazolamidc to reduce CSF production, modest fluid restriction )
• persistent leak: may require continuous lumbar drainage via percutaneous catheter
• surgical indications: traumatic leak lasting >2 wk, spontaneous leaks, delayed onset of leak after

trauma or surgery, leaks complicated by meningitis

Red Flags for Back fein

BACK PAIN
Bowel/Bladder (retention or
incontinence)
Anesthesia (saddle)
Constitutional symptoms
“K"hronic disease
Parasthesia
Age >50 or <20
IV drug use
Neuromotor deficits

EXTRACRANIAL PATHOLOGY

Approach to Limb/Back Pain Cauda Equina
Urinary retention or incontinence, fecal
incontinence or loss of anal sphincter
tone,saddle anesthesia,uni/bilateral leg
weakness/pain
Malignancy
Age >50,previous Hx of cancer,pain
unrelieved by bed rest constitutional
symptoms
Infection
Increased ESR.IV drug use.
immunosuppressed. fever
Compression Fracture
Age >50, trauma,prolonged steroid use

• see Orthopaedic Surgery

Extradural Lesions
Post circulation
Ant circulation

AXIAL SECTION OF
THORACIC SPINE

-[Dorsal
funiculus

asciculus gracilis.Fasciculus cuneatusPosterior spinal
artery

Dorsal horn
(sensory! .lateral

corticospinal
tract (efferent)Lateral hon

(autonomic! j 'jL
*onlv present
T1-LZS2 SS \

-lateral
funiculus,O J

n .f -Spinothalamic
tract (afforcntlVentral horn

(motor)

Anterior
spinal artery

Ventral
funiculusAnterior

corticospinal
tract (efferent)

Posterior spinal aa.

Anterior
segmental
medullary a. Arachnoid mater

.Dura mater/
interior spinal a.Post & ant.

reticular aa.
Branch to vertebral
body & dura mater

Dorsal branch -of intercostal a
Spinal a. Thoracic aorta

r1
L J

+Intercostal a. © Natalie Cormier 2D1S.after Takami lijima

Figure 22. Vascular supply of spinal cord
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Root Compression
Sensory Fibres
• Fasciculus gracilis/cuneatus:

proprioception, fine touch,vibration
• Spinothalamic tract: pain and

temperature
Motor Fibres
• Corticospinal tract: skilled

movements

•radiculopathy is a pain and/or sensorimotor deficit syndrome that involves compression of a nerve
root.Nerve compression generally occurs as a result of disc herniation, degenerative disc diseases
(spondylosis), instability, and masses (rare)

•patients generally present with referred pain, sensory changes (numbness and/or tingling) or
weakness. Whereas patients might sometimes describe sensory changes in a dermatomal distribution,
the referred pain will not be in a dermatomal distribution.The areas of pain and altered sensorium
may be incongruent

•muscle innervation has less overlap than sensory innervation and hence is a better predictor of level of
pathology

Differential Diagnosis
•herniated disc
•neoplasm (neurofibroma, schwannoma)
•synovial cyst, abscess
•hypertrophic bone/spur

Cervical Disc Syndrome
Etiology
• nucleus pulposus herniates through annulus fibrosus and impinges upon nerve root, most commonly

Disc herniations impinge the nerve root
at the level below the interspace fie.
C5-6disc affects the C6 nerve root)Clinical Features

• pain in arm follows nerve root distribution, worse with neck extension, ipsilateral rotation, and lateral
flexion (all compress the ipsilateral neural foramen)

• LMN signs and symptoms (diminished reflexes, non-spastic motor weakness)
• central cervical disc protrusion may cause myelopathy as well as nerve root deficits

Investigations
• if red flags: cervical spine (C-spine) x-ray,Cl', MR1 (imaging of choice)
• only consider HMG/nerve conduction studies if diagnosis uncertain and presenting more as peripheral

nerve issue

Treatment
• nonsurgical

• no bed rest unless severe radicular symptoms
• activity modification, patient education (reduce sitting, lifting)

physiotherapy, exercise programs focus on strengthening core muscles
• analgesics; NSAlDs are more efficacious
• avoid cervical manipulation like traction

• surgical indications
anterior cervical discectomy is the usual approach (posterior foraminotomy with discectomy is
the other option)

• intractable pain despite adequate conservative treatment for >3 mo
progressive neurological deficit

Prognosis
• 95% improve spontaneously in 4-8 wk

Table 18.Lateral Cervical Disc Syndromes
C4-5 C5-6 C6-7 C7-T1

C7Root Involved C5 C6 C8

Incidence
Sensory

Motor

2% m. 69% 10%
Shoulder
Deltoid,biceps,
supraspinatus

No change

Middle finger

Biceps,wrist extensors Triceps

Thumb Ring finger.Sth finger

Digital flexors,intrinsics

Reflex Biceps,brachioradialis triceps Finger jerk (Hoffmann's

r n
i.J

+
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Degenerative Cervical Myelopathy
Definition
• progressive degenerative process of cervical spine leading to canal stenosis; congenital spinal

stenosis;degeneration of intervertebral discs;hypertrophy of dura or ligaments;subluxation; altered
mobility; telescoping of the spine due to loss of height of vertebral bodies; alteration of normal lordotic
curvature

• resultant syndromes:mechanical neck pain, radiculopathy (root compression), myelopathy (spinal
cord compression)

Epidemiology
• typically begins at age 40-50,M>F,most commonly at the C5-C6 > C6-C7 levels

Pathogenesis
• any of:disc degeneration/herniation, osteophyte formation, ossification, and hypertrophy of

ligaments
• pathophysiology includes static compression, dynamic compression, and vascular compromise

Clinical Features
• insidious onset of mechanical neck pain exacerbated by excess vertebral motion (particularly rotation

and lateral bending with a vertical compressive force Spurling's test )
• the earliest symptoms are gait disturbance and lower extremity weakness or stiffness
• occipital H/A is common
• radiculopathy may involve 1 or more roots, and symptoms include neck, shoulder, and arm pain;

paresthesias; and numbness
• cervical spondylotic myelopathy may present with:

weakness (upper > lower extremity), lower extremity weakness (corticospinal tracts) is most
worrisome complaint
decreased dexterity, lossof fine motor control
sensor)'changes
UMN findings such as hyperreflexia, clonus, and Babinski reflex
funicular pain,characterized by burning and stinging ± Lhermitte’s sign (lightning-like
sensation down the back with neck flexion)

Investigations
• x-ray of cervical spine ± flexion/extension (alignment, fractures)
• MR1 most useful for determination of compression of the neural element
• CT is only used for better determination of bony anatomy (i.e.OPLL)
• HMG/nerve conduction studies reserved for peripheral nerve investigation

Cervical spondylotic myelopathy is the
most common cause of spinal cord
impairment

'

Clinical Grading Scores to Assess CSM
• Modified Japanese Orthopaedic

Association (mJOA)
• Nunck Grade
• Neck Disability Index
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retrain!trio:aaddeoo-ogerriienasageaeot
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_
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Figure 23.CT (left) and MRI (right) representations of cervical spondylosis
Images courtesy of Or.Eric Masskotte r n

L J
Treatment
•nonsurgical: physiotherapy, anti-inflammatory medications
•surgical:anterior approach (anterior cervical discectomy or corpectomy), posterior approach

(decompressive cervical laminectomy)
•in multilevel degenerative cervical myelopathy (DCM), both anterior and posterior options are

acceptable approaches with generally comparable outcomes
• with kyphosis -> anterior approach generally preferred

+
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• with preserved cervical lordosis -> posterior approach generally preferred
• surgical indications: myelopathy with motor impairment, progressive neurologic impairment,

intractable pain
• complete remission almost never occurs; surgical decompression stops progression of disease in

almost all cases; 80'V, of patients experience neurological improvement

Table 19.2017 Summary AO Spine-CSRS Guideline for the Management of Degenerative Cervical
Myelopathy

Level of Recommendation Guideline/RecommendationPatient Population

Severe DCM (raJOA 0-H)

Moderate 0CM|mJ0A 1244)

Mild DCM {mJ0A1S.1T)

Strong
Strong

Surgical intervention isrecommended
Surgical intervention is recommended

Surgical intervention or structured rehabilitationis recommended:
consider surgery if with neurologic deterioration or failure to
improve
Prophylactic surgery isnot recommended

Weak

Non-myelopathic patients with Weak
cord compression and without
radiculopathy

Non-myElopathic patients with cord Weak
compression and withrad.allopathy

Either surgical intervention or nonoperative treatment (dose
follow-up or structured rehabilitation)

Lumbar Disc Syndrome
Definition
• compression of nerve roots caused by herniation of the nucleus pulposus through the annulus fibrosus

of an intervertebral disc in the lumbar spine

Etiology
• posterolaterally herniated disc compressed nerve root exiting BELOW the level of the disc or the

traversing nerve root
• far lateral disc herniation compressed nerve root AT the level of the disc or the exiting nerve root
• central herniation may cause cauda equina compression or lumbar stenosis (neurogenic claudication )

Clinical Features
• initially back pain, then leg pain > back pain
• limited back movement (especially forward flexion) due to pain
• motor weakness, dermatomal sensory changes, decreased reflexes
• exacerbation with Valsalva; relief with flexing the knee or thigh
• nerve root tension signs

• straight leg raise (SLR) ( Lasegue’s test ) or crossed SLR (pain should occur at less than 60°)
suggests L5, SI root involvement

• femoral stretch test suggests L2, L3, or L4 root involvement
Figure 24. T2-weighted MRI of
lumbar disc herniation

Investigations
• MRI is modality of choice
• x-ray spine (only to rule out other lesions), CT (bony anatomy)

myelogram and post-myelogram CT (only if MRI is contraindicated)
See landmark Heu-osa-gery Inals table for mote
i-brmat^ "e SPOBI trial fir outcomes of surgery
*. rorooeraive care foe lumbar diseberniabun.

Treatment
• nonsurgical (same as cervical disc disease)
• surgical indications:same as cervical disc and cauda equina syndrome

Magnetic Besoiaice Imaging inFollow-Up
Assessaeniof Sciatica
IBM 2013:3S85$9-M)0?
Backgroud: Fo cn .:MB) is a coistroveisia!

etkod for nKSr rgsciatica c patients wifi known
liBSar-dsckertateo.
Metlods: Paridpants (n-283|weierecruited
froa a s=ul2:eoas. parallel, raodomraed study
coaparmg surgery aid conservative care loi sciatica
(aeSciatica trial).MBI and clinical assessment weie
usderulei prMreatmett and 1 yi post-tieatment
’ri :~ to nsualiae disc herniation and
evaluate outome.
Besitts 1p.4sc tar-ation was visible in 35%
wis a fanuraieoutcome (complete, or nearly
carpea sy-jtom resolntjos) acid m 33% wifi
ai uifavou-cSie aut:ire (NI.70).A favourable
outcome was -eocried v:85%. of patients with disc
henetoa erd13% wiiewt isc heiniatioo (H)J0|.
Conclusions:Aretoniccl abnormalities visible on
itbeSrd1011perne- treatment forsciabca due to
taber-dsc temaSoo cou d not distinguish patients
witt resobtoa of their symptoms from patients still
eipe-ercog symptoms.

Prognosis
• 95% improve spontaneously within 4-8 wTk
• those who do not improve writh conservative treatment achieve symptom relief quicker with surgery

than continuation of conservative management; however, the long-term outcome after surgery is
comparable to conservative therapy

• do not follow patients with serial MRIs; clinical status is more important at guiding management

Table 20. Lateral Lumbar Disc Syndromes
13-4 L5-S1L4-5

S1Root Involved L4 L5
r -\

Incidence <10%
Femoral pattern

Medial leg

45% 45% i_ j
Pain Sciatic pattern

Dorsal foot to hallux
Lateral leg
Extensor halloas longus (hallux
extension)

Medial hamstrings

Sciatic pattern

Lateral lootSensory

+tibialis anterior (dorsiflexion) Gastrocnemius,soleus (plantar
flexion)

Achilles

Motor

Reflex Patellar
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Table 21.Differentiating Conus Medullaris Syndrome from Cauda Equina Syndrome
Conus Medullaris Syndrome Cauda Equina Syndrome

Onset
Spontaneous Pain

Gradual, unilateral
Rare, if present usually bilateral, symmetric in Severe, radicular type: in perineum, thighs,
perineum or thighs

Saddle:bilateral and symmetric:sensory
dissociation

Sudden, bilateral

legs. back, or bladder
Sensory Deficit Saddle:no sensory dissociation: may be

unilateral and asymmetric
Symmetric:paresis less marked:fascicutabons Asymmetric:paresis more marked:atrophy

may be present: fasciculations rare
Motor Deficit

may be present

Reflexes Only ankle jerk absent (preserved knee jerk) Knee and ankle jerk may be absent
Sphincter dysfunction presents late; impotence
less frequent

Autonomic Symptoms (bladder dysfunction. Urinary retention and atonic anal sphincter
impotence.etc.) prominent early: impotence frequent

Cauda Equina Syndrome
Etiology
• compression or irritation of lumbosacral nerve roots below conus medullaris (below L2 level)
• decreased space in the vertebral canal below L2
• common causes: herniated disc ± spinal stenosis, vertebral fracture, and tumour

Causes of Cauda Equina Syndrome
• Lumbar disc herniation
• Spinal stenosis. Spinal tumour
• Epidural abscess
• Hematoma
• Trauma

Clinical Features
• usually acute (develops in less than 24 h ); rarely subacute or chronic
• motor (LMN signs)

weakness in multiple root distribution
reduced deep tendon reflexes (knee or ankle)

• autonomic
» urinary retention (or overflow incontinence) and/or fecal incontinence due to loss of anal

sphincter tone
• sensory'

low back pain radiating to legs (sciatica) aggravated by Valsalva maneuver and by sitting; relieved
by lying down
bilateral sensory loss or pain:depends on the level affected
saddle area (S2-S5) anesthesia

• sexual dysfunction (late finding)

Investigations
• urgent MRI to confirm compression of S2-S3-S4 nerve root by a large disc herniation
• post-void residual very helpful to determine if true retention is present; volumes controversial but

anything over 250 cc in a healthy individual is cause for concern

Treatment
• surgical decompression (<48 h) to preserve bowel,Madder, and sexual function, and/or to prevent

progression to paraplegia
• consult radiation oncology for urgent symptomatic management if palliative oncology patient

Prognosis
• markedly improves with surgical decompression
• recovery correlates with function at initial presentation:if patient is ambulatory, likely to continue to

be ambulatory; if unable to walk, unlikely to walk after surgery

Lumbar Spinal Stenosis
Etiology
• congenital narrowing of spinal canal combined with degenerative changes (herniated disc,

hypertrophied facet joints, and ligamentum flavum)

Clinical Features
• gradually progressive back and leg pain with standing and walking that is relieved by sitting or lying

down or movements involving lumbar flexion (e.g. riding a bicycle, leaning over a shopping cart);
neurogenic claudication 60% sensitive

• neurologic exam may be normal, including straight leg raise test

See landmark Neurosurgery trials (able lor more
information on the SPORI trial lor outcomes ol
s urgery n. nonoperative care for symptomatic lumbar
spinal stenosis.

Investigations
• MRI is best to confirm and localize the level of stenosis (unlike nerve root compression which can be

localized with clinical exam)

L J

+
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Treatment
• nonsurgical: NSAlDs, analgesia, physical therapy
• surgical: laminectomy with root decompression

• fusion typically advised if evidence of segmental instability prior to surgery (e.g. in flexion/
extension x-rays)

Neurogenic Claudication
Etiology
• ischemia of lumbosacral nerve roots secondary to vascular compromise and increased demand from

exertion, often associated with lumbar stenosis

Key Features of Neurogenic vs.
Vascular Claudication

• Neurogenic Claudication:
dermatomal distribution with
positional relief occurring over
minutes

• Vascular Claudication:sclcrotomal
distribution with relief occurring with
rest over seconds

Clinical Features
• dermatomal pain /paresthesia/weakness of buttock, hip, thigh, or leg initiated by standing or walking
• slow relief with postural changes (sitting >30 min), NOT simply exertion cessation
• induced by variable degrees of exercise or standing
• may be elicited with lumbar extension, but may not have any other neurological findings, no signs of

vascular compromise (e.g. ulcers, poor capillary refill)

Investigations
• bicycle test may help distinguish NC from vascular claudication (the waist-flexed individuals on the

bicycle with NC can last longer)

Treatment
• same as for lumbar spinal stenosis

Intradural Intramedullary Lesions

Syringomyelia (Syrinx)
Definition
• cystic cavitation of the spinal cord
• presentation is highly variable, usually progresses over mo to yr
• initially pain, weakness; later atrophy and loss of pain and temperature sensation

Etiology
• 70% are associated with Chiari 1 malformation, 10% with basilar invagination
• post-traumatic
• post-infectious
• post-inflammatory
• tumour
• tethered cord

Clinical Features
• nonspecific features for any intramedullary spinal cord pathology:

initially pain, weakness, atrophy, then loss of pain and temperature (spinothalamic tract) in
upper extremities (central syrinx) with progressive myelopathy over years
sensory loss with preserved touch and proprioception (dorsal column-medial lemniscus
pathway) in a band-like distribution at the level of cervical syrinx
dysesthetic pain often occurs in the distribution of the sensory loss
LMN arm/hand weakness or wasting
painless neuropathic arthropathies (Charcot’s joints), especially in the shoulder and neck due to
loss of pain and temperature sensation

Figure 25. T1weighted MRI of
syringomyelia

Investigations
• MRI is best method, myelogram with delayed CT

Treatment
• treat underlying cause (e.g. posterior fossa decompression for Chiari l, surgical removal of tumour if

causing a syrinx)
• rarely does the syrinx need to be shunted, r Tonly when progressive and size allows for insertion of tube LJ

+
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Spinal Cord Syndromes
Complete Spinal Cord Lesion
• bilateral loss of motor/sensory and autonomic function at >4 segments below lesion/injury, with UMN

signs
• about 3% of patients with complete injuries will develop some recovery within 24 h; beyond 24 h, no

distal function will recover

American Spinal Injury Association
Impairment Scale
Grade Descriptiot

A Corpete.oo moton'sensory below
:e:T3 ogee : level including MS
loarajlete.sensory dot not motor
fcuebe- presented below nearoiogica:
ere ackdmgStS

locoaplete.motor function preserved
seem tesrologiul level,and more
Sax badof Sie key muscles below
nnro'ogcai level have a muscle
grade<3
laciapfcfe.motor function preserved
oe ow resroiogical level,and more
tor ~af of toe key muscles below
neoroog.Q level bare a muscle
grade >3
Iona!motor aed sensory function

B
Incomplete Spinal Cord Lesion
• any residual function at >4 segments below lesion
• signs include sensory/motor function in lower limbs and “sacral sparing" (perianal sensation,

voluntary rectal sphincter contraction)
C

Table 22. Comparison Between Incomplete Spinal Cord Lesion Syndromes
Syndrome SensoryEtiology Motor

D
Brown-Sequard Herrisection of cord Ipsilateral LMN weakness at the

lesion
Ipsilateral loss of vibration and
proprioception

Ipsilateral UMN weakness below Contralateral loss of painand
the lesion temperature

Preserved light touch E
Anterior Cord Anterior spinal artery compression Bilateral LMN weakness at the

or occasion
Preserved vibration and
proprioception
Bilateral loss of pain and
temperature
Preserved light touch

lesion
Bilateral UMN weakness below T

r2 =the lesion
Urinary retention

1
•5

1•2 I 1 £5Central Cord (most common) Syringomyelia, tumours,spinal
tiyperextension injury

Bilateral motor weakness:Upper Variable bilateral suspended
limb weakness (LMN lesion) > sensory loss
Lower limb weakness (UMN lesion) Loss of pain and temperature
Urinary retention

m - NE
C-

C» loss of vibration and
proprioception
Bilateral loss of vibraboo.
proprioception,light touch at and
below the lesion
Preserved pain and temperature

Posterior Cord Posterior spinal artery infarction. Preserved
trauma I

IftttPeripheral Nerves
• see Nuurnlogy. N38

Classification

Table 23. Seddon’s Classification of Peripheral Nerve Injury
© Jenna Rebelo 2010y

Nerve Injury Description Recovery
Figure 26. Spinal cord lesion
syndromesNeurapraxia (classI)

Aionotmesis (class It)

Axon structurally intact but fails to function
Axon and myelin sheath disrupted butendoneurium and Spontaneous axonal recovery at1mm/d.max at12 yr
supporting structures intact -» Val erian degeneration
of axon segment distal to injury
Nerve completely transected

Within h to mo (average 6 -8 wkj

Neurotmesis (class III) Need surgical repair tor possibility of recovery

Etiology
• ischemia
• nerve entrapment (compression) by nearby anatomic structures, often secondary to localized,

repetitive mechanical trauma with additional vascular injury to nerve
• direct trauma (e.g. transection)
• iatrogenic

Investigations
• clinical exam: muscle bulk and tone, power, sensation, reflexes, localization via Tinel’s sign

(paresthesias elicited by tapping along the course of a nerve)
• electrophysiological studies: EMG/nerve conduction study (assess nerve integrity and monitoring

recovery after 2-3 wk post-injury)
• labs: blood work (e.g. CBC, TSH , vitamin Bit ), CST
• imaging: C-spine, chest/bone x-rays, myelogram, CT, magnetic resonance neurography, angiogram if

vascular damage is suspected

r i
iJ

Treatment
• early neurosurgical consultation if injury is suspected +
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Table 24. Treatment by Injury Type
Injury Treatment

Nonsurgical: Prevent repeated stress/injur/, physiotherapy. NSAIDs. local anesthesia/steroid injection
Surgical:Nerve decompression t transposition for progressive deficits, muscle weakness/atrophy, failure of medical
management
Follow up clinically for recovery; exploration if no recovery in 3 mo
If no evidence of recovery, resect damaged segment
Prompt physical therapy and rehabilitation to increase muscle function, maintain joint ROM. maximire return of useful
function
Recovery usually incomplete
Surgical repair of nerve sheath unless known to be intact {suture nerve sheaths directly if ends approximate or nerve
graft {usually sural nerve))
Clean laceration:early exploration and repair
Contamination or associated injuries: tag initially with nonabsorbable suture, reapproach within 10 d

Entrapment

Stretch/Contusion
Blood vessels-Axonotmesis

• •

«®rt>

I 1Neurotmesis

rI
Complications
• loss of function (temporarily or permanently)
• neuropathic pain: with neuroma formation
• complex regional pain syndrome: with sympathetic nervous system involvement mmMEpineurium

Perineurium /
EmloneuriumSPECIALTY TOPICS

0 •- '
Tty Ay

Fascicle
Myelin
sheathNeurotrauma

Trauma Management
• see Emergency Medicine, EU7

Indications for Intubation in Trauma
1 . depressed or decreasing loss of consciousness ( patient cannot protect airway): usually GCS £8
2. need for hyperventilation
3. severe maxillofacial trauma: patency of airway is doubtful
•I. need for pharmacologic paralysis for evaluation or management

• if basal skull fracture suspected, avoid nasotracheal intubation as may inadvertently enter brain
note: intubation prevents patient's ability to verbalize for determining GCS

/

Axon -
2Schwann cell
S
1

r,
5r

I
G

Schwann cell
nucleus

Trauma Assessment
Figure 27. Peripheral nerve structureInitial Management

ABCs of Trauma Management
• see Emergency Medicine, ER2

NEUROLOGICAL ASSESSMENT Glasgow Coma Scale
Eye Verbal
Response Response

Motor
Mini-History
• period of loss of consciousness, post-traumatic amnesia, loss of bowel/bladder control, loss of

sensation, weakness, type of injury/accident
• in urgent situations, remember "SAMPLE-1'”: signs/symptoms, allergies, medications, past medical

history, last meal, events leading up to the trauma, and baseline functioning

Neurological Exam
• ABCs
• vital signs- GCS
• brainstem reflexes (if appropriate)
• cranial nerve exam
• motor and sensory exam, including peripheral reflexes
• spine (pain /tenderness, palpable deformity)
• sphincter tone and saddle sensation
• record and repeat neurological exam at regular intervals, as appropriate

Response

4 spontaneous 5 oriented 6 obeys
commands

S localizes to3 opens eyes 4 contused
to Mice
2 opens eyes 3 inappropriate
to pain wards
Inoeye
opening sounds

pain

4 withdraws
from pan

2 incomprehensible 3 flexion
to pain
(decorticate
postnnng)

1no response 2 extension
to pain
(decerebrate
postering)

Iintubated 1no r -iresponse L J

Best response for each component recorded
individually (e_g_ E3V3M5)
e13b mild injury:9-T2 is moderate injury;sS is
severe injury

+
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Investigations
• spinal injury precautions (cervical collar) are continued until C-spine is cleared
• C,T,L-spine and headCT scan

AH, lateral,odontoid views for C-spine (must see from Cl toTl;swimmer’s view if necessary)
look for fractures, loss of mastoid or sinus air spaces, blood in cisterns, pneumocephalus-50% of injuries happen at the junction of the cervical and thoracic spines, T1 should be well
visualized in the image to detect this occurrence
rarely done: oblique views looking for pars interarticularis fracture (“Scottie dog" sign)
if CT is unavailable, can do C-spine x-ray with Tl well visualized, but not recommended since
injuries at C and T spine junction are seldom adequately visible with x-ray

• cross and type, arterial blood gas (ABG),CBC, drug screen (especially alcohol)
• chest and pelvic x-ray as indicated

• Never do IP in head injury unless
increased ICP has been ruled out

• All patients with head injury have
C-spine injury until proven otherwise

• Suspect hematoma in alcoholic-
related injuries

• Low BP after head injury means
injury elsewhere

• Must dear spine both radiologicalty
AND clinically

TREATMENT
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la j inesia Ob‘jaJed or btobated Petieals: M eta
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J lerosi-g 2011:115541 W9
Pirpose:1a detemie K*eSectnesess of ft ca I
0aioae (n.CTaid adprartstgagsaci asHI)
to tfagaoseaoft ntebe C-ort ejsryfoiong
Uwikaaa.
(ie'.tofc:Mete-asaysscoapenrq coden(I M3
af.rctve says?sodaites.
Resells.17 stt es wtb14327 pateststel.
Seastni1|aad saecsicalf for Bodera Clwre betb

(Ht 0 0.99 -100for botbL Tke^Sae
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C-spiae irjtriesc treesa patents Ed adpvaal
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Treatment for Minor Head Injury (GCS 13-15)
• observation over 24-48 h
• wake every hour
• judicious use of sedatives or pain killers during monitoring period
• outpatient: advise patients to undergo stepwise approach to return to play and return to school (for

latest recommendations, refer to 2019 Parachute Canada Concussion Guidelines)

Treatment for Moderate (GCS 9-12) and Severe Head Injury (GCS <8)
• clear airway and ensure breathing; intubate if necessary
• secure C-spine
• maintain adequate BP
• monitor for clinical deterioration
• monitor and manage increased ICP if present (see Herniation Syndromes, NS7)

Admission required if:
• skull fracture (indirect signs of basal skull fracture, see Head Injury)
• confusion, impaired consciousness, concussion with >5 min amnesia
• focal neurological signs, extreme H/A, vomiting,seizures
• unstable spine
• use of alcohol
• poor social support

TktCaiafci Cl Bead WeforPrintswii
MiiorHeadlijirj
Lancet 200t357:l33T-1394
CT Bed soalp rtywed for averts*Ct- cor bead
ejarieswit cipooeof thefofemjf:
ifk-tisk (for wadogcal nfervEOoal

• 6CSsaie <1542 baf4rojHp
• Sssoecad opei et depressed aadfractue
• Asp spoof basal skal frame(beaEpupaiEa.
‘raemn'apes,ereb-osoai bidotonbea.'
rhwnboea.8aHe’ssi)a|- Toaliog »2 episodes-

MediiB-Kisk p- raarorpoiCI)
• Laarsia after raped >30 ni

• OEjenjo oeckaisa (pedestrian strvu Ip eator
aeticie.ocapar!eetSd froe wtor Btide.fed
7oa height >3fee*orliestars)

Maor Headlajaip a dated es n cessed UK.
defcieawnesa.or*twssed ifaoreitatoi*a
petalBiba tCSscoreof 13 la.

Head Injury
Epidemiology
• M:F=2-3:1
Pathogenesis
• acceleration/deceleration:contusions, SDH, axon and vessel shearing/mesencephalic hematoma
• impact:skull fracture,concussion, epidural hematoma
• penetrating:worse with high velocity and/or high missile mass

low velocity: highest damage to structures on entry/exit path
high velocity: highest damage away from missile tract

Scalp Injury
• rich blood supply
• considerable blood loss (vessels contract poorly when ruptured)
• minimal risk of infection due to rich vascularity

Skull Fractures
• depressed fractures:double density on skull x-ray (outer table of depressed segment below inner table

of skull), CT with bone window is gold standard
• simple fractures (closed injury): no need for antibiotics, nosurgery
• compound fractures (open injury): increased risk of infection, surgical debridement within 24 h is

necessary
internal fractures into sinus may lead to meningitis, pneumocephalus
risk of operative bleed may limit treatment to antibiotics

• basal skull fractures: not readily seen on x-ray, rely on clinical signs
retroauricular ecchymosis (Battle's sign)
periorbital ecchymosis (raccoon eyes)
hemotympanum
CSF rhinorrhea, otorrhea (suspect CSF if halo or target sign present); suspect with Lefort 11/111
midface fracture

rWJ '—r-Retroauricular R
/ / ecchymosis >5
/ / (Battle’s sign) £

Periorbital
:chymosis
racoon

>= , = s

I

\ +
Figure 28.Signs of basal skull
fractures
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Cranial Nerve Injury
• most traumatic causes of cranial nerve injury do not warrant surgical intervention
• surgical intervention

C.'N II: local eye/orbit injury
• CN III , IV, VI: if herniation secondary to mass
• CN VIII: repair of ossicles

• CN injuries that improve
CN 1: recovery may occur in a few months; most do not improve
CN III , IV, VI: majority recover
CN VII: recovery with delayed lesions
CN VIII: vestibular symptoms improve over weeks, deafness usually permanent (except when
resulting from hemotympanum )

AAN Concussion Classification
Grade 1: altered mental status <15 min
Grade 2: altered mental status >15 min
Grade 3: any loss of consciousness

Concussion Grades
UK Management Options
Grade

IS mm for amnesia ardother symptoms
Return to normal activity if symptoms
dear within IS min
Rtmow from activity for1d, then
re-eiamine
Cl or MRI if H® or other symptoms
worsen or last »1 v«k
Return to normal activity after
1 wk without symptoms

Emergent neurological eiam and
imaging:if initial eram is normal, may go
home with dosefollow-op
Admit if any signs of pathology or
persistent abnormal mental status
Cl or Mil if H A or other symptoms
If brief loss of consciousness ('1min),
return to normal activity after1wk
without symptoms
If prolonged lossof consciousness (>1
arlii). return to normal activity only aflnr
iwhwithoulsymptoms

1Arterial Injury
• e.g. carotid-cavernous (C-C) fistula, carotid/vertebral artery dissection

2Intracranial Bleeding
• see Blood, NS20 and Cerebrovascular Disease, NS2I

Brain Injury
3

Primary Impact Injury
• mechanism of injury determines pathology: penetrating injuries, direct impact

low velocity: local damage
high velocity:distant damage possible (due to wave of compression), concussion

• concussion: a trauma-induced alteration in mental status
refer to American Academy of Neurology (AAN ) guidelines for classification and management
no parenchymal abnormalities on CT

• coup (damage at site of blow) and contrecoup (damage at opposite site of blow)
acute decompression causes cavitation followed by a wave of acute compression

• contusion (hemorrhagic)
• high density areas on CT ± mass effect
• commonly occurs with brain impact on bony prominences (inferior frontal lobe, pole of temporal

lobe)
• diffuse axonal injury/shearing

• wide variety of damage results
• may tear blood vessels ( hemorrhagic foci )
• often the cause of decreased loss of consciousness if no space-occupying lesion on CT

Coup

Contre-
coupSecondary Pathologic Processes

• same subsequent biochemical pathways for each traumatic etiology
• delayed and progressive injury to the brain due to

high glutamate release > NMDA receptor activation > cytotoxic cascade
• cerebral edema

intracranial hemorrhages
ischemia/infarction
raised ICP, intracranial HTN

• hydrocephalus

Figure 29. CT showing coup-
contrecoup injury

A Trial of Intracranial-Pressure Monitoring in
IranmaticSrain Injury
NEJU 2012:367:2471-2481
Background: ICP monitoring is frequently used
to monitor severe TBI. but controversy exists over
whether it isbeneficial.
Methods:Studysanple (n»324 patients, >13 yr|
consisted of those who had severe TBI and were being
treated n ICU in Bolivia or Ecuador. Patents were
randomly assigned to one management group:
1.ICP-monitoring based management.
2.Management based on imaging and clinical

tiaamabon.
Primary outcome was a composite of survival time,
impaired consciousness, functional status (al 3, $
mo), and neuropsychological status (at 6 mo).
Results: ho significant difference belween
management groups based on primary outcome. G mo
morlah!y.median length ol ICU stay, or occuiieoce of
sereus adveise events. However, duration ol brain -
specie beaineets (e.g. use of hyperosmolar flu ids or
hypervtnWafenl was higher m the imaging-clinical
eianinalon group (4.8 d vs.3.4 d, P*0.002).
Conclusion . Maintaining monitored ICPalJOmiiiHg
or less is not superer to caie based on Imaging and
cbniul anamination.

Extracranial Conditions
• hypoxemia

due to trauma to the chest, upper airway,brainstem
extremely damaging to vulnerable brain cells
leads to ischemia, raised ICP

• hypercarbia
leads to raised ICP (secondary to vasodilation)
systemic hypotension
caused by blood loss (e.g. ruptured spleen )
loss of cerebral autoregulation leads to decreased CPP, ischemia

• hyperpyrexia
leads to increased brain metabolic demands > ischemia
caused by severe infections (e.g. meningitis, sepsis)

• fluid and electrolyte imbalance
• iatrogenic (most common )
• SIADH caused by head injury
• Dl
• may lead to cerebral edema and raised ICP

• coagulopathy

i i
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Intracranial Conditions
• raised ICP due to traumatic cerebral edema OR traumatic intracranial hemorrhage

SLADH -» hyponatremia
DI -»hypernatremiaBrain Injury Outcomes

• mildly traumatic (GCS 13-15):post-concussive symptoms: H/A, fatigue, dizziness, nausea, blurred
vision, diplopia, memory impairment, tinnitus, irritability, low concentration; 50% at 6 wk, 14% at 1
yr

• moderately traumatic (GCS 9-12):outcome proportional to age (>40) and CT findings; 60% good
recovery, 26% moderately disabled, 7% severely disabled, 7% vegetative/dead

• severe (GCS <8): difficult to predict, correlates with post-resuscitation GCS (especially motor) and age

Late Complications of Head/Brain Injury
• seizures: 5% of head injury patients develop seizures

incidence related to severity and location of injury (increased with local brain damage or
intracranial hemorrhage)
post-traumatic seizure may be immediate, early, or late

• presence of early (within first wk) post-traumatic seizure raises incidence of late seizures
• meningitis:associated with CSF leak from nose or ear
• hydrocephalus:acute hydrocephalus or delayed N PH
• Post-Concussion Syndrome: H/A, dizziness, cognitive changes, psychological symptoms, and

behavioural symptoms

Spinal Cord Injury
Alignment
columns
anterior vertebral tine (II
posterior vertebral line (21
spinolaminar line (31
posterior spinous line (4)

• see Orthopaedic Surgery,OR25 and Emergency Medicine. EK9

Neurogenic and Spinal Shock
1. neurogenic shock: hypotension that follows SCI (sBP usually <80 mmHg) caused by

interruption of sympathetics (unopposed parasympathetics) below the level of injury, usually
with injuries above T6 level
loss of muscle tone due to skeletal muscle paralysis below level of injury -» venous pooling
(relative hypovolemia)
neurogenic shock is to be distinguished from hemodynamic shock due to blood loss from
associated wounds (true hypovolemia)

neurogenic shock -> hypotension, bradycardia, warm and well-perfused extremities
hemodynamic shock -> suspect in multisystem trauma and if there is peripheral vascular
shut-down

2. spinal shock: transient loss of all neurologic function below the level of the SCI, associated with loss of
bulbocavernosus reflex, flaccid paralysis and areflexia for variable periods

Whiplash-Associated Disorders
• definition: traumatic injury to the soft tissue structures in the region of the cervical spine due to

hyperflexion, hvperextension, or rotational injury to the neck

Initial Management of Spinal Cord Injury
• major causes of death in SCI are aspiration and shock
« the following patients should be treated as having a SCI until proven otherwise:

all victims of significant trauma
minor trauma patients with decreased LOC or complaints of neck or back pain, weakness,
abdominal breathing, numbness/tingling, or priapism

Stabilization and Initial Evaluation in the Hospital
1 . ABCs, immobilization (backboard/head strap), oxygenation, l-'oley catheter to urometer,

temperature regulation
2. hypotension: maintain sBP >90 mmHg with pressors (dopamine), hydration, and atropine

deep vein thrombosis (DVT) prophylaxis
3. monitor CBC/electrolytes
4. perform a mental status and cranial nerve function assessment as many patients with SCI have co-

occurring traumatic brain injury
5. focused history and exam as the patient is being immobilized (see Trauma Assessment, NS35)
6. spine palpation:point tenderness or deformity
7. motor lev el assessment (including rectal exam for voluntary anal sphincter contraction)
8. sensory'level assessment:pinprick, light touch, and proprioception
9. evaluation of reflexes
10. signs ofautonomic dysfunction: altered level of perspiration, bowel or bladder incontinence,

priapism
11. radiographic evaluation

3 views C-spine x-rays (AP, lateral, and odontoid) to adequately visualize Cl to C7-T1 junction
flexion-extension views todisclose occult instability
CT scan (bony injuries) typically most trauma centres use CT as the modality of choice for
looking at fractures, very sensitive with the high-resolution scanners
MR1 mandatory if neurological deficits (soft tissue injuries)

Bone
vertebral bodies
facets
spinous processes

Cartilage

Disc
disc space
interspinous space

1Soft tissues
J

Pre-vertebral soft tissues (A) g

Figure 30.Assessment of spine
CT/X-Ray (parasagittal view)
Images used withpermission from
Dr. Ferco Berger and Dr.Michael
O'Keeffe
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Medical Management Specific to Spinal Cord Injury
• option:methylprednisolone (given within 8 h of injury) is controversial; must confer with

Neurosurgery service
± decompression in acute, non-penetrating SCI

Resolution of spinal shock is indicated
by the return of reflexes (most commonly
the bulbocavernosus reflex)

Fractures of the Spine
FRACTURES AND FRACTURE-DISLOCATIONS OF THE THORACIC AND LUMBAR
SPINE
• assess ligamentous injury/instability using MR1 ± llexion /extension x-ray views
• thoracolumbar spine unstable if 4/6 segments disrupted (3columns divided into left and right)

• anterior column: anterior half of vertebral body, disc, and anterior longitudinal ligament
• middle column: posterior half of vertebral body, disc, and posterior longitudinal ligament

posterior column: posterior arch, facet joints, pedicle, lamina and supraspinous, interspinous,
and ligamentum ligaments

See lanfcfiiNeurosurgery trials table lot more
efsraatosKBe SIASC1S tnal for effectiveness ol
*j- y is.l£e decompressive surgery lor traumatic
cerocalspMlcordwjsy.

Type 1

Types of Injury

Table 25. AO Spine Classification System for Subaxial Cervical Spine Injury and Thoracolumbar
Spine Injury

DescriptionType

Compression fractures
Involves anlerior elements (vertebral body andor disc)

No injury/process fracture
Wedge compression (fracture of single endplate wo involvement of posterior vertebral body
wall)

Split /pincer type (fracture of both endplates w o involvement of posterior verlebral body wall)
Incomplete burst (involvement of posterior vertebral body wall and only a single endplate)

Complete burst (involvement of posterior vertebral body wall and both endplates)

A

0
t

2
3
4

B Tension band injuries

Posterior transoesseous disruption

Posterior ligamentousdisruption
Anlerior ligamentous disrupbon

1

2
3

C Translationinjuries (displacement dislocation)

F (only for subaxial cervical spine injury) Facet injuries
Non -displaced lacetfracture (fragment <1cm,<40% lateral mass)
Facet fracture with potential lor instability (fragment >1cm,>40%lateral mass or displaced)

Floating lateral mass (disconnection of superior and inferior articular processes)
Pathologic subluxalion or dislocated facel

1

2
Figure 31.Odontoid fracture
classification

3
4

Management of Thoracolumbar Injury
• severity and management based on thoracolumbar injury classification and severity (TLICS)

classification

FRACTURES OF THE CERVICAL SPINE

Types of Injury

Table 26. AO Spine Upper Cervical Spine Injury Classification System
DescriptionType

Occipital condyle and occipital cervical jointcomplex injuries

Cl ting and C1-2 joint complex injuries
C2 and C2-3 joint complex injuries

1

2
3
A.B.and C sub-categorcations apply to each type ol Injury

A-booyinjures only (stable|
B * tensionband injuries(potentially unstable)
C - tuniimonil Injuries(unslablcl

r1
L J
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Table 27. Fracture Patterns of the Cervical Spine
DescriptionFracture Type

C1Vertebral Fracture Veitical compression forces the occipital condyles ol the skull down on the C1 vertebra ( atlas), pushing the lateral
(Jefferson fracture! masses of the atlas outward and disrupting the ling of the atlas

Also can cause an occipital condylai fracture
Causes C1 and odontoid of C 2 to move independently of C 2 body
this occurs because

Normally Cl vertebra and odontoid of C2 aie a single functional unit
Alar and transveisc ligaments on posteiior aspect ol odontoid usually remain intact after injury

Patients often report a feeling of instability and picsent holding llicli head with their hands
lype It fracture the most common

C2 Vertebral Fracture Bilateral fracture thiough the pars intcraiticulaiis ol C2 with subluxation ol C2 on C3 (spondylolisthesis of axis)
(hangman fracture) Usually ncurologically intact
Clay Shovelcr Fracture Avulsion of spinous pioccss. usually C6 01 C7

Odontoid Fracture

'The AOSpine dasslllcatlon is prelcuud to charocletirc liadores ol the cervical spine, but the teimlnolugy described above may still be
encountered on the wards

Imaging
• AP spine x- ray (open-mouth and lateral view), CT

Treatment
• immobilization in cervical collar or halo vest until healing occurs (usually 2-3 mo)
• type 11 and 111 odontoid fractures:consider surgical fixation for comminution, displacement,or

inability to maintain alignment with external immobilization
type 11 odontoid fractures more likely to require surgery than type 111 due to higher risk of non-
union (fracture line in watershed zone)

• confirm stability after recovery with flexion-extension x-rays

Thoracolumbar Injury Classification
and Severity Scoring

PointsParametei

Morphology
Compression fracture
Burst fracture
Trarslaboaaltotational fracture

Distraction
Neurologic Status
Intact

Nerve loot injury
Spinal Coid Status
Incomplete

Complete

Cauda equina

Posteiini ligamentous Complex

Intact

Neurologically Determined Death 1
2

Definition
• irreversible and diffuse brain injury resulting in absence of clinical brain function
• cardiovascular activity may persist for up to 2 wk

3

4

0Criteria of Diagnosis
• prerequisites: no CNS depressant drugs/neuromuscular blocking agents, no drug intoxication/

poisoning, temperature >32°C, no electrolyte/acid-base/endocrine disturbance
• absent brainstem reflexes: pupillary light reflex, corneal reflexes, oculocephalic response, caloric

responses (e.g. no deviation of eyes to irrigation of each ear with 50 cc of ice water allow I min after
injection, 5 min between sides), pharyngeal and tracheal reflexes, cough wilh tracheal suctioning,
absent respiratory drive at PaCO’ 2:6(1 mniHg, 2:20 mmHg rise above baseline, and pH 27.28 (apnea
test)

• 2 evaluations separated by time, usually performed by two specialists (e.g. anesthetist, neurologist,
neurosurgeon )

• confirmatory testing: flat btCi, absent perfusion assessed with cerebral angiogram

2

3
2
3

0
2Injury MptctedMtttunmatt

Injnitd 3
UlCSMciing tacdon motpliotogy ol injury. ol
pmlffio* tynwiTloni tonplc*. andn«jiolog<iil ilatui
Ncn-cfWfdlnt nuMgtfnrnlIITIICS 0-3.opcMlhft
nunapfiicnt 4 IUCSs S\ cilhct opuat/rto» non-
cpcfotwilUICS 4

Coma
Definition
• an unrousable state in which patients show no meaningful response to environmental stimuli

Pathophysiology
• lesions affecting the cerebral cortex bilaterally, the reticular activating system, or their connecting

fibres
• focal supratentorial lesions do not alter consciousness except by herniation (compression on the

brainstem or on the contralateral hemisphere) or by precipitating seizures

Prenatal vs.PostnataIRcpaii of
MyelomeningocclelMMC)
NE JU 2011:364:9931004
Puipose: loconpare outcomes of in utero leaaii of
myelomeningocele with standard postnatal repair of
myelomeningocele.
Methods: PCI comparing pre-ratal surgery (be'oie 26
wk of gestation)and standard postoperative sugeiy.
12 mooutcomes included death 01 need for placement
of a CSF short.30 mo outcomes included mental
development and mcCoi function.
Besults: 40't of p-f -aial-scigeiy patients, compared
to12 « of postnatal-surgery patients, regnted
CSF shunt (M.001).Prenatal surgery resn rted i n
improvement in medal developmenl and motor
function (P-0.0071.However, prenatal surgery was
associated nrrth an increased risk of gynaecological
compilations
Conclusion: Prenatal surgery lot MMC redjeed the
need for shunting and improved motor outcomes but
was associated with maternal and fetal lisks related
to preterm delivery.

Classification
• structural lesions (tumour, pus, blood, infarction, CSF): 1/3 of comas

supratentorial mass lesion: leads to herniation
infratentorial lesion: compression of or direct damage to the reticular activating system (RAS) or
its projections

• metabolic disorders/diffuse hemispheric damage: 2/3 of comas
deficiency of essential substrates (e.g.oxygen, glucose, vitamin B12)
exogenous toxins (e.g.drugs, heavy metals, solvents)
endogenous toxins/svstemic metabolic diseases (e.g. uremia, hepatic encephalopathy, electrolyte
imbalances, thyroid storm)
infections ( meningitis, encephalitis)
trauma (concussion, diffuse shear axonal damage)

r 1
u J

+

Activate Windows
Go to Settings To activate Windows.



NSll Neurosurgery Toronto Notes 2023

Investigations and Management. ABCs
• labs: electrolytes, extended electrolytes, TSH, LET'S, Cr. BUN, toxin screen, glucose
• CT/MRI, LF (after ruling out space-occupying lesion /increased ICE), EEG

Persistent Vegetative State
Definition
• a condition of complete unawareness of the self and the environment accompanied by sleep-wake

cycles with either complete or partial preservation of hypothalamic and brainstem autonomic
function

• “awake but not aware"
• follows comatose state

Subarachnoid
space

Etiology/Prognosis
• most commonly caused by cardiac arrest or head injury
• due to irreversible loss of cerebral cortical function but intact brainstem function
• average life expectancy is 2-5 yr

Arachnoid
Dura sS

Spinal S
cord t—iPaediatric Neurosurgery Vertebrae f

Spinal Dysraphism Meninges

« spinal dysraphism refers to a spectrum of congenital anomalies resulting in a defective neural arch
through which CNS elements are herniated

• the spectrum is divided largely into aperta (visible lesion; no skin covering) and occulta (no visible
lesion; skin covering)

2_-

£
S—iTable 28. Summary of Spinal Dysraphic Anomalies &

Spina Bifida Occulta Meningocele (Spinal Bifida Myelomeningocele (Spina
Bifida Aperta) SubarachnoidAperta) space

Congenital absence of a spinous Herniation of meningeal tissue
process and a variable amount
of lamina
No visible exposure olmeninges herniation olneural tissue
or neural tissue
15-20% of the general population;
most common at IS or S1
failure of fusion of vertebral
bodies resulting fiom abnormal
fusion of posterior vertebral
aichcs
No obvious clinical signs
Presence ol lumbosacral
cutaneous abnormalities (dimple, incidence of associated
sinus,port- wine stain,or hair anomalies, and hydrocephalus
lull) should increase suspicion of
an underlying anomaly (lipoma,
dermoid,diastematomyclia)

Definition Herniation of meningeal and
CNS tissue through a defect in
the spine

and C&F through a defect in
the spine,without associated

Epidemiology 0.1-0.2% of live births

Etiology Failure of fusion of posterior
neural arch

Primary failure of neural lube
closure

ClinicalFeatures Most common in lumbosacral area Sensory and motor changes distal
Usually no disability,low to anatomic level producing

varying degrees of weakness
Urinary and fecal incontinence
Hydrocephalus (65- 85% of
patients)
Most have Type IIChiari
malformation
|sce ChioriMalloimaliom. W43)

Meninges

Spinal
1 cord

Plain film:Absence of the spinous Plain films.CT,MRI. U/S.echo,CU
process and minor amounts ol the investigations
neutal arch
U S.MRI to exclude spinal
anomalies
Requires no treatment

Plain films.Cl.MRI.U/S.echo.GU
investigations

Investigations

Subarachnoid Spinal cord
space

Surgical excision and tissue repair Surgical closure to preserve
neurologic status and prevent CNS
infections
Closure rnofero shown to
decrease hydrocephalus and
improve postnatal motor scores
Operative mortality close to 0%,
95% 2-yr survival
80% have 10 >80 (but most are 80-
95).40-85% ambulatory,3-10%
have normalurinary continence
Early mortality:usually due to
Chiari malformation complicabons
(respiratory arrest,aspiration),
late mortality:due to shunt
malfunction

Treatment

Prognosis Generally good prognosis Good prognosis with surgical
treatment

r T
L J

Figure 32. Spina bifida occulta,
meningocele, myelomeningocele +
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Intraventricular Hemorrhage
Definition
• hemorrhage originating in the periventricular subependymal germinal matrix

Epidemiology
• incidence and severity increases as gestational age (GA) and birth weight ( BVV ) decrease
• 50% of IVH occurs within 8 h of birth; 90% occurs by day 3

Papile Classification
• Grade I:germinal matrix hemorrhage
• Grade II: IVH without ventricular

dilation
• Grade III: IVH with ventricular dilation
• Grade IV:IVH with parenchymal

extension

Risk Factors
• prematurity (<32 wk GA), BW <1500 g, need for vigorous resuscitation at birth, pneumothorax,

ventilated preterm infants, hemodynamic instability, respiratory distress syndrome (RDS),
chorioamnionitis, coagulopathy

Clinical Features
• many infants with IVH are asymptomatic
• subtle signs: altered LOG, decreased tone and/or activity, hypoventilation/apnea
• catastrophic deterioration: may have bulging fontanelle, apnea / hypoventilation, hypotension,

bradycardia, cranial nerve abnormalities, sudden drop in hematocrit, metabolic acidosis, seizures,
coma

Diagnosis
• head U/S is preferred imaging modality
• routine head U/S screening conducted for all preterm infants <32 wk GA or <1500 g gestation

throughout NICU stay
• IVH graded using Papile classification
• parenchymal hemorrhage may also occur in the absence of IVH

Management of Acute Hemorrhage
• supportive care to maintain blood volume, cerebral perfusion, and acid-base status
• follow up with serial imaging

Prognosis
• outcome largely dependent on grade of IVH, with grades 1 and 11 having a relatively favourable

prognosis
• greatest morbidity and mortality is seen with grade IV IVH and development of posthemorrhagic

hydrocephalus requiring VP shunt placement
• short-term sequelae for severe IVH: mortality, extension ofbleed, posthemorrhagic hydrocephalus,

posthemorrhagic infarction, cyst formation
• possible long-term major neurological sequelae: cerebral palsy (CP), cognitive deficits, motor deficits,

visual and hearing impairment

Hydrocephalus in Paediatrics
Etiology
• congenital

aqueductal anomalies, primary aqueductal stenosis in infancy
secondary gliosis due to intrauterine viral infections (mumps, varicella, TORCH)
Dandy-Walker malformation (2-4%)
Chiari malformation,especially type 11
myelomeningocele

• acquired
post meningitis
post hemorrhage (SAH, IVH)
masses (vascular malformation, neoplastic)

Clinical Features
• symptoms and signs of hydrocephalus are age related in paediatrics
• increased head circumference, bulging anterior fontanelle, widened cranial sutures
• irritability, lethargy, poor feeding,and vomiting
• “cracked pot” sound on cranial percussion
• scalp vein dilation (increased collateral venous drainage)
• sunset sign (forced downward deviation of eyes)
• episodic bradycardia and apnea

Investigations
• skull x-ray, U/S,Cl', MR1,1CP monitoring

Treatment
• similar to adults (see Hydrocephalus Treatment, NS10 )

n
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Dandy-Walker Malformation
Definition
• atresia of foramina of Magendie and Luschka, resulting in:

• complete or incomplete agenesis of the cerebellar vermis with widely separated, hypoplastic
cerebellar hemispheres

• posterior fossa cyst, enlarged posterior fossa
dilation of 4th ventricle (also 3rd and lateral ventricles)

• can be detected in utero
• associated anomalies

hydrocephalus (90%)
agenesis of corpus callosum (17%)
occipital encephalocele (7%)

Epidemiology
• 2-4% of paediatric hydrocephalus

Clinical Features
• 20% are asymptomatic, seizures occur in 15%
• symptoms and signs of hydrocephalus combined with a prominent occiput in infancy
• ataxia, spasticity, poor fine motor control common in childhood

Investigations
• ultrasound, CT, MR 1

Treatment
• asymptomatic patients require no treatment
• associated hydrocephalus requires surgical treatment

• e.g. VP shunt, cystoperitoneal shunt, lumboperitoneal shunt, VA shunt, lumbar drain

Prognosis
• 75-100% survival, 50% have normal IQ

Chiari Malformations
Definition
• malformations at the medullary-spinal junction

Etiology
• unclear, likely maldevelopment/dysgenesis during fetal life

Categories C liar

Table 29. Categories of Chiari Malformations
Type I Type II

Cerebellar tonsils le below thelevel olthe foramen
magnum

Part of cerebellar vermis,medulla.and 4th ventricle
extend through the foramenmagnum often to
midcervical region

Present in infancy

Definition

Epidemiology

ClinicalFeatures

Average age at presentation1Syr

Findings due to brainstem and lower cranial nerveMany are asymptomatic
Pain 169%).weakness (56'4.numbness (52%). loss of dysfunction
temperature sensation(40%)
Central cord syndrome (65%)
Foramen magnum compression syndrome (22%).
cerebellarsyndrome (11%).syringomyelia (50%).
hydrocephalus (10%)

Chiari II 2Neurogenic dysphagia (69%).apnea (58%).stridor
(56%).aspiration (40%).arm weakness (27%).downbeat
nystagmus
Respiratory arrest is the most commoncause of mortality
Usually associatedwrth myelomeningoceleand
hydrocephalus

I_
©

Figure 33.Chiari malformations

Investigations
Treatment

MRI MRI

Symptomatic pabents (early surgery recommended: Preserved
<2 yr post symptom onset) »suboccipital
craniectomy, duraplasty

When symptomabc.check the shunt first.Ihen consider
surgical decompression (which does not reverse intrinsic
brainstem abnormalibes)•cervical laminectomy,
duraplasty r1

i_ j
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Craniosynostosis
Definition
• premature closure of the cranial suturefs)

Classification
• sagittal (most common ): long narrow head with ridging sagittal suture (scaphocephaly)
• coronal: expansion in superior and lateral direction ( brachycephalv)
• metopic (trigonocephaly)
• lambdoid: least common

Epidemiology
« 0.6 in 1000 live births, most cases are sporadic; familial incidence is 2% of sagittal and 8% of coronal

synostosis

Clinical Features
• skull deformity, raised ICP ± hydrocephalus
• ophthalmologic problems due to increased 1CP or bony abnormalities of the orbit
• must ditferentiate from positional plagiocephaly (secondary to persistently/exclusively sleeping on

back)

Investigations
• plain radiographs, CT scan

Treatment
• parental counselling about nature of deformity, associated neurological symptoms
• surgery for cosmetic purposes, except in cases of elevated ICP (>2 sutures involved)

Paediatric Brain Tumours
• see CNS Tumours,SSI 1

Epidemiology
• 20% of all paediatric cancers (second only to leukemia)
• 60% of paediatric brain tumours are infratentorial
• paediatric brain tumours arise from various cellular lineages
• neural (stem) cells:low-grade astrocytoma (supra- or infratentorial), high-grade astrocytoma,

glioblastoma (largely supratentorial) (see Adult Diffuse Gliomas,SS15)
• primitive nerve cells: supratentorial PNET
• 90% of neonatal brain tumours, infratentorial (medulloblastoma), pineal gland (pineoblastoma)
• non-neuronal (stem) cells:germ cell tumour, craniopharyngioma, dermoid, meningioma, neurinoma

(schwannoma), pituitary adenoma,others

Clinical Features
• vomiting, seizure, macrocrania, hydrocephalus
• developmental delay, poor feeding, failure to thrive
• often initially escapes diagnosis due to expansile cranium and neural plasticity in children

Most Common Paediatric Brain
Tumours. Astrocytoma, low-grade
• Supratentorial
• Infratentorial
• Medulloblastoma
• Ependymoma
• Glioblastoma

Table 30.Overview of Childhood Primary Brain Tumours*

OverviewType
Pilocytic (low-grade) Astrocytoma Usually inposterior fossa

Well circumscribed
Benign,goodprognosis

PHEIMedulloblastoma
Incerebellum compresses 4th ventricle »hydrocephalus

Highly malignant

In 4th ventricle-hydrocephalus

Poor prognosis

Often cerebellar
Associatedwith vonHippel-lmdau syndrome with retinalangiomas

Canproduceerythropoietin|EP0) * secondarypolycythemia
Causes bitemporal hemianopia (thus oftenconfused withpituitary adenoma)

Most common supratentorial childhood tumour
Benign

Ependymoma

Hemangioblastoma

n
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Functional Neurosurgery

Movement Disorders
• see Neurology, Parkinson s Disease, N33, Dystonia, N34, and Multiple Sclerosis, N55

Table 31, Surgical Targets for Movement Disorders
Disorder Indications Outcomes MorbidityProcedures

Parkinson’s
Disease

39 -48 improvement
in Unified Parkinson's
Disease Rating Scale

Preferred target:anterodorsal fUPDRS) scores
subthalamic nucleus
Other targets:stereotactic
ablation (pallidotomy) or
stimulation of posteroventral

Simultaneous,bilateral
surgeryi'stimulation is most
common

ID.infection,seizure
(1%-4%)
Paresthesias
Involuntary movements
Cognitive functionmg:
Decreased lexical fluency,
impaired executive function
(STN>GPi)
Psychiatric:depression,
mania,anxiety,apathy
(STN>GPi)

Intractable contralateral
bradykinesialtremor
failure of medical
management (advanced
disease)
Drug-induced dyskinesias
(see dystonia,below)

Reduced dosage of
medications (SIN)
More effective than
medical management in
advanced Parkinson's
Disease (PD)
Early intervention may
reduce severity,course,
and progression ofdisease
Less effective for patients
with atypical presentations

GPi
Stimulation of caudal zona
incerta
Parkinsonian tremor:
stereotactic ablation
(thalamotomy) or stimulation
of ventral intermediate (Vim)
nucleus of thalamus

Dystonia Contralateral primary
(generalized) dystonias:
cervical and tardive dystonias (pallidotomy) orstimulation of Marsden Dystonia Scale
Contralateral secondary posteroventral GPi
dyskinesia (i.e.drug-induced: Secondary dystonia:
L-dopa,neuroleptics)

Preferred target (primary Primary dystonia:51%
dystonia):Stereotactic ablation reductionin Burke-Fahn-

ICH.infection,seizure
(1%-4%)
Minor effects on cognitive
functioning (especially
decreased lexical fluency;
SIN>GPi)

(BFMDS) score
Secondary dystonia:

stimulation of anterodorsal 62-89% improvement in
dystonias

Stimulation of ventral posterior Delayed effects:wk to mo
lateral (VPL) thalamic nucleus

SIN

Contralateral appendicular Preferred target:Stereotactic Durable reductions in
essential tremor (El) (first ablation (thalamotomy) or essential tremor rating
disorder lobe treated by DBS; stimulation of Vim nudeusof scale (EIRS) scores
D8S is viable alternative to Rx) thalamus Reduced dosage of
Intention tremor resulting Other targets:stimulation of medications
from demyelination of caudal ZDna incerta
cerebellar outflow tracts (e.g. Parkinsonian tremor:
in multiple sclerosis)
Brainstem tremor (Holmes SIN
tremor)

ICH.infection,seizure
(1V4%)
Paresthesiaspain
Dysarthria
Ataxia

Conflicting data on vocal.1 Minor effects on cognitive
facial tremor functioning (especially

decreased lexical fluency)
tolerance may develop
over time

Tremor

stimulation of anterodorsal

Neuropsychiatric Disorders
• seeNeurology, N21 and Psychiatry. Obsessive Compulsive Disorder,PS19 and Depressive Disorders,

PSI 2
• psychiatric neurosurgery indicated only for severe symptoms that are refractory to medical

management

Table 32. Surgical Targets for Neuropsychiatric Disorders
Disorder MorbidityProcedures Outcomes

Obsessive Compulsive
Disorder (OCD)

Anterior capsulotomy/stimulation of the Currently under investigation
anterior limb of the 1C

ICH (1-2%)
Reportedly 25-75% response rate Mild effects on cognitive

functioning
Anxietyt panic disorder (case
report)

ICH (1-2%)
Mild sexual dysfunction

Consensus on Guidelines for Stereotactic
Neurosurgery for Psychiatric Disorders
iuraal of le.rg ogy.Neu-osurgeryiPsychiaSy
2C14;35(9t1C03-1CCS
•Stereotect.c ehative procedures such as

cingukitomy and capsulotoay forKD a:d OCD lack
levelIevidence.

•DBS inasy brain ta-get attempted so far 8
considered'investgational.'

•UaKdsopknary teams are mandatory to
ensure safe andethicalcoedjctiu psycathc
re.rosjgery.*2particular attenton deeded
to essunng treatment refractoriness,consent
procedures,patient capacity and autonomy,and
eitensve pre-postoperatne assessments.

Stimulation of midlineintralarainar
nuclei of the thalamus
Stimulation of motor and limbic
portions of GPi
Stimulation of the anterior limb of
the 1C
Stimulation of the subgenual cingulate
cortex
Anterior capsulotomy or stimulation of
the anterior limb of the 1C

Currently under investigation
Reportedly >70% reduction in
vocal or motor tics andurge

Tourette’s Syndrome

ICH (1-2%)
Pain.H/A
Worsening mood,irritabdity

Major Depressive Disorder
(MDD)

Currently under investigation
Reportedly 60% response rale:
35% remission rate

• other experimental indications include: anorexia nervosa, substance use disorders, Tourette’s
syndrome, and functional neurological disorders, amongst others

+
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Chronic Pain

Table 33. Surgical Targets for Chronic Pain
MorbidityDisorder Indications Procedures Outcomes

Neuropathic Pain Severe, intractable.
organic neuropathic
pain|e.g.poststroke
pain, phantom limb pain,
trigeminal neuralgia. contralateral 1C
chronic low-back pain. Stimulation ol thecontralateral
postoperative neuropathic motor cortei
pain, compleiregional
pain syndrome)

Preferred target stimulation
of the contralateral VPl VPIt

47% improvement in ICH (1-2%)
perception of pain intensity Paresthesia
less favourable results in Anxiety panic disorderthalamic nucleiz PVt PAG

Other targets:stimulation of the central pain syndromes
and poorly localized pain

For postoperative nevopathK
pain, surgical procedure may
be aimed al correcting any
idenbfiable residual deformity
from prior spinesurgery
Surgery is not primary modalrty
if no structurally correctable
radiologic findings

Bilateral (most common)
stimulation of the PV6 PM

Nociceptive Pain Severe, intractable.
organic nociceptive pain

Reportedly 63%
improvementinpercepbon Paresthesia
of pain intensity

ICH (1-2%)

Anxiety r panic disorder

Surgical Management of Epilepsy
•see Neurology.N19 for the medical treatment of epilepsy

Indications
•medically refractory seizures, usually defined as recurrent seizures resistant to two first-line anti-

seizure medications used in succession
•identification of a distinct epileptogenic region through clinical history, EEG,MRI,and

neuropsychological testing other localizing investigations include magnetoencephalography, SPEC!',
and PET

•if a distinct epileptogenic region cannot be identified, the patient may be a candidate for a palliative
procedure such as corpus callosotomy

Procedure
•adults: resection of the hippocampus and parahippocampal gyrus for mesial temporal lobe epilepsy

arising from mesial temporal sclerosis
•children: resection of an epileptogenic space-occupying lesion
•hemispherectomy and corpus callosotomy are less common
•vagus nerve stimulation.UBS

Outcomes
•41-79% of adult patients are seizure-free for 5 vr after temporal lobe resection
•58-78% of children are seizure-free after surgery
•surgery is associated with improvements in preexisting psychiatric conditions, such as depression and

anxiety, as well as improvement in quality of life measures

Morbidity
•0.4-4% of surgical patients will have partial hemianopia, aphasia, motor deficit, sensory deficit, or CN

palsy following anteromedial temporal lobectomies
•most patients will have some decline in verbal memory following dominant temporal lobectomy and

in visuospatial memory in non-dominant temporal resection
•the degree of memory decline stabilizes after 1-2 yr

Predictors
•positive predictive factors for seizure freedom following anteromedial temporal lobectomy include:

• hippocampal sclerosis (unilateral )
focal localization of interictal epileptiform discharges

• absence of preoperative generalized seizures
• tumoural etiology'

complete resection of the lesion
•ongoing research on neuroimaging biomarkeTS to predict treatment response, especially to

neuromodulation

r -i
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Surgical Management for Trigeminal Neuralgia
•reserved for cases refractory to medical management; see Neurology. N44 for medical management

Surgical Options
•trigeminal nerve branch procedures

• local blocks (phenol, alcohol)
neurectomy of the trigeminal branch

• nerve branches
Vi block at the supraorbital, supratrochlear nerves
V2 block at the foramen rotundum or infraorbital nerves
V.i block at the foramen ovale

•percutaneous trigeminal rhizotomy
• glycerol injection
• mechanotrauma via catheter balloon

•radiofrequency thermocoagulation
•Gamma Knife* radiosurgery
• microvascular decompression

posterior fossa craniotomy with microsurgical exploration of the root entry zone, displacement of
the vessel impinging on the nerve with placement of non-absorbable Teflon’ felt

Landmark Neurosurgery Trials
Trial Name Reference Clinical Trial Details
CHS TUMOURS

Radiotherapyplus Concomitant NEJM 2005:352:987-996
and Adjuvant lemozolomide for
Glioblastoma

Title:Radiotherapy plus Concomitant andAdjuvant lemozolomide lor Glioblastoma
Purpose:lo compare the safety and efficacy of adjuvant radiotherapy alone with adjuvant radiotherapy plus lemozolomide.
given with and after radiotherapy.
Methods:Patients with newly diagnosed glioblastoma were randomly assigned to receive radiotherapy alone oi radiotherapy
plus continuousdaily lemozolomide.followed by G cycles ol adjuvant lemozolomide. The primary endpoint was oveiall survival.
Results:The two-yeai survival rale was 26.5% with radiotherapy plus lemozolomide compared to 10.4% with radiothciapy
alone. The addition of lemozolomide resulted in grade 3 or 4 hematologic Ionic elfeels in 7%ol patients.
Conclusions: The addition of lemozolomide to ladiotheiapy provides a significant suivival benefit lor newly diagnosed
glioblastoma.
Title:Postoperative Radiotherapy in the Treatment of Single Melastases to the Brain:A Randomized Trial
Purpose: To determine whether postoperative radiotherapy following complete surgical resection of a singlebrain metastasis
would result in disease control andimproved overall survival.
Methods:Patients withsingle brain melastases whohad undergone complete surgital resection were randomized into two
groups:1.whole brain radiotherapy,2.no further treatment.
Results:Postoperative radiotherapy of single brainmelastases reduced tumour recurrence in the brain and the likelihood ol
death due lo neurologic causes.No difference was noted in overall suivival or length of time being functionally independent.
Conclusions: Radiotherapy of single brain melastases posloperalively teduccs frequency ol tumour recurrence.

JAMA 1998:280|17|:1485-14S9Postoperative Radiotherapy
in the Treatment of Single
Metastases to the Brain:A
Randomized Trial

CEREBROVASCULAR DISEASE
ISUIA lancet 2003:362:103 110 Title:Unruptured Intracranial Aneurysms:Natural History,Clinical Outcome,and Risks olSurgical and Endovascular Treatment

Purpose: To assess the natural history of unruplured Intracranial aneurysms and to measure the risk associated with the repair.
Methods:4060 patients were enrolled andnon-randomly assigned to operative(surgical or endovascular repair)oi
nonoperative groups based on the planned management.Patients were eligible if they had at least one UIA with or without
aneurysmal symptoms.
Results:Without surgery. 5 yr rupture rates for aneurysms wereprogressively higher for larger sized aneurysms. These rates are
slightly higher for aneurysm in theposteiior circulation.These rates were similar or worse with surgical or endovascular repair
of similar lesions,with age ol the patient and size and location ol the aneuiysm being predictors oloutcome.
Conclusions: In clinical decision-making,site. size, and group specific risks ol the natural history should be weighed against the
site.site,and age specilic risks of repair for each patient.
Title:Early Surgery versus Initial Conservative Treatment in Patients with Spontaneous Supratentorial Intracerebral Haemalomas
in the International Surgical Trial in Intracerebral Haemorrhage (SUCH): a Randomised Trial
Purpose: To compare early surgery and inilial conservative treatment for intracerebral haemorrhage.
Methods:Patients were randomized to either the early surgery group (combined haematoma evacuation vrith medical treatment
within 24h) or the initial conservative treatment group (medical treatment,later evacuation if necessary).Pabents were divided
based on prognosis at 6 mo, with a good prognosis group (favourable outcome) being defined as good recovery or moderate
disability on the Glasgow outcome scale.
Results: 26% olpatients with intracerebral hemorrhage healed with early suigery had lavouiable outcomes compared to 24%
of patients with intracerebral hemorrhageheated with inilial conservative treatment,but this difference was not statistically
significant (P'0.414)
Conclusions: Theic is no additional benefit ol early surgeiy compared to initial conservative treatment in the treatment ol
patients with spontaneous intracerebral hemorrhage.
Title:Decompressive Surgery lor the Treatment olMalignant Infarction of the Middle Cerebral Artery (DESTINY):a randomized,
controlled trial
Purpose:To assess the role of decompressive surgery in reducing mortality followingmassive cerebral infarction.
Methods:32patients were randomizedlo either the hemicraniectomy or conservative managementgroup.
Results:88% and 47% of patients in the decompressive surgery and conservative management group survived 30 days following
cerebral infarction (P'0.02).
Conclusions: In patients with malignant infarction ol the middle ceiebral artery,hemicraniectomy reducesmortalily.

SUCH lancet 2005;365|9457|:387-97

r i
Stroke 2007:38(9): 2518 -2526DESTINY t_ J
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Trial Name Reference Clinical TrialDetails
DECIMAL Title:Sequential Design.Multicenter.Randomized Decompressive Craniectomy inMalignant Middle Cerebral Artery Infarction

(DECIMAL Trial)
Purpose:1o assess trie efficacy of early decompressive craniectomy in patients with malignant MCA infarction.
Methods: 38 patients were randomired to receive eariy decompressive craniectomy plus standard medical therapy or standard
medical therapy alone.
Results:Moderate disability at 6 mo and1yr were 2S% and50 a for the surgery group and 5 6% and 22 a for the no surgety
group.There was a52.8% absolute reduction of death following surgery compared tomedical management
Conclusions:Early decompressive craniectomy in patients with malignant MCA infarction reduces mortality rate,butwith
greater rates of moderate disability.

Lancet Neurol 2009;8(4):326 -333 Title: Surgical Decompression for Space-occupying Cerebral Infarction (theHemicrar ectomy After MiddleCerebral Artery
infarction with life- threatemng Edema Inal [HAMLET]):A Multicefltie.Open Randomised Trial
Purpose: To assess the effect of decompressive surgery within 4 d of onset of symptoms m patients with space-occupying
hemispheric infarction.
Methods: 64 patients wereassigned within 4 d of stroke onset to either surgicaldecompression or best medical treatment.
Results: Surgical decompression hadno effect on functional outcome at T yr.bat resultedin a case fatality absolute risk
reduction of 38%.
A meta -analysis of DESTINY.DECIMAL,and HAMLET studies showed that patients who were randomired to surgical
decompression within 48 hof stroke onset hadreduced poor outcomes and case fatality.
Conclusions: Surgical decompression reduces case fatal ty and poor outcome inpatients with space-occupying infarctions when
initiated within 48 h of stroke onset No evidence of improved functional outcome if delayed up to 96h after stroke onset.

Lancel 2017:389(10069):603-611 Title: Thrombolytic Removal of Intraventricular Haemorrhage in Treatment of SevereStroke:Results of theRandomised.
Multicentre.Multiregion.Placebo-conttolled CLEAR III Trial
Purpose: To study the effect of alteplase versus saline irrigation on improving functional outcomes in patients with
intraventricular hemorrhage.
Methods: The study involved500 patients who had aneitrarentricular drain,stable,non-traumatic intracerebralhemorrhage
volume under 30 mL.intraventricular hemorrhageobstructing the 3rdor 4th ventricles,and no underlying pathology.The
participants were randomiied to receive either1mg alteplase.12 doses 8 h apart or 0.9% saline through the extraventricular
drain.
Results:A good functional outcome (modified Rankin score) of 3 or less at180 d was reached in 43% and 45% in the alteplase
and saline group respectively (risk ratio1-06 [95% Cl 0-88-1-28:P‘0 554').
Conclusions:Patients with intraventricular hemorrhagewho have an eitraventncular dram donothave significantly improved
functional outcomeswith alteplaseirrigation as compared with saline irrigation.

Stroke 2007;38:2506-2507

HAMLET

CLEAR III

NEUROTRAUMA

MRC CRASH Lancet 2004:365:1321-1328 Title:Final Results of MRC CRASH,a Randomised Placebo-controlled Tnai of Intravenous Corticosteroid in Adults with Head Injury
- Outcomes at 6 Months
Purpose: To examine the effect of corticosteroids on death and disability after head injury.
Methods:10008 patents with headinjury and a 6CSs14 withm 8h of injury were randomized to receive a 48-hinfusion of
corticosteroid(methylprednisolone) or placebo.
Results:The risk of death was higher in the corticosteroid group compared to the placebo group (P-0.0001).as was the risk of
death or severe disability (P-0.079).There was no evidence that the effect of corticosteroids differedby injury severity or time
since injury.
Conclusions:Corticosteroids should not be used to treathead injury of anyseverity.
Title:Decompressive Craniectomy inDiffuse Traumabc Brain Injury
Purpose: To determine if decompressive craniectomy improves funcbonal outcomes in pabents with severe traumatic brain
injury and refractory elevated intracranial pressure.
Methods:155 pabents with severe diffuse baumabc brain in.ury and refractory intracranial hypertension were randomized
to receive either bifrontotemporoparietal decompressive craniectomy or standard care.The final primary outcome was the
Extended Glasgow Outcome kale 6mopost-injury.
Results:Compared to patients who received standard care,those in the craniectomy group had less bme with intracranial
pressures above the treatment threshold (P<0.001) and fewer days in theintensive careunit (P<0.001).However,those witha
craniectomy had poorer scores on theExtended Glasgow OutcomeScale (P'0-03) and a greater risk of unfavourable outcome
(P-0.02).
Conclusions: In patients with severe diffuse traumabc brain injury and persistent intracranial hypertension,early
bifrontotemporoparietal decompressive craniectomy decreases intracranial pressureand ICU stay but is associated with poorer
outcomes.

Title:A Trial of Inbacranial -Pressure Momtoiing in Traumabc 8rain Injury
Purpose: To determine whether the informabon derived from the monitoring of ICPm pabents with severeIBI improvesmedical
practiceand patient outcomes.
Methods:324 patients with severe 161being treated inKUs were randomized to either the pressure-monitoring group (used a
protocol for monitoring intraparenchymal ICP)or the imaging-clinical examination group,(used a protocol based on imaging and
clinical examination).
Results: Therewas no significant between group diHerence n theprimary outcome,which was a combination of survival bme.
impaired consciousness, and functional status at 3 moand 6mo and neuropsychologicalstatus at 6mo.Serious adverse events
were similar in the two groups.
Conclusions: Care focused on ICP monitoring isno better than care based on imaging and clinical examinationinpatients with
severe T8I.
Title: EHett of Early Sustained Prophylactic Hypothermia on Neurologic Outcomes AmongPatients With Severe Traumatic Brain
Injury: The POLAR Randomized Clinical Trial
Purpose: To assess the effect of early sustained prophylactic hypothermia versus normothermic management inpabents with
severe traumatic brain injury.
Methods: 511patients with severe traumatic brain injury were randomized to receive either prophylacbc hypothermia or
normothermic managemenL Prophylactic hypothermia involved temperatures between 33 35’Cfor >72 h and* 7 d.
Results:favourable outcomes (6lasgow Outcome Scale-Extended score.5-8) 6months post-injury werepresent in 48.8% and
49.1% of the hypothermia and normothermia group,respecbvely (risk difference.0.4% [95% Cl.-9.4% to 8.7%[:relativensk with
hypothermia.0.99[95% 0.0.82-1.19]:P‘0.94).
Conclusions: Compared withnormothermic management,early prophylacbc hypothermia didnot improve neurologic outcomes
at 6 mo in thosewithsevere TBI.

DECRA NEJM 2011:364:1493-1502

BEStIRIP NEJM 2012:367:2471-2481

JAMA 2018:320(21):2211-2220POLAR

r T
L J

+

Activate Windows
Go to Settings to activate Windows.



NS49 Neurosurgery Toronio Notes 2023

Trial Name Reference Clinical Trial Details
PAEDIATRIC NEUROSURGERY
Shunt Design Trial Neurosurgery 1998;43:294-304 Title:Randomized Trial of Cerebrospinal Fluid Shunt Valve Design in Pediatric Hydrocephalus

Purpose:To compare treatment failure rales of the Delta valve and the Orbis-Sigma valve (both designed to limit excess flow) to
the standard differential-pressure valves.
Methods:344 hydrocephalic children undergoing their first CSF shunt insertion were randomized to receive one of three valves:
standard differential-pressure valve, a Oelta valve,or an Orbis-Sigma valve.Shunt failure was defined as resulting from either
shunt obstruction, overdrainage, loculationsof the cerebral ventricles,or infection.
Results:61% were shunt failure -lree at1yr and 47% at 2 years,with a median shunl failure- free duration of 6S6 d. There was no
difference in shunl failure-lree duralion among the three valves (P-0.24).
Conclusions: There Is no significant difference inIhe tale ol CSF shunl failure among shunts with different valve types lor
pedialtic hydrocephalus

Neurosurgery 2010;67(3):588-593. Tille:Endoscopic Third Ventriculostomy vs.Cerebrospinal FluidShunt in the Treatment ol Hydrocephalus inChildren:a Propensity
Score-adjusted Analysis
Purpose: Todetermine whether Endoscopic third ventriculostomy (ETV) survival is superior to shunt survival in the treatmentol
hydrocephalus inchildren.
Methods:Analysis of a cohort of children with newly diagnosed hydrocephalus treated with ETV or shunt.
Results:The relative risk of ETV failure is initiallyhigher than that for shunt,but after aboul3 mo, the relative risk becomes
progressively lower for ETV.
Conclusions: After the initial early period, patients could have a long- term survival benefit with ETV compared to shunt.

Endoscopic third
ventriculostomy vs.
cerebrospinal fluid shunt in the
treatment of hydrocephalus in
children:a propensity score-
adjusted analysis

FUNCTIONAL SURGERY

EARIYSTIM NEJM 2013; 368:610 - 622 Title: Neurostimulation for Parkinson's Discascwilh Early Motor Complications
Purpose: lo assess whether neurostimulation would be beneficial in Ihc treatment ol earlier stage Parkinson's disease.
Methods:Patients with carly -stage Parkinson's disease were randomized to neurostimulation plus medical therapy or medical
therapy alone.The primary endpoint was quality of hie (POO- 39 summary index).
Results: the quality of life in theneurostimulation group improved by 7.8 points compaicd to a worsening ol quality of lifeby
0.2 in the medical- therapy group|P~0.002).Neurostimulation provided benefitin lermsof motor disability,activities of daily
living,levodopa-induced motor complications,and lime with good mobility andno dyskinesia.Serious adverse events related to
surgery occurred in 17.7% of patients.
Conclusions:Neurostimulation was superior tomedical therapy for the treatment of early stageParkinson’s disease.
Title:A Randomized,Controlled Trial of Surgery for Temporal-lobe Epilepsy
Purpose: To assess the efficacy and safety of surgery for temporal-lobe epilepsy.
Methods:80 with temporal-lobe epilepsy were randomized to either surgery or treatment with antiepileptic drugs for1yr.The
primary outcome wasabsence of seizures that impair awareness of sell and surroundings.
Results: S8% of patients in the surgery-group were fiee of seizures impairing awareness compared lo 8% in the medical
group (P'0.001). Compared to the medical group,patients in Ihc surgical group had fewer seizures Impairing awareness and a
significantly better quality ol life (P'0.001) .
Conclusions: In temporal lobe epilepsy,surgety is superior to piolongedmedical therapy in reducing seizures.
Title: SpinalCord Stimulation versus Conventional Medical Management for Neuropathic Pain:a MulticentreRandomised
Controlled Trial in Patients with Failed Back Surgery Syndrome
Purpose: To determine whether spinal cord stimulation (SCS) is an effective therapy in addition to conventional medical
management (CMM) in patients with neuropathic pain secondary to failed back surgery syndrome (FBSS).
Methods:100 FBSS patients with predominant leg pain of neuropathic radicular origin were randomized to the SCS group
(receivespinal cord stimulation plus conventional medicalmanagement) or CMM group (conventional medical management
alone for at least 6mo).
Results:Significantly more patients in the SCS - group achieved 50% or more pain relief in the legs compared to the CMM- group
(48% vs.9%,P'0.001).The SCS group experienced improved leg and back pain relief,quality of life,and functional capacity,
and greater treatment satisfaction compared lo the CMM group (P'0.05 for all comparisons).At 12 mo.32% of SCS patients
experienced device-related complications.
Conclusions: Compared lo medical management. SCS provides superior pain relief and greater improvements lo quality ol life in
patients with neuropathic leg pain of radicular origin secondary lo FBSS.

A randomized,controlled trial NEJM 2001:345(5):311-318
of surgery for temporal-lobe
epilepsy

PROCESS Pain 2007:132:179 188

SPINE SURGERY

Direct decompressive surgical Lancet 2005;366(9486):643-648 Title:Direct Decompressive Surgical Resection in the Treatment of Spinal Cord Compression caused by Metastatic Cancer:A
resection in the treatment
olspinal cord compression
caused by metastatic cancer:a
randomised trial

Randomised Trial
Purpose: To evaluate the role of direct decompressive surgery in the treatment of spinal cord compression due to metastabc
cancer.
Methods:101patients withspinal cord compression due to metastatic cancer were randomly assigned to either treatmentwith
surgery and radiotherapy or treatment withradiotherapy alone.
Results:More patients in the surgery group (84%) were able to walk alter treatment compared to those who received
radiotherapy alone (57%) (odds ratio 6.2 (95% Cl 2.0-19.8) P-0.001).
Conclusions: For patients with spinal cord compression secondary lo metastatic cancer,direct decompressive surgery followed
by radiotherapy is superior lo treatment withradiotherapy alone.
Title: Surgical vs.Non-Operative Treatment lor lumbar Disc Herniation: Eight - Year Results lor Ihc Spine Patient Outcomes
Research Trial (SPORT)
Purpose: To assess the 8 yr outcomes of surgery vs.non- operative care in patients with imaging confirmed lumbar
intervertebral disc herniation
Methods:In the RCT arm of the study.501patients with imaging-confirmed lumbar disc herniabon were randomized to open
discectomy vs.standard non-operative management.
Results:Surgery was superior in intention-to-treat analysis for sciatica severity (P'0.005),patient satisfaction (P'0.013),and
self -rated improvement (P'0.013) at 8 yr follow-up.Improvements in pain,physical function,and disability were only seen in an
as-treated analysis due to significant non-adherence to treatment assignment.
Conclusion:Patients whoare carefully selected for surgical intervention show greater symptom improvement compared to
non-operative management.

SP0RI:Surgicalvs. Non-
Operative Treatment lor
lumbar Disc Herniation

Spine 2014:39(1):3 -16
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Trial Name Reference Clinical Trial Details
Title: Long- Term Outcomes o( lumbar Spinal Stenosis:Sight Year Results of the Spine Patient Outcomes Research Irial (SPORT)
Purpose: lo compaie 8 - ycar outcomes of surgery vs.nonopetalive care for symptomatic lumbar spinal stenosis.
Methods: In the RC!arrn ol the study. 289 patients were randomired to decompressive laminectomy (n-138) or standard non-
operative care (n-151).
Results: intention to-tieat analyses showed no difference in pain,physical function,and disability outcome measures,because
$2% randomired lonon-operative management had undergone surgery at 8 yr. As-treated analyses showed early benefits tor
surgery until 4 yr.however effects in primary outcomes converged between 5-8 yr.
Conclusion:Decompressive laminectomy for symptomatic spinal stenosismay show diminishing symptomatic benefits beyond

SP0R1: Long-Term Outcomes of Spine 2015;40|2):63-76
lumbar Spinal Stenosis

4 yr.
STASCIS PloS ONE 2012:7*32037 Title:Early vs.Delayed Decompression for Traumatic Cervical Spinal Cord Injury:Results of the Surgical Timing in Acute Spinal

Cord Injury Study (STASCIS)
Purpose:This study sought to determine the relative effectiveness of early (<24h after injury) vs.late (»24 h after injury)
decompressive surgery following a traumatic cervical SCI.
Methods:A prospective cohort study completed in 2002-2009 involving 6 North American institutions.Participants were16-80
yr with a cervical SCI.Outcomes evaluated were changes in American Spinal Injury Association Impairment Scale (AIS) grade at 6
mo follow-up,complication rates,and mortality.
Results:Of 313 participants enrolled.182 underwentearly surgery and131underwent late surgery.222 participants were
available for follow -up at 6 mo.Ihe odds of > 2 grade AIS improvement were greater for those who had early surgery compared
to those with late surgery (OR 2.83.95% Cl1.10, 7.28) after adjusting for preoperative neurological status and steroid
administration.Mortality was observed for each group during the fust 30 d post injury,only1mortality occurred in both of the
surgical groups.No statistically significant differences were observed for complications|P*0.21).
Conclusion:Early decompression surgery following a SCI is sale and associated with higher AIS improvement at 6 mo following
injury.
Title: Effect of Ventral vs.Dorsal Spinal Surgery on Patient - Reported PhysicalFunctioning in Patients With Cervical Spondylotic
Myelopathy:A Randomired Clinical Trial
Purpose: lo compare ventral surgery to dorsal surgery for cervical spondylotic myelopathy in improving patient -reporting
physical functioning1yr post - injury.
Methods: 163 patients with multilevel cervical spondylotic myelopathy were randomired to undergo either ventral or dorsal
surgery.Physical functioning at1 yr was reported using Ihe Short Form 36 physical component summary score.
Results: Mean improvement in patient -reported physical functioning at 1yr was not significantly different between ventral
surgery (5.9 points) and dorsal surgery (6.2 points) (estimated mean difference.0.3:95% Cl.-2.6 to 3.1; P-0.86).
Conclusions: In patients with cervical spondylotic myelopathy, ventralsurgery was notsuperior in improving patient-reported
physical functioning at1yr compared to dorsal surgery.
Title:Safety and Efficacy of Rituzole inPatients Undergoing Decompressive Surgery for Degenerative Cervical Myelopathy (CSM-
Protect):A Multicentre. Double-blind,Placebo-controlled.Randomised.Phase 3 Trial
Purpose: To assess whether rituzole improves outcomes for patients with degenerative cervical myelopathy undergoing
decompression surgery.
Methods:290 patients undergoing decompression surgery randomly received either oral rituzole (50 mg twice a day for14 d
before surgery and then for 28 d after surgery) or placebo.
Results: There was no difference in the change in modified Japanese Orthopaedic Association score between the two groups
(difference -0.38 points, -0.90 to 0.13:p-0.14).
Conclusions: In patients with degenerative cervical myelopathy,adjuvant treatment with rituzole did not enhance functional
recovery beyond decompressive surgery.

Lancet Neurology 2021:20(2):117- Title: Ihe influence of timing of surgical decompression lor acute spinal cord injury: a pooled analysis of individual patient data
Purpose: lo evaluate the effect of liming of decompressive surgery for acute SCI on long term neurological outcomes.
Methods: Pooled analysis ol Individual patient data derived from four independent, prospective, mulllcentre data sources,
including data from December,1991 lo March, 2017.
Results: Patients who underwent early surgical decompression|n-528) cnpenenccd greater recovery than patients who hadlate
decompression surgery (n-1020) at 1 year after spinal injury: totalmotor scores improved by 23- 7 points (96% Cl 19 -2-28- 2) in
Ihe early surgery gioup versus 19 -7 points (15- 3-24 0) in Ihe late surgery group (MD 4 0 points|1-7-6 -3); p‘0- 0006),light touch
scores improved by 19-0 points (15-1-23 -0) vs.14 -8 points (11- 2-18- 4; MD 4 - 3 (1-6-7 0);p-0-0021), and pin prick scores improved
by 18 3 points (13-7-22 9) versus 14-2 points (9 -8-18 6; M0 4 0 (1 5-6 6):p-0 0020).
Conclusions:Surgical decompression within 24 h olacute SCI is associated with improved sensorimotor recovery. Ihe first
24-36 h after injury appears to represent a crucial time window to achieve optimal neurological recovery with decompressive
surgery following acute SCI.

Effect of Ventral vs.Dorsal JAMA 2021.325(10):942 951
Spinal Surgery on Patient -
Reported PhysicalFunctioning
in Patients With Cervical
Spondylotic Myelopathy: A
Randomized Clinical Trial

CSM -Protect Lancet 2021;20(2):98-106

Ihe influence of timing of
surgical decompression for 26
acute spinal cord Injury: a
pooled analysis ol individual
patient data
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Vacuum Extraction
Perineal Lacerations
Episiotomy
Caesarean Delivery
Trial of Labour after Caesarean (TOLAC)
Postpartum Period Complications
Postpartum Hemorrhage
Retained Placenta
Uterine Inversion
Postpartum Pyrexia
Mastitis
Postpartum Mood Alterations

Postpartum Care
Breastfeeding and Drugs
Common Medications
Landmark Obstetrics Trials
References
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Acronyms
AC abdominal circumference
ACOG American College of

Obstetricians and Gynecologists FDP
Aft amniotic fluid index
AFLP
AFV
AP anteroposterior
APGAR appearance,pulse, grimace,

activity,and respiration
aPTT activatedpartial thromboplastin GA

time
APS antiphospholipid antibody

syndrome
ARDS acute respiratory distress

syndrome
BPP biophysical profile
CD Caesarean delivery
CMV cytomegalovirus
CPD cephalopelvic disproportion

cardiotocography
CVS chorionic villus sampling
DIC disseminated intravascular

coagulation
DVT deepveinthrombosis
ECV external cephalic version
EDO estimated date of delivery
EFM electronic fetal monitoring

eFTS enhanced first trimester screen
estimated fetal weight
fibrin degradation products
fetal heart rate

intraventricular hemorrhage
US lecithin-sphingomyelin ratio
LLDP left lateral decubitus position
IMP last menstrual period

fluorescence in situ hybridization IMWH low molecular weight heparin
MSAFP maternal serum a-fetoprotein
MSS maternal serum screening
MTX methotrexate
NIPT non-invasive prenatal testing
NPO nil per os - nothing by mouth
NST non-stress test

nuchal translucency
NTD neural tube defects
OA occiput anterior
OCP oraIcontraceptive pi11

oral glucose challenge test
oral glucose tolerance test
open neural tube defect

OP occiput posterior
OT occiput transverse
PAPP-A pregnancy-associated plasma

protein A
PG plasma glucose
PPD postpartum depression
PPH postpartum hemorrhage
PPROM preterm prelabour rupture of

membranes

IVH PROM prelabour ruptureof membranes
PTL preterm labour
QF-PCR quantitative fluorescence-

polymerase chain reaction
RDS respiratory distress syndrome
RhIG Rh immune globulin
ROM ruptureof membranes
SFH symphysis fundal height
SIADH syndrome of inappropriate

antidiuretic hormone secretion
SOGC Society of Obstetricians and

Gynaecologists of Canada
SVD spontaneous vaginal delivery
T1 first trimester
T2 second trimester
T3 third trimester
TENS transcutaneous electrical nerve
stimulation
TOLAC trial of labour after Caesarean
TPN total parenteralnutrition
TTP thrombotic thrombocytopenic

purpura
TVUS transvaginal ultrasound
V/Q ventilation/perfusion lung scan
VBAC vaginal birth after Caesarean
VWD von Willebrand disease
VTE venous thromboembolism

EFW

FHR
acute fatty liver of pregnancy
amniotic fluid volume

FISH
FL femur length

fetal movementFM
FPG fasting plasma glucose

first trimester screen
gestational age
Group B Streptococcus
gestational diabetes mellitus
gravida para abortus
gestational trophoblastic
neoplasia
Hepatitis B immunoglobulin
head circumference
hemolysis,elevated liver
enzymes,and low platelets
intramyometrial
induction of labour
integrated prenatal screen
immune thrombocytopenic
purpura
intrauterinefetal demise
intrauterine growth restriction
in vitro fertilisation

FTS

GiS
GDM NT
GPA
GTN

HBIG OGCT
OGTT
ONTD

HC
HELLP

ere IMM
I0L
IPS
ITP

IUFD
IUGR
IVF

Basic Anatomy Review
FETAL CIRCULATION

Umbilical arteries (deoxygenated blood!
Umbilical vein (oxygenated blood)

Umbilical cord

Amnion

Chorion
(fetal)

Cotyledons Placenta

Endometrial artery. Decidua
_ (maternal)Endometrial vein

MATERNAL CIRCULATION
Figure 1.Placental blood flow

Placenta
• 1° site of nutrient and gas exchange between mother and fetus
• discoid mass composed of fetal (chorion frondosum ) and maternal (decidua basalis) tissues divided by

fissures into cotyledons (lobules) on the uterine side
• produces hormones such as progesterone, placental lactogen, estrogen, relaxin, p-hCG, and infant

growth factors
• poor implantation can lead to spontaneous abortion
• abnormal location, implantation, or detachment can lead to antepartum hemorrhage (see Antepartum

Hemorrhage, OB14 )
ri
L J

+

Activate Windows
"Go to Settings to activate Windows.



0B3Obstetrics Toronto Notes 2023

Pregnancy

Diagnosis of Pregnancy
History
• symptoms: amenorrhea, SIX,breast tenderness, urinary frequency, and fatigue
• for obstetrical and gynaecological history note: year, location, mode of deliver}-, duration of labour,

fetal sex, GA, birth weight, and complications of every pregnancy;organize into G'l PAL format, LMP,
length of menstrual cycle, and use of contraception

gravidity (G)
* G:total number of pregnancies of any gestation (multiple gestation=one pregnane}')

- includes current pregnancy, abortions, ectopic pregnancies, and hydatidiform moles

Be conscious of the use of gendered
language when providing reproductive
care to transgender male and gender-
diverse patients. Discuss with each
patient the terminology they are most
comfortable using in order to avoid
gender dysphoria throughout pregnancy
care

parity ( TPAL)
T:number of term deliveries (>37 wk GA)
P: number of preterm deliveries (20+0 to 36+6 wk GA)
A:number of abortions and ectopic pregnancies (ending <20 wk GA)

- induced (therapeutic) and spontaneous (miscarriage)
L; number of living children

Establishing the desirability of pregnancy
in a patient with suspected or confirmed
pregnancy informs the construction of an
appropriate management plan

Physical Signs
• uterine and abdominal enlargement
• breast engorgement, areola darkening, and prominent vascular patterns
• Goodell’s sign: softening of the cervix (4-6 wk GA )
• Chadwick’s sign: bluish discolouration of the cervix and vagina due to pelvic vasculature engorgement

(6 wk GA)
• Hegar’s sign: softening of the cervical isthmus (6-8 wk GA) p-hCG Rule of 10s

101U at time of missed menses
100000 IU at10 wkGA (peak)
10000 IU at term

Investigations
• (5-hCG:peptide hormone composed of (5 subunits produced by placental trophoblastic cells -

maintains the corpus luteum during pregnancy
positive in serum 9 d postconception, positive in urine 28 d after 1st day of LMP
plasma levels double q48h in a normally developing pregnancy from the time it becomes
detectable until it peaks at ~100000 (approximately at 8-10 wk GA) then falls but continues to be
measurable until delivery
levels less than expected can suggest ectopic pregnancy, miscarriage, inaccurate dates, but found
in some normal pregnancies

• levels greater than expected can suggest multiple gestation, molar pregnancy, trisomy 21,
inaccurate dates, some normal pregnancies, or kidney disease (slower clearance)

• transvaginal
• 5 wk GA:gestational sac visible
• 6 wkGA:fetal pole visible
• 6-8 wk GA:fetal heart activity visible ( I HR visible after 6 wk GA on TVUS)

• transabdominal
• 6-8 wk GA: intrauterine pregnancy visible

Trimesters
T1:1-14 wkGA
T2:14-28 wk GA
T3: 28-42 wk GA
Normal pregnancy term:37-42 wk GA

• U/S:

Maternal Physiologic Adaptations to Pregnancy
Table 1. Physiologic Changes During Pregnancy

Changes

Skin Increased pigmentation of perineum and areola,chloasma (pigmentabon changes under eyes and on bridge of nose),
linea nigra (midline abdominal pigmentation)
Proliferation of skin tags
Spider angiomas
Palmar eryUrema due to increased estrogen
Striae gravidarum due toconnective tissue changes
Hyper dynamic circulation
Increased cardiac output,heart rate,and blood volume
Decreased blood pressure:decreased PVR due to progesterone's effect on vascular smooth muscle and decreased
venous return from enlarging uteruscompressing IVC and pelvic veins
Increased venous pressure leads lo risk ot varicose veins, hemorrhoids,andleg edema

Hemodilution causes physiologic anemia and apparent decrease in hemoglobin andhematocrit
Increased leukocyte count but impaired function leads lo improvement msome auto mmuoe diseases
Decreased total protein largely due lo dilutionand decreased serum albumin
6eslational thrombocytopenia: mild (platelets >70000 'pl) and asymptomatic,notmahees vrthm 2-12 wk following
delivery
Hypercoagulable state: increased risk of DVI and PE but also decreased bleeding at delivery

Cardiovascular

Hematologic

+
PVR-pulmonary vascular resistance:IVC-interior vena cava:FEV1- forced expiratory volume in 1second:CO-cardiac output:GFR -glomerular
filtration rate:BUN-blood urea nitrogen:GERD-gastroesophageal reflux disease
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Table 1. Physiologic Changes During Pregnancy
Changes

Respiratory Increased incidence of nasal congestion
Increased & consumption to meet increased metabolic requirements
Elevated diaphragm (i.e.appears more"barret chested'l
Increased minute ventilation leads to decreased C02 resulting nmlrespiratory alkalosis that helps C02 diffuse
across the placenta from fetal to maternal circulation
Decreased total lung capacity (TIC), functional residual capacity (TRC).and residual volume|RV)
No change invital capacity (VC) and f EVr
Increased incidence of gallstones due to progesterone causing increased gallbladder stasis
Constipation due loprogesterone causingdecreased Gl motility and hemorrhoids asa result of constipation and
increased intra-abdominal pressure

Increased urinary frequency due toincreased totalurinary output
Increased incidence of U1Iand pyelonephritis due tourinary stasis (see Unoaiy freer Infection.0531)
Glycosuria can be physiologic especially in 13 duebrenalplasma Bow increaseeiceedmg that olGFR preventing
reabsorplion of glucose as per the non-pregnant state:consider testing lor GDM if noted in first 2 trimesters
Uretericand renal pelvisdilatation (R>L) due to progesterone induced smooth musclerelaiation and uterine
enlargement
Increased CO and thus increased GFR leads to decreased creatinine (normal irr pregnancy 35-44 mmoll).uric acid,
and BUN

Increased incidence of carpal tunnel syndrome,sciatica,andBell's palsy

Thyroid: moderate enlargement (not clinically detectable) andincreased basal metabolic rate
Increased total thyroxine and thyroxine binding globulin (TBG)
Normal free thyroxineindeiand TSH levels
Physiologic suppression of TSH inIIiscommon due to cross-reactivity of HCG to TSH receptors
Adrenal: increasedmaternal cortisol throughout pregnancy (total and free)
Calcium:decreased totalmaternal Ca2*due bdecreased albumin
free ionized C a (i.e.active) proportion remains the same due todecreased parathyroid hormone (PTH),resulting
in increased bone resorption and gut absorption,and increased bone turnover (butno loss of bone density due to
estrogen inhibition) [ seeDiabetesMellitus.0528)

Gastrointestinal

Genitourinary

Neurologic
Endocrine

PVR-pulmonary vascular resistance:IVC-inferior vena cava:FEV1-breed expiratory volume in1second:CO- cardiac output GFR-glomerular
filtration rate;BUN-blood urea nitrogen;GERD-gastroesophageal reflux disease

Antepartum Care
• can be provided by an obstetrician, family physician, midwife, or multidisciplinary team (based on

patient preference and risk factors)

Preconception Counselling
Family physicians and midwives can
consider OB consultation for conditions
including:
• Insulin-dependent GDM
• TOLAC
• Multiple gestation
• Malpresentation
• Active antepartum hemorrhage. PTL/PPROM
• Failure to progress^descend
• Induction/augmentation if high- risk
• Tears: 3rd or 4th degree
• Retained placenta
• IUGR
• Postpartum hemorrhage
Note:Guideline* vary by Uistitubon andby ptowniid
midwifery colege*

• 3-8 wk GA is a critical period of organogenesis, so early preparation is vital
• PMHx:optimize medical conditions and review medications prior to pregnancy (see Medical

Complications of Pregnancy,OB28and Medications,OBIS )
• supplementation

folic acid: see Counselling of the Pregnant Patient, OBI 2 and Medical Complications of Pregnancy,
OB28

• prenatal vitamins (PN V),consider iron supplementation in T 2 and T3 (earlier in cases of iron
deficiency anemia)

• lifestyle/social risk factors should be reviewed:smoking, alcohol (abstinence should be encouraged
leading up to and during pregnancy), substance use (can lead to intellectual deficits and behavioural
challenges in childhood), domestic violence, occupational risks, poor social support, balanced
nutrition, and physical fitness (see family Medicine)

• medications: discuss teratogenicity of medications so they may be adjusted, replaced, or stopped if
necessary

• infection screening: rubella, HBsAg. VDRL. Pap smear, gonorrhea /chlamydia. HIV, I B testing based
on travel and working in healthcare, history of varicella or vaccination, and parvovirus immunity if
exposed to small children

• genetic testing as appropriate for high-risk groups (see Prenatal Screening. Table 2, OB7 ); consider
genetics referral in known carriers, recurrent pregnancy loss/stillbirth, family members with
developmental delay, birth anomalies, genetic diseases, and consanguinity

Advise all patients capable of becoming
pregnant to supplement their diet with
0.4 mgfd of folic acid (CTFPHC Grade
II-2-A Evidence)

Initial Prenatal Visit
ri
u J• usually within 8-12 wk of the 1st day of LMP or earlier if <20 or >35 ylo,bleeding, very nauseous, or

other risk factors present

History
• GA by dates from the 1st day of LMP

• Naegele’s rule: 1st day of LMP + 1 yr + 7d-3 mo
+
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« e.g. LMP = 1 Apr 2021, HDD = 8 Jan 2022 (modify if cycle not 28 d by adding number of d >28 or
subtracting number of d <28)
HDD by LMP not reliable if irregular menstrual cycle, or if patient unsure of the LMP

•datingVIS should be offered to all woman at 8-12 wk GA
•HDD by T1 VIS after 7 wk GA more reliable than LMP if difference is greater than 5 d from LMP due

date
•history of present pregnancy (e.g. bleeding, N/V ) and all previous pregnancies
•past medical, surgical, and gynaecological history
•prescription and non-prescription medications
•family history:diabetes, hypertension, thyroid disease, mental health issues, genetic diseases, birth

defects, multiple gestation, and consanguinity
•social history: smoking, alcohol, and substance use
•intimate partner violence screening: look for bruising, improbable injury, depression, late prenatal

care (presenting at T2 or T3), missed prenatal visits, and /or appointments cancelled on short notice
(see l-amily Medicine. Intimate Partner Violence, l'M29)

Physical Exam
•complete physical exam to obtain baseline patient information - BP and weight important for

interpreting subsequent changes
•BM1 for risk stratification (risk of DVT, GDM,and preeclampsia all increase with greater BM1)

Investigations
•blood work

• CBC, blood group and Rh status, antibody screen, and infection screening as per preconception
counselling

•urine routine & microscopic, midstream urine C8tS
• screen for bacteriuria and proteinuria

•pelvic exam
• Pap smear (only if required according to patient history and provincial screening guidelines),

cervical or urine PGR for N.gonorrhocae (GC) and trachomatis (Cl )

In history of previous pregnancies.
ALWAYS ask:
GTPAL
Year of delivery
Fetal sex
Birth weight
Gestational age
Mode of delivery
Length of labour
Complications

Ask every woman about abuse - not just
those whose situations raise suspicion
of abuse AND ask as early as possible in
pregnancy

Estimated Date of Delivery
Determination

• By LMP if menses regular, patient
reliable historian

• By T1 U/S. the most accurate method
of establishing GA up to13*6/7
wk GA

• By embryo age and date of transfer
If IVF

• Changes to the EDO must be
documented and discussed with the
patient

• Pregnancy without U/S confirming or
revising the EDD prior to 22*0/7 wk
GA Is considered sub optimally dated

Nausea and Vomiting
Epidemiology
• affects 50-90% of pregnant women
• often limited to Tl but may persist beyond this

Management
• rule out other causes of N/V especially if refractory to initial therapy
• weigh frequently, assess level of hydration, and test urine for ketones
• non-pharntacological

frequent small meals (bland, dry, salty are better tolerated), encourage any safe appealing foods
electrolyte oral solutions (Pedialyte*,Gatorade*)
stop prenatal vitamins and if Tl, substitute with folic acid or adult/children's vitamins that are
low in iron
increase sleep/rest
ginger (maximum 1000 mg/d)
acupuncture, acupressure, and mindfulness-based cognitive therapy

• pharmacological
• first line: pyridoxine (vitamin Bs) monotherapy or doxylamine/pyridoxine (Diclectin*)

combination 4 tablets PO daily (1 q AM, 1 q lunch, and 2 qhs) up to maximum of 8 tablets/d
HI receptor antagonists should be considered for acute or chronic episodes of N/V in pregnancy
metoclopramide and phenothiazines can be used as an adjunctive therapy for severe N/V in
pregnancy
ondansetron if severe N/V and other anti-emetics have failed
consider use of acid-reducing medications as adjunctive therapy (e.g. antacids, H2 blockers,
proton pump inhibitors)

Hyperemesis Gravidarum
Definition
• intractable N/V,usually presents in Tl then diminishes;occasionally persists throughout pregnancy n

L J
Epidemiology
• affects ~1% of pregnancies

Etiology
• multifactorial with hormonal, immunologic, and psychological components
• rapidly rising P-hCG ± estrogen levels may be implicated

+
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Investigations
• rule out systemic causes:Gl, pyelonephritis, thyrotoxicosis
• rule out other obstetrical causes: multiple gestation, GTN
• CBC,electrolytes, BUN,creatinine, LF’Ts, urinalysis. U/S

Management
• thiamine supplementation may be indicated
• non-pharmacological (see Nausea and Vomiting,UBS )
• pharmacological options

• consider homecare with IV fluids and parenteral anti-emetics, and/or hospitalization
doxylamine/pyridoxine (for dosage, see Nausea and Vomiting,OB5)

• dimenhydrinate can be safely used as an adjunct to Didectin* (1 suppository BID or 25-50 mg PO
QID)
other adjuncts:hydroxyzine, pyridoxine, phenothiazine,or metoclopramide
also consider:ondansetron or methylprednisolone (avoid steroids in T1due to increased risk of
oral defting)
if severe:admit to hospital, NPO initially then small frequent meals; correct hypovolemia,
electrolyte disturbance, and ketosis; TPN (if very severe) to reverse catabolic state

Complications
• maternal

dehydration,electrolyte, and acid-base disturbances
Mallory-tVeiss tear

• Wernicke’s encephalopathy, if protracted course
death

• fetal: usually none, 1UGR is 15x more common in women losing >5"o of pre-pregnancy weight

Subsequent Prenatal Visits
Timing
• for uncomplicated pregnancies, SOGC recommends q4-6 wk GA until 30 wk GA,q2-3 wk from 30 wk

GA,and ql-2 wk from 36 wk GA until delivery
Symphysis Fuidal Height (SFH)
12 wkGA Uterine fundus at pubic
symphysis
16 wk GA Fundus halfway from pubic

symphysis to umbilicus
20 wk GA Fundus at umbilicus
20-36 wk GASFH should be within 2 cm

Assess at Every Visit
• estimated GA
• history:PM, vaginal bleeding, leaking, cramping,questions,and/or concerns
• physical exam:BP, weight gain, SFH, Leopold’s maneuvers (T3) to determine the lie, and presentation

of fetus
• investigations:urinalysis for proteinuria in high-risk women (hypertensive patients); FHR starting at

10-12 wk GA using Doppler U/S

Leopold’s Maneuvers
• performed after 30-32 wk GA
• first maneuver: to determine which fetal part is lying furthest away from the pelvic inlet
• second maneuver to determine the location of the fetal back
• third maneuver to determine which fetal part is lying above the pelvic inlet
• fourth maneuver to locate the fetal brow

of GA

SFH < Oates
• Date miscalculation
• IU6R
• Fetal demise
• Oligohydramnios
• Early engagement
• Transverse 6e

SFH > Dates
• Date miscalculation
• Multiple gestation
• Polyhydramnios. Large for GA (familial.DM)
• fibroids

A First B. Second C. Third D. Fourtr
Figure 2.Leopold's maneuvers (T3)
Reprinted with permission hom Essentials ol Clinical Examination Handbook.6th ed.Lincoln.McSheltrey.Tran.Wong

n
LJ
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Prenatal Screening and Diagnostic Tests
Screening Tests
• testing should only occur following counselling and with informed consent from the patient

Table 2. High- Risk Population Screening Tests
Disease (Inheritance) Population(s) at Risk Screening Test(s)

Thalassemia (Alt) Individuals from these regions:Mediterranean. CBC (Mean Corpuscular Volume (MCV) and
South East Asia.Western Pacifrc,Africa.Middle Mean Corpuscular Hemoglobin (MCH)),Hb

electrophoresis,or HPLCEast.Caribbean.South America
Sickle Cell (AR) Individuals Irom these regions:Africa,

Caribbean.Mediterranean.Middle East. India, HPLC
South America

CBC (MCV and MCH).Hb electrophoresis,or

Cystic Fibrosis (CF) ( AR) Family history olCF in patient or partner CFIit gene DNA analysis
or medical condition linked to CF like male
infertility
Ashkenati Jewish*.French Canadians. Cajun Eniymc assay HEXA or ONA analysis HEXA gene
Family history - confirmed or suspected ONA analysis:FMR -1 gene

lay Sachs Oiseasc (AR)

FragileXSyndrome ( X linked)
AR - autosomal tecessive;HEXA « hexosaminidase A;HPLC 5 high peifotmance liquid chromatography
'If both partners are Ashkenazi Jewish, test for Canavan disease and Familial Dysaulonomia (FD);if family history of a specific condition,look for
carrier status:e.g. Gaucher disease, CF, Bloom syndrome.Niemann-Pick disease,etc.In all cases,if both partners are positive,refer lor genetic
counselling.

Table 3. Gestation-Dependent Screening Investigations
Gestational Age (wk) Investigations Details
Preimplantation Preimplantation genetic testing (or aneuploidy.

Preimplantation genetic testing lor monogenic (single-
gene) disorders,Preimplantation genetic testing for
structural rearrangements
Dating U/S. possible Pap smear,chlamydia/gonorrhea
testing,urine CBS (detect asymptomatic bactenuria).HIV.
VDRl, HBsAg.Rubella IgG.Parvovirus IgMil symptomatic
pi IgG if hiqlwisk [small child at home or daycare worker /
primary teacher).Varicella IgGIIno history of disease/
immuniiation,CBC.blood groupand screen

All require IVF

Routine T2 U/S at 18-22 wk GA Helps
to Determine:

• Number of fetuses
• GA (if no prior U/S)
• Location of placenta
• Fetal anomalies

812

>10 NIPT Measures cell- free fetal DNA in maternal circulation
Diagnostic test. NOT screening10-12 CVS

11-14 eFTSor IPS Part1

NT U/S1114 Measures
1.NT on U/S
2. p-hCG
3. PAPP-A
4.Placental growth factor (eFIS only)
5. MSAFP (eFIS only)
Diagnostic lest. NOT screening

Measures
1. MSAFP
2. p - hCG
3.Uiicoii|ugnted estrogen (cslriol or pE3|
4. Inhibit) A
Measures
1. MSAFP
2. p-hCG
3.Unconjugated estrogen (estriol or pE3|
4. InhibinA

15-16 to term Amniocentesis DDx of Increased MSAFP
• Incorrect GA
• >1fetus (e.g.twins)
• Fetal loss. ONID
• Abdominal wall defects (e.g.

omphalocele)

IPS Part 215 -20

15 20 MSS

18-20 to term FM [quickening)

U/S for fetal sire,anatomy assessment,and placental
location
Gestational Diabetes Screen 0GCT SO g

Repeal CBC t ferritin
RhIG lor all Rh-negative women
GBS screen
Discuss contraception,menses,breastfeeding,
depression, mentalhealth,and support
Physical e«din:breast exam, pelvic exam including Pap
smear lonly if due as pet provincial screening),wounds
assessment (perineum or CO scar)

18-20

24 -28 See Diabetes Melhtus.OBIS

28

35 37 See [oily Onset Croup 8 Streptococcus.0830
6 wk postpartum

MSS is alsoreteucd to as IIIpie Screen;a Inhlbiri A Is also tested, aIs referred to as Quadruple Screen
Can consider ordering AFP to screen tor ONIDs in women with 8MI >40 +
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ULTRASOUND SCREENING
• 8-12 wk GA:dating U/S (most accurate form of pregnancy dating)

measurement of crown-rump length (margin of error: ± 5 d)
• HDD should be based on T1 U/S if available. 11-14 wk GA: U/S for NT

measures the amount of fluid behind the neck of the fetus
early screen for trisomy 21 (may also detect cardiac anomalies and other aneuploidies like Turner
syndrome)

• NT measurement is necessary for the FI'S and IPS Part 1
• 18-20 wk GA:growth and anatomy U/S (margin of error: ± 10 d)

• earlier or subsequent U/S performed when medically indicated

NON-INVASIVE PRENATAL TESTING (NIPT)
• analyze maternal blood for circulating cell-free fetal DNA (ccffDNA ) at 9 wk GA onwards. Requires

dating U/S for accuracy

Advantages
• increased accuracy ( high detection rate ( UR), low false positive rate (l-'PR))

• trisomy 21 (UR 99%,1- PR 0.1%), highly sensitive
trisomy 18 ( UR 96%, l-'PR 0.1%)
trisomy 13 (UR 91%, l-'PR 0.1%)
Turner syndrome ( UR 90%, l-'PR 0.2%)

• other disorders (UiGcorge syndrome, Gri Uu Ghat syndrome, Prader-Willi syndrome, Angelman
syndrome, XY disorders)

• earlier timing with results available in 1-2 wk where parents can potentially have a CVS at 10-12 wk
GA for diagnosis over an amniocentesis after 15 wk GA

Disadvantages
• does not screen for ON'I'U
• not covered by most provincial health insurance systems
• need to confirm with invasive testing (it is a screening test, not a diagnostic test )
• obtaining a result depends on sufficient fetal fraction (affected by the GA, maternal obesity, and

presence of a chromosome aneuploidy in either the placenta or the mother)
• does not test for all aneuploidies
• gives no result in 1-5% of cases (insufficient fetal fraction, more common with elevated BMl)

Table 4. Comparison of FTS, MSS, and IPS
cFTS MSS IPS

1114 wk GA: U/S- nucItal Iranslucency
1M4 wkOA: eHS blood
15 20 wk GA: MSS blood Including inhlbin A

11 link GA 1b 20 wk GA

Disk estimate lor
1. trisomy 21 (Down syndrome): increased
Nl. Increased p - hCG. decreased PAPP A
2. trisomy 18: increased Nl. decreased
PAPP A

Risk estimate lor ON ID, trisomy 21. trisomy 18
Sensitivity -85 30%
2% FPR

2. trisomy 21: decreased MSAFP. Increased Patients with positive screen should be offered
8- hCG, decreased pF3 (sensitivity 65%) U/S and/or amniocentesis or NIPI (covered in
3. trisomy 18: decreased MSAFP. decreased some provinces, sell- pay in others)
8-hCG.decreased p!3.decreased inhibin A
(sensitivity 80%)

Only ollcred alone il patient missed the time
window lor IPSoreFIS

Risk estimate for
1.0N1D: increased MSAFP Iscnsitivity
80 - 90%)

Note:Uselul when patient wants results
within II
more accurate estimate ol trisomy 21 risk
than MSS.sensitivity -85%|whcn combined
with age)
5% FPR
Patients with positive screen should be offered Patients with positive screen should be offered
CVS.amniocentesis, or NIPI (covered in some U/S.amniocentesis, or NIPt (covered in some

provinces, self - pay in others)

8% baseline FPR for trisomy 21. lower for NIO
and trisomy 18

provinces, sell-pay in others)
Note:In twins.eFTS.MSS.and IPS aienot applicable:screen with NT. NIPT for chromosomal abnoinialities.and MSAFP for ONTDs

Diagnostic Tests
• diagnostic tests available:

amniocentesis
CVS

Indications
• age >35 yr (increased risk of chromosomal anomalies)
• risk factors in current pregnancy
• abnormal U/S
• abnormal prenatal screen (IPS, el'TS, MSS,or NIPT)
• past history/familv history of:

chromosomal anomaly or genetic disease
either parent a known carrier of a genetic disorder or balanced translocation

• consanguinity
• >3spontaneous abortions

r *t
L J
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AMNIOCENTESIS
• U/S-guided transabdominal extraction of amniotic fluid performed as early as 15 wk GA

Compared to CVS. amniocentesis has a
higher accuracy of prenatal cytogenetic
diagnosis (99.8% vs. 97.5%) and lower
risk of spontaneous abortion <0.5% vs.
1-2%)

Indications
• identification of genetic and chromosomal anomalies (15-16 wk GA ) as per indications above
• confirmation of positive NIPT testing
• positive el-TS/1PS/MSS
• assessment of fetal lung maturity (T3) via the L/S ratio

if >2:1, KDS is less likely to occur

Advantages
• also screens for ONTD (acetylcholinesterase and amniotic APP) - 96% accurate
• in women >35 yr, the risk of chromosomal anomaly (1/180) is greater than the risk of miscarriage

from the procedure
• more accurate genetic testing than CVS

(§>
Risk Factors for Neural Tube Defects

GRIMM
Genetics:family history of NTD ( risk
of having second child with NTD is
increased to 2-5%). consanguinity,
chromosomal (characteristic of trisomy
13,18,and 21)
Race:Higher risk in Europeans and
non- Hispanic whites than African
Americans,3-fold higher in Htspanics
Insufficient vitamins:zinc and folate
Maternal chronic disease (e.g. DM)
Maternal use of antiepileptic drugs

Disadvantages
• 1/200 to 1/900 risk of procedure-related pregnancy loss, depending on local experience
• results take 14-28 d; QF-PCR or FISH can be done on chromosomes X, Y, 13, 18, 21, 22 to give

preliminary' results in 48 h;chromosomal microarray also readily available

CHORIONIC VILLUS SAMPLING
• biopsy of fetal-derived chorion using a transabdominal needle or transcervical catheter at 10-12 wk General population risk for NTD is 0.1%

GA

Advantages
• enables pregnancy to be terminated earlier than with amniocentesis
• rapid karyotyping and biochemical assay within 48 h, including FISH analysis
• high sensitivity and specificity

Disadvantages
• 1% risk of procedure-related pregnancy loss
• does not screen for ONTD
• 1-2% incidence of genetic mosaicism “false negative” results

ISOIMMUNIZATION SCREENING

Definition
• isoimmunization: antibodies (Ab) produced against a specific RBC antigen (Ag) as a result of

antigenic stimulation with RBC of another individual

Etiology
• maternal-fetal circulation normally separated by placental barrier, but sensitization can occur and can

affect the current pregnancy’,or more commonly', future pregnancies
• anti-Rh Ab produced by a sensitized Rh-negative mother can lead to fetal hemolytic anemia
• risk of isoimmunization of an Rh-negative mother with an Rh-positive ABO-compatible infant is 16%
• sensitization routes

incompatible blood transfusions
previous fetal-maternal transplacental hemorrhage (e.g. ectopic pregnancy, trauma, abruption)
invasive procedures in pregnancy (e.g. prenatal genetic diagnosis, cerclage, D&C)
any type of abortion
labour and delivery
trauma (e.g. car accident, fall, etc.)

Investigations
• screening with indirect Coombs test at first visit for blood group, Rh status, and antibodies
• Kleihauer-Betke test used to determine extent of fetomaternal hemorrhage by estimating volume of

fetal blood volume that entered maternal circulation
• detailed U/S for hydrops fetalis
• middle cerebral artery Dopplers are done to assess degree of fetal anemia; if not available, bilirubin is

measured by serial amniocentesis to assess the severity of hemolysis
• cordocentesis for fetal Hb should be used cautiously (not first-line)

Rh Antibody Titre
A positive titre (21:16) indicates an
increased risk of fetal hemolytic anemia

Standard dose of 300 pg of Rhogam '

sufficient for 30 mL of fetal blood. Give
additional 10 pg of Rhogam - for every
ml of fetal blood over 30 mL r *t

LJ
Prophylaxis
• exogenous Rh IgG (Rhogam* or WinRho*) binds to Rh antigens of fetal cells and prevents them from

contacting maternal immune system
• Rhogam* (120-300 pg) given to all Rh-negative and antibody screen negative women in the following

scenarios:
routinely at 28 wk GA (provides protection for ~12 wk)
within 72 h of the birth of a Rh-positive fetus
with any invasive procedure in pregnancy (CVS,amniocentesis)

+
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as part of management of ectopic pregnancy
• with miscarriage or therapeutic abortion

with an antepartum hemorrhage
• with trauma

•Rhogam* 300 ug provides sufficient prophylaxis for 30 mL fetal Rh-positive whole blood
•a Kleihauer-Betke test or flow cytometry can be used to measure the relative quantity of fetal blood in

maternal circulation to determine if additional Rhogam* is indicated (if >30 mL fetal blood)
•if Rh-negative and Ab screen positive, follow mother with serial monthly Ab titres throughout

pregnancy + U/S ± serial amniocentesis as needed ( Rhogam* has no benefit, as B cells/antibodies
already in circulation )

Treatment
•falling biliary pigment warrants no intervention (usually indicative of either unaffected or mildly

affected fetus)
•intrauterine transfusion between 18-35 wk GA of O-negative packed RBCs may be required for

severely affected fetus
•early delivery of the fetus for exchange transfusion following 35 wk GA

Complications
•anti-Rh IgG can cross the placenta and cause fetal RBC hemolysis resulting in fetal anemia, CHF,

edema, and/or ascites
•severe cases can lead to hydrops fetalis (edema in at least two fetal compartments due to fetal heart

failure secondary to anemia) or erythroblastosis fetalis (moderate to severe immune-mediated
hemolytic anemia)

Fetal Surveillance
•patients will generally first notice FM (“quickening”) at 18-20 wk GA in primigravidas; can occur

1-2 wk earlier in multigravidas; can occur 1-2 wk later if placenta is implanted on the anterior wall of
uterus

•if there is concern about decreased FM, the patient is counselled to choose a time when the fetus is
normally active to count movements (usually recommended after 26 wk GA)

•all high-risk patients should be advised to do FM counts
should experience >6 perceived movements in 2 h period
if there is a subjective decrease in FM, time how long it takes to feel 10 discrete movements (laying
on the left in a quiet setting may facilitate feeling subtle movements)
if 10 movements take more than 2 h, further assessment is indicated, and patient should present
to labour and delivery triage for assessment

DDx of Decreased Fetal Movements

DASH
De ath of fetus
Amniotic fluid decreased
Sleep cycle of fetus
Hunger.Thrrst

NON-STRESS TEST

Definition
•FHR tracing >20 min using continuous external fetal monitoring to assess FHR and its relationship to

FM (see Gynaecology. l -'irst and Second Trimester Bleeding, GY20 )

Indication
•any suggestion of uteroplacental insufficiency or suspected compromise in fetal well-being

Normal NST:2 accelerations, >15 bpm
from baseline, lasting >15s in 20 min

Table 5. Classification of Intrapartum EFM Tracings
Normal Tracing (Category 1) Atypical Tracing (Category Abnormal Tracing

(Category 3)2 )

Baseline 110-160bpm 100-110 bpm or >160 bpm for
30- 80 min
Rising baseline
Arrhythmia

s5 (absent or minimal) for 40-80 s5 for >80min
>25 bpm for >10 min
Sinusoidal
Repetitive complicated variables
Recurrent late decelerations
Single prolonged deceleration >3
min but <10 min

Bradycardia <100 bpm
Tachycardia >160 for >80 min
Erratic baseline

Describing NSTs: baseline rate, absent'
minimatmoderate/marked variability,
accelerations present/not present
decelerations early/late/variable

Variability 6-25 bpm (moderate)
<5 (absent or minimal) for <40 min min mDecelerations Repetitive uncomplicated

variables
Non-repetitive complicated
variables
Intermittent late decelerations
Single prolonged deceleration >2
minbut <3 min

None
Non-repetitive uncomplicated
variable
Early decelerations

Reassuring BPP (8 8)

LAMB
Limb ectension + flexion
AFV 2 cm x 2 cm
Movement P discrete)
Breathing (one episode x 30 s)

r i j
tJ

Acceleration Spontaneous accelerations but
not required
Acceleration with scalp
stimulation
No evidence of fetal compromise Physiologic response

Absence of acceleration until scalp Usually absent (accelerations,
stimulation if present,do not change

classification of tracing) +
Interpret Clinically Possible fetal compromise

Adapted from:SOGC.FetalHeallfi Surveillance:Intrapartum Consensus Guideline.March 2020
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Operating Characteristics
• false positive rate depends on duration; false negative rate = 0.2-0.3%

Interpretation
• normal, >32 wk GA:at least 2 accelerations of FHR >15 bpm from the baseline lasting >15 s in 20 min
• normal, <32 wk GA: at least 2 accelerations of F'HR >10 bpm from the baseline lasting >10 s in 20 min
• abnormal:<2 accelerations of F’HR in 40 min
• if no observed accelerations or TM in the first 20 min, stimulate fetus (fundal pressure, acoustic/

vibratory stimulation ) and continue monitoring for 30 min

BIOPHYSICAL PROFILE

Definition
• U/S assessment of the fetus ± NS1

Indications
• postterm pregnancy
• decreased FM
• 1UGR
• any other suggestion of fetal distress or uteroplacental insufficiency

Table 6. Ultrasound Scoring Components of the BPP
Reassuring (2 points)Parameter

Tone At least oneepisode ol Imb extension followed by flexion
Three discrete movements
At least one episode of breathing lasting at least 30s
FigId pxtet ol 2 cm in 2 axes

Movement
Breathing
Amniotic fluid Volume (AFV)‘
*Af V isa marker ot chronic hypoxia, all other parameters indicate acute hypoxia

Interpretation
• 8/10 with normal fluid or 10/10: perinatal mortality rate 1:1000; intervention for obstetric and

maternal factors
• 6-8/10 with abnormal fluid: perinatal mortality rate 9:1000;determine that there is functioning renal

tissue and intact membranes. If so,deliver fetus at term,continue surveillance of preterm fetus <34
wk GA to maximize fetal maturity

• 6/10 with normal fluid: perinatal mortality variable;equivocal test, repeat BPP in 24 h
• 0-4/10:perinatal mortality rate 91-600:1000;consider delivery for fetal indications

Counselling of the Pregnant Patient

Nutrition
•Canada s Food Guide to Healthy Eating suggests

• eating a varied diet with plenty of vegetables and fruits, whole grains, dairy products, and lean
meats or plant proteins

• caloric increase of -100 kCal/d in Tl,-300 kCal/d in T2 and T3,and -450 kCal/d during lactation
(less if BM1>25)
daily multivitamin with folic acid should be continued during pregnancy

Nutrients in Pregnancy
•folate:0.4-1 mg daily in all women starting 2-3 mo preconception until 4-6 wk postpartum;4 mg if

high-risk for NTD starting at least 3 mo preconception until 12 wk GA, then continue 0.4-1 mg until
4-6 wk postpartum or as long as breastfeeding continues

supports increase in blood volume, growth of maternal and fetal tissue, and decrease in incidence
of NTD

• foods rich in folic acid include: spinach, lentils, chickpeas, asparagus, broccoli, peas, brussels
sprouts, com,and oranges

•calcium:1200-1500 mg/d
• maintains integrity of maternal bones, skeletal development of fetus, and breast milk production

•vitamin D:10001U
• promotes calcium absorption

•iron:0.8 mg/d in Tl,4-5 mg/d in T2, and >6 mg/d in T3
• supports maternal increase in blood cell mass, supports fetal and placental tissue

required amounts exceed normal body stores and typical intake,and therefore need supplemental
iron

• iron is the only known nutrient for which requirements during pregnancy cannot be met by diet
alone (see Iron and Folate Deficiency Anemia,UB28)

ri
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• essential fatty acids - supports fetal neural and visual development
contained in vegetable oils, margarines, peanuts, and fatty fish

Sources of Caffeine
• 5 oz cup coffee: 40-180 mg
• 5 oz brewed tea: 20-90 mg
• 12 02 cola: 46 mg
• Red Bull’:67 mg
• Dark chocolate bar:10 mg
• 8 oz hot chocolate:5 mg

Caffeine
• diuretic and stimulant that readily crosses placenta
• less than 300 mg/d is considered safe
• relationship between caffeine and 1UGR is unknown (ACOG)
• SOGC states 1-2 cups/d of coffee are safe during pregnancy

Herbal Teas and Preparations
• not enough scientific information about safety of various herbs and herbal products to recommend

their use during pregnancy
• some herbal teas can have toxic or pharmacological effects on the mother or fetus
• raspberry leaf tea often used at term to promote labour
• herbal teas considered safe in moderation (2-3cups/d):citrus peel, ginger, lemon balm, linden flower

(unless cardiaccondition),orange peel, and rose hip

Foodborne Illnesses
• microbiological contamination of food may occur through cross-contamination and/or improper food

handling
• listeriosis ( Listeria monocj'togenes ) and toxoplasmosis ( Toxoplasma gondii ) are of concern during

pregnancy
avoid consumption of raw meats and fish, raw hotdogs, raw eggs, raw sprouts (especially alfalfa),
and unpasteurized dairy products or juices
avoid unpasteurized soft cheeses, deli meats, smoked salmon, and pates as they may be sources of
Listeria

• chemical contamination of food
• current guideline for mercury of 0.5 ppm in fish is not considered harmful for the general

population, including pregnant women
Health Canada advises pregnant women to limit consumption of top predator fish such as shark,
swordfish, king mackerel, and tilefish

Lifestyle
• physical activity:150 min of moderate-intensity per wk; “talk test” = should be able to speak while

exercising; avoid supine position after 20 wk GA
• absolute contraindications of physical activity

ruptured membranes, PTL, hypertensive disorders of pregnancy, incompetent cervix,
1UGR, multiple gestations (>3), placenta previa after 28 wk GA, persistent T2 or '13 bleeding,
uncontrolled T1DM, uncontrolled thyroid disease, serious cardiovascular or respirator)'disease,
and other systemic disorders

• relative contraindications of physical activity
• recurrent pregnancy loss, gestational HTN, history of spontaneous preterm birth, mild /moderate

cardiovascular or respiratory disease, symptomatic anemia, malnutrition,eating disorder, twin
pregnancy after 28 wk GA, and other significant medical conditions

• weight gain:optimal gain depends on pre-pregnancy BM1 (varies from 6.8-18.2 kg)
• work:strenuous work, extended hours, and shift work during pregnancy may be associated with

greater risk of low birth weight, prematurity, and spontaneous abortion
• air travel:acceptable in T2;airline cut off for travel is 36-38 wk GA depending on the airline, to avoid

giving birth on the plane
• sexual intercourse:may continue, except in patients at risk for:spontaneous abortion, PTL,or

placenta previa; breast stimulation may induce uterine activity,and is discouraged in high-risk
patients near term

• smoking:assist/encourage to reduce or quit smoking (see Family Medicine, FM13)
increased risk of decreased birth weight, placenta previa/abruption, spontaneous abortion, PTL,
and stillbirth
psychosocial interventions considered first-line, nicotine replacement therapy,and/or
pharmacotherapy if counselling unsuccessful

lowest effective dose to minimize fetal exposure, intermittent dosage preparations preferred
• limited safety data for bupropion and varenicline use during pregnancy. alcohol:no amount of alcohol is safe in pregnancy; encourage abstinence from alcohol during

pregnancy;alcohol increases incidence of spontaneous abortion, stillbirth,and congenital anomalies
fetal alcohol spectrum disorder (see Paediatrics. P29)

• cocaine: microcephaly, growth retardation, prematurity, and placental abruption
• cannabis: associated with low birth weight infants and risk of neurobehavioural abnormalities in

childhood
• biopsychosocial considerations: discuss adjustment to pregnancy (e.g. mood, work, stress, family) and

birth plan, refer to counselling or community resources as necessary

Weight Gain in Pregnancy
BMI Total Gain Weekly Gaia

in T2 4 T3
<18.5 28-40 lb U3Wrt
18.5-24.9 25-35 lb 1 lb%t

154JW
0.40.6 Itrtrk

25-29.9 15251b
11-20 6>30
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Medications
• most drugs cross the placenta to some extent
• very few drugs are teratogenic, but very few drugs have proven safety in pregnancy
• use any drug with caution and only if necessary
• analgesics:acetaminophen preferable to ASA or ibuprofen

Table 7. Documented Adverse Effects, Weigh Benefits vs. Risks, and Consider Medication
Change
Contraindicated Medication Adverse Effect

ACE Inhibitor
Carbamaztpine

Chloramphenicol
lithium
Misoprostol
NSAIDs
Phcnytoin

Fetal renal defects, IUGR, oligohydramnios
ONTO in1-2%
Grey baby syndrome (fetal circulatory collapse 2’to toxic accumulation)
Ebstein's cardiac anomaly, goitre, hyponatremia
Mobius syndrome (congenital facial paralysis with or without limbdelects), spontaneous abortion.P1l
Premature closure ol theductusarteriosus after 30 wk Gt (prior to that, indomelhacin used for tocolysis)

Fetal hydantoin syndrome in 5-10% (IUGR.mental retardation, facial dysmorphogenesis.congenital
anomalies)

CNS, craniofacial,cardiac, and thymic anomalies

Anti folate properties, therefore theoretical risk in T1; risk of kernicterus in T3
Stains infant's teeth, mayaffect long bone development
Congenital malformation (including ONTO) up to9%
Increased incidence of spontaneous abortion,stillbirth, prematurity, IUGR.fetal warfarin syndrome (nasal
hypoplasia, epiphyseal stippling, oplic atrophy, mental retardation, intracranial hemorrhage)

Drug Resources During Pregnancy and
Breastfeeding

• Hale T. Medications and mothers'
milk, 18th ed. Springer Publishing
Company, 2019

• Lactmed: https://toxnet.nlm.nih.gov/
nowtoxnet/lactmed.htm

Retinoids (e.g.Accutane')
Sulpha drugs
Tetracycline
Valproate

Warfarin

Immunizations
Intrapartum
• administration is dependent on the risk of infection vs. risk of immunization complications
• safe: tetanus toxoid, diphtheria, influenza, hepatitis B, and pertussis
• avoid live vaccines (risk of placental and fetal infection): polio, measles/mumps/rubella, and varicella
• contraindicated: oral typhoid
• the Public Health Agency of Canada recommends:

all pregnant women receive the influenza vaccine
all pregnant women should be given Tdap every pregnancy irrespective of immunization history.
Ideally between 27-32 wk GA but can be given at 13-26 wk GA if high-risk of PTL

Postpartum
• rubella vaccine for all non-immune mothers. If they have had an adult booster and remain non-

immune, they should not be revaccinated and pregnancy should be deferred for at least 1 mo following
vaccination

• hepatitis B vaccine should be given to infants within 12 h of birth if maternal status unknown or
positive or if father is known to have chronic hepatitis B infection - follow-up doses at I and 6 mo

• any vaccine required /recommended is generally safe postpartum
• delayed postpartum vaccination is recommended if patient receives immunoglobulin or blood

products (e.g. Rhlg or packed red blood cells)

Radiation
• ionizing radiation exposure is considered teratogenic at high doses

if indicated for maternal health, should be done
• imaging not involving direct abdominal/pelvic high dosage radiation is not associated with adverse

effects
• higher dosage of radiation to fetus occurs with plain x-ray of lumbar spine/abdomen/pelvis,

barium enema, CT abdomen/pelvis/lumbar spine
• radioactive isotopes of iodine are contraindicated
• no known adverse effects from U/S or MKI (long-term effects of gadolinium unknown, avoid if

possible)

+
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Table 8. Approximate Fetal Doses from Common Diagnostic Procedures
Examination Estimated Fetal Dose (cGy) Number of Exams Safe in Pregnancy
Plain Film
Abdomen
Pelvis
Lumbar spine
Thoracicspine
Cbest|2 views)

014 35
0-11 45
0-17 29 Radiation in Pregnancy

• Necessary amount to cause
miscarriage:>5 cGy

• Necessary amount to cause
malformations:>20-30 cGy

0.009 555
<0.001 5000

Cl
0-8 eAbdomen

Pelvis
Lumbar spine
Chest

2-5 2
0-24 20
0.006 833

Adapted from:Cohen-Kefem.et al.2005 and Valentin 2000

Antepartum Hemorrhage
•see Gynaecology, First and Second Trimester Bleeding, GY20

Definition
•vaginal bleeding from 20 wk GA to term

Differential Diagnosis
•bloody show (represents cervical changes/early stages of dilation ) - most common physiologic

etiology in T3
•placenta previa
•placental abruption - most common pathological etiology in T3
•vasa previa
•cervical lesion (cervicitis, polyp, ectropion, cervical cancer)
•uterine rupture
•other: bleeding from bowel or bladder, abnormal coagulation

Table 9. Comparison of Placenta Previa and Abruptio Placentae
Placenta Previa Abruptio Placentae

Definition Abnotmal location of the placenta neat, partially, or
completely over the internal cervical os
Idiopathic

0.5 0.8% of all pregnancies
History of placenta previa|4- 8% recurrence risk)
Multiparity
Increased maternal age
Multiple gestation
Uterine tumour (e.g. fibroids) or other uterine
anomalies
Uterine scar due to previous abortion, CO. D&C.
myomectomy

Premature separation of a normally implanted placenta
after 20 wk GA

Etiology
Epidemiology
Risk Factors

Idiopathic
1-2% of all pregnancies
Previous abruption (recurrence rate 5-16%)
Maternal HIN (chronic or gestational HTN in 50% of
abruptions) or vascular disease
Cigarette smoking (>1pack/d), excessive alcohol
consumption, cocaine
Multiparity and/or maternal age >35 yr
PPR0M
Rapid decompression of a distended uterus
(polyhydramnios, multiple gestation)
Uterine anomaly, fibroids
Trauma (e.g. motor vehicle collision,maternal battery)

Usually PAINFULPAINLESSBleeding

Placenta Previa
Definition
• placenta implanted in the lower segment of the uterus covering the internal cervical os (either fully or

partially)
• placental location is described in relation to the internal os as “mm away" or “mm of overlap"

Clinical Features
• PAINLESS bright red vagina) bleeding ( recurrent ), may be minimal and cease spontaneously but can

become catastrophic
• mean onset of bleeding is 30 wk GA, but onset depends on degree of previa
• physical exam

• do not perform digital vaginal exam until ruled out placenta previa (speculum and transvaginal
probe are safe)

• uterus soft and non-tender
• presenting fetal part high or displaced
• i'HR usually normal

shock /anemia correspond to degree of apparent blood loss

Do NOT perform a vaginal exam until
placenta previa has been ruled out
byU/S

+
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•complications
• fetal

• perinatal mortality low but still higher than with a normal pregnancy
• prematurity ( bleeding often dictates early CD)
• intrauterine hypoxia (acute or 1UGR)
• fetal malpresentation
» PPROM
• risk of fetal blood loss from placenta, especially if incised during CD

• maternal
• <1% maternal mortality
• hemorrhage and hypovolemic shock, anemia, acute renal failure,and pituitary'necrosis

(Sheehan syndrome)
• placenta accreta -especially if previous uterine surgery or anterior placenta previa
• hysterectomy

Investigations
•transvagina] U/S is more accurate than transabdominal U/S at diagnosing placenta previa at any GA
•spontaneously resolution is likely with increasing uterine distention if the placenta covers the internal

os by <20 mm at 20 wk GA
•transvaginal U/S should be repeated in T3 as continued change in the placental location is likely

Management
•goal: keep pregnancy intrauterine until the risk of continuing pregnancy outweighs the risk of

preterm delivery
•stabilize and monitor

• maternal stabilization: large bore IV with hydration, O’for hypotensive patients
maternal monitoring: vitals, urine output, blood loss, blood work (hematocrit, CBC,1NR/PTT,
fibrinogen, FDP, type, and crossmatch)

• EFM
• U/Sassessment:when fetal and maternal conditions permit, determine fetal viability, GA, and

placental location
•Rhogam* if mother is Rh-negative
•Plow Cytometry'and Kleihauer-Betke methods determine extent of fetomaternal transfusion and this

helps to administer Rhogam* at adequate dose
•<37 wk GA and minimal bleeding:expectant management

• admit to hospital
• limited physical activity, no douches, enemas, or sexual intercourse

consider corticosteroids for fetal lung maturity
delivery when fetus is mature or hemorrhage indicating maternal or fetal compromise. >37 wk GA:deliver by CD

Placental Abruption
Definition
• partial or total placental detachment that is premature and caused by bleeding at the decidual*

placental interface
• occurs >20 wk GA ( placental detachment <20 wk GA is classified as an abortion )

Clinical Features
• classification

total (fetal death inevitable) vs.partial
external/revealed /apparent: blood dissects downward toward cervix
internal/concealed/occult (20%):blood dissects upward toward fetus, may or may not present
with vaginal bleeding

most are mixed

Placental abruption is the most common
cause of DICin pregnancy

• presentation
usually PAINFU L (80%) vaginal bleeding (bleeding not always present if abruption is concealed),
uterine tenderness, uterine contractions/hypertonus (lack of relaxation between contractions)
pain:sudden onset, constant, localized to lower back and uterus

• shock/anemia out of proportion to apparent blood loss
± fetal distress, fetal demise (15% present with demise), bloody amniotic fluid (fetal presentation
typically normal)
± coagulopathy

Complications
• fetal complications: perinatal mortality 25-60%, prematurity, intrauterine hypoxia
• maternal complications: <1% maternal mortality, disseminated intravascular coagulation (DIG)

(in 20% of abruptions), acute renal failure, anemia, hemorrhagic shock, pituitary necrosis (Sheehan
syndrome), amniotic fluid embolus

+
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Investigations
• clinicJdiagnosis, U/S not sensitive for diagnosing abruption (sensitivity 15%)

Management
• maternal stabilization: large bore IV with volume replacement, O’ for hypotensive patients
• maternal monitoring: vitals, urine output, blood loss, blood work (hematocrit, CBC, PTT/PT,

fibrinogen, FDP, type, and crossmatch). EFM
• blood products on hand (red cells, platelets, cryoprecipitate) because of DIC risk
• Rhogam* if Rh negative

How Cytometry and Kleihauer-Betke test to assess dosing of Rhogam*, may confirm abruption
(not diagnostic)

• abruption without fetal/maternal compromise (mild abruption)
<37 wk GA: use serial hematocrit to assess concealed bleeding, deliver when fetus is mature or
when hemorrhage dictates
>37 wk GA: stabilize and deliver

• abruption with fetal/maternal compromise (moderate to severe abruption)
• hydrate and restore blood loss and correct coagulation defect if present

vaginal delivery if no contraindication and no evidence of fetal or maternal distress
« CD if live fetus and fetal or maternal distress develops with fluid/blood replacement, labour fails

to progress, or if vaginal delivery otherwise contraindicated

Kleihauer-Betke Test
Quantifies fetal cells in the maternal
circulation

Vasa Previa
Definition
• unprotected fetal vessels pass over the cervical os; associated with velamentous insertion of cord into

membranes of placenta or succenturiate (accessory) lobe

Epidemiology
• I in 5000 deliveries - higher in twin pregnancies

Clinical Features
• PAINLESS vaginal bleeding and fetal distress (tachy-to-bradyarrhvthmia in a sinusoidal pattern )
• if undiagnosed, 50% perinatal mortality, increasing to 75% if membranes rupture (most infants die of

exsanguination)
• ifdiagnosed antenatally on U/S without labour or symptoms, then 97% survival

r'. _ =
:

Figure 3. Vasa previaInvestigations
• Apt test ( NaOH mixed with the blood) can be done immediately to determine if the source of bleeding

is fetal (supernatant turns pink) or maternal (supernatant turns yellow)
• Wright’s stain on blood smear and look for nucleated red blood cells (in cord, not maternal blood)

Management
planned CD (35-36 wk GA) or if bleeding, emergency CD (since bleeding is from fetus, a small amount
of blood loss can have catastrophic consequences)

Obstetrical Complications

Preterm Labour
Definition
• labour between 20 and 37 wk GA

PTL is the most common cause of
neonatal mortality in the United Sates
and is within the top 5causes of
neonatal mortality in CanadaEtiology

• idiopathic
• maternal: infection (recurrent pyelonephritis, untreated bacteriuria, chorioamnionitis), HTN, DM,

chronic illness, mechanical factors (previous obstetric, gynaecological, and abdominal surgeries);
socio-environmental (poor nutrition, smoking, drugs, alcohol, stress), preeclampsia, advanced
reproductive age

• maternal-fetal: PPROM, polyhydramnios, placenta previa, placental abruption, placental insufficiency
• fetal: multiple gestation, congenital abnormalities, fetal hydrops
• uterine:excessive enlargement (hydramnios, multiple gestation), malformations (intracavitary

leiomyomas, septate uterus, and Mullerian duct abnormalities)

Positivefetal fibronectin in
cervicovaginal fluid (>50 ng/mL) at 24
wk GA predicted spontaneous PTL at <34
wk GA with sensitivity 23%,specificity
97%,PPV 25%, NPV 96%

n
L J

+Epidemiology
• PTL complicates about 10% of pregnancies
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Risk Factors
• prior history of spontaneous PTL is the most important risk factor
• prior history of large or multiple cervical excisions (cone biopsy) or mechanical dilatation (D&C)
• cervical length: measured by transvaginal U/S (cervical length >30 mm has high negative predictive

value for PTL before 34 wk GA)
• identification of bacterial vaginosis and Vrcaplasma ureatyticum infections

• routine screening not supported by current data, but it is reasonable to screen high-risk women
• family history of preterm birth
• smoking
• late maternal age
• multiple gestation
• cocaine

Ultrasooographic Cervical length Assessment in
RietfKiiwg Preterm Birth in Singleton Pregnancies
J Ohstet Efaetnl Can 2018:40:154-161
ieeoaaendations:
t Irjrsajdo~ra ultrasonography should not he

ati for cenrkal length assessnre nt to predict
preterm beta (II-2D)

2Tranvagral eltrasooograplty is the preferred
ralefor cervical assessment to identify worn en
at f creased risk of spoirtan eo us preterm b irth
end may he offeredlo non at mcreased risk of
preterm bets (11-28)

llraapenreel uSrasooographj may be offered
to aomeo at increased risk of preterm birth
Itransvaipa!uitasKiography iseither
unacceptable or cneratahle (11-28)

4.3ecaase of poor postve p redictive values
Ed sens ti lies and lack of proven effective
.nteneiDoss, rouine transvaginal cervical lenglb
assessmea is not recommended in women at
lenv-nsk (ll-2{)

5k wocnec presecing wits suspected PH.
iansvagaa sonograph.-c assessment of cervical
engtb may he used to help m determining who isat
kgb-rsk of preterm delivery and may be helpful in
preveaag unnecessary intervention. It is unclear
whether Bis mformaion results in a reduced risk of
pteara birth (H -2B)

6.kr asymptomat ic women with a history
of spontaneous preterm birth and an
ultrasonograsbicalfy diagnosed short cemcal
engtb («25om) pror a 24 wk GA.cervical cerda ge
shogfd he ctmsdered to reduce the risk of preterm
KAMI

J.hr al asymptomaic women who present with
membranes at or protruding past the external
cervical os.a:emergency cerclage should be
cresiered a reduce the risk of pieterm delivery

Prevention of Preterm Labour
A. Cervical Cerclage
• definition: placement of cervical sutures at the level of the internal os, usually at the end of T1 or in T2

and removed in T3
• indications:cervical incompetence (i.e. cervical dilation and effacement in the absence of increased

uterine contractility)
• diagnosis of cervical incompetence

• obstetrical Hx:silent cervical dilation, recurrent T2 losses, cervical procedures such as loop
excisions
ability of cervix to hold an inflated Foley catheter during a hysterosonogram

• transvaginal U /S of cervical length is recommended only for high-risk pregnancies and only
before 28 wk GA

• proven benefit in the prevention of PTL in women with primary structural abnormality of the cervix
(e.g. conization of the cervix, connective tissue disorders)

B. Progesterone
• progesterone thought to maintain uterine quiescence; however, exact mechanism of action is unclear
• indicated if cervical length is <25 mm at <24 wk GA
• if short cervix:200 mg vaginally once daily from time of diagnosis to 36 wk GA
• if risk factors or Hx of PTL present, give vaginally starting at 16-20 wk GA
• superior to cerclage in preventing PTL of singletons not due to cervical incompetence
C. Lifestyle Modification
• smoking cessation, substance use reduction, treatment of GU infections (including asymptomatic

UT'Is), and patient education regarding risk factors
'Hf

Predicting Preterm Labour
• fetal fibronectin:a qlvcoprotein in amniotic fluid and placental tissue

positive if >50 ng/mL; SPV > PPV
• done if one or more signs of PTL ( regular contractions >6/h, pelvic pressure, low abdominal pain

and/or cramps, low backache)
• done only if: 24-34 wk GA, intact membranes, <3 cm dilated, established fetal well-being

contraindicated if:cerclage, active vaginal bleeding, vaginal exam, or sex in last 24 h
• if negative, not likely to deliver in 7-14 d (>95% accuracy); if positive, increased risk of delivery,

may need admission/transfer to centre that can do delivery ± tocolysis and/or corticosteroids
Physical Examination -Indicated Cerclage:A
Systematic Review and Meta -Analysis
(hat Gynecol 2017:126:125-135
Pirpose Jo estimate the effectiveness of physical
eBBinabon-micaad cerclage ct the setting ol 12
cemcal dilatation
Methods:VeB-analyss of studies identified on
MEDUliE.EM8A5E.Scopus.CliricalTnals.gov.Web of
Scenes.EdteCoctrane Library
Results "0txia s.757 women|485 underwent
cerdage Ed 272 were expectantly managed).Studies
extpered cerdage with oo cerclage in women with a
physics: exam naior Bat revealed cervical dilatation
of >0.5 cm between 14 an d 27 wk GA.Survival was
core kkely ia tecerclage group (71ft) compared to
Be expectant:, -e-aged grojp (47%) (RR-1.65, 95%
Q L19-2T!|.Cerclage was dso associated with a
sign scan:pro ongat or of pregnancy (average 33.98
d.95% Q17.88-50.081. greater GA at delivery (mean
dfference462 wk.95% Cl 3.89-5.361and significant
•>1.Dees m preterm birtt between 24 and 28 wk GA
(newpared to 37%:8R-0.23.95% 0 0.13-0.41|
sd at less than 34 wk GA (50% com pared to 82%;
RM.SS.95% Cl 0.38-0.80)
Conclusions P-yskalexanir.a;ion -indicated
cerdage is associated with sgnScaut reductions
e peraatal mortality and pietetm birtti. RCTsare
warranted for additional investigation

Clinical Features
• regular contractions (2 in 10 min, >6/h)
• cervix >1 cm dilated, >80% effaced, or length <2.5 cm

Management
A. Initial
• transfer to appropriate facility if stable

tocolysis and first dose of antenatal steroids prior to transfer
• hydration (normal saline at 150 mL/h)
• bed rest in LLDP to reduce aortocaval compression and improve cardiac output
• analgesia (morphine)
• avoid repeated pelvic exams (increased infection risk)
• U/S examination of fetus (GA, BPP, presentation, placenta location, EFW )
• prophylactic antibiotics (for GBS); important to consider if PPROM (e.g. erythromycin controversial,

but may help to delay delivery)
B. Tocolysis (Suppression of Labour)

• does not inhibit PT L completely, but may delay delivery (used for <48 h) to allow for betamethasone
valerate (Celestone* ) and/or transfer to appropriate centre for care of the premature infant

• requirements (all must be satisfied ):
• PTL
• live, immature fetus, intact membranes, cervical dilatation of <4 cm
• absence of maternal or fetal contraindications
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• contraindications:
• maternal: bleeding (placenta previa or abruption ), maternal disease ( HTN, DM, heart disease),

preeclampsia or eclampsia, chorioamnionitis
• fetal: erythroblastosis fetalis, severe congenital anomalies, fetal distress/demise, lUCiR, multiple

gestation ( relative)

Tocolylicjfor Preterm Prenuturt Rupture o <
Membranes
C otluane OBSyst ter 20I4:2:CD007062
Purpose: To assess the potential Ite.-eStsard hat ms
of tocolysis in women with PPROM
Selection Criteria: Pregnant women with srg 'eto:
pregnancies and PPROM (23-36-6 wkGA)
Results:8 studies with 498 women tota .
Prophylactic tocolysis with PPROM was associated
with increased overall latency, w.thoot additional
banelits for maternal/neonatal outco-ies.Foe
women with PPROM hefore 34 wk GA.there was a
significantly increased risk of chorioamnomtis in
women who received tocolysis. Neonatal outcomes

t significantly different
Conclusions Although there are Imitationstolhf
studies, there Is currently muffiotnt evidence to
supporttotolyk therapy lot women with PPROM.at
there was an increase In maternal ehonoamiiiMitij

without significant benefits to the infant

• agents:
calcium channel blockers: nifedipine

20 mg PO loading dose followed by 20 mg PO 90 min later
20 mg can be continued q3-8 h for 72 h or to a maximum of 180 mg
10 mg PO q20 min x 4 doses
relative contraindications: nifedipine allergy, hypotension, hepatic dysfunction, concurrent
p-mimetics or MgSOq use, transdermal nitrates, or other antihypertensive medications
absolute contraindications: maternal CHF, aortic stenosis

• prostaglandin synthesis inhibitors: indomethacin
• first-line for early PTL (<32 wk GA) or polyhydramnios
• 50-100 mg PR loading dose followed by 25-50 mg q6 h x 8 doses for 48 h
• contraindications : renal/hepatic impairment, peptic ulcer disease

G. Antenatal Corticosteroids
•betamethasone valerate (Celestone*) 12 mg IM q24 h x 2 doses or dexamethasone 6 mg 1M ql 2 h x 4

doses
• given between 24 to 34+6 wk GA if expected to deliver in the next 7 d
• patients between 22+0 and 23+6 wk GA at high-risk of preterm birth within the next 7 d should

be provided with multidisciplinary consultation regarding high likelihood for severe perinatal
morbidity and mortality and associated maternal morbidity - consider antenatal corticosteroid
therapy if early intensive care is requested and planned
specific maternal contraindications:active I B

•enhance fetal lung maturity, reduce perinatal death, and reduce incidence of severe RDS, 1VH,
necrotizing enterocolitis, or neonatal sepsis

D. Neuroprotection
• MgSO t 4 g bolus followed by 1 g/ h infusion for at least 4 h if imminent delivery expected and 533+ 6

wk GA

Ml . II ' j

Prematurity increases newborn risk of:
• Respiratory distress
• Hypoglycemia
• Hyperbilirubinemia
• Apnea
• Feeding difficulties
• Seizures
• And more

Prognosis
• prematurity is the leading cause of perinatal morbidity and mortality
•24 wk GA = 50% survival ( may be higher in tertiary care centres with level 3-4 NICU)
•30 wk GA or 1500 g (3.3 lb) = 90% survival
•33 wk GA or 2000 g (4.4 lb) = 99% survival
• morbidity due to asphyxia, hypoxia, sepsis, RDS, IV H, thermal instability, retinopathy of prematurity,

bronchopulmonary dysplasia, necrotizing enterocolitis

Prelabour Rupture of Membranes $
Definitions
• PROM: prelabour rupture of membranes
• prolonged ROM:>18 h elapsed between ROM and onset of labour. PPROM: preterm (hefore 37 wk GA) AND PROM

Membrane status determined by
• Pooling of fluid on speculum exam
• Increased pH of vaginal fluid

(nitrazine test)
• Ferning of fluid under light

microscopy
• Decreased AFV on U5Risk Factors

• maternal: multiparity, cervical incompetence, infection (cervicitis, vaginitis, STI, UT1), family history
of PROM, low socioeconomic class/poor nutrition

• fetal: congenital anomaly, multiple gestation
• other risk factors associated with PTL Antibiotic Therapy in Preterm Furniture Rupture

ol the Membranes
J 0 bstet Gynaecol Can 2017:39:207 212
Recommendations:
1.Fo!lowing PPROM.antibiobes should be

administered to women who are notin labour
in ntdei to prolong pregnancy and to decrease
maternal and neonatal morbidity

2.The benefit of antibiotics isgreater at earlier GAs
3. Art b Dtics of choice are penitillins or macrotide

antibiotics (erythromycin} in parenteral ardor oral
forms. In patients aiergic to penicillin,macro' de
antibiotics should be used alone

4. Ivin possible regimen options fiom large PPROM
RCfsare:|1|ampcillin 2 g IVq6 h and erythromycin
260 mg IV qG h for 48 h followed by amoi < bn 250
mg PO q8 h ard erythromycin 333 mg PO qS h lot 5
d: (2) erythromycin 260 mg PO qG b for 10 d

5.Amoucillm/clavulanic acid should not be used
because of an uicicased risk ol necrotizing
enlerocolibsln neonates.Amoilcillm without
davutanlc add Issafe

{.Women presenfmg with PPROM should be screened
for Oils.SIls.and CBS

Clinical Features
• history of fluid gush or continued leakage

Investigations
• sterile speculum exam (avoid introduction of infection)

pooling of fluid in the posterior fornix
cascading: fluid leaking out of cervix with cough/valsalva

• nitrazine (basic amniotic fluid turns nitrazine paper blue)
low specificity as it can also be positive with blood, urine, or semen

• ferning: salt in amniotic fluid evaporates, giving amniotic fluid the appearance of ferns on microscopy
• U/S to rule out fetal anomalies ( if no prior routine anatomy scan ); assess El ' W, presentation, and BPP

r n
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Management
• admit for expectant management and monitor vitals q4 h, daily NST, WBC count, surveillance for

infection
• avoid introducing infection by minimizing vaginal examinations

consider administration of betamethasone valerate (Celestone*) to accelerate maturity if <35 wlc
GA and no evidence of infection
consider tocolysis for 48 h to permit administration of steroids if PPROM induces labour

• screen patients for UTTs, STIs, GBS infection, and treat with appropriate antibiotics if positive (treat
GBSattime of labour)

• if not in labour or labour not indicated, consider antibiotics: penicillins or macrolide antibiotics are
the antibiotics of choice

• deliver urgently if evidence of fetal distress and/or chorioamnionitls

Table 10. PROM Management
Gestational Age Management
22-25 wk Individual consideration with counselling of parents regarding risks to

preterm infants
Expectant management as prematurity complications aresignificant
“Grey zone" where risk of death from RDS and neonatal sepsis is the
same

26-34 wk
34-36 wk

>37 wk Induction of labour since (he risk of death from sepsis is greater than
IDS

Prognosis
• varies with GA
• 90% of patients with PROM at 28-34 wk GA go into spontaneous labour within I wk
• 50% of patients with PROM at <26 wk GA go into spontaneous labour within I wk
• complications: cord prolapse, intrauterine infection (chorioamnionitis), premature delivery, limb

contracture, and pulmonary hypoplasia especially if PROM occurs at very early GA

Postterm Pregnancy
Definition
• pregnancy >42 wk GA

Epidemiology
• 41 wk GA: up to 27%
• >42 wk GA: 5.5%

Etiology
• most cases are idiopathic
• anencephalic fetus with no pituitary gland
• placental sulfatase deficiency (X-linked recessive condition, incidence ranges from 1 in 2000 to 1 in

6000 births)
• incorrect dates

Management (for singleton, cephalic fetus, otherwise uncomplicated)
• labour induction is recommended at 41+3 wk GA if no contraindications to vaginal delivery (see

Induction and Augmentation of Labour, OB3S )

Prognosis
• if >42 wk GA, perinatal mortality 2-3x higher (due to progressive uteroplacental insufficiency)
• with increasing GA, higher rates of: intrauterine infection, asphyxia, meconium aspiration syndrome,

placental insufficiency, placental ageing and infarction, macrosomia, dystocia, fetal distress, operative
deliveries, pneumonia, seizures, NICU admission, stillbirth

• morbidity increased with gestational HTN, DM, placental abruption,1UGR, advanced reproductive
age, and multiple gestation
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sIntrauterine Fetal Demise
Definition
• fetal demise in utero after 20 wk GA (before 20 wk GA is called spontaneous abortion )

Epidemiology
• occurring in 1% of pregnancies, increased in high-risk pregnancies

Etiology
• 50% idiopathic
• 50% secondary to HTN,DM,erythroblastosis fetalis, congenital anomalies,umbilical cord or

placental complications, intrauterine infection, and APS

Clinical Features
• decreased perception of FM by mother
• SFH and maternal weight not increasing
• absent fetal heart tones on Doppler (not diagnostic)
• high MSAFP
• on U/S: no FHR. Depending on timing of death, may see skull collapse, brain tissue retraction, empty

fetal bladder, non-filled aorta, or poor visualization of midline falx

DIC:Generalized Coagulation and Fibrinolysis
Leading lo Depletion ol Coagulation Factors

Obstetrical Causes
•Placental abruption
•Gestational HTN
•Fetal demise

PPH

DIC-specific Blood Wort
•CBC (platelets)
•aPIT and PT [prothrombin time)
•TOP

Fibrinogen

Treatment
• Treat underlying cause
• Supportive
• Fluids
• Blood products
• FFP, platelets, cryoprecipitate
• Consider anti-coagulation as tfTEpropbplaiis

Management
• diagnosis:absent cardiac activity and FM on U/S (required)
• determine secondary cause

maternal:HbAk, fasting glucose, TSH, Kleihauer-Betke, VDRL, ANA,CBC, anticardiolipins,
antibody screens,1NR/PTT, serum/urine toxicology screens,cerv ical and vaginal cultures, and
TORCH screen

• fetal: karyotype, cord blood, skin biopsy, genetics evaluation, autopsy, amniotic fluid culture for
CMV, parvovirus B19,and herpes
placenta:pathology, bacterial cultures

Treatment
• >20 wk GA:10L with vaginal misoprostol (Cytotec*)
• monitor for maternal coagulopathy (10% risk of DIC)
• parental psychological care/bereavement support as per hospital protocol
• comprehensive discussion within 3 mo about final investigation and post-mortem results, help make

plans for future pregnancies

Intrauterine Growth Restriction
Definition
• failure of a fetus to reach its biologically determined growth potential due to pathological factors

Etiology/Risk Factors
• 50% unknown
• maternal:

malnutrition, smoking, drug misuse, alcoholism, cyanotic heart disease,T1DM,SLE, pulmonary
insufficiency', previous 1UGR (25% risk), chronic HTN, gestational HTN,chronic renal
insufficiency',prolonged gestation TORCH

To xoplasmosis
Others:e.g. syphilis
Rubella
CMV

• placental:
any disease that causes placental insufficiency

• gross placental morphological abnormalities (infarction, hemangiomas, placenta previa, and
abnormal cord insertion) HSV

• fetal: See Table 15.0B31
TORCH infections, multiple gestation, and congenital anomalies/chromosomal abnormalities
(10%)

Clinical Features
• symmetric/type1(25-30%);occurs early in pregnancy

reduced growth of both head and abdomen
• HC/AC ratio may be normal (>1 up to 32 wk GA; =1 at 32-34 wk GA; <1 after 34 wk GA)
• usually associated with congenital anomalies or TORCH infections

• asymmetric/type 11 (70%):occurs late in pregnancy
fetal abdomen is disproportionately smaller than fetal head

• brain is spared; therefore HC/AC ratio increased
usually associated with placental insufficiency
more favourable prognosis than type I

• complications
prone to meconium aspiration, asphyxia, polycythemia, hypoglycemia, hypocalcemia,
hypophosphatemia, hyponatremia, and intellectual disability
greater risk of perinatal morbidity and mortality
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Investigations
•SFH measurements at ever)' antepartum visit (ensure accurate GA)
•if mother at high-risk or SFH lags >2 cm behind GA

• U/S for biparietal diameter, HC/AC ratio, FL, fetal weight, AFV (decrease associated with 1UGR),
and decrease in the rate of growth. ± BFP

• Doppler analysis of umbilical cord blood flow

Management
•prevention via risk modification prior to pregnancy is ideal
•modify controllable factors: smoking, alcohol, nutrition, and treat maternal illness
•serial BPP (monitor fetal growth) and determine cause of 1UGR, if possible
•deliver)'when extrauterine existence is less dangerous than continued intrauterine existence

(abnormal function tests, absent grow'th, severe oligohydramnios) especially if >34 wk GA
•optimize fetus with betamethasone valerate (telestone*), MgSO 4 for neuroprotection, early GBS swab,

and paediatrics consult if anticipated preterm delivery
• as 1UGR fetuses are less likely to withstand stresses of labour, they are more likely to be delivered by

CD

Macrosomia
Definition
• infant weight S90th percentile for a particular GA or >4000 g

Etiology/Risk Factors- maternal obesity,gestational and pre-gestational DM, past history of macrosomic infant, prolonged
gestation, multiparity, excessive maternal weight gain during pregnane)'

Clinical Features
• increased risk of perinatal mortality
• CPD and birth injuries (shoulder dystocia, fetal bone fracture) more common
• complications of DM in labour (see Table 14,OB30)

Investigations
• serial SFH
• U/S for EFW if mother at high-risk or SFH >2 cm ahead of GA

Management
• prevent hyperglycemia in patients with DM, optimize pre-pregnancy weight, and limit excessive

pregnancy weight gain in patients with increased BM1
• planned CD is a reasonable option where EFW >5000 g in non-diabetic patients and EFW >4500 g in

diabetic patients

n \u
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Polyhydramnios/Oligohydramnios

Table 11. Polyhydramnios and Oligohydramnios
Polyhydramnios Oligohydramnios

Definition AFI >25 cm
U/S:single deepest pocket >8 cm

AM «S cm
U S: single deepest pocket s2 cm

Etiology Idiopathic most common
Maternal
I10M:abnormalities of transchorionic flow

Idiopathic most common
Maternal

Uteroplacental insufficiency (preeclampsia,
nephropathy)
Medications (ACEI)

Maternal- fetal
Chonoangiomas
Multiple gestation
Fetal hydrops (increased erythroblastosis)

Fetal
Congenital urinary tract anomalies (renalagenesis,
obstruction,posterior urethral uahres)
Demise/chronic hypoiemia (blood shunt away from
kidneys to perfuse brain)

Fetal
Chromosomal anomaly (up to 2/3 of fetuses
have severepolyhydramnios)
Respiratory: cystic adenomatoid malformed IUGR

Ruptured membranes: prolonged amniobc fluid leak
Amniotic fluidnormally decreases after 35 wk CA

lung
CNS:anencephaly.hydrocephalus,
meningocele
fit:tracheoesophageal fistula,duodenal
atresia, facial clefts (interfere with
swallowing)

Occurs in 0.2-1.6% of all pregnanciesEpidemiology Occurs in-4.SNof all pregnancies
Severe form in"0.7%
Common in pregnancies>4t wk £A ('12c)

Uterus smal for dates
Fetal complications

15-25 c have fetal anomalies
Amniotic fluid bands (11) can lead to Potter's facies,
limb deformities,abdominal wall defects

Obstetrical complications
Cord compression
Increasedrisk of adverse fetal outcomes
Pulmonary hypoplasia (late-oosel)
Marker for infants who may not tolerate labour well

Always warrants admission and investigation
Rule out ROM
fetalmonitoring IBS!.BPP)
U S Doppler studies (umb lical cord andutenne
artery)

Maternalhydration with oral or IV fluids tohelp
increase amniotic fluid
Injection of fluid via amniocentesis will improve
condition for «1wk -may be most helpful for
visualizing any associated fetal anomalies
Consider delivery if term
Ammo-infusion may be considered during labour na
intrauterine catheter
Poorer withearly onset
High mortality related to congenita!malformations
and pulmonary hypoplasia when diagnosedduring 12

Clinical Features and Complications Uterus large for GA.difficulty palpating fetal
parts and hearing FHR
Maternal complications

Pressure symptoms from overdistended
uterus (dyspnea,edema,hydronephrosis)

Obstetrical complications
Cord prolapse,placental abruption,
malpresentation.P1L.uterine dysfunction.
andPPH

Determine underlying cause
Screen for maternal disease/infection
Complete fetal U/S evaluation

Depends on severity
Mild to moderate cases require no treatment
If severe,hospitalize and consider
therapeutic amniocentesis

Management

Prognosis 2- to 5-fold increase in risk of perinatal
mortality

Antenatal Depression
Definition
• major depression occurring in a patient who is pregnant, onset may be prior to pregnancy

Epidemiology
• occurs in 7-9% of pregnancies

Risk Factors
• prior history of depression, anxiety, unintended or unwanted pregnancy, life stress, intimate partner

violence or history of abuse, poor social support, chronic general medical conditions (specifically
hypothyroidism)

Clinical Features
• comparable to symptoms of non-pregnant major depressive disorder (see Psvchiatrv. PS12)
• suspect if: prior history of depression, excessive anxiety about the fetus, poor self-esteem,

despondency, anhedonia, non-adherence to antenatal care, poor weight gain due to decreased appetite
or inadequate diet, suicidal ideation

c.J
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Assessment
• Edinburgh Postnatal Depression Scale or others

Treatment
• antidepressants, psychotherapy, supportive care, and electroconvulsive therapy if refractory or if

features of psychosis, catatonia, high risk of suicide, and fluid or food refusal leading to dehydration
and malnutrition

Prognosis
• may be associated with altered fetal physiologic effects, adverse pregnancy and neonatal outcomes,

abnormal infant and child development, or cognitive impairment and psychopathology in the
offspring, leading to lasting long-term effects

• increased risk of recurrence after pregnancy, and conversion of the diagnosis to bipolar disorder

mMulti-Fetal Gestation and Malpresentation
Epidemiology
• incidence of twins is 1 in 80 and triplets is 1 in 6400 in North America
• 2/3 of twins are dizygotic (fraternal)

risk factors for dizygotic twins:1V E, increased maternal age, newly discontinued OCP, and
ethnicity (e.g.certain African regions)

• monozygous twinning occurs at a constant rate worldwide (1 in 250)
• determine zygosity by number of placentas, thickness of membranes, sex, and blood type

Clinical Features

m
The Ps of Multiple Gestation
Complications

Increased rates of:
Puking
Pallor (anemia)
Preedampsia/Pregnancy-induced HTN
Pressure (compressive symptoms)
PTL. PROM ' PPROM
Polyhydramnios
Placenta previa/abruption
PPHlAntepartum hemorrhage
Prolonged labour
Cord Prolapse
Prematurity
Malpresentation
Perinatal morbidity and mortality
Parental distress
Postpartum depression

Table 12. Complications Associated with Multiple Gestation
Maternal Uteroplacental Fetal

Increased PROM PTL
Polyhydramnios
Placenta previa
Placental abrupbon

Increased physiological stress on all systems PPH (uterine atony)
Increased compressivesymptoms Umbilical cord prolapse

Hyperemesis gravidarum Prematurity
IUGB
Malpresentation
Congenital anomalies
Twin-twin transfusion syndrome
Increased perinatal morbidity and mortality
Twin interlocking (twin A breech,twin S vertex)
Single fetal demise

GDM
Gestational HTN
Anemia

CO Cord anomalies
(velamentous insertion.2 vessel cord)Thrombosis

Management
• U/S determination of chorionicity must be done within T1 (ideally 8-12 wk GA)
• increased antenatal surveillance

• serial U/S q2-3 wk from 16 wk GA (monochorionic), q3-4 wk from 18-22 wk GA (uncomplicated
diamniotic dichorionic) to assess growth
Doppler flow studies weekly if discordant fetal growth (>30%)

• BPP
• may attempt vaginal delivery (if dichorionic diamniotic or monochorionic diamniotic) if twin A

presents as vertex and growth discrepancy <25%, otherwise CD (40-50% of all twin deliveries, 10% of
cases have twin A delivered vaginally and twin B delivered by CD)

• all monochorionic monoamniotic twins need to be delivered by CD
• mode of delivery depends on fetal weights, GA, chorionicity, and presentation of presenting twin

r n
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Monoamniotic Monoamniutic Monoamniotic
Monochorionic Monochorionic Monochorionic

(forked cord) *9-12 d (one cord)

DiammoticDiamniotic Diamniotic
MonochorionicDichorionic Dichorionic

*4-8 d(fused) *0-72 h (separated)

Figure 4. Classification of twin pregnancies
•Indicates time of cleavage

Twin-Twin Transfusion Syndrome
Definition
• formation of placental intertwin vascular anastomoses that can cause arterial blood from donor twin

to pass into veins of the recipient twin

Epidemiology
• 10% of monochorionic twins
• concern if >30% discordance in EFW

Clinical Features
• donor twin:IUGR, hypovolemia, hypotension, anemia, and oligohydramnios
• recipient twin: hypervolemia, HTN, CH1;, polycythemia, edema, polyhydramnios, and kernicterus in

neonatal period

Investigations
• detected by U/S screening, Doppler flow analysis

Management
• fetoscopic laser ablation of placental vascular anastomoses (preferred between 16-26 wk GA)
• therapeutic serial amniocentesis to decompress polyhydramnios of recipient twin and decrease

pressure in cavity and on placenta
• intrauterine blood transfusion to donor twin if necessary

Breech Presentation
Definition
• fetal buttocks or lower extremity is the presenting part as determined on U/S

Criteria for Vaginal Breech Delivery
• Frank or complete breech. >36 wk GA. EFW 2500-3800 g based on clinical

and U/S assessment15.5-8.5 lb)
• Fetal head flexed
• Continuous fetal monitoring
• Two experienced obstetricians,

assistant, and anesthetist present
• Ability to perform emergency CD

within 30 min if required
• Mother motivated for vaginal breech

delivery and understands risks and
benefits

• complete (10%): hips and knees both flexed
• frank (60%): hips flexed, knees extended, buttocks present at cervix

• most common type of breech presentation
most common breech presentation to be delivered vaginally

• incomplete (30%):both or one hip partially flexed and both or one knee present below the buttocks,
feet or knees present first (footling breech, kneeling breech)

Epidemiology
• occurs in 3-4% of pregnancies at term (25% at <28 wk GA) +
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Risk Factors
• maternal: pelvis (contracted), uterus (shape abnormalities, fibroids, previous breech), pelvic tumours

causing compression, and grand multiparity
• placental: placenta previa
• fetal: prematurity, amniotic fluid (poly-/oligohydramnios), multiple gestation, congenital

malformations (found in 6% of breeches; 2-3% if in vertex presentations), abnormalities in fetal tone
and movement, aneuploidy, hydrocephalus, and anencephaly

Management
• pre- or early-labour U/S to assess type of breech presentation, fetal growth, estimated weight, placenta

position, attitude of fetal head (flexed is preferable); if U/S unavailable, recommend Cl)
• KCV and elective CD should be presented as options with the risks and benefits outlined; obtain

informed consent
• ECV: procedure that is performed with external pressure on the uterus to encourage a non-vertex

fetus (breech, transverse, or oblique) to turn into vertex presentation
overall success rate of -40-60%
criteria: >36 wk GA, singleton, unengaged presenting part, reactive NST, intact membrane
contraindications:

absolute:where CD is required (placenta previa, previous classical CD), previous
myomectomy, PROM, uteroplacental insufficiency, non-reactive NST, multiple gestation
relative: mild/moderate oligohydramnios, suspected 1UGR, HTN, previous T3 bleed, nuchal
cord

risks: abruption, cord compression, cord accident, ROM, labour, fetal bradycardia requiring CD
(<1% risk), alloimmunization, fetal death (1/5000)
method: tocometry, followed by U/S guided transabdominal manipulation of fetus with constant
FHR
if patient Rh negative, give Rhogam' after the procedure
better prognosis if multiparous, good fluid volume, small baby, skilled obstetrician, and posterior
placenta
if unsuccessful, planned vaginal breech birth or planned CD

• vaginal breech delivery: can be spontaneous or assisted
method:

encourage effective maternal pushing efforts
at delivery of aftercoming head, assistant must apply suprapubic pressure to flex and engage
fetal head

delivery can be spontaneous or assisted; avoid fetal traction
apply fetal manipulation only after spontaneous delivery to level of umbilicus

contraindications: cord presentation, footling breech, fetal factors incompatible with vaginal
delivery (e.g. hydrocephalus, macrosomia,1UGR),clinically inadequate maternal pelvis

• CD recommended if: the breech has not descended to the perineum in the second stage of labour after
2 h, in the absence of active pushing,or if vaginal delivery is not imminent after 1 h of active pushing

Prognosis
• regardless of route of delivery,breech infants have lower birth weights and higher rates of perinatal

mortality, congenital anomalies, abruption, and cord prolapse

A. Complete Breech

B. Frank Breech

C. Incomplete Breech ®

Figure 5.Types of breech
presentation

Hypertensive Disorders of Pregnancy

Hypertension in Pregnancy
•hypertensive disorders of pregnancy arc classified as either pre-existing or tie novo (gestational HTN

or preeclampsia) and exist on a spectrum Ominous Symptoms of HTN in
Pregnancy
Right upper quadrant pain
Headache
Visual disturbances

PRE-EXISTING HYPERTENSION

Definition
•sBP 140 mmHg or dBP S90 mmHg p

15 min apart on the same arm, seated with appropriate sized cuff
•essential HTN is associated with an increased risk of gestational HTN, abruptio placentae, 1UGR, and

1U1-D
rior to 20 wk GA; BP should be elevated on S2 occasions at least

r t
LJGESTATIONAL HYPERTENSION

Definition
•sBP >140 mmHg or dBP >90 mmHg after 20 wk GA without proteinuria in a patient known to be

normotensive before pregnancy +
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PREECLAMPSIA

Definition
• pre-existing or gestational HTN with new onset proteinuria ( urinary protein:creatinine ratio >30 mg/

mmol) or adverse conditions (end organ dysfunction)

ECLAMPSIA

Definition
• the occurrence of >1 generalized convulsion and/or coma in the setting of preeclampsia and in the

absence of other neurologic conditions

Etiology
• placental malperfusion -» soluble factors released into circulation -> maternal vascular endothelial

injury -> hypertension + multi-organ injury

Epidemiology of Eclampsia
• an eclamptic seizure occurs in approximately 0.5% of mildly preeclamptic patients and 2-3% of

severely preeclamptic patients

Clinical Manifestation of Eclampsia
• eclampsia is a clinical diagnosis
• typically tonic-clonic and lasting 60-75 s
• symptoms that may occur before the seizure include persistent frontal or occipital headache, blurred

vision, photophobia, right upper quadrant or epigastric pain, and altered mental status
• in up to one third of cases, there is no proteinuria or hypertension prior to the seizure
• approx 25% of cases will present in the postpartum period
• in general, women with typical eclamptic seizures who do not have focal neurologic deficits or

prolonged coma do not require diagnostic evaluation, including imaging

Risk Factors for Hypertensive Disorders in Pregnancy
• maternal factors:

primigravida (80-90% of gestational HTN), first conception with a new partner, PMHx or FMHx
of gestational HTN,or preeclampsia/eclampsia

• DM,chronic HTN,or renal insufficiency
obesity'
APS or inherited thrombophilia
extremes of maternal age (<18 or >35 yr)

• previous stillbirth or1U FD
vascular or connective tissue disease

• fetal factors:
lUGRorolieohvdramnios

• GTN
multiple gestation

• fetal hydrops'mirror syndrome"
abruptio placentae

Clinical Evaluation of Hypertensive Disorders in Pregnancy
• in general, clinical evaluation should include the mother and fetus
• evaluation of mother

• body weight
• central nervous system

presence and severity of headache
visual disturbances (blurring, scotomata)
tremulousness, irritability’, and somnolence
hyperreflexia

hematologic (bleeding, petechiae)
hepatic ( right upper quadrant or epigastric pain, severe N/V)

• renal (urine output, colour)
• evaluation of fetus:

FM
FHR tracing- NST

• U/S for growth
BPP

• Doppler flow studies

Laboratory Evaluation of Hypertensive Disorders in Pregnancy
• CBC
• PIT, INR, fibrinogen - if abnormal LFT's or bleeding
• ALT, AST
• creatinine, uric acid
• 24 h urine collection for protein or albumin:creatinine ratio
• may consider placental growth factor (P1GF) testing or sFlt-1:P1GF ratio as an early screening test for

suspected preeclampsia

Eclampsia prior to 20 wk 6A is rare
and should raise the possibility of an
underlying molar pregnancy or APS

Hypertension in Pregnancy

Adverse Maternal Conditions
• sBP >160 mmHg
• dBP'-100 mmHg
• HELIP
• Cerebral hemorrhage
• Renal dysfunction: oliguria <500

ml/d
• left ventricular failure, pulmonary

edema
• Placental abruption. DIC
• Abdominal pain. N/V
• Headaches, visual problems
• SOB.chest pain
• Eclampsia: convulsions

Adverse Fetal Conditions
• IUGR
• Oligohydramnios
• Absent/reversed umbilical artery end

diastolic flow
, Can result in fetal disability and-1or death

©
Evidence - Recommendation Highlights of S06C
Clinical Practice Guidelines
Dag nos is , Evaluation, and Management of the
Hypertensive Disorders of Pregnancy
J Dbslet Gynaecol Can 2022.44:517 521
•low-risk nnrmolensive women shouldnat he

screened for proteinuria
•Home automated BP monitoring shoaldhensedto

mitigate wlrite-coat syndrome
•Ca t jr - -. . . . •

is recommended for women with low dietary intake
of calcium (<900 mg,'d)

• :;:r fie;: a-;s = : i.f :
risk women, low-dose ISA|S1or 162 rag'd) is
recomme nd ed f rom irefore 16 wk GA nnti 36 ok 61

•Exercise is recommended a prevent preeclampsia
•Antihypertensive therapy is recommended for

all pregnant women with sflP >140 marHg ordBP
>90 mmHg

•Initial anti -hypertensive therapy for severe hTI
(sBf >160 mmHg or dBP >110 nnHg|sho _!d ne wrr
labetalol, nifedipine, methyidopa. orrydraaire

•Initial antihypertensive therapy for non -serere
HTN|BP140-159/90-109 mmH$shoe: j ie wnh
labetolol, nifedipine, or methyldopa

•Antenatal carticosteroidsfor feta , ring
maturation should oe cors dered‘ora l women
with proeclampsia Before 34 wk 6A 1« women
with pieeclampsia, initiation ol dehrery is
recommended at 37 wk GA

•MgSOi is the recommended fcst-lae treafeatfir
eclampsia and eclampsia prophylaxis in the case of
severe preeclampsia +
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Complications of Hypertensive Disorders in Pregnancy
• maternal

liver and renal dysfunction
seizure - “eclampsia”
abruptio placentae

• left ventricular failure/pulmonary edema
D1C (release of placental thromboplastin consumptive coagulopathy)
HELLP syndrome
hemorrhagic stroke (50% of deaths)

• fetal (secondary to placental insufficiency)
• IUGR, prematurity, abruptio placentae, 1UED

Management of Hypertension
• for non-severe HTN (BP 149-159/90-109 mmHg): target a BP of 130-155/80-105 mmHg in patient

without comorbidities or <140/90 mmHg in patient with comorbidities
antihypertensive therapy for both pre-existing and gestational HTN: labetalol 100-400 mg PO
BID-T1D, nifedipine XL preparation 20-60 mg PO once daily or BID, or a-methyldopa 250-500 mg
PO BID-TID

• for severe HTN (BP>160/110 mmHg): target sBP <160 mmHg and dBP <110 mmHg, give one of:
• labetalol 20 mg IV, then 20-80 mg IV q30 min (max 300 mg), then switch to oral

nifedipine immediate release 5-10 mg capsule q30 min
• hydralazine 5 mg IV, repeat 5-10 mg IV q30 min or 0.5-10 rng/h IV, to a maximum of 20 mg IV (or

30 mg IM)
• no AGiI , AKBs, diuretics (may be used in cases of pulmonary edema or cardiac failure), prazosin, or

atenolol
• pre-existing HTN and gestational HTN without any deterioration

then decide to induce shortly thereafter

HELLP Syndrome
Hemolysis
Elevated
Liver Enzymes
Low
Platelets

can be followed until 37 wk GA,

Management of Preeclampsia
• if stable and no adverse conditions (24-33-16 wk GA ): expectant management ± delivery as

approaching 34-36 wk GA(must weigh risks of fetal prematurity vs. risks of developing
preeclampsia/eclampsia)

antenatal corticosteroids should be considered if 35 wk GA
• if >37 wk GA, delivery is recommended
• for severe preeclampsia, stabilize and deliver, regardless of GA
• if severe preeclampsia during labour, increase maternal monitoring: hourly input and output, hourly

neurological vitals, and continuous l-'HR monitoring
• antihypertensive therapy (regimen as above for severe H TN )
• seizure prevention:

MgSO t: 4 g IV loading dose, followed by lg/h
postpartum management
risk of seizure highest in first 24 h postpartum - continue MgSO* for 12-24 h after delivery
vitals ql h

• consider HELLP syndrome
most return to a normotensive BP within 2 wk

severe

Management of Eclampsia. ABCs
• roll patient into LLDP to prevent aspiration
• supplemental O’via face mask to treat hypoxemia due to hypoventilation during convulsive episode
• aggressive antihypertensive therapy for sustained sBP >160 mmHg or dBP >109 mmHg or with

hydralazine or labetalol
• prevention of recurrent convulsions: to prevent the possible complications of repeated seizure activity

(e.g. rhabdomyolysis, metabolic acidosis, aspiration pneumonitis, etc.)
• MgSO* is the first-line therapy for eclampsia (used for treatment and prophylaxis)
• the definitive treatment of eclampsia is DELIVERY after maternal stabilization, irrespective of GA

or fetal distress, to reduce the risk of maternal morbidity and mortality from complications of the
disease

mode of delivery is dependent on the clinical situation and fetal-maternal condition

Differential Diagnosis of Cause for
Seizure in a Pregnant Woman. Stroke. Hypertensive disease

(hypertensive encephalopathy,

pheochromocytoma)
• Space-occupying lesion of the CNS
• Metabolic disorders (hypoglycemia.

SIADH)
• Infection (meningitis, encephalitis)
• TTP or thrombophilia
• Idiopathic epilepsy
• Use of illicit drugs
• Cerebral vasculitis

n«- J
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Medical Complications of Pregnancy

Iron and Folate Deficiency Anemia

Table 13. Iron Deficiency and Folate Deficiency Anemia
Iron Deficiency Anemia Folate Deficiency Anemia

Etiology
Epidemiology

See Hematology.H15
Responsible for 80% of non-physiologic anemia during
pregnancy

See Hematology. H15
See Hematology.H15
Prevention (non-anemic):30 mg elemental iron daily (met by
most prenatal vitamins)
Treatment (anemic): 30-120 mg elemental iron daily
325 mg ferrous fumarate - 106 mg elemental Fe:32S
mg ferrous sulfate - 65 mg elemental Fe; 325 mg ferrous
gluconate - 36 mg elemental Fe
Polysaccharide-Iron Complex - 150mg elemental Feicapsule
Maternal:angina.CHF.infection,slower recuperation,and PTL Maternal:decreased blood volume.HV.andanorexia
Fetal:decreased oxygen carrying capacity leading to fetal Fetal:neural tube defects in11.low birth weight,and
distress.IUGR.low birth weight,and fetal neurodevelopment prematurity

Mother needs1g of elemental iron per fetus:this amount
exceeds normal stores + dietary intake
Iron requirements increase during pregnancy due to fetal/
placental growth (500 mg),increased maternal R8C mass
(500 mg),and losses (200 mg) -more needed for multiple
gestations

See Hematoloov.H26
Incidencevanes from 0.5-25% depending on region,
population,and diet

See Hemalnisov.H26
See Hematology.H26
Prevention:0.4-1mg folic add P0 daily for1-3mo
preconceplually and throughoutII

Clinical Features

Investigations

Management

Complications

Minimum daily requirement is 0.4 mg
Most often associatedwith irondeficiency anemia
Folic acid is necessary for closure ofneural lube during
early fetal development (by 28 d GA)

Notes

Diabetes Meilitus
Epidemiology
• 2-6% of pregnancies are complicated by DM

Classification of Diabetes Meilitus
• T1DM and T2DM (see Endocrinology. E9)
• GDM:onset of DM during pregnancy (usually tested for around 24-28 wk GA)

Etiology
• pre-existing T1DM and T2DM
• GDM:anti-insulin factors produced by placenta and high maternal cortisol levels create increased

peripheral insulin resistance -> leading to GDM and/or exacerbating pre-existing DM

Management
Monitoring Glucose Levels
• Frequent measurements of blood

glucose during pregnancy are
advised foe women with T1DM or
T2DMto help prevent or treat both
hypoglycemia and hyperglycemia,
and also improve neonatal outcomes

• Aim for. FPG <5.3 mmolI(95 mg'dL)
• 1h postprandial PG <7.8 mmol1

(140 mg/dL)
• 2 h postprandial PG <6.7mmoll

(120 mg/dL)
• Most women can be followed with

monthly HbAlc determinations

A. T1DM and T2DM

Preconception
• pre-plan and refer to high-risk clinic for interprofessional care
• commence folic acid (1.0 mg daily) 3 mo prior to conception
• optimize glycemic control (HbAlc <7%), counsel and assess for risks and complications (retinopathy,

neuropathy, CKD, CVD), review medications (discontinue ACE1, ARBs,statins)

Pregnancy
• for T2DM,switch to insulin therapy and discontinue non-insulin antihyperglvcemic agents

continuing glyburide or metformin is controversial
teratogenicity unknown for other oral antihvperglycemics

• tight glycemic control
insulin dosage may need to be adjusted as pregnancy advances due to increased demand and
increased insulin resistance

• monitor as for normal pregnancy, plus initial 24 h urine protein and creatinine clearance, retinal
exam, and HbAlc (aim for <6.5% during pregnancy)

• increased fetal surveillance (fetal growth, BPP, NST) starting in late T2 and 13 and perform weekly at
34-36 wk GA, consider fetal echocardiogram in T2 (if high HbAlc in T1 or just prior to pregnancy) to
look for cardiac abnormalities

• Start 162 mg ASA at night before 16 wk GA to reduce risk of preeclampsia

Postprandial blood glucose values seem
to be the most effective at determining
the likelihood of macrosomia or other
adverse pregnancy outcomes

L J
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Labour
• timing of deliver)’depends on fetal and maternal health and risk factors (Le.must consider size of

baby, lung maturity, maternal blood glucose)
• induce by 38-39 wk GA for uncomplicated pre-existing diabetes, induce earlier if indicated (poor

glycemic control, end-organ involvement)
• increased risk of CPD and shoulder dystocia with babies >4000 g,consider elective CD for predicted

birth weight >4500 g (controversial)
• monitoring:

• during labour, monitor blood glucose ql h with patient on insulin and dextrose drip
aim for blood glucose between 4.0-7.0 mmol/L to reduce the risk of neonatal hypoglycemia

Postpartum
• insulin requirements dramatically drop with expulsion of placenta (source of insulin antagonists)
• monitor glucose q6 h, restart insulin at two-thirds of pre-pregnancy dosage when glucose >8 mmol/ L

B. GESTATIONAL DM

Screening and Diagnosis
• all pregnant women between 24-28 wk GA
• 2 screening options

preferred 2-step screening (recommended by the Canadian Diabetes Association)
step 1: perform a random non-fasting 50 g OGCT

- 1 h PG <7.8 mmol/L is normal
- I hPG >11.1 mmol/L is GDM
- if 1 h PG 7.8-11.0 mmol/L, proceed to Step 2

step 2: perform a fasting 75g OGTT,GDM if >1 of:
- PPG >5.3 mmol/L
- IhPG >10.6 mmol/L
- 2 hPG >9.0 mmol/L

alternative 1-step screening with fasting 75 gOGTT;GDM if >I of:
PPG >5.1 mmol/L
1 hPG >10.0 mmol/L
2 h PG >8.5 mmol/L Risk Factors for GDM

• Age >35yr
• Obesity (BMI >30 kgfm2)
• Increased risk in Indigenous,

Hispanic,Asian, and African
populations. FHx of DM

Management
• first line:diet modification and increased physical activity
• initiate insulin therapy if glycemic targets not achieved within 2 wk oflifestyle modification alone

glycemic targets: PPG <5.3 mmol/L, 1 h PG <7.8 mmol/L, 2 h PG <6.7 mmol/L
• metformin can be used in pregnancy but is off-label and should be discussed with patient
• serial BPP/growth starting at 28 wk GA q3-4 wk
• starting at 36 wk, weekly assessment of fetal well-being with either BPP or NST until delivery
• stop insulin and diabetic diet postpartum
« follow up with 75 g OGTT between 6 wk-6 mo postpartum,counsel about lifestyle modifications

Labour
• offer 10L between 38-40 wk GA for GDM on insulin or metformin
• intrapartum glucose management and maternal glucose maintenance between 4.0-7.0 mmol/L

• Previous history of GDM
• Previous child with birthweight

>4.0 kg
• Polycystic ovarian syndrome
• Current use of glucocorticoids
• Essential HTN or pregnancy-related

K I N

Metformin and glyburide aresafe
during breastfeeding.Other anti-insulin
antihyperglycemic agents should not be
used due to lack of safety data

Postpartum
• encourage breastfeeding for 3-4 mo postpartum to present childhood obesity and diabetes
• repeat testing for women with previous pregnancy affected by GDM before planning another

pregnancy or every 1-3 yr

Prognosis
• most maternal and fetal complications are related to hyperglycemia and its effects
• long-term maternal complications

• TT DM and T2D.V1: risk of progressive retinopathy and nephropathy
• GDM: 50% risk of developing T2DM in next 20 yr

n
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Table 14.Complications of DM in Pregnancy
Maternal Fetal

Obstetric
HIN/precclampsia (especially il pre existing ncpluopiilhy/protcrnuria ):
insulin resistance is implicated in etiology of KIN
Polyhydramnios: maternal hyperglycemia leads to fetal hypeiglycemia.
which leads to fetal polyuria (a major source of amniotic fluid)

Diabetic Emergencies
Hypoglycemia
Ketoacidosis
Diabetic coma
End -Organ Involvementor Deterioration
(occur in I1DM and I2DM , not in COM )
Retinopathy
Nephropathy

Growth Abnormalities
Microsomia:maternal hyperglycemia leadsto fetal liyperinsulinism
resulting in accelerated anabolism
IUGR: dueto placental vascular insufficiency

Delayed Organ Maturity
Fetal lungimmaluiily: hyperglycemia interfeies with surfactant
synthesis (RDS)

Congenital Anomalies (occur in T1DM and 12DM, not in COM)
2-7« increased risk of cardiac (ventricular seplal defect ).HTO.GU (cystic
kidneys). G! (anal atresia), and MSK (sacral agenesis) anomalies due to
hyperglycemia
Note: Pregnancies complicated by GDM do not manifest an increased
risk of congenital anomalies because GDM develops after the critical
period oforganogenesis (in T1)
labour and Delivery
Pll/prematunty: most commonly in patients with HIN /piecdampsia
PIL is associated with poor glyccmic control but the exact mechanism
is unknown
Increased incidence of stillbirth
Birth trauma:due to macrosomia, can lead to difficult vaginal delivery
and shoulder dystocia

Neonatal
Hypoglycemia: due to pancieatic hyperplasia and excess insulin
seciction in the neonate
Hyperbilirubinemia and|aundice: due to premaUnity and polycythemia
Hypocalcemia:exact pathophysiology not undeistood, may be related
to functional hypoparathyroidism
Polycythemia: hyperglycemia stimulates fetal erythropoietin
production

Other
PyelonephriUsIDII: glucosuria provides a culture medium for f. coh and
other bacteria
Increased incidence of spontaneousaboition (in UDMand I2DM. notin
GDM):related to preconception glycemic control

Early-Onset Group B Streptococcus Disease
Indications for Intrapartum Antibiotic
GBS Prophylaxis
Prevention of Perinatal Group B
Streptococcal Disease: Revised
Guidelines from CDC, 2010.MMWR
Recomm Rep 2010:59:1-36
• Previous infant with invasive GBS

disease
• G8S bacteriuria during any trimester

of the current pregnancy
• Positive GBS vaginal-rectal screening

culture in late gestation during
current pregnancy
• Unknown GBS status at the onset

of labour (culture not done,
incomplete, or results unknown)
and any of the following:
• Delivery at <37 wk GA
• Amniotic membrane rupture

>18 h
• Intrapartum temperature

>38.0”C (>100.4"F)
• Intrapartum nucleic-acid

amplification test positive
for GBS

Epidemiology
• 15-40% recto-vaginal carrier rate

Risk Factors (for Neonatal Disease)
• <37 completed wk GA at birth
• prolonged RDM £18 h
• maternal intrapartum CiBS colonization during current pregnancy
• GBS bacteriuria at any time during current pregnancy
• previous infant with invasive GBS disease
• maternal fever (temperature >38"C)

Clinical Features
• increases risk of endometritis
• risk of vertical transmission (neonatal sepsis, meningitis or pneumonia, and death)

Investigations
• offer screening to all women at 35-37 wk GA with vaginal and anorectal swabs for GBS culture

Treatment
• prophylactic treatment of maternal GBS at delivery decreases neonatal morbidity and mortality
• antibiotics for CiBS prophylaxis (should be given 4 h prior to delivery to be considered adequate)

• penicillin G 5 million IU IV, then 2.5 million 1 U IV q4 h until delivery
• penicillin allergy but low risk for anaphylaxis: cefazolin 2 g IV', then 1 g q8 h

penicillin allergy and at risk of anaphylaxis: vancomycin 1 g IV ql 2 h or clindamycin 900 mg q8 h
(only if isolate known to be susceptible to clindamycin) until delivery
vancomycin and clindamycin levels in amniotic fluid do not reach therapeutic levels, all babies
should be screened for CiBS despite treatment

• if maternal fever, broad spectrum antibiotic coverage regardless of CiBS status and GA is advised
• if <37 wk GA and in labour or with ROM, IV CiBS antibiotic prophylaxis for a minimum of 48 h

L J
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Urinary Tract Infection
Epidemiology
• most common medical complication of pregnancy
• asymptomatic bacteriuria in 2-7% of pregnant women, more frequently in multiparous women
• note: asymptomatic bacteriuria should be treated in pregnancy due to increased risk of pyelonephritis

and PTl
Treat asymptomatic bacteriuria In
pregnancy because o( increased risk ot
progression to cystitis, pyelonephritis,
and probable Increased risk of PTlEtiology

• increased urinary stasis from mechanical and hormonal (progesterone) factors
• organisms include GBS as well as those that occur in non-pregnant women

Clinical Features
• may be asymptomatic
• dvsuria, urgency, and frequency in cystitis
• fever, flank pain, and costovertebral angle tenderness in pyelonephritis

Major organisms responsible for
pyelonephritis:C.coli. klebsiella.
eiterobocter. proleus

Investigations
• urinalysis, urine CSS
• renal function tests in recurrent infections

Management
• uncomplicated U IT

first line: amoxicillin (250-500 mg PC) q8 h x 7 d)
alternatives: nitrofurantoin (100 mg PC) BID x 7 d) or cephalosporins
follow with monthly urine cultures

• pyelonephritis
• hospitalization and IV antibiotics

Prognosis
• complications if untreated: acute cystitis, pyelonephritis, and possible PTL
• recurrence is common

Infections During Pregnancy
• infant immunity begins to develop at 9-15 wk GA
• initial response to infection is Ig.M production
• transplacental IgG provides passive immunity

Table 15, Infections During Pregnancy
Infection Source of

Transmission
Greatest
Transmission Risk
to Fetus

Effects on Fetus Effects on Mother DiagnosisAgent Management

Chicken Pox Varicella roster To mother:direct,
virus (herpes respiratory
family) To baby:

transplacental

13 -30 wkGAand 5
d pre - to 2 d post-
delivery

Congenital
varicella syndrome
(limb aplasia,
chorioretinitis,
cataracts, cutaneous
scars, cortical atrophy.
IUGR, hydrops),PTl

Fever,malaise,
vesicular pruritic lesions fluid culture.* serology

Clinical,±vesicle Varicella-roster
immunoglobulin (VZIG)
for mother if exposed,
decreases congenital
varicella syndrome
If maternal infection 5 d
before delivery,give infant
VZIG for passive immunity
Note:donoladminister
vaccine during pregnancy
(live attenuated vaccine)

No specific treatment:
maintain good hygiene
and avoid high-risk
situations

’Cytomegalovirus DNAvirus Tomother:blood/
(herpes family) organ transfusion,

sexual contact
To baby:
transplacental,
during delivery,
bieasl milk

T1-T3 5-10% develop CNS Asymptomatic or flu-like Serologic screen:isolate
involvement (mental (fever,pharyngitis,
retardation, cerebral lymphadenopathy,

polyarthritis)

virus from urine or
secretion culture

calcification,
hydrocephalus,
microcephaly,
deafness,
chorioretinitis)

Erythema
Infectiosum (Fifth
Disease)

Parvovirus 619 Tomother:
respiratory.infected
blood products
To baby:
transplacental

DNA virus Tomother:blood.
saliva,semen,
vaginal secretions
fo baby:
transplacental,
bieasl milk

10-20 v/k GA Spontaneous abortion Flu-like,rash,arthritis: Serology,viral PCS,
ISA),stillbirth,hydrops often asymptomatic
in utero

If hydrops occurs,consider
fetal transfusionmaternal AFP:if IgM

present,follow fetus with
U/S for hydrops

r “t
L J

T3 Serologic screening for all fix neonate with HBIG and
vaccine (at birth.1,6 mo):
90% effective

Hepatitis 6 Prematurity,low birth Fever.N/ V,fatigue,
weight, neonatal jaundice,elevated liver pregnancies
death

10% vertical
transmission
if asymptomatic and
HBsAq *ve: 85 -90%il
HBsAgandH6eAg *ve
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Table 15. Infections During Pregnancy
Infection Source of

Transmission
Greatest
Transmission Risk
to Fetus

Effects on Fetus Effects on Mother DiagnosisAgent Management

'Herpes Simplex DMA virus
Virus

To mother:intimate
mucocutaneous
contact
To baby:
transplacental,
during delivery

Delivery (if genital
lesions present):less
commonly muieio

Disseminated herpes
(20%); CNS sequelae
(3S%);self-limited
infection

Fa nful vesicular lesions Clinical diagnosis Acyclovir for symptomatic
women,suppressive
therapy at 36 wk 6A
controversial
Suggested CD if active
genital lesions,even if
remote from vulva

1/3 in siltro.V3
at delivery.1/3
breastfeeding

To mother:blood,
semen,vaginal
secretions
Tobabyrrffufero.
during delivery,
breast milk

IUGR.PIl. PR0M See Infectious Diseases. Serology,viral PCR
All pregnant women are
offered screening

Triple antiretroviral therapy
decreases transmission
to'1%
Elective CD:no previous
antiviral
Rx or monotherapy only,
viral load unknown or >500
RNA copies/mL.unknown
prenatal care,pabent
request

No specific treatment:
offer vaccine following
pregnancy
Do not administer during
pregnancy (live attenuated
vaccine)

HIV RNA retrovirus
1027

SA or congenital
rubella syndrome
(hearing loss,
cataracts.CV lesions,
mitral regurgitation.
IUGR. hepatitis.CNS
defects, osseous
changes)
Risk of PTL.
multisystem
involvement, fetal
death

Rash(50%).lever,
posterior auricular
or occipital
lymphadenopathy,
arthralgia

Serologic testing:all
pregnant women screened
(immuneif litre>1:16):
infection if IgM present or
>4x increase in IgG

ssRHAtogavrrus To mother:
respiratory droplets
(highly contagious)
To baby:
transplacental

II'Rubella

Spirochete
( Ireponemc
pallidum)

Syphilis Tomother:sexual
contact
To baby:
transplacental

T1-T3 See Infectious Diseases. VORL screening for all
1024 pregnancies:if positive.

requires confirmatory
testing

Benzathine penicillin6
2.4 million IU IMildose
if early syphilis. 3 doses if
late syphilis,monitor VDRl
monthly

No approved alternatives
in pregnancy:if 6-lactam
allergy,recommendto
desensitize then beat with
penicillin

Self- limiting in mother;
spiramycin decreases fetal
morbidity bulnot rate of
transmission

'Toxoplasmosis Protozoa
(foxop/osmo
gondii]

To mother raw meat. 13 (but most severe
unpasteurized goal's if infected in11);only
milk, cat feces/urine concern if primary
To baby: infection during
bansplacental

Congenital
toxoplasmosis
(chorioretinitis.
hydrocephaly.
intracranial
calcification,mibal
regurgitation.
microcephaly).
NB:75%initially
asymptomatic at birth

Majority subdinical; may IgM andIg6 serology:PCR
have Du-like symptoms of amwotic fluid

pregnancy

Congenital possible Cough,sore throat.
N1D if exposed in early malaise,headaches,
pregnancy as a result myalgia
of high fevers

Clinical diagnosis,viral
swab

Influenza ssRNA virus Tomother:
respiratory droplets
To baby:
transplacental

Earty pregnancy Immunization with
inactivated influenza
vaccine
If infected: symptomatic
treatment,antivirals,
supportive therapy

Complications include
pneumonia

' Indicates TORCH infection

Venous Thromboembolism
Epidemiology
• incidence of 12.1 in lOOOO (DVT) and 5.4 in 10000 (PE)
• increased risk of V I E throughout pregnancy ( highest risk of DVT in T3) and postpartum period

(highest risk of PE postpartum first 6 wk)
Virchow's Triad for VTE
• Hypercoagulable slate
• Venous stasis
• Endothelial damage

Risk Factors
previous VTE, age >35,obesity, infection, bedrest/immobility, shock/dehydration, smoking, pre
eclampsia, and thrombophilias (see Hematology.H36)

r “i
c.J

Table 16. Risk Factors for VTE Specific to Pregnancy
Hypercoagulability Stasis Endothelial Damage

Increased Factors:
H.V.VII.VIII.IX.X.XII, fibrinogen
Increased platelet aggregation
Decreased protein S, tPA. factors XI.Till
Increased resistance to activated protein C
Anbthrombin can be normal or reduced

Vascular damage at delivery (CD or SVD)
Uterine instrumentation
Perrpartum pelvic surgery

Increased venousdistensibility
Decreased venous tone
50%decrease in venous flow in lower
extremity by T3
Uterus is mechanical impediment to venous
return
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Clinical Features
• most DVTs occur in the iliofemoral or calf veins with a predilection for the left leg
• signs of a PE are non-specific

Investigations
• duplex venous Doppler sonography for DVT
• CT angiography preferred for PE

Management
• before initiating treatment,obtain a baseline CBC including platelets and aPTT
• treatment with LMWH preferred

dosing varies depending on specific LMW H used
should he discontinued at least 24 h prior todelivery

• unfractionated heparin
80 lU/kg bolus (max 5000 IU ) followed by 18 lli/kg/h infusion

• measure aPTT 6 h after the bolus
maintain aPTT at a therapeutic level (1.5-2x normal)
repeat q24 h once therapeutic

• heparin-induced thrombocytopenia (HIT ) uncommon (3%), but serious complication
• warfarin is contraindicated during pregnancy due to its potential teratogenic effects
• poor evidence to support a recommendation for or against avoidance of prolonged sitting
• VTE prophylaxis

women on long-term anticoagulation:full therapeutic anticoagulation throughout pregnancy and
for 6-12 wk postpartum

• women with a non-active PMHx of VTE:unfractionated heparin regimens suggested
• postpartum thromboprophylaxis should be considered if absolute risk is over 1.0%,defined as:

any two of the following: BMI >30 at first antepartum visit, smoking >10 dgarettes/d,
preeclampsia, IUGR, placenta previa, emergency CD, peripartum/postpartum blood loss >1
L, any low-risk thrombophilia, maternal cardiacdisease/SLE/SCD/lBD/varicose veins/GDM,
preterm delivery, stillborn
any three or more of the following:age >35, parity >2, use of ART, multiple gestation,

placental abruption, PROM,elective CD,maternal cancer
current prophylaxis regimens for acquired thrombophilias (e.g.APS) include low dose ASA in
conjunction with prophylactic heparin

Normal Labour and Delivery
Definition of Labour
• true labour: regular, painful contractions of increasing intensity associated with progressive dilatation

and effacement of cervix and descent of presenting part, or progression of station
preterm (20-36+6 wk GA)
term (37-41+6 wk GA)
postterm (>42 wk GA)

• false labour (Braxton-Hicks contractions):irregular contractions with unchanged intensity and long
intervals, occur throughout pregnancy and not associated with any cervical dilatation, effacement, or
descent
• often relieved by rest or hydration

Maternal Triage Assessment
ID:Age.6PA, EDD, GA, GBS, Rh,
Serology
Chief Complaint (CC)
HPI: 4 key questions:

• Contractions:Since when, how close
(q x min), how long (xs), how painful- Bleeding:Since when, how much
(pads), colour (pinky vs, brownish vs.
bright red), pain, last U/S, trauma/
intercourse. Fluid (ROM):Since when, large gush
vs. trickle, soaked pants, clear vs.
green vs. red. continuous

• FM:As much as usual, time since last
movement, kick counts (lie still for 1-2
h, cold juice, feel FM-should have 6
movements in 2 h)

PregHx: Any complications (HTN, GDM.
infections). IPS/FTS. last U/S (BPP score,
growth. EFW, presentation), last vaginal
exam
POBHx: Every previous pregnancy and
outcome: year, SVD/CD/miscarriage/
abortion, baby size, length of labour, use
of vacuum or forceps, complications
PMHx. Meds.Allergies. SHx
0/E:Maternal vitals, fetal heart tracing
(baseline,variability, presence of
accelerations/decelerations), Leopold's,
vaginal exam.U/S

The Cervix
• see Bishop Score (see Table 20, OB3S )

• dilatation: latent phase (0-4 cm, variable time); active phase (4-10 cm )
• effacement: thinning of the cervix by percentage or length of cervix (cm)
• consistency: firm, medium,or soft

position: posterior, mid, or anterior
• other consideration

application: contact between the cervix and presenting part (i.e. well or poorly applied)

The Fetus
• fetal lie: orientation of the long axis of the fetus with respect to the long axis of the uterus

(longitudinal, transverse, or oblique)
• fetal presentation: fetal body part closest to the birth canal

breech (complete, frank, footling and incomplete) (see Figure5, OB25)
cephalic (vertex/occiput, face, or brow)
transverse (shoulder)
compound (fetal extremity7 prolapses along with presenting part)
all except vertex are considered malpresentations (see Obstetrical Complications, OBI 7 )

n
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• fetal position: position of presenting part of the fetus relative to the maternal pelvis
OA:most common presentation (“normal") - left OA most common
OP:most rotate spontaneously to OA; may cause prolonged second stage of labour
OT:leads to arrest of dilatation

normally, fetal head enters maternal pelvis and engages in OT position
subsequently rotates to OA position (or OP in a small percentage of cases)

• attitude: tlexion/extension of fetal head relative to shoulders
• brow presentation: head partially extended (requires CD)

face presentation: head fully extended
mentum posterior always requires C.'D, mentum anterior can deliver vaginally

• station: position of presenting bony part relative to ischial spines - determined by vaginal exam
• at ischial spines = station 0 = engaged

-5 to -1 cm above ischial spines
• +1 to +5 cm below ischial spines

• asynclitism:alignment of the sagittal suture relative to the axis of the birth canal
• lateral tilt seen with either anterior or posterior asynclitism and may impact descent

Reference Point for Describing Fetal
Position
• Occiput for cephalic presentation
• Sacrum for breech presentation
• Mentum for face presentation

Frontal Fontanelle or Anterior Fontanelle

Biparietal
Diameter
9.5 cm

Occipital Fontanelle or Posterior Fontanelle Right Occiput Transverse

Occiput Anterior Occiput Posterior

=•

Figure 7.Synditism and asynclitism
CO

Left Occiput Anterior Right Occiput Posterior

Figure 6. Fetal positions

oFour Stages of Labour
Course of Normal Labour’First Stage of Labour (0-10 cm cervical dilatation)

• latent phase
uterine contractions typically infrequent and irregular
slow cervical dilatation (usually to 4 cm) and effacement

• active phase
• rapid cervical dilatation to full dilatation (nulliparous >1.0 cm/h, multiparous >1.2 cm/h)
• phase of maximum slope on cervical dilatation curve
• painful, regular contractions q2-3 min, lasting 45-60 s
• contractions strongest at fundus

Stage Nulliparous Multiparous
First 6-181 MOh
Secure 30 tu-3 h 5-30 min

5-30 min 5-30 noTh.-d

Second Stage of Labour (10 cm dilatation- delivery of the baby)
• from full dilatation to delivery of the baby; duration varies based on parity, contraction quality, and

type of analgesia
• mother feels a desire to bear down and push with each contraction
• women may choose a comfortable position that enhances pushing efforts and delivery

upright (semi-sitting, squatting) and LLDP are supported in the literature
• progress measured by descent

Signs of Placental Separation
• Gush of blood. Lengthening of cord
• Uterus becomes globular
• Fundus rises

r “i
c j
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Third Stage of Labour (delivery of the baby- delivery of the placenta)
• from baby’s birth to separation and expulsion of the placenta
• can last up to 30 min before intervention is indicated
• demonstrated by gush of fresh blood, umbilical cord lengthening, uterine fundus changing shape

(firm and globular), and rising upward
• active management:start oxytocin IV drip, or give 101U L\1 or 5 mg IV push, after delivery’of anterior

shoulder in anticipation of placental delivery, otherwise give after delivery of placenta
• routine oxytocin administration in third stage of labour can reduce the risk of PPH by >40%

Coa'jcioos Support for Women During Childbirth
Codira:* DBSjst Rev 201/:?:CO 003766
SMr Systematic review ot 2? trials front17
countries snoring a total of 15158 women
Htmtioa:Corneoussupport vs.usual cae
feriwg labour
Outcoae: Effects on notbers aud their babies
lesiltr Women receiving continuoussupport were
sight!) note Eketjf ID have a spontaneous vaginal
both it!108.95% Cl 1.08 to 1.12) a nd shorter laoow
(mean d ffevence 0.69 h,95% Cl -1.04 to -0 341aed
were less ikeIp to use intrapartum analgesia (It
000.95% Cl 0.84 to 0.961.report dissatisfaction with
tteirchidbirth eioener.ee|«t 0.69.95%a 0.59 hi
0-751- and bavea baby with a low 5 min APUI store
(U 0.52.95% CI 0.46 to0.8S)

Fourth Stage of Labour
• first postpartum hour
• monitor vital signs and bleeding, repair lacerations
• ensure uterus is contracted (palpate uterus and monitor uterine bleeding)
• inspect placenta for completeness and umbilical cord for presence of 2 arteries and 1 vein
• 3rd and 4th stages of labour most dangerous to the mother (i.e. hemorrhage)

The Cardinal Movements of the Fetus During Delivery

2. Engagement
descent, flexion

3.Further descent,
internal rotation

1. Head floating,
before engagement

4.Complete rotation,
beginning extension

5.Complete extension 6.Restitution 8. Delivery ot(external rotationl posterior shoulder

Figure 8.Cardinal movements of fetus during delivery
Adapted from illustration in Williams Obstetrics, t9th ed

Analgesic and Anesthetic Techniques in Labour and Birth
• pain or anxiety leads to high endogenous catecholamines, which produce a direct inhibitory' effect on

uterine contractility

Non-Pharmacologic Pain Relief Techniques
• reduction of painful stimuli

• maternal movement, position change, counter-pressure, and abdominal compression
• activation of peripheral sensory receptors

• superficial heat and cold
• immersion in water during labour

touch and massage, acupuncture, and acupressure
• TENS

intradermal injection of sterile water
aromatherapy

• enhancement of descending inhibitory pathways
• attention focusing and distraction
w hypnosis

music and audio analgesia
• biofeedback

n
L J

+

Activate Windows
to Settings to activate Windows.



OB36 Obstetrics Toronto Notes 2023

Pharmacologic Methods (see Anesthesia. A26)
• nitrous oxide (e.g. self-administered Entonox')
• narcotics (usually combined with anti-emetic)
• pudendal nerve block
• perineal infiltration with local anesthetic
• regional anesthesia (epidural block, combined spinal-epidural, and spinal)

Fetal Monitoring in Labour
• see online Fetal Heart Kate Tutorial

Vaginal Exam
• membrane status, as indicated by amniotic fluid (clear, pink, bloody, and meconium )
• cervical etTacement (thinning), dilatation, consistency, position, and application
• fetal presenting part, position, and station
• bony pelvis size and shape
• monitor progress of labour at regular intervals and document in a partogram

Intrapartum Fetal Monitoring
• intermittent fetal auscultation with Doppler device q15-30 min for 1 min in active phase of first stage

following a contraction, q5 min during second stage when pushing has begun
• continuous electronic I'HR monitoring reserved for abnormal auscultation, prolonged labour, labour

which is induced or augmented, meconium present, multiple gestation/fetal complication, and
concerns about the fetus tolerating labour

• use of continuous electronic monitoring shown to lead to higher intervention rates and no
improvement in outcome for the neonate when used routinely in all patients (i.e. no risk factors)
techniques for continuous monitoring include external (Doppler) vs. internal (fetal scalp
electrode) monitoring

• fetal scalp sampling should be used in conjunction with electronic FHR monitoring and contraction
monitoring (CFG) to resolve the interpretation of abnormal or atypical patterns

Electronic FHR Monitoring
• FHR measured by Doppler; contractions measured by tocometer
• described in terms of baseline FHR, variability (short-term, long-term), and periodicity (accelerations,

decelerations)
• see t able 5, OB10
• Baseline FHR

normal range is 110-160 bpm
• parameter of fetal well-being vs. distress

• Variability
• physiologic variability is a normal characteristic of 1 HR
• variability is measured over a 15 min period and is described as; absent, minimal ( <6 bpm ),

moderate (6-25 bpm), or marked (>25 bpm)
• normal variability indicates fetal acid -base status is acceptable
• can only be assessed by electronic contraction monitoring (CFG)

variability decreases intermittently even in a healthy fetus
• Periodicity

• accelerations: increase of 15 bpm for 15 s (or 10 bpm for 10 s if <32 wk GA)
• decelerations: 3 types, described in terms of shape, onset, depth, duration recovery, occurrence,

and impact on baseline FHR and variability

Approach to the Management of
Abnormal FHR

POISON- ER
Pos ition (LLDP)
02 (100% by mask)
IV fluids (corrects maternal
hypotension)
Fetal scalp stimulation
Fetal scalp electrode
Fetal scalp pH
Stop oxytocin
Notify physician
Vaginal exam to rule out cord prolapse
Rule out fever,dehydration, drug
effects, and prematurity
•N 4tottMv.<e>tu4nCt)

Continuous Cardiotocography (CTG ) is I form
ol Electron it Fetal Monitoring|EFM ) for Felal
Assessment Darin;labom
CochraneOB Syst ter 201):$:CD006066
Pnipose loeur me the effectiveness of continuous
electronic fetal monitoring or cardiotocography
during labour
Selection Criteria: Randorriiedand quasi-
randor red controlled trials comparing continuous
CIC (with and without fetal blood sampling! to a) no
fetal monitoring.b) interrittertauscultation, or c)
intermittent CIC
Results: 13 trials.37000 women.Continuous CIG
compared with intermittent auscultationshowed no
difference in overall perinatal death rate oi cerebral
palsy rates, nonetheless, neonatal seizures ware
hatred (HR 0.50.95% Cl 0.310.80) and there was a
Significant increase in C0 (RR 1.63, 95% Cl 1.29-2.07 )
and nstrmnental vaginal birth (RR 115.95% Cl
1.01-1.33) with CTG
Conclusion: Cnobnuous CIG may reduce the
incidence of neonatal seizures, but has no effect
on cerebral palsy rates, infant mortality, or other
measures of neonatal well-ber.g. Continuous CIG
was alsoassociated with an increase a CD and
instrumental delvenes

Table 17. Factors Affecting Fetal Heart Rate
Fetal Tachycardia
(FHR >160 bpm)

Fetal Bradycardia
(FHR <110 bpm)

Decreased Variability

InfectionMaternal Factors Fever, hyperthyroidism, anemia,
dehydration

Hypothermia, hypotension,
hypoglycemia, position, umbilical Dehydration
cord occlusion

Fetal Factors Arrhythmia, anemia, infection,

prolonged activity, chronic
hypoxemia, congenital anomalies (head compression), hypothermia. Inactivity /sleep cycle, preterm

acidosis
P-blockers
Anesthetics
Late hypoxia (abruption. HTN)
Acute cord prolapse
Hypercontractility

Rapid descent, dysrhythmia, heart CHS anomalies
block,hypoxia, vagal stimulation Dysrhythmia

fetus
SympathomimelicsDrugs Narcotics, sedatives

Magnesium sulphate, ^-blockers
Hypoxia

r T
Early hypoxia (abruption. HTN)
Chotioamnionifis

Uteroplacental l. J
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Table 18. Comparison of Decelerations
Comparisons

Early Decelerations
• Uniform shape with onset early in contraction, returns to baseline

by end of contraction, mirrors contraction ( nadir occurs at peak of
contraction)

• Gradual deceleration and return to baseline
• Often repetitive; no effect on baseline f HR or variability
• Benign , due to vagal response to head compression

Early DecelerationBPM
180 Onset of deceleration

/» Nadir of
s. deceleration

160
140 FHR (baseline )

I120
100

"

/ AcmB ofN
contraction Uterine contraction

(baseline)%Onset of
contraction

nd of
contraction

Variable Decelerations. Variable in shape, onset, and duration
• Most common type ol periodicity seen during labour
• Often with abrupt drop In FHR >15 bpm below baseline|*15 s. « 2

min): usually no effect on baseline FHR or variability
• Due to cord compression or, in second stage, forceful pushing with

contractions

Variable Deceleration

FHR

Variant,in duration.
mtansitY.and timing

Uterine contraction

Complicated Variable Decelerations
• FHR drop >60 bpm lor >60 s. loss of variability or decrease in baseline alter deceleration

• Biphasic deceleration
> Slow return to baseline
• Baseline tachycardia or bradycardia
• May be associated with fetal acidemia

Rule of 60s Suggesting Severe Variable
Decelerations
Deceleration to <60 bpm
>60bpm below baseline
>60 s in duration with slow return to
baseline

Late Decelerations
• Uniform shape with onset, nadir, and recovery occurring alter peak of

contraction, slow return to baseline
• May cause decreased variability and change in baseline FHR
• Due to fetal hypoxia and acidemia, maternal hypotension, or uterine 120

hypertonus
• Usually a sign ol uteroplacental insufficiency (an ominous sign)

Late DecelerationBPM
nset of deceleration

Nadir of
deceleration _/ FHR140

30 seconds 4
of lag time

> Recovery time100

/ Acmu ol
contraction Uterine contraction

4 \Onset of
contraction

nd of
contraction

Fetal Scalp Blood Sampling
• cervix must be adequately dilated
• indicated when atypical or abnormal FHR is suggested by clinical parameters including heavy

meconium or moderately to severely abnormal FHR patterns (including unexplained low variability,
repetitive late decelerations, complex variable decelerations, and fetal cardiac arrhythmias)

• done by measuring pH or more recently fetal lactate
• pH S7.25, lactate <4.2 mmol/L: normal, repeat if abnormal FHR persists
• pH 7.21-7.24, lactate 4.2- 4.8 mmol/L: repeat assessment in 30 min or consider delivery if rapid fall

since last sample
pH <7.20, lactate >4.8 mmol/L indicates fetal acidosis, delivery is indicated

• contraindications:
known or suspected fetal blood dyscrasia (hemophilia, VWD)

• active maternal infection (HIV, genital herpes. Hep B)

Fetal Oxygenation
• uterine contractions during labour decrease uteroplacental blood flow, which results in reduced

oxygen delivery to the fetus
• most fetuses tolerate this reduction in flow and have no adverse effects
• fetal response to hvpoxia/asphyxia:

decreased movement, tone, and breathing activities
• anaerobic metabolism (decreased pH)

transient fetal bradycardia followed by fetal tachycardia
• redistribution of fetal blood flow

• increased flow to brain, heart, and adrenals
• decreased flow to kidneys, lungs, gut, liver, and peripheral tissues
• increase in blood pressure

rn
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Table 19. Factors Affecting Fetal Oxygenation
MechanismFactor Example

Maternal Decreased maternal oxygen carrying capacity Significant anemia (iron deficiency, hemoglobinopathies),
carboxyhemoglobin {smokers)
Hypotension (blood loss, sepsis), regional anesthesia, maternal positioning
Vasculopathies (SLE, T1DM, chronic HTH), APS, cyanotic heart disease. COPD
Placental abruption, tachysystole secondary to oxytocin, prostaglandins, or
normal labour

Placental abruption , placental infarction (dysfunction marked by IUGR ,
oligohydramnios, abnormal Doppler studies), chorioamnionitis, placental
edema ( DM, hydrops) , placental senescence (post-dates)
Oligohydramnios, cord prolapse, or entanglement

Significant anemia (isoimmunization , fetomaternal bleed),
carboxyhemoglobin (exposure to smokers)

Decreased uterine blood flow
Chronic maternal conditions

Uteroplacental Uterine hypertonus

Uteroplacental dysfunction

Cord compression

Decreased fetal oxygen carrying capacity

Fetal

Induction and Augmentation of Labour

Induction of Labour
Definition
• artificial initiation of labour in a pregnant woman prior to spontaneous initiation to deliver the fetus

and placenta

Induction is indicated when the risk of
continuing pregnancy exceeds the risks
associated with induced Labour and
delivery

Prerequisites for Labour Induction
• capability for CD if necessary
• maternal:

inducible/ ripe cervix: short, thin, soft, anterior cervix with open os
if cervix is not ripe, use prostaglandin vaginal insert (Cervidil*), prostaglandin gel (Prepidil*),
misoprostol (Cytotec*), or l'oley catheter

Induction vs. Augmentation
Induction is the artificial initiation of
labour
Augmentation promotes contractions
when spontaneous contractions are
inadequate

• fetal:
• normal fetal heart tracing

cephalic presentation
adequate fetal monitoring available

• likelihood of success determined by Bishop score:
cervix considered unfavourable if <6
cervix favourable if >6 Consider the Following Before

Induction
• Indication for induction
• Contraindications

score of 9-13 associated with high likelihood of vaginal delivery

Table 20. Bishop Score GA
Cervical favourability
Fetal presentation
Potential for CPD
Fetal wellbeing/FHR
Membrane status

Cervical
Characteristic

0 2 31

Position
Consistency
Effaccmcnt ("„)

Dilatation (cm)

Station of Fetal Head

Poslerior Mid Anterior
firm SoftMedium

030 4050 60 -70 >80
1-20 3-4 >5

•3 •2 •1.0 -1. -2. -3

Indications
• late term and postterm pregnancy = most common reason for induction
• 39-41 wk GA especially with risk factors such as advanced maternal age (>40 yr): consideration should

be given to 10L due to increased risk of stillbirth
• >41 wk GA: offer l()L if vaginal delivery is not contraindicated

• 10L shown to decrease CD, I HR changes, meconium staining, macrosomia, and death when
compared with expectant management

• >41 wk GA and expectant management elected: serial fetal surveillance
• h'M count by the mother

BPP q3-4 d
• maternal factors:

• DM = second most common reason for induction
• gestational HTN 238 wk GA

preeclampsia 237 wk GA
• other maternal medical problems, (e.g. renal or lung disease, chronic HTN, and cholestasis)
• significant but stable antepartum hemorrhage
• labour induction may be offered to patients age 240 at 239 wk GA due to increased risk of

stillbirth
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• maternal-fetal factors:
• isoimmunization, PROM, and chorioamnionitis

• fetal factors:
• suspected fetal jeopardy as evidenced by biochemical or biophysical indications
• macrosomia, fetal demise, RJCiR, oligo/polyhvdramnios, anomalies requiring surgical

intervention, and twins
previous stillbirth or low PAPP-A

Evidence loi Cervical Ripening Methods ( S06 C
Guidelines)
•Meta -analysis of five trials has concluded that the

use of ocytocin to ripen the term is not effect
•Since the best dose and route of m isoprostot for

labour induct on with a live fetus are not known and
there are concerns regarding hyperstaolation.the
use of misoprostol for lot should be in cases of IUFD
to initiate labour

Risks
• failure to achieve labour and/or vaginal birth
• tachvsvstole with fetal compromise or uterine rupture
• maternal side effects to medications
• uterine atony and PPH if labour is prolonged

Vaginal Prostaglandin (PGE2 and PGI 2a) for
Induction of labour at term
Cochrane OS Syst Rev 2014.6 C0003101
This analysis enam nedthe results ol TO RCIs (n-IUS)

women ]. Use ol vaginal PGE 2 in creased the risk of
uterine hy perstimulation with f HR changes|RR 3.16:
95% Cl 1.67-5.98)aud likely reduces the CO rate
slightly (RR 0.91; 95% Cl 0.81-1.02) compared to
placebo omo treatment, (here were no detectable
differences in effectiveness between gel or tablet
forms of PGE2 or between sustained release pessaries
end PGE2 gel/tablets
Theoretical advantages between mtreveginal PGE2
(Cervidil;) compared to Intravaginal Prostaglandin

Contraindications
• maternal

• prior classical or Inverted T-lndslon CD or uterine surgery (e.g. myomectomy)
• unstable maternal condition
• active maternal genital herpes

invasive cervical carcinoma
pelvic structure deformities
previous uterine rupture

• maternal-fetal
placenta previa or vasa previa
cord presentation

fetal Gel:
fetal distress or malpresentation/abnormal lie •Slow, continuous release

•Ability to use oxytocin 30 mm after re moral vs.
fill lor gel

•Abi lily to remove insect If required (e.g. etcessive
uterine aclivityl

Methods for Induction of Labour
CERVICAL RIPENING

Definition
• use of medications or other means to soften, efface, and dilate the cervix; increases likelihood of

successful induction
• ripening of an unfavourable cervix (Bishop score <6) is warranted prior to IOL

Labouc Induction vs. Expectant Manageneot in
Low-Risk Multiparous Women
NEJM 2018;379:513-523
Purpose: fo assess whether induction of labour
between 39*0 wk GAand 40*6 wk GA implores
perinatal and maternal outcomes
Methods: 6106 low-risk nulliparous women were
randomized to the elective indaction oc the expectant
management groups.Ihe primary outcome wasa
composite outcome of perinatal death or senre
neonatal complications.The mam secondary outcome
wasthe rale afCO
Results: Ihe primary per natal outcome occurred
in 4.3% ol neonales from Ihe elective induction
group and 5.4% ol neonales from ihe eipectant
management group (RR: 0.80:95% Ct 0.64 -1.00:
P*0.049, P«0.04G lor sign 4i cancel This result was
consistent after adjusting for other maternal facto is.
CD occurred In 18.6% of Induction group mothers
compared to 22.3% of eipectant management group
mothers (RR:0.84:95% Cl:0.76-0.93. P <0.001).
there were no sigmheant differences in primacy or
secondary outcomes m subgroup analyses
Conclusion: Elective induction of tatcour between
39-0 and 41-0 wk Gi did not resu lt in increased
incidence ofadverse perinatal outcoresand resulted
in fewer CDs

Methods
• intravaginal prostaglandin PGE2 gel (Frostin’gel):long and closed cervix

recommended dosing interval of prostaglandin gel is ever)' 6-12 h up to 3 doses
• intravaginal PGH2 (Cervidil*): long and closed cervix, may use if ROM

continuous release, can be removed if needed
• controlled release PGE2

• intraccrvical PGE2 (Prepidil*)
• intravaginal PGE1 misoprostol (Cytotec*): long and closed cervix

inexpensive, stored at room temperature
• more effective than PGK2 for achieving vaginal delivery and less epidural use

• l-'oley catheter placement to mechanically dilate the cervix

INDUCTION OF LABOUR

Amniotomy
• artificial ROM (amniotomy) to stimulate prostaglandin synthesis and secretion; may try this as initial

measure if cervix is open and soft, the membranes can be felt, and if the head is well applied to the
cervix

• few studies address the value of amniotomy alone for IOL
• amniotomy plus IV oxytocin: more women delivered vaginally at 24 h than amniotomy alone

(RR=0.03) and had fewer instrumental vaginal deliveries (RR=5.5)

Oxytocin
• oxytocin ( Pitocin*): 10 U in I L normal saline, run at 0.5*2 mll/min IV increasing by 1-2 mU/min q20-

60 min
• reduces rate of unsuccessful vaginal deliveries within 24 h when used alone (8.3% vs. 54%, RR=0. I6)
• ideal dosing regimen of oxytocin is not known
• current recommendations: use the minimum dose to achieve active labour and increase q30 min as

needed
• reassessment should occur once a dose of 20 mU/min is reached
• potential complications

tachysystole/tetanic contraction (may cause fetal distress or uterine rupture)
uterine muscle fatigue, uterine atony (may result in PPH)
vasopressin-like action causing anti-diuresis

Oxytocin t’/j - 3-5 min

L
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Augmentation of Labour
• augmentation of labour with amniotomy and/or oxytocin may be used to promote stronger and

more frequent contractions when spontaneous contractions are inadequate and cervical dilatation or
descent of fetus fails to occur

Provided there are no contraindications,
oxytocin is used to improve uterine
contraction strength and/or frequency

Abnormalities and Complications of Labour and
Delivery

Abnormal Progression of Labour (Dystocia)
Definition
• expected patterns of descent of the presenting part and cervical dilatation fail to occur in the

appropriate time frame;can occur in all stages of labour
• during active phase:>4 h of <0.5 cm/h
• during 2nd stage: >1 h with no descent during active pushing

Etiology
• power (leading cause):contractions (hypotonic, uncoordinated ), inadequate maternal expulsive

efforts
• passenger: fetal position, attitude, size, anomalies (hydrocephalus)
• passage: pelvic structure (CPU), maternal soft tissue factors (tumours, full bladder or rectum, vaginal

septum)
• psyche:hormones released in response to stress may contribute to dystocia; psychological and

physiological stress should be evaluated as part of the management once dystocia has been diagnosed

The 4 Ps of Dystocia
Power
Passenger
Passage
Psyche

Management
• confirm diagnosis of labour (rule out false labour)
• search for factors of (.'PD
• concern for dystocia if adequate contractions measured by intrauterine pressure catheter with no

dcscent/dilatation for >2 h
• management: if CPD ruled out, IV oxytocin augmentation ± amniotomy, optimize fetal position,

optimize pain control

Risks of Dystocia
• inadequate progression of labour is associated with an increased incidence of:

maternal stress
• maternal infection

PPH
need for neonatal resuscitation

• fetal compromise (from tachysystole)
• uterine rupture

hypotension

Shoulder Dystocia
Definition
• fetal anterior shoulder impacted above pubic symphysis after fetal head has been delivered
• life threatening emergency

Etiology/Epidemiology
• incidence 0.15-1.4% of deliveries
• occurs when breadth of shoulders is greater than biparietal diameter of the head

Risk Factors
• maternal: obesity, DM, multiparity, and previous shoulder dystocia
• fetal: prolonged gestation or macrosomia (especially if associated with GDM )
• labour:

prolonged 2nd stage
instrumental midpelvic delivery

r n
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Presentation
• “turtle sign": head delivered but retracts against perineum
• complications:

fetal:
Approach to the Management of
Shoulder Dystocia

hypoxic ischemic encephalopathy (chest compression by vagina or cord compression by pelvis
can lead to hypoxia)
brachial plexus injury' (Hrb s palsy: C5-C7; Klumpke’s palsy:C8-T1),90% partially resolve
within 6 mo

fracture (clavicle,humerus, and cervical spine)
death

maternal:
perineal injury
PPH (uterine atony or lacerations)
uterine rupture

ALARMER
Ask for help
Legs in full flexion (McRoberts
maneuver)
Anterior shoulder disimpaction
(suprapubic pressure)
Release posterior shoulder by rotating
it anteriorly with hand in the vagina
under adequateanesthesia
Manual corkscrew i.e. rotate thefetus
by the posterior shoulder until the
anterior shoulder emerges from behind
the maternal symphysis
Episiotomy
Rollover (on hands and knees)
'Note that suprapubic pressure and
McRoberts maneuver together will
resolve 90% of cases

Treatment
• goal:to displace anterior shoulder from behind symphysis pubis; follow a stepwise approach of

maneuvers until goal achieved (see sidebar)
• other options:

cleidotomy (deliberate fracture of neonatal clavicle)
• Zavanelli maneuver: replacement of fetus into uterine cavity and emergent CD

symphysiotomy

Prognosis
• 1% risk of long-term disability for infant

Umbilical Cord Prolapse
ODefinition

• descent of the cord to a level adjacent to or below the presenting part, causing cord compression
between presenting part and pelvis

Umbilical Cord Accident Causes
• Nuchal cord
• Type A (looped). Type B (hitched)
• Body loop
• Single artery
• True knot
• Torsion
• Vela mentous cord insertion
• Short cord <35cm
• Long cord >80 cm

Etiology/Epidemiology
• increased incidence with prematurity/PROM, fetal malpresentation (-50% of cases), low-lying

placenta, polyhydramnios, multiple gestation, and CPD
• incidence:1 in 200 to 1 in 400 deliveries

Presentation
• visible or palpable cord
• 1 H R changes (variable decelerations, bradycardia, or both)

Treatment
• emergency CD if not fully dilated and vaginal delivery not imminent
• O:to mother, monitor fetal heart
• alleviate pressure of the presenting part on the cord by elevating fetal head with a pelvic exam

(maintain this position until CD)
• keep cord warm and moist by replacing it into the vagina ± applying warm saline soaks
• roll mother onto all fours or position mother in Trendelenburg or knee-to-chest position
• if fetal demise or too premature (<22 wk GA), allow labour and delivery

1/3of protraction disorders develop into
2°arrest of dilatation due to CPD

2/3of protraction disorders progress
through labour to vaginal delivery

Uterine Rupture
Definition
• associated with previous uterine scar (in 40% of cases), tachysystole with oxytocin,grand multiparity,

and previous intrauterine manipulation
• generally occurs during labour, but can occur earlier with a classical incision
• 0 5-0.8% incidence, up to 12% with classical incision

Presentation
• prolonged fetal bradycardia (most common presentation)
• acute onset of constant lower abdominal pain, may not have pain if receiving epidural analgesia
• hyper/hvpotonic uterine contractions
• abnormal progress in labour
• vaginal bleeding
• intra-abdominal hemorrhage
• loss of station of the presenting fetal part
• maternal tachycardia, hypotension, or shock

u
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Risk Factors
• uterine scarring (e.g. previous uterine surgeries including CD (especially classical incision),

perforation with D&C, and myomectomy)
• excessive uterine stimulation (e.g. protracted labour, oxytocin, and prostaglandins)
• uterine trauma (e.g. operative equipment, ECV )
• multiparity
• uterine abnormalities
• malpresentation
• placenta accreta

Treatment
• rule out placental abruption
• maternal stabilization (may require hysterectomy), treat hypovolemia
• immediate delivery for fetal survival

Complications
• maternal mortality 1-10%
• maternal hemorrhage, shock, D1C
• amniotic fluid embolus
• hysterectomy if uncontrollable hemorrhage
• fetal distress, associated with infant mortality as high as 15%

w
Maternal Mortality Causes
• Thromboembolism
• Cardiac event. Suicide. Sepsis
• Ectopic pregnancy. HTN
• Amniotic fluid embolism
• Hemorrhage

*ln Canada (2013), lifetime risk of
maternal death is1/5200

Amniotic Fluid Embolism
Definition
• amniotic fluid debris in maternal circulation triggering an anaphylactoid immunologic response

Etiology/Epidemiology
• rare intrapartum or immediate postpartum complication
• 13-30% maternal mortality rate
• leading cause of maternal death in induced abortions and miscarriages. 1 in 8000 to 1 in 80000 births

Risk Factors
• placental abruption
• rapid labour
• multiparity
• uterine rupture
• uterine manipulation
• induction medication and procedures

Differential Diagnosis
• pulmonary embolus, drug-induced anaphylaxis, septic shock, eclampsia , HELLP syndrome,

abruption, and chronic coagulopathy

Presentation
• sudden onset of respiratory distress, cardiovascular collapse (hypotension, hypoxia), and

coagulopathy
• seizure in 10%
• ARDS and left ventricular dysfunction seen in survivors

Management
• should be managed in the ICU by a multidisciplinary team
• supportive measures (high flow 02, ventilation support, fluid resuscitation, inotropic support, ±

intubation) and coagulopathy correction

Chorioamnionitis
Definition
• infection of the chorion, amnion, and amniotic fluid

Etiology/Epidemiology
• incidence: 1-5% of term pregnancies and up to 25% in preterm deliveries
• ascending infection (microorganisms from vagina)
• predominant microorganisms include: GBS, Bacteroides and Prevotclla species, E. coli,and anaerobic

Streptococcus

r T
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Risk Factors
• lose parity, prolonged ROM, long labour, multiple vaginal exams during labour, and internal

monitoring
• bacterial vaginosis and other vaginal infections

Clinical Features of Chorioamnionitis
• Temperature
• Tachycardia (maternal or fetal)
• Tenderness (uterine). Foul discharge

Clinical Features
• maternal fever >38°C, maternal or fetal tachycardia, uterine tenderness, and foul and purulent

cervical discharge

Investigations
• CBC: leukocytosis, elevated serum lactate
• amniotic fluid: Gram stain, glucose, or culture results consistent with infection

Treatment
• IV antibiotics

ampicillin 2 g IV q6 h + gentamicin 2 mg/kg load, then 1.5 mg/kg IV q8 h
• anaerobic coverage (i.e. clindamycin 900 mg IV q8 h)
• if at risk for endometritis, continue treatment postpartum especially if CD

• antipyretics
• proper labour progression ( not an indication for immediate delivery or CD, especially if deliver}- is

imminent and can be done safely)

Complications
• bacteremia of mother or fetus, wound infection if CD, pelvic abscess, neonatal meningitis, maternal or

neonatal sepsis, and neonatal death
• long-term infant complications:cerebral palsy and bronchopulmonary dysplasia

Meconium
Epidemiology
• present early in labour in 10% of pregnancies, more common in postterm pregnancies
• in general, meconium may be present in up to 25% of all labours; usually NOT associated with poor

outcome
• concern if fluid changes from clear to meconium-stained
• always abnormal if seen in preterm fetus

Particulate (thickened) meconium is
associated with lower APGARs.an
increased risk of meconium aspiration,
and perinatal death, fferticulate
meconium generally has a darker green
or black colour, whereas thin meconium
is usually yellow to Eght greenEtiology

• likely cord compression r uterine hypertonia
• may indicate undiagnosed breech
• increasing meconium during labour may be a sign of fetal distress

Features
• may be watery or thicker (particulate)
• light yellow-green or dark green-black in colour

Treatment
• call respiratory therapy, neonatology, or paediatrics to delivery room
• closely monitor l-'HR for signs of tetal distress

Operative Obstetrics
Prerequisites for Operative Vaginal
Delivery

Operative Vaginal Delivery ABCDEFGHUK
Anes thesia (adequate)
Bladder empty
Cervix fully dilated and effaced withDefinition

• forceps or vacuum extraction ROM
Determine position of fetal head
Equipment ready (including facilities
for emergent CD)
Fontanelle (posterior fontanelle

Indications
• fetal:

• atypical or abnormal f HR tracing, evidence of fetal compromise
• consider if second stage is prolonged, as this may be due to poor contractions or failure of fetal

head to rotate

mid between thighs)gway^Gentle traction ri
Handle elevated
Incision (episiotomy)
Once jaw visible remove forceps
Knowledgeable operator

lJ

• maternal:
need to avoid voluntary expulsive effort (e.g. cardiac/cerebrovascular disease)
exhaustion, lack of cooperation, and excessive analgesia may impair pushing effort
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Contraindications
• cervix not fully dilated
• membranes intact
• unknown fetal head position
• unengaged head
• fetal bone demineralization disorder (e.g. osteogenesis imperfecta)
• fetal bleeding disorder (e.g. hemophilia or VWD)

Forceps
Outlet Forceps
• head visible between labia in between contractions
• sagittal suture in or close to AP diameter
• rotation cannot exceed 45°

Low Forceps
• presenting part at station +2 or greater
• subdivided based on whether rotation less than or greater than 45°

Mid Forceps
• presenting part below spines but above station +2

Types of Forceps
Simpson or Tucker-McLane forceps for OA presentations

• Kielland (rotational) forceps when rotation of head or correction of asynclitism is required
• Piper forceps for after-coming head in breech delivery
• Wrigley’s for preterm babies

A Simpson forceps
B.Tucker-McLane forceps
C.Kielland forceps
0.Piper forceps

Figure 9. Types of forceps

Vacuum Extraction
• traction instrument used as alternative to forceps delivery’; aids maternal pushing

contraindications: <34 wk GA (<2500 g), fetal head deflexed, fetus requires rotation, fetal condition
(e.g. bleeding disorder)

Limits for Trial of Vacuum
• After 3 puls over 3 contractions with

no progress. After 3 pop-offs with no obvious
cause

• 20 mil and delivery is not imminent
Table 21. Advantages and Disadvantages of Forceps vs. Vacuum Extraction

Forceps Vacuum Extraction
Higher overall success rate for vaginal delivery Easier to apply
Decreased incidence of fetalmorbidity

Advantages
Less anesthesia required
Less maternal soft tissue injury compared to
forceps tiskFactors for tke Devetopweit of Obstetric
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Disadvantages Greater incidence of maternal injury Suitable only for vertexpresentations
Contraindicated in preterm delivery

Maternal:anesthesia risk.cervical/vaginaL1 Increased incidence of cephalohematoma.
perineal lacerations Including OASIS, injury to retinal hemorrhages,and jaundree compared
bladder,uterus,or bone,pelvic nerve damage, to forceps
PPH, and infections
Fetal: fractures, facial nerve palsy,trauma
to face/scalp, intracerebral hemorrhage,
cephalohematoma,and cord compression Increased maternal risk of perineal

lacerationsOASIS.PPH.andinfection

Complications

Subgaleal hemorrhage
Subaponeurotic hemorrhage
Soft tissue trauma

Perineal Lacerations
• 1st degree: involves skin and vaginal mucosa but not underlying fascia and muscle
• 2nd degree: involves fascia and muscles of the perineal body but not the anal sphincter
• 3rd degree: involves the anal sphincter (3A: <50% of external anal sphincter; 3B:>50% of external anal

sphincter; 3C:external and internal anal sphincters)
• 4th degree: extends through the anal sphincter complex (external and internal) and into the rectal

mucosa
• for 3rd and 4th-degree tears:

a single prophylactic dose of IV antibiotics (2nd generation cephalosporin, e.g.cefoxitin or
cefotetan) should be administered to reduce perineal wound complications
laxatives should also be prescribed and constipation should be avoided
recommend postpartum pelvic physiotherapy and endoanal U/S to assess integrity of anal
sphincters 3-4 mo post repair
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Episiotomy
Common OR QuestionsDefinition

• incision in the perineal body at the time of delivery
• essentially a controlled 2nd degree laceration
• midline: incision through central tendinous portion of perineal body and insertions of superficial

transverse perineal and bulbocavernosus muscles
heals better, but increases risk of extension into a 3rdMth degree tear

• mediolateral: incision through bulbocavernosus, superficial transverse perineal muscle, and levator
ani, 60* angle from midline
• reduces risk of extensive tear, but more painful

7 Layers to Dissect
Skin, fatty layet fascia, muscle
separation (rectus abdominis),
peritoneum, bladder flap, uterus

Layers of the Rectus Sheath
Above the arcuate line:anterior rectus
sheath (aponeurosis of external oblique,
anterior internal oblique), rectus
abdominis, posterior rectus sheath
(aponeurosis of posterior internal
internal oblique, transversus abdominis)
Below the arcuate line: aponeurosis
of external oblique, internal oblique,

transversus abdominis (all anterior)

Indications
• to relieve obstruction of the unyielding perineum
• to expedite delivery (e.g. abnormal l-'HK pattern)
• instrumental delivery
• controversial between practitioners as to whether it is preferable to make a cut or let the perineum tear

as needed
• current evidence suggests letting perineum tear and then repair as needed (restricted use)

Name of the Obliterated Umbilical
Ligament
Urachus

Complications
• infection, hematoma, extension into anal musculature or rectal mucosa, fistula formation, and

incontinence
Most CDs are performed with regional
analgesiaCaesarean Delivery

Epidemiology
• overall 28% rate in Canada (range 185-35.3% by province/territory) 75 ' 4 r

-Indications
• maternal: obstruction of descent (e.g.maternal fibroids), active herpetic lesion on vulva, invasive

cervical cancer, previous uterine surgery (past CD is most common), and underlying maternal illness
(eclampsia, HELLP syndrome, heart disease)

• maternal-fetal:failure to progress, placental abruption or previa,and vasa previa
• fetal: abnormal fetal heart tracing, malpresentation,cord prolapse, certain congenital anomalies, and

multiple gestation

. 8

Is/
-V

Ikinl -Fatty Layer
-Rectus
Abdominus

Types of Caesarean Incisions
• skin / •

Pfannenstiel
decreased exposure
improved strength and cosmesis
reduced pain

• vertical midline
rapid peritoneal entry and increased exposure (e.g.obstruction due to large fibroids)
increased dehiscence

fascia

’eritoneum^rr

ladder Rap

Figure10. Layers to dissect

• uterine
low transverse: in non-contractile lower segment

decreased chance for rupture in subsequent pregnancies
low vertical

used for very preterm infants or poorly developed maternal lower uterine segment
classical (rare): in thick, contractile segment

used for transverse lie with fetal back down, preterm breech, fetal anomaly, >2 fetuses, lower
segment adhesions, obstructing fibroid, and inaccessible lower uterine segment (e.g. morbid
obesity)

Risks/Complications
• anesthetic complications (e.g.aspiration )
• hemorrhage (average blood loss -1000 mL)
• infection ( UT1, wound, and endometritis)

single dose prophylactic antibiotic should be used (e.g. cefazolin 1-2 g IV)
• injury to surrounding structures (bowel, bladder, ureter, and uterus)
• thromboembolism (DVT, PE)
• increased recovery time/hospital stay
• maternal mortality (<0.I%)
• subsequent placenta accreta

L J
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Trial of Labour after Caesarean (TOLAC)
TOLAC
• Rate of successful TOLAC ranges

from 60-82%
• No significant difference in maternal

deaths or hysterectomies between
TOLAC or CD

• Uterine rupture more common in
TOLAC group

• Evidence regarding fetal outcome
is lacking

•should be recommended if no contraindications after previous low transverse incision
•success rate varies with indication for previous CD (generally 60-80%)
•risk of uterine rupture (<1% with low transverse incision), increased by interval <18 mo and oxytocin

administration

Contraindications
•previous classical, inverted T, or unknown uterine incision, or complete transection of uterus (6% risk

of rupture)
•any contraindication to vaginal birth, such as placenta previa
•inadequate facilities or personnel for emergency CD 'Safely ol vaginal bulh after Caeureaesccfeac A

sy&lemaiic renew.0tfttetGyn«ol 2OOU03 420-429

Postpartum Period Complications
• puerperium:6 wk period of adjustment after pregnancy when pregnancy-induced anatomic and

physiologicchanges are reversed

Postpartum Hemorrhage
Definition
• loss of >1000 mL of blood after CD, >500 mL of blood after vaginal delivery, or bleeding associated

with signs/symptoms of hypovolemia within 24 h of birthing process regardless of mode of delivery
• primary - within first 24 h postpartum
• secondary -after 24 h but within first 12 wk

Uterine atony is the most common cause
ofPPH

Epidemiology
• incidence 5-15%

(§)Etiology (4 Ts)
1.Tone (uterine atony)

most common cause of PPH (70-80%) DDx of Early PPH-4 Ts
To ne (atony)
Tissue (retained placenta,dots)
Trauma (laceration, inversion)
Thrombin (coagulopathy)

avoid with active management of 3rd stage of labour with 1) oxytocin administration;2) uterine
massage; and 3) umbilical cord traction for delivery of the placenta
due to:

overdistended uterus (polyhydramnios, multiple gestations, and macrosomia)
uterine muscle exhaustion (prolonged or rapid labour, grand multiparity,oxytocin use, and
general anesthetic)
uterine distortion (fibroids)
intra-amniotic infection (fever or prolonged ROM )
bladder distension (preventing uterine contraction)

DDx of Late PPH
Retained products
t endometritis
Sub-involution of uterus

2.Tissue
• retained placental products (membranes, cotyledon,or succenturiate lobe)
• retained blood clots in an atonic uterus

GIN
• abnormal placentation (e.g. placenta accreta)

3.Trauma
laceration (vagina, cervix,or uterus), episiotomv, hematoma (vaginal, vulvar,or retroperitoneal),
uterine rupture, and uterine inversion

4.Thrombin
coagulopathy (pre-existing or acquired)
• most identified prior to delivery (low platelets increases risk)
• includes hemophilia, DIG, IIP.TIP,and VWD
• therapeutic anti-coagulation

Investigations
• assess degree of blood loss and shock by clinical exam
• explore uterus and lower genital tract for evidence of atony, retained tissue, or trauma
• may be helpful to observe red-top tube of blood- no clot in 7-10 min indicates coagulation problem

Management
• ABCs, call for help
• 2 large bore IVs, run crystalloids wide open
• CBC,coagulation profile, fibrinogen, cross and type packed RBCs
• treat underlying cause
• Foley catheter to empty bladder and monitor urine output

ri
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Medical Therapy for Atony
• oxytocin 10 III IM is preferred in low-risk vaginal deliveries, oxytocin IV infusion (20-401U in 1000

mL crystalloid at 150 mL/h) is an acceptable alternative; oxytocin 5-101U IV bolus (20-40 IU in 250
mL crystalloid) can be used after vaginal birth, but not with elective CD

• carbetocin, a long-acting oxytocin, 100 pg IV bolus over 1 min for elective CD or 100 pg IM for vaginal
deliveries with 1 risk factor for PPH (instead of a continuous oxytocin infusion)

• methylergonovine maleate ( Ergotamine*) 0.25 mg IM/slow IV q2 h up to 1.25 mg; can be given as IV
bolus of 0.125 mg (contraindicated in HTN)

• carboprost ( Hemabate*), a synthetic PGFia analog, 250 pg IM /1MM ql 5 min to max 2 mg (major
prostaglandin side effects and contraindicated in cardiovascular, pulmonary (asthma), renal, and
hepatic dysfunction)

• misoprostol (Cytotec*) 600-800 pg PO/SL (faster) or PR/ PV (side effect: pyrexia if >600 pg)
• tranexamic acid (Cyklokapron*), an antifibrinolytic, 1 g IV

Local Control for Atony
• bimanual massage: elevate the uterus and massage through patient’s abdomen
• uterine packing (mesh with antibiotic treatment)
• Bakri Balloon for tamponade: may slow hemorrhage enough to allow time for correction of

coagulopathy or for preparation of an OR
• manual removal if retained placenta (can also be used to treat PPH due to other causes)

Surgical Therapy (Intractable PPH) for Atony
• D&C (beware of vigorous scraping, which can lead to Asherman's syndrome) (can also be used to treat

PPH due to other causes)
• embolization of uterine artery or internal iliac artery by interventional radiologist
• laparotomy with bilateral ligation of uterine artery ( may be effective), or internal iliac artery ±

compression sutures (B-Lynch or Cho sutures) (can also be used to treat PPH due to trauma and early
thrombus)

• hysterectomy last option, with angiographic embolization if post-hysterectomy bleeding

Retained Placenta
Definition
• placenta undelivered after 30 min postpartum

Etiology
• placenta separated but not delivered
• abnormal placental implantation (placenta accreta, placenta increta, and placenta percreta)

Risk Factors
• placenta previa, prior CD,post-pregnancy curettage, prior manual placental removal, and uterine

infection

Clinical Features
• risk of PPH and infection

Investigations
• explore uterus
• assess degree of blood loss

Management
• 2 large bore lVs, type and screen
• Brandt maneuver (firm traction on umbilical cord with one hand applying suprapubic pressure

ccphalad to avoid uterine inversion by holding uterus in place)
• oxytocin 10 IU in 20 mL normal saline into umbilical vein
• manual removal if above fails
• D&C if required ( U/S guidance if available)
• cefazolin 2 g IV if manual removal or D&C

Uterine Inversion
Definition
• inversion of the uterus through cervix ± vaginal introitus

r n
L J

Etiology/Epidemiology
• often iatrogenic (excess cord traction with fundal placenta)
• excessive use of uterine tocolytics
• more common in grand multiparous women (lax uterine ligaments)
• 1 in 1500 to 1 in 2000 deliveries
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Clinical Features
• can cause profound vasovagal response with bradycardia, vasodilation, and hypovolemic shock
• shock may be disproportionate to maternal blood loss

Management
• urgent management essential, call anesthesia
• ABCs:initiate IV crystalloids
• can use tocolytic drug (see Preterm Labour, OBIT ) or nitroglycerin IV to relax uterus and aid

replacement
• replace uterus without removing placenta
• remove placenta manually and withdraw slowly
• IV oxytocin infusion (only after uterus replaced)
• re-explore uterus
• may require general anesthetic ± laparotomy

Postpartum Pyrexia
Definition
• fever >38°C on any two of the first 10 d postpartum, except the 1st day

Etiology
• endometritis
• wound infection (check CD and episiotomy sites)
• mastitis/breast engorgement
• UT1
• atelectasis
• pneumonia
• DVT or pelvic thrombophlebitis

(§>
Etiology of Postpartum Pyrexia

B-5W
Breast: engorgement, mastitis
Wind:atelectasis, pneumonia
Water:UTI
Wound: episiotomy.CD site infection
Walking: DVT. thrombophlebitis
Womb:endometritis

Investigations
• detailed history and physical exam, relevant cultures
• for endometritis:blood and genital cultures
• serum lactic acid for early detection of sepsis

Treatment
• depends on etiology

• infection:empiric antibiotics, adjust when sensitivities available
• endometritis:clindamycin + gentamicin/tobramycin IV
• mastitis:cloxacillin or cephalexin
• wound infection:cephalexin + frequent sitz baths for episiotomy site infection

DVT:anticoagulants
• prophylaxis against post-CD endometritis:administer cefazolin 2-4 g IV (based on BM1) 30 min prior

to skin incision

ENDOMETRITIS
• definition: inflammation of the endometrium most commonly due to infection
• clinical features: fever, chills, abdominal pain, uterine tenderness, foul-smelling vaginal discharge, or

lochia
• treatment: depends on infection severity; oral antibiotics if well, IV antibiotics with hospitalization in

moderate to severe cases

Risk Factors for Endometritis
CD. intrapartum chorioamniomtis.
prolonged labout prolonged ROM.and
multiple vaginal examinations

VENOUS THROMBOEMBOLISM. see Venous thromboembolism, OB32

Mastitis
• definition: inflammation of mammary glands
• must rule out inflammatory carcinoma,as indicated
• differentiate from mammary duct ectasia:mammary duct(s) beneath nipple clogged and dilated ±

ductal inflammation ± nipple discharge (thick,grey to green), often postmenopausal women
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Table 22. Lactational vs. Non-Lactational Mastitis
Lactational Non-Lactational

Epidemiology More common than non-lactational
Often 2 3 wk postpartum
S.aureus

Periductal mastitismost common
Mean age 32 yt

May be sterile
May beinfected with S. aureus or other anaerobes
Smoking is risk factor
May be associated with mammary duct ectasia

Subareolar pain
May haiesubareolar mass
Discharge (variable colour)
Nipple inversion
Broad-spectrum antibiotics and ISO
Total duct eversion (definitive)

Etiology

Symptoms Unilateral localited pain
Tenderness
Erythema

Treatment Heat or ice packs
Continued nursinglpumping
Antibiotics (clovacillim'cephalexin) (erythromycin if
penidllin-allergic)
Fluctuant mass
Purulent nipple discharge
Fever, leukocytosis
Discontinue nursing,IVantibiotics (nafcillin/
oxacillin),ISD usually required

If mass does not resolve,fine-needle aspiration to exclude
cancer and U/S to assess presence of abscess
Treatmentindudes antibiotics,aspiration,or ISD (tends
to recur)
May develop mammary dud fistula
Aminority of non-lactational abscesses may occur
peripherally in breast with no associated periductal mastitis
(usually S.aureus)

Abscess

Postpartum Mood Alterations
POSTPARTUM BLUES
• 40-80% of new mothers, onset 3-10 d postpartum;extension of the “normal” hormonal changes and

ad justment to a new baby
• self-limited, should resolve by 2 wk
• manifested by mood lability, depressed affect, increased sensitivity to criticism, tearfulness, fatigue,

irritability, poor concentration/despondency, anxiety, and insomnia

POSTPARTUM DEPRESSION
• definition:major depression occurring in a woman within 6 mo of childbirth (see Psychiatry, PS14)
• epidemiology: 10-15%, risk of recurrence 50%
• risk factors:

personal or family history of depression (including PPD)
prenatal depression or anxiety

• stressful life situation
• poor support system
• unwanted pregnancy
• colicky or sick infant

• clinical features: suspect if the “blues” last beyond 2 wk,or if the symptoms in the first 2 wk are
severe (e.g.extreme disinterest in the baby, suicidal or homicidal/infanticidal ideation )

• assessment: Edinburgh Postnatal Depression Scale or others
• treatment:antidepressants, psychotherapy, supportive care, and electroconvulsive therapy if

refractory
• prognosis: interferes with bonding and attachment between mother and baby, so it can have long-

term effects

POSTPARTUM PSYCHOSIS
• definition: acute psychotic episode triggered by the complex psychosocial stressors and hormonal

changes that occur following childbirth.Symptoms usually present within the first 2 wk but can last
for months

• epidemiology: rare (0.2%), but 50% risk of recurrence in next pregnancy if experienced in
previous pregnancy. Increased risk in individuals with bipolar disorder, schizoaffective disorder,
schizophrenia, or other psychotic illness, or personal or family history of postpartum psychosis

• treatment: psychiatric emergency as risk of infanticide. Typically requires hospitalization, mood
stabilizer, and antipsychotics
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Postpartum Care
The acronym “BUBBLES" for what to
ask about when rounding on postpartum
care. Modify this for CO or vaginal
delivery

Postpartum Office Visit at 6 Weeks

Care of Mother (The 10 Bs)
• Be careful: do not use douches or tampons for 4-6 wk post-delivery
• Be fit: encourage gradual increases in walking, Kegel exercises
• Birth control: assess for use of contraceptives
• Breastfeeding is not as effective as other methods of birth control (see Gynaecology, GY15, for more

detail about different contraceptive options postpartum )
lactational amenorrhea approved by WHO for up to 6 mo if meets criteria: l ) amenorrhea; 2)
fully or nearly fully breastfeeding (no interval of >4-6 h between breastfeeds); and 3) <6 mo
postpartum

• Bladder: assess for urinary incontinence, maintain high fluid intake
• Blood pressure: especially if gestational H 'l N
• Blood tests: CBC (for anemia if had PPH, TSH if subcli nical hypothyroidism in pregnancy, 75g OGTT

if GUM )
• Blues: (see Postpartum MootI Alterations, OH 49)
• Bowel: fluids and high-fibre foods, bulk laxatives; for hemorrhoids/ perineal tenderness: pain nteds,

doughnut cushion, sitz baths, and ice compresses
• Breast and pelvic exam: watch for Staphylococcal or Streptococcal mastitis/abscess, t Pap smear at 6

wk if due for screening

8aby care and breastfeeding- Latch?
Amount?
Uterus - Firm or boggy?
Bladder function- Voiding well?
Dysuria?
Bowel function - Passing gas or stool?
Constipated?
Lochia or discharge - Any blood?
Episiotomy/laceration/incision- Pain
controlled?
Symptoms of VTE - Dyspnea? Calf
pain?

Physiological Changes Postpartum
• uterus weight rapidly diminishes through catabolism, cervix loses its elasticity and regains firmness

• should involute - I cm below umbilicus per day in first 4 -5 d, reaches non-pregnant state in 4 -6
wk postpartum

• ovulation resumes in -45 d after giving birth, non-lactating women usually ovulate sooner than
lactating women

• lochia: normal vagina) discharge postpartum, uterine decidual tissue sloughing
• decreases and changes in colour from red (lochia rubra; presence of erythrocytes, 3-4 d ) > pale

( lochia serosa) > white/yellow (lochia alba; residual leukorrhea) over 3-6 wk
• foul-smelling lochia suggests endometritis

Breastfeeding Problems
• inadequate milk: consider domperidone
• breast engorgement: cool compress, manual expression/pumping
• nipple pain: clean milk off nipple after feeds, moisturizer, topical steroid if needed
• mastitis: treat promptly (see Postpartum Pyrexia, OHdS )
• inverted nipples: makes feeding difficult
• maternal medications: may require paediatric consultation (see Breastfeeding and Drugs, O H M )

Bladder Dysfunction
• pelvic floor prolapse can occur after vaginal delivery
• stress or urge urinary incontinence common
• increased risk with instrumental delivery or prolonged second stage
• conservative management for stress and urge incontinence: pelvic floor retraining with Kegel

exercises/pelvic physiotherapy, vaginal cones or pessaries, and lifestyle modifications (e.g. limit fluid,
caffeine intake, local vaginal estrogen in breastfeeding women to strengthen vaginal mucosa)

Puerperal Pain
• “after pains” common in first 3 d due to uterine contractions; encourage simple analgesia
• ice packs and sitz baths can be used on perineum if painful
• encourage regular analgesia and stool softener

Breastfeeding and Drugs

Table 23. Drug Safety During Breastfeeding
Safe During Breastfeeding Contraindicated When Breastfeeding

Chloramphenicol (bone marrow suppression)
Cyclophosphamide (immune system suppression)

depressants (e.g.sertraline, fluoxetine, tricyclic antidepressants) Sulphonamides (in G 6PD deficiency, can lead to hemolysis)
Antiepileptics (e.g. phenytoin. carbamazepine.valproic acid) Nitrofurantoin (in G 6PD deficiency, can lead to hemolysis)
Antihistamines Tetracycline
Antimicrobials (e.g. penicillins, aminoglycosides, cephalosporins) Lithium
P-adrenergics (e.g. propanolol, labetalol)
Insulin
Steroids
OCP (low dose) - although estrogen-containing OCPs may decrease breast Psychotropic drugs (relative contraindication)
milk production

Analgesics (e.g. acetaminophen.NSAIDs)
Anticoagulants (e.g. heparin) r »

LJr'\

Phenindione
Bromocriptine
Antineoplastics and immunosuppressants

+

Activate Windows
Go to Settings to activate Windows.



0B51 Obstetrics Toronto Notes 2023

Common Medications
Table 24. Common Medications

Dosing Schedule IndicationsFCommentsDrug Name (Brand Name)

betamethasone valerate (Celestone')

carboprost (Hemabate )
12 mgIM q24 h x 2 doses
0.25 mg IMi'IMM q15 min
Mai 2 mg

2 g IV then1g q3 h
900 mg IV q8 h
6 mg IM q12 h x 4 doses
10 mg PV (remove after 12 h)
Mai 3 doses

2 tablets qhs 1tablet qam *1tablet qpm
Max 3 tabletsi'd
250 mgP0 q6 hx10 d

Enhancement ol fetal pulmonary maturity for Pit
Treatment of uterine atony

cefaiolin
clindamycin
dexamethasone
dinoprostone (Cervidil :PGE2 impregnated
thread)

doxylamine succinate (Diclectin:)

GBS prophylaxis (penicillin allergic and not at risk for anaphylaxis)
Used in endometritis
Enhancement of fetal pulmonary maturity for PTL
Induction of labour
Advantage: can remove if tachysystole

Each tablet containslO mg doxylamine succinate with vitamin Bs
Used first-line for NlV inpregnancy,including hyperemesis gravidarum
To prolong pregnancy and decrease maternal and neonatalmorbidity for
patients who are not in labour in PPROM
Prevention of ONTO

erythromycin

folic acid 0.4-1mg PO once daily *1-3 mo preconception and T1
4 mg PO once daily with past Hx of HTD.'high risk for NTD
0.25 mg IM.'slow IV q2 h up to1.25 mg or IV bolus 0.125 mg
600-1000 pg PR 11dose
400 pg P0/Slx1dose
or 800 pg PV 11dose 3-7 d after methotrexate

0.5-2.0 mU/min IV or 10 IU/L normal saline increase by1-2 mUfmin q20-60 Induction/augmentation of labour
Prevention of uterine atony

10 IU IM at delivery of anterior shoulder (or after delivery of placenta) Treatment of uterine atony
20 IU7Lnormal saline or Ringer’s Lactate IV continuous infusion
5 million IU IV. then 2.5 million IU IV q4h until delivery

0.5 mg PV q6-12h;Max 3 doses
300 pglMxl dose

methylergonovine maleate (Ergotamine - )

misoprostol (Cytotecr )
Treatment of uterine atony

For treatment of PPH
For medical abortion/retained products of conception

oxytocin (Pitocin -)
min

penicillin G

PGE2gel (Prostin = gel)
Rh IgG [RhoGAM )

GBS prophylaxis

Induction of labour
Given toRh-negative women
Routinely at 28 wkGA
Within 72 h of birth of Rh* fetus
Positive Kleihauer -Betke test
With any invasive procedure in pregnancy
Ectopic pregnancy
Antepartum hemorrhage and first trimester bleeding
Miscarriage or therapeutic abortion (dose:50 pg IM only)

Landmark Obstetrics Trials
Trial Name Reference Clinical Trial Details

PRETERM LABOUR
NEJM 2003; Title:Prevention of Recurrent Preterm Delivery by 17 a-Hydroxyprogesterone Caproate
348:2379 - 2385 Purpose:Confirm the results of several small trials that have suggested that the use of a-hydroxyprogesterone caproate (17P) may reduce the risk of recurrent

preterm delivery.
Methods:Double-blind placebo-controlled trial involved pregnant women with a history of spontaneous preterm delivery. Women received weekly injections
of either 250 mg17P or an inert placebo until delivery or 36 wk 6A.
Results: Treatment with 17P significantly reduced the risk of delivery at <37 wk (36.3% vs.54.9%),<35 wk (20.6% vs.30.7%),and <32 wk (11.4% vs.19.6%).
Infants of v/omen treated with17P had lower rates of enterocolitis,hemorrhage,and need for supplemental oxygen.
Conclusion:Weekly injections of 17P resulted in substantial reductions in the rate of recurrent preterm delivery among women and reduced the likelihood of
several complications in the infants.

Meis Trial

MULTI-FETAL GESTATION
Twin Birth Study NEJM 2013;

369:1295-1305
Title: A Randomized Trial of Planned Cesarian or Vaginal Delivery for Twin Pregnancy
Purpose:Twin births are associated with a higher risk of adverse perinatal outcomes. It is unclear whether CD results in lower risk of negative outcomes than
vaginal delivery in twin pregnancies.
Methods:Women between 32-38+6 GA with a twin pregnancy and with the first twin in the cephalic position were randomly assigned to planned CD or
planned vaginal delivery.
Results: There was no significant difference in the outcomes between the planned CD and the planned vaginal delivery group (2.2% and1.9%,respectively;
odds ratio with planned CD 1.16;95% confidence interval. 0.77 to1.74; p-0.49).
Conclusion: There was no benefit from planned CD compared with planned vaginal delivery of twins between 32 and 38 wk GA if the first twin was in the
cephalic position.
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Dacryoadenitis
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OP2 Vitreous
Posterior Vitreous Detachment
Vitreous Hemorrhage
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Retinopathy of Prematurity
Nasolacrimal System Defects
Ophthalmia Neonatorum
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Corneal Ulcer
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Acronyms
AJON anterior ischemic optic

neuropathy
age-related macular
degeneration
best-corrected visual acuity
branch retinal artery occlusion
branch retinal vein occlusion
cup-to-disc ratio
cytomegalovirus
central retinal artery occlusion
central retinal vein occlusion
diopter
diabetic retinopathy

LASIK laser-assisted in situ
keratomileusis
multiple sclerosis

OCT optical coherence tomography ROP
OHT ocular hypertension
PACG primary angle-closure glaucoma SPK

granulomatosis with polyangiitis PDR proliferativediabetic retinopathy TED
giant papillary conjunctivitis
Heidelberg retinal tomography PERRLA pupils equal,round, and reactive VA

to light and accommodation
POAG primary open-angle glaucoma

photorefractive keratectomy
PVD posterior vitreous detachment

EBV Epstein-Barr virus
extraocular movement
fluorometholone
Goldmann applanation

RA rheumatoid arthritis
relative afferent pupillary defect
retinal detachment
retinopathy of prematurity
retinal pigment epithelium
superficial punctate keratitis
thyroid eye disease
transient ischemic attack
visual acuity
vascular endothelial growth
factor
yttrium aluminum garnet

EOM RAPO
AMD FML MS RD

GAT
BCVA
BRAO
BRVO

RPEtonometry
giant cell arteritisGCA

GPA
CDR GPC PDT photodynamic therapy TIA
CMV HRT
CRAO
CRVO

INO internudear ophthalmoplegia
intraocular lens

VEGF
I0L

D IOP intraocular pressure PRK YAG
DR

Basic Anatomy Review
Superior ViewLateral View

... -Tendon of superior rectus muscle Anterior chamber
Iris

Cornea-,
Ciliary muscle
and body

_Bulbar.. conjunctiva
Retina
.\Choroid

Lensmi, ^3»
Meibomiai
gland . 1 Ciliary muscle

Jr and body Tendon of lateral
rectus musclek Sclera5 A Tendon of medial

rectus muscleEyelash. _l
,ens

Cornea
Choroid—Optic nerve

Palpebral w
conjunctiva lyfCtinaTbloDd vessels-4

CMi'"WBulbar A
conjunctiva '

a

7 .Tendon of inferior rectus muscle Retinal blood vesselsfConjunctival fornix t>
Rgure 1. Anatomy of the eye

RETINAL LAYERS (10)
1. Inner limiting

membrane
2. Nerve fibre

layer
3. Ganglion cell

layer

CELL TYPES
-Vitreous humour

LIGHT RAYS

Optic nerve fibres

Ganglion cells

4. Inner plexiform
layer

—Amacrine cells

5. Inner nuclear
layer -Bipolar cells

—Horizontal cells
G. Outer plexiform

layer

7. Outer nuclear
layer —Rod nuclei

—Cone nuclei

8. Outer limiting
membrane

9. Photoreceptor
layer

Rod cells
Cone cells

10. Retinal
pigmented

Pigmented cells
Bruch's membrane
Choroid

+epithelium

*> Motion PhachanNa 2016. alter Sarah A. Kirn 2006

Figure 2. Layers of the retina
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Lacrimal gland

Superior lacrimal punctum
iuperior canaliculus
nferior canaliculus

Meibomian JS-ff 3
gland r

undus ofInferior lacrimal punctum lacrimal sac

Nasolacrimal
duct

Valve of Hasner
Inferior
concha

3-
0

Figure 3. Tear drainage from the eye (lacrimal apparatus)

Differential Diagnoses of Common
Presentations

Loss of Vision
Loss of Vision

I
i

Chronic (weeks to months)Transient
(seconds to hours)

Acute ( seconds todays)

i I i
• TIA/ Cornea/Anterior Vitreous/Relina/

Optic Nerve
• Vitreous

hemorrhage

Cortical/Other Cornea/Anterior
• Occipital Segment

infarction/ • Corneal
hemorrhage dystrophy/ • DR

• Conical scarring/edema • Retinal vascular induced
blindness * Refractive error insufficiency (sildenafil,

• Functional * Cataract * Compressive amiodarone)
(non-organic, * Glaucoma optic neuropathy • Nutritional
diagnosis of (intracranial mass,deficiency
exclusion) orbital mass) • Papilledema

• Intraocular
neoplasm

* Retinitis
pigmentosa

Vitreous/Retina/
Optic Nerve
• AMO

Cortical/Other
• Pituitary

adenoma
amaurosis Segment
lugax • Corneal edema

• Migraine
with auia

• Medication-• Hyphema
(blood in anteriot • RD
chamber)

• Acute angle-
closure
glaucoma
• Trauma/loreign

• Retinal artery/
vein occlusion

• Acute macular
lesion

• Optic neuritis
• GCA
• AION

body

Figure 4. Loss of vision

Red Eye

Table 1. Common Causes of Red Eye
Common Causes

Lids/Orbit/Lacrimal System
Hordeolum/chalazion
Blepharitis
Entropion/ectropion
Foreign body/laceration
Dacryocystitis/dacryoadenitis
Conjunctiva/Sclera
Subconjunctival hemorrhage
Conjunctivitis
Dry eyes
Pterygium
Episderitis/sderitis
Preseptal/orbital cellulitis

Cornea
Foreign body (including contact lens)
Keratitis
Abrasion, laceration
Ulcer

Other
Trauma
Postoperative endophthalmitis
Pharmacologic (e.g. prostaglandin analogues)

r "i
LJ

Anterior chamber
Anterior uveitis (iritis, iridocyclitis)
Acute glaucoma
Hyphema (blood in anterior chamber)
Hypopyon (pus in anterior chamber) +
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Table 2. Common Differential Diagnoses of Red Eye
Conjunctivitis Acute Iritis Acute Glaucoma Keratitis (Corneal

Ulcer)

Discharge Bacterial:purulent
Viral:serousimucoid
Allergic:mucoid

Clear Bacterial:’purulentNo

Pain "(dull'achy) "(sharp)"(nausea)i

Photophobia
Blurred Vision
Pupil
Injection

No
No Varies

Same or smaller
Possible conjunctival
injection

Smaller
Ciliary flush (peri-liobal) Conjunctival injection

fuedmmid-dilationNormal
Diffuse conjunctival
injection involving the
bulbar conjunctiva for
360'•palpebral or tarsal
conjunctiva

Normal (subepithelial Iterate precipitates
infiltrates in adenoviral
conjunctivitis)

Normal

Cornea Cloudy Infiltrate,edema,and may
have keratic precipitates

I0P Varies Increased markedly Normal or slightly
decreased

Cells and flare or normal,
and may have hypopyon

*** CeOs and flare ShallonAnterior Chamber Normal

Nausea and Vomiting

Other

No NoNo

Large, tender pre-auricular Posterior synechiae
nodejs) if viral

Coloured haloes

Ocular Pain
differentiate from eye fatigue (asthenopia)
ocular surface disease
herpes zoster prodrome
trauma/foreign body
blepharitis
keratitis corneal abrasion/ulcer
acute glaucoma
acute uveitis
scleritis
episcleritis
optic neuritis

Floaters
• PVD (often secondary to age-related vitreous svneresis)
• vitreous hemorrhage
• retinal tear/detachment
• intermediate uveitis (pars planitis)
• posterior uveitis (chorioretinitis )

Flashes of Light (Photopsia)
• PV D (often secondary to age-related vitreous svneresis)
• retinal tear/detachment
• migrainous visual aura

Photophobia (Severe Light Sensitivity)
• corneal abrasion, corneal ulcer
• keratitis
• acute angle-closure glaucoma
• iritis meningitis/encephalitis
• migraine
• subarachnoid hemorrhage (SAH )

r ~t
uJ
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Diplopia (Double Vision)

Table 3. Common Causes of Diplopia
Binocular Diplopia Monocular Diplopia

Definition
Occurs with both eyes open, eliminated with occlusion o( either eye Occurs with one eye open, remains with occlusion of unaffected eye

Causes
Optical factors: refractive error /astigmatism
Mechanical process:dislocated lens, postoperative sequelae (cataract
surgery, peripheral laser iridotomy)

Other: strands of mucus in tear film, keratoconus

Decompensated congenital strabismus
Ocular motor nerve dysfunction: III. IV.VI nerve palsy

Neuromuscular junction disease: myasthenia gravis, botulism
Mechanical process:muscle reslriction /enlrapmcnl. HD
Supranuclear causes: skew deviation, dorsal midbrain syndrome

Example 1Ocular Problems in the Contact Lens Wearer
sc
V 20/40-1

20/80 +2 -» 20/25 PH• solution hypersensitivity
• tight lens syndrome
• corneal abrasion
• GPC/contact lens allergy
• SPK from dry eyes
• limbal stem cell deficiency
• corneal neovascularization
• sterile corneal infiltrates (immunologic)
• infected ulcers ( Pseudomonas, Acanthamoeba)

Example 2
CC
yj CF 3

HM
Note: RIGHT EYE visual acuity
always listed on top.
V Vision
SC Without correction
CC With correction
20/40-1 All except one letter of

20/40
20/80+2 All of 20/80 plus two

letters of 20/70
PH Visual acuity with pinhole

correction
CF Counting fingers
HM Hand motion

Ocular Emergencies
These require urgent ophthalmology consultation for management

Sight-Threatening
lid laceration
globe rupture
chemical burn
corneal ulcer
gonococcal conjunctivitis
acute iritis
acute glaucoma
CRAO
intraocular foreign body
RD (especially when macula threatened)
endophthalmitis
GCA

Figure 5. Ophthalmology
nomenclature for visual acuity

Life-Threatening
• proptosis ( rule out cavernous sinus fistula or thrombosis)
• cranial nerve (CN) 111 palsy with dilated pupil ( rule out intracranial aneurysm or externally

compressive neoplastic lesion)
• papilledema (elevated or increased 1CP workup)
• orbital cellulitis
• leukocoria: white pupillary reflex (absent red reflex: rule out retinoblastoma in children)

00 - oculus dexter - right eye
OS - oculus sinister - left eye
OU- oculus uterque- both eyes

The Ocular Examination
VISUAL ACUITY
Visual Acuity - Distance

• Snellen VA = smallest line patient can read on the chart at the testing distance (usually 20 ft or 6 m).
e.g. 20/40 = what the patient can see at 20 feet away (numerator) is what a “normal” person can
see at 40 feet away (denominator )

• distance VA should he tested with distance glasses on in order to obtain BCVA
• testing hierarchy for low vision: Snellen VA (20/x ) > counting fingers at a given distance (Cl') -> hand

motion (HM ) -> light perception with projection ( LP with projection) -> light perception (LP) -> no
light perception (NLP)

Snellen VA of 20/20 equates fo "normar
vision

r i
L J

Normal Infant and Child Visual Acuity
Equivalent. 6-12 mo:20/120. 1-2 yr:20/80. 2-4 yr:20/20

+
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•minimum visual requirements to operate a non-commercial automobile in Ontario are: 20/50
BCVA with both eyes open and examined together, 120° continuous horizontal visual field, and 15°
continuous visual field above and below fixation mVisual Acuity - Near

•use pocket vision chart (Rosenbaum Pocket Vision Screener)
•record jaeger ( j) or Point Number and testing distance (usually 30 cm ) e.g. J 2 QP 30 cm
•conversion to distance VA possible (e.g. immobile patient, no distance chart available)

Test pupils using an ophthalmoscope
focused on the led reflex; this will
provide a better view than using a
penlight

Visual Acuity for Infants, Children, Non-English Speakers, and Dysphasics
•newborns

VA cannot be tested conventionally
•3 mo-3 yr:can usually only assess visual function, not acuity

test each eye for fixation symmetry using an interesting object
normal function noted as “CSM" = central, steady, and maintained

•3 yr until alphabet known
• pictures or letter cards/charts such as HOTV or Sheridan-Gardiner test (children point to

optotypes on a matching card)
tumbling “E"chart

<§>
4 Ps of Inspection
Pu pit shape,size, symmetry
Position: esotropia, exotropia, central
Ptosis
Primary nystagmus

CF CF CFjj
COLOUR VISION

CF CF CF|^•test with Ishihara pseudoisochromatic plates
•record number of correctly identified plates presented to each eye (usually 14 plates)

RIGHT EYE fields drawn on right side;
LEFT EYE Helds drawn on left side
(as if seen through patient's eyes)

CF Able to count fingers in
specified quadrant with
peripheral vision

W/. Gross visual field deficit in
specified quadrant using
peripheral vision

•important for testing optic nerve function and identifying an optic neuropathy (e.g.optic neuritis)
•note: red-green colourblindness is sex-linked and occurs in 7-10% of males

VISUAL FIELDS
•estimation of visual field loss: test by confrontation (4 quadrants,each eye tested separately)
•accurate, quantifiable assessment:automated visual field testing (Humphrey or Goldmann) or

Tangent Screen
•AMD monitoring:Amsler grid (each eye tested separately) to check for central or paracentral

scotomas (blind spots) and distortion
•see Neurology, N15 for visual field defects Figure 6.Ophthalmology

nomenclature for visual fields by
confrontationPUPILS

•use reduced room illumination with patient focusing on distant, fixed object to prevent near reflex
•examine pupils for shape, size, symmetry, and reactivity to light (both direct and consensual

response)
•test for RAPD with swinging flashlight test, check by reverse RAPD test if one pupil is non-reactive
•test pupillary constriction portion of near reflex by bringing object close to patient's nose
•“ normal" pupil testing often noted as PERRLA (pupils equal, round, reactive to light and

accommodation)

ANTERIOR CHAMBER DEPTH
•shine light tangentially from temporal side
•if >2/3of nasal side of iris in shadow > shallow anterior chamber
•gonioscopy is the gold-standard for assessing anterior chamber depth

The Van Herick Method (Slit-Lamp technique)- shine thin-angled slit beam onto the peripheral cornea of each eye, view at a 60“ angle from the beam
•estimate anterior chamber depth using the ratio of corneal slit beam thickness to the space between

the posterior cornea and the iris
Shallow

source &EXTRAOCULAR MUSCLES

Alignment
•Hirschberg corneal reflex test

examine in primary position of gaze (i.e. straight ahead) with patient focusing on distant object
shine light into patient’s eyes from ~30 cm away

• corneal light reflex should be at the same position on each cornea
•strabismus testing as indicated (cover test, cover-uncover test, prism testing) (see Strabismus, OP37)

Movement
•examine movement of eyeball through six cardinal positions of gaze
•identify if there is limitation of eye movement in each position of gaze
•observe for horizontal, vertical, or rotatory nystagmus ( rhythmic, oscillating movements of the eye)
•resolving horizontal nystagmus at end-gaze is usually normal

Diplopia
•see Neurology, N16

r
L jFigure 7. Estimation of anterior

chamber depth
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SLIT-LAMP EXAMINATION SR10 10 SR
\ /

LR<— f{Q , MR MR
s \

'
Ocular Adnexa
•lids, lashes, and lacrimal system

Anterior Segment
•conjunctiva/sclera
•cornea

• fluorescein dye: stains de-cpithelialized cornea;dye appears fluorescent green with cobalt blue
Altered light

• Rose Bengal dye: stains devitalized corneal epithelium; dye appears red
•anterior chamber (cells, flare) and angle (Van Herick method )
•iris/pupil
•lens (assess for cataract)
•anterior vitreous

/ \
IRSO SOIR

© Sherry H.Lai Z006>

Figure 8.Diagnostic positions of
gaze for isolated primary actions of
extraocular muscles

(§>
Extraocular Muscle Innervations

LR6 S04 AE3
Lateral Rectus via CN VI
Superior Oblique via CNIV
All Else via CNIII (superior,medial,and
inferior rectus, inferior oblique)

Posterior Segment (requires 78 D or 90 D lens)
•vitreous
•optic disc (colour, CDR ratio, sharpness of disc margin)
•macula (-1.5-2 disc diameters temporal to disc), fovea (foveal light reflex)
•retinal vessels
•retinal background

Aqueous Flare
• Resembles "headlights in fog"

(Tyndall effect) in a beam of light. Results from increased aqueous
turbidity secondary to protein leaking
from blood vessels. Distinguish from aqueous cells
(individual cells in anterior chamber)

TONOMETRY
•measurement of 10P
•normal range is 9-21 mmHg (average 15 mmHg)
•10P has diurnal variation, so always record the time of day at which the measurement was taken
•commonly measured by:

GAT:clinical gold standard, performed using the slit-lamp with prism tip
lono-Pen*: benefits are portability and use of disposable probe tips; use when GAT is inaccurate,
such as when the cornea is scarred or asymmetric

• iCare*: uses a disposable light-weight probe that contacts the cornea briefly, without anesthetic
required; used especially in paediatrics
non-contact tonometer (NCT): air puff, least reliable

•use topical anesthetic for GAT and lono-Pen*; apply fluorescein dye and use cobalt blue light for GAT

Note:RIGHT EYE drown on the left
LEFT EYE drown on the right
(at if looking ot patient's faco)

ok Lit ok
Injectod SC ok

1« odomn K cloor
2« cells AC d»q

ok Iris ok
2+ NS Lens ok^0 o

DIRECT OPHTHALMOSCOPY
•best performed with pupils dilated (for list of mydriatic and cydoplegic drugs see Table 13,OP44 )

1.assess red reflex
light reflected off the retina produces a “red reflex" when viewed from -1 foot away
anything that interferes with the passage of light will diminish the red reflex (e.g. large
vitreous hemorrhage, cataract)
white reflex indicates leukocoria, see Leukocoria, ( )P40

2. examine the posterior segment of the eye
vitreous
optic disc (colour, CDR, sharpness of disc margin )
macula (-1.5-2 disc diameters temporal to disc), fovea (foveal light reflex )
retinal vessels
retinal background

•contraindications to pupillary'dilatation
shallow anterior chamber -can precipitate acute angle-closure glaucoma
iris-supported anterior chamber lens implant
potential neurologic abnormality requiring pupil evaluation
use caution with cardiovascular disease - mydriatics may cause tachycardia and HTN

I— Eyelids/ayelashas
' Conjunctiva/sclara/episclera

Comaa/lris/anterior surface of lens
111 Lids, lashes, lacrimal
SC Sclera,conjunctiva
K Cornea
AC Anterior chamber
il«q Doep (not shallow!and quiet

(no colls in AC)
NS Nuclear sclerosis (cataract)

©J/M/V
(normal disc, macula,vessels)

C:D 0.3
C:D Cup:Disc ratio
x Fovea

C:D 04

Optics Any abnonriftlfty or pathology tidrawnon tflo ikatth
m t»« appropriate location,andit labelled(e g.
tncfoei't coniunctwtii/vpiicleritii/tcleritt. corneal
abraM'Vulcer.lort'gn body,etc.)

REFRACTION
•two techniques used

flash/streak retinoscopy: refractive error determined objectively by the examiner using lenses and
retinoscope often done with accommodation temporarily paralyzed with cycloplegics (cydoplegic
refraction)
manifest: subjective trial using loose lenses or a phoropter (device the patient looks through that
is equipped with lenses)

•a typical lens prescription would contain:
sphere power in dioptres (measurement of refractive power of lens, equal to reciprocal of focal
length in metres)

• cylinder power in dioptres to correct astigmatism
axis of cylinder in degrees
“add" (bifocal/progressive reading lens) for presbyopes

• e.g. -1.50 + 1.00 x 120°, add +2.00

<K>Tobi lam 2012 j

Figure 9. Slit-lamp examination note

T$ 7^ n
LJ

Note:RIGHT EYEI0P always listed
on top. Always include time

Note method used to measure I0P
^ IGAT, Tono-Pen ", airpull)

+
Figure 10. Tonometry
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LASER REFRACTIVE EYE SURGERY
• permanently alters corneal refractive properties by ablating tissue to change curvature of the cornea
• used for correction of myopia, hyperopia, and astigmatism
• common types include PRK and LAS1 K
• potential risks/side effects: infection, under/overcorrection, increased glare/ halo perception at night,

corneal haze (PRK only), dry eyes ( more common in I.ASIK than PRK ), regression, corneal ectasia,
and ffap complications such as free cap ( loss of llap), traumatic flap dislocations, buttonhole Map.and
epithelial ingrowth ( LAS1K only)

Central Corneal Thickness (CCT)
Average CCT - 550 pm
8y G AT, I0P is over estimated with thick
corneas and under-estimated with thin
corneas

Table 4. Optics
Pathophysiology Clinical Features Treatment Complications

Emmetropia Image of distant objects No refractive error
focuses directly on the retina

Globe too long relative to "Nearsightedness"
refractive mechanisms,or
refractive mechanisms too
strong

Myopia Correct with negative Retinal tear/detachment.
Usually presents in1st or 2nd diopter/concave/"negative" chorioretinal atrophy,myopic
decade,stabilizes in 2nd and lenses todiverge light rays maculoschisis leading to

formation of macular hole,
open-angle glaucoma

3rddecade:rarely begins after Refractive eye surgery
age 25 except inpatients with
DM-induced cataracts
Blurring of distancevision:
near vision usually unaffected
Prevalence:30 - 40% in U.S.
population:higher among
Asians

Myopia

LMN
Lon g globe
Myopic
Negative correctionlNearsighted

Globe too short relative to
refractive mechanisms,
or refractive mechanisms
too weak
May be developmental or due focus image on retina),but
to any etiology that shortens may develop accommodative

esotropia and amblyopia il
not corrected (see Sliabumus,
0l>V )
30s 40s: blurringol near
vision due to decreased
accommodation,may need
reading glasses
>S0s:blurringof distance
vision due to severely
decreased accommodation

“Farsightedness"
Youth:usually do not require
glasses (still have sufficient
accommodative ability to

Hyperopia When symptomatic,correct Angle -closure glaucoma,
with positive diopter/ particularly later in life as lens
convexfplus" lenses to enlarges
convergelightrays
Refractive eye surgery

globe

Emmotropia

Myopia
Astigmatism Light rays not refracted

uniformly inall meridians due with prevalence increasing
to non-spherical surface of

Affects-30% of population. Correct with cylindrical lens
(if regular)
Try contact lens (if irregular)with age

cornea or non-spherical lens Mild astigmatism unnoticeable Refractive eye surgery
Higher amounts of astigmatism
maycauseblurryvision,
squinting,asthenopia,or
headaches

(e.g. football-shaped)
Two types

Regular -curvature
uniformly different in
meridians at right angles to
each other

Hyperopia

^ F- focal point

Figure 11. Emmetropia and refractive
errors

Irregular - distorted
cornea caused by injury,
keraloconus (cone-shaped
cornea),cornealscar. or
severe dry eye

Normal aging process
(»40 yt)
Hardening,1reduced
deformability of lens results vision remains unaffected
in decreased accommodative If initially myopic,person
ability
Accommodative power is 140 loread
at age 10.diminishes to 3.50 If initially hyperopic,symptoms
by age 40
Near images cannot be
focused onto the retina (focus
is behind the retina as in
hyperopia)

Structures Responsible for Refractive
Power
• Cornea (2/3)
• lens (1/3)

If initially emmetropic,person Correct with positive
begins to hold reading material dioptci/convcx/"plus"
farther away,but distance lenses for reading

Presbyopia

removes distance glasses

of presbyopia occur earlier

Myopia corrected with
negative diverging lens

Anisometropia Difference in refractive errors
between eyes

Second most common cause
of amblyopia in children

r "i
i_ J

Hyperopia corrected with
positive converging lens

+F ^ focal point

Figure 12. Correction of refractive
errors
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The Orbit

§Globe Displacement

Table 5. Exophthalmos (Proptosis) and Enophthalmos
Exophthalmos (Proptosis) Enophthalmos

Definition Anterior displacement (protrusion) of the globe
Exophthalmos generally refers to an endocrine etiology or
protrusion of >18 mm (as measured by a Nertel exophthalmometer)
Proptosis generally refers to other etiologies (e.g.cellulitis) or
protrusion of <18 mm
CT/MRI head/orbits,ultrasound orbits,thyroid function tests

Note:rule out pseudoexophthalmos (e.g.lid retraction)
Graves' disease (unilateral or bilateral,most common cause in
adults)
Orbital cellulitis (unilateral,most common causein children)
1” or 2“ orbital tumour
Orbitalfretrobulbar hemorrhage
Cavernous sinus thrombosis or fistula

Posterior displacement (retraction) of the globe

Investigations

Etiology

CTMRI orbits

"8low-out" fracture (see Ocular Trauma.0M1
Orbital fat atrophy
Congenital abnormality
Metastatic disease

Preseptal Cellulitis
Definition
• infection of soft tissue anterior to orbital septum

Etiology
• usually follows periorbital trauma or dermal infection

Clinical Features (see Table 6, OP10)

Treatment
• systemic antibiotics (suspect H. influenzae in children;S. aureus or Streptococcus in adults)

e.g. amoxicillin-clavulanic acid
• if severe or child <1 yr, treat as orbital cellulitis

Orbital Cellulitis
Definition
• OCULAR and MEDICAL EMERGENCY
• inflammation of orbital contents posterior to orbital septum
• common in children, elderly, and immunocompromised Bole of OralCorticostHoidsin OrbitalCaflifitis

An J Ophians;2013:156:178-183
fbrpose: to eraa£s tre ro a of crd crtosterads
as a» esti-triasnaiMy adEiclfer tea treatises!of
orbtal cefcltis.
Metbods:KIo(21iiatertsir acia aiset
t*"iMd) rforlxa:cekita rntr or«:o.:
spscess.Irereuere ?patects a grosj1(steeda-dIlf
acij.otcsl erdH jo-p 2(ad.-vast stemds|.
Besilis:Patentsr gross 2 storedearei
resolstiot of penorSialedena,c»«jnc&ral
cheeross.:e ".prcptoss.asdEGMdeicits.
deceaseddcatos of IYauthotxs asd bospdai stay
f<0J5 forM|.
Coudusioi- The sse of ora srem ds as a- ad.uset
a IKaspbdetsfor or>a ccfcitscay decrease
eiaesaary sysaptoss add a loa-rah of aorsecsg
efectioa-

Etiology
• usually secondary to sinus/facial/tooth infections or trauma, can also arise from preseptal cellulitis

Clinical Features (see Table 6, OP10)
• orbital cellulitis can be clinically indistinguishable from preseptal cellulitis
• for equivocal findings, difficult examinations, or presence of nasal discharge, perform CT or MR1

orbits and sinuses

Treatment
• admit, blood cultures x2, orbital CT, IV antibiotics (ceftriaxone + vancomycin) for l wk
• may require surgical drainage of abscess with close follow-up, especially in children

Complications
• optic nerve inflammation, cavernous sinus thrombosis, meningitis, brain abscess with possible loss of

vision, and death

+
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Table 6.Clinical Features of Preseptal and Orbital Cellulitis
Finding Preseptal Cellulitis Orbital Cellulitis
Fever
Lid Fdema
Conjunctival Injection
Chomosis
Proplosis

Pain on Eye Movement
Ocular Mobility
Vision
RAPD
leukocytosis
Erythrocyte Sedimentation Rate (ESR)

Additional Findings

Present
Severe
Present
Marked

Present
Present
Decreased

Diminished » diplopia

May be seen il severe
Marked
Elevated
Sinusitis, dental abscess

May be present
Moderate tosevere
Absent
Absent or mild

Absent
Absent

Normal
Normal

Absent
Moderate
Normal or elevated
Skin infection

Lacrimal Apparatus
• tear film made up of three layers

outer oily layer (reduces evaporation):secreted by the meibomian glands
middle watery layer (forms the bulk of the tear film): constant secretion from conjunctival glands
and reflex secretion by lacrimal gland with ocular irritation or emotion

• inner mucinous layer (aids with tear adherence to cornea):secreted by conjunctiva) goblet cells
• tears drain from the eyes through the upper and lower lacrimal puncta -» superior and inferior

canaliculi -> lacrimal sac -> nasolacrimal duct -> nasal cavity behind inferior concha (see Figure 3,
OP3 )

Dry Eye Syndrome (Keratoconjunctivitis Sicca)
Definition and Etiology
• aqueous-deficient

Sjogren syndrome (autoimmune etiology;e.g. RA,SLE)
non-Sjogren syndrome (idiopathic age-related disease; lacrimal gland scarring e.g. trachoma;
decreased secretion e.g. contact lenses, CN VII palsy, anticholinergics, antihistamines, diuretics,p-blockers)

• evaporative (normal lacrimal function, excessive evaporation of aqueous layer )
meibomian gland dysfunction (posterior blepharitis)
vitamin A deficiency (xerophthalmia with goblet cell dysgenesis)
eyelid abnormalities e.g.ectropion, CN Vll palsy (decreased blinking)
topical ocular medications with preservatives

• contact lenses, allergic conjunctivitis
• mixed etiologies are common

Clinical Features
• dry eyes, red eyes, foreign body sensation, blurred vision, tearing, eye pain
• slit-lamp exam: decreased tear meniscus, decreased tear break-up time (normally should be >10 s),

punctate staining of cornea with fluorescein

Investigations
• surface damage observed with fluorescein/Rose Bengal staining
• decreased wetting distance in Schirmer’s test

Complications
• erosions and scarring of cornea

Treatment
• medical:preservative-free artificial tears up to ql h and ointment at bedtime (preservative toxicity

becomes significant if used more than 4-6 x/d), short course of mild topical corticosteroids, omega-3
fatty acids orally (controversial), and eyelid hygiene for blepharitis

for moderate cases, cyclosporine ophthalmic emulsion 0.05% (Restasis*) or lifitegrast 5% ( Xiidra')
can be used

• procedural: punctal occlusion (punctal plug insertion), lid taping, tarsorrhaphy (partial surgical
fusion of the lids) if severe

• treat underlying cause

Long term use of artificial tears with
preservatives should be avoided when
treating dry eyes

M

+
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Epiphora (Excessive Tearing)
Etiology
• emotion, pain
• environmental stressor (cold, wind, pollen, sleep deprivation )
• lid/lash malposition:ectropion, entropion, trichiasis
• inflammatory:conjunctivitis, dacryoadenitis, uveitis, keratitis, corneal foreign body
• dry eyes (reflex tearing)
• lacrimal drainage obstruction (congenital failure of canalization, aging, rhinitis, dacryocystitis)
• paradoxical gustatory lacrimation reflex (“crocodile tears")

Investigations
• using fluorescein dye, examine for punctal reflux by pressing on canaliculi
• (ones dye test: fluorescein placed in conjunctival cul-de-sac, and cotton applicator placed in nose to

detect flow (i.e. rule out lacrimal drainage obstruction)

Treatment
• lid repair for ectropion or entropion
• eyelash removal for trichiasis

punctal irrigation (dilation and irrigation)
• nasolacrimal duct probing (infants)
• lube placement: temporary (Crawford) or permanent ( jones)
• surgical: dacryocystorhinostomy- forming a new connection between the lacrimal sac and the nasal

cavity

Excessive tearing can be caused by dry
eyes- if the tear quality is insufficient,
“reflex tearing" may occur

Dacryocystitis a
Etiology

acute or chronic infection of the lacrimal sac
• most commonly due to obstruction of the nasolacrimal duct
• commonly associated with S. aureus, S. pneumoniae.Pseudomonas species

Clinical Features
• pain, swelling, and redness over lacrimal sac at medial canthus
• epiphora, crusting, ± fever
• digital pressure on the lacrimal sac may extrude pus through the punctum
• in the chronic form, epiphora may be the only symptom

Treatment
• warm compresses, nasal decongestants, systemic and topical antibiotics (cephalexin if afebrile;

cefazolin if febrile)
• I&D; if chronic, obtain cultures by aspiration
• once infection resolves, consider dacryocystorhinostomy

Dacryoadenitis
Etiology
• most commonly seen in children and young adults
• inflammation of the lacrimal gland (outer third of upper eyelid)
• acute causes:S. aureus,mumps, EBV, herpes zoster, N.gonorrhoeae
• chronic causes (often bilateral): lymphoma, leukemia, sarcoidosis, tuberculosis, TED

Clinical Features
• pain, swelling, tearing, discharge, and redness of the outer region of the upper eyelid
• chronic form is more common and may present as painless enlargement of the lacrimal gland

Treatment
• supportive: warm compresses, oral NSAlDs
• systemic antibiotics if bacterial cause
• if chronic, treat underlying disorder

+

Activate Windows
-Go-to-Settings-to-activate Windows.



0P12 Ophthalmology Toronto Notes 2023

Lids and Lashes

Lid Swelling
Etiology
• commonly due to allergy, which rarely leads to blepharochalasis (thinning of skin due to recurrent

edema)
• dependent edema on awakening (e.g.CHI', renal or hepatic failure)
• orbital venous congestion due to mass or cavernous sinus fistula
• dermatochalasis (loose skin due to aging or heredity)
• lid cellulitis, TED, trauma, and chemosis

Ptosis
Definition
• drooping of upper eyelid

Etiology
• aponeurotic: disinsertion or dehiscence of levator aponeurosis (most common)

• associated with advancing age, trauma,surgery, pregnancy, chronic lid swelling
• mechanical

• incomplete opening of eyelid due to mass or scarring
• neuromuscular

• myasthenia gravis (neuromuscular palsy), myotonic dystrophy
• CN III palsy
• Horner's syndrome (see Constricted Pupil (Miosis): Horner's Syndrome, OP3I )

• congenital
• pseudoptosis (e.g.dermatochalasis, enophthalmos, contralateral exophthalmos)
• drugs (e.g. high dose opioids, heroin abuse, pregabalin)

Treatment
• surgery (e.g. blepharoplasty, levator resection, Muller’s muscle resection, and frontalis sling)

Trichiasis
Definition
• eyelashes turned inwards

Etiology
• may result from entropion, involutional age change, chronic inflammatory lid diseases (e.g.

blepharitis), trauma, burns

Clinical Features
• patient complains of red eye, foreign body sensation, significant discomfort, tearing
• may cause corneal abrasions with secondary ulceration and scarring

Treatment
• topical lubrication, repeat eyelash epilation, electrolysis, cryotherapy and surgical rotation of eyelid

margin

Entropion
Definition
• lid margin folds inward towards globe

Etiology
• involutional (aging)
• cicatricial (herpes zoster, surgery, trauma, burns)
• orbicularis oculi muscle spasm
• congenital

Testing for Entropion
Forced lid closure:Ask patient to tighten
lid then open.In entropion, lid rolls
inwards n

LJ

Clinical Features
• tearing, foreign body sensation, and red eye
• most commonly affects lower lid
• may cause corneal abrasions with secondary corneal scarring

+

Treatment
• lubricants, evert lid with tape, and surgery
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Ectropion
Definition
• lid margin folds outward from globe

Etiology
• involutional (aging). paralytic (CN VII palsy)
• cicatricial (burns, trauma, and surgery)
• mechanical (lid edema, tumour, and herniated fat)
• congenital

Testing for Ectropion
Snapback test: Pull eyelid interiorly. In
ectropion, lid remains away from globe

Clinical Features
• tearing and possibly exposure keratitis

Treatment
• topical lubrication, eyelid taping overnight, and surgery

Hordeolum (Stye)
Definition
• acute inflammation of eyelid gland: either meibomian glands (internal lid), glands of Zeis (modified

sweat gland), or Moll glands (modified sebaceous gland in external lid)

Clinical Features
• infectious agent is usually S.aureus
• painful, red swelling of lid

Treatment. warm compresses, lid care,gentle massage
• topical antibiotics are typically ineffective
• usually resolves within 2 wk, but may require l&D

Hordeolum vs. Chalazion
Hordeola are due to an infectious
etiology, whereas chalazions are
granulomatous inflammation

Chalazion
Definition
• chronic granulomatous inflammation of a meibomian gland often preceded by an internal hordeolum

Clinical Features
• acute inflammatory signs are usually absent
• differential diagnosis: basal cell carcinoma, sebaceous cell carcinoma, meibomian gland carcinoma

Treatment
• warm compresses
• if no improvement after 1 mo, consider incision and curettage
• chronic recurrent lesion must be biopsied to rule out malignancy

SiftBlepharitis
Definition
• inflammation of lid margins

Etiology
• anterior blepharitis

Staphylococcus (S. aureus): ulcerative, dry scales
seborrheic: no ulcers, greasy scales

• posterior blepharitis
• meibomian gland dysfunction

Clinical Features
• itching, tearing, foreign body sensation
• thickened, red lid margins, crusting, discharge with pressure on lids (“toothpaste sign")

n
LJ

Complications
• recurrent hordeola
• conjunctivitis
• keratitis (from poor tear film)
• corneal ulceration and neovascularization

+
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Treatment
• warm compresses, lid massages, and lid washing using commercially available eyelid scrub solution
• topical or systemic antibiotics (doxycydine) as needed
• if severe, ophthalmologist may prescribe a short course of topical corticosteroids, omega-3 fatty' acids

Xanthelasma
Definition
• eyelid xanthoma (lipid deposits in dermis of lids)

Clinical Features and Associations
• appear as pale, slightly elevated yellowish plaques or streaks
• most commonly on the medial upper lids, often bilateral
• associated with hyperlipidemia (~50% of patients)
• common in the elderly, more concerning in young people

Treatment
• excision for cosmesis only, commonly recurs

Conjunctiva
• thin, vascular mucous membrane
• bulbar conjunctiva: lines sclera to limbus ( junction between cornea and sclera)
• palpebral (tarsal) conjunctiva: lines inner surface of eyelid

Pinguecula
Definition
• yellow-white subepithelial deposit of hyaline and elastic tissue adjacent to the nasal or temporal

limbus, sparing thecornea

Clinical Features
• associated with sun and wind exposure, aging
• benign, sometimes enlarges slowly
• may be irritating due to abnormal tear film formation over the deposits

Treatment
• surgery for cosmesis only
• irritative symptoms may be treated with lubricating drops

Pterygium ia
Definition
• fibrovascular, triangular, wing-like encroachment of epithelial tissue onto the cornea

Clinical Features
• may induce astigmatism, decrease vision

Treatment
• excision for chronic inflammation, threat to visual axis, and/or cosmesis
• irritative symptoms may be treated with lubricating drops
• one-third recur after bare excision, lower recurrence with conjunctival autograft (-5%)

Subconjunctival Hemorrhage
• blood beneath the conjunctiva, otherwise asymptomatic
• idiopathic or associated with trauma, Valsalva maneuver, bleeding disorders, HTN, anticoagulation
• give reassurance if no other ocular findings, resolves spontaneously in 2-3 wk
• 360“ involvement should be highly suspicious for globe rupture if trauma history
• if recurrent, consider medical/hematologic workup, especially if non-traumatic in nature ri

+
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sConjunctivitis
Etiology
• infectious

bacterial, viral, chlamydial, gonococcal, fungal, and parasitic
• non-infectious

allergic, atopic, seasonal, GPC (contact lens wearers)
toxic: irritants, dust, smoke, irradiation
secondary to another disorder: dacryocystitis, dacryoadenitis, cellulitis, and systemic
inflammatory disease

Clinical Features
• red eye (conjunctival injection), chemosis
• itching, foreign body sensation, tearing, discharge, crusting of lashes in the morning, and lid edema
• ± preauricular and/or submandibular nodes
• follicles: pale lymphoid elevations of the conjunctiva, overlain by vessels
• papillae: fibrovascular elevations of the conjunctiva with central network of finely branching vessels

(cobblestone appearance)

ALLERGIC CONJUNCTIVITIS
• associated with rhinitis, asthma, dermatitis, and hay fever
• ocular pruritus, small papillae, chemosis, redness, thickened and erythematous lids
• seasonal (pollen,grasses, plant allergens)

Types ot Discharge
• Allergic:mucoid
• Viral:watery
• Bacterial:purulent
• Chlamydial: mucopurulent

$
Follicles are usually seen in viral and
chlamydial conjunctivitis
Ihpillac are usually seen in allergic and
bacterial conjunctivitis

Antibiotics vs. Placebo lor Acute Bacterial
Conjnncthntis
CochraaeDBSfStKev 2012:9:CD001211
Purpose:lo assess the benefits and harms ol
antibiotic therapy in the management ol acute
bacterial conjunctnitis.
Criteria:KTswdh any form of antib otic treatment
compared with placebo including topical, systemic,
or combined (eg. antibiotics and steroids) antibiotic
treatments.
Desalts:11 DCts.3673 participants.Topical
antibiotics improve early (2-5d) dinical and
muotmlogical remission rates (HR136,95% Cl
1.15-1.61:HD155;95% Cl1.37-1.76) and benefit
clinical remission and microbiological cure rates ata
late time point (6-10 d) (DR1.21.95% Cl 110-133;RR
137.95% Cl124-152|.By6-10 d 41% of cases had
resolved in the placebo group.Mo serious outcomes
r. r - e - = - , g -:.3
Conclusion The nse of antibiotic eye drops is
associated with modestly improved rates ol clinical
and microbiological remissioa In comparison to
placebo.Antitnotk eyre dropsshould therefore
be coasidered in order to speed the resolution of
symptoms and infection although acute bacterial
conjuKthribs is Iregneatly self-limiting.

Treatment
• allergen avoidance, cool compresses, non-preserved artificial tears, topical or oral antihistamine,

topical mast cell stabilizer (e.g.cromolyn, ketotifen,olopatadine), and topical corticosteroids

ATOPIC CONJUNCTIVITIS
• onset late adolescence and early adulthood with peak between 30-50 yr
• intense ocular pruritus (perennially), tearing, burning, clear mucus discharge, redness, blurry vision,

photophobia,and foreign body sensation
• thickened and intermittent swelling of the eyelids, conjunctival chemosis, conjunctival hyperemia,

and tarsal papillary hypertrophy
• severe cases lead to sub-epithelial fibrosis, fornix foreshortening, and corneal neovascularization

Treatment
• calcineurin inhibitor ointment (e.g. tacrolimus and pimecrolimus), topical cyclosporine drops, and

topical corticosteroid drops

GIANT PAPILLARY CONJUNCTIVITIS (GPC)
• immune reaction to mucus debris on lenses in contact lens wearers
• large papillae form on superior palpebral conjunctiva

Treatment
• clean, change, or discontinue use of contact lens, and topical corticosteroids

VERNAL CONJUNCTIVITIS
• large papillae (cobblestones) form on superior palpebral conjunctiva with corneal shield

follicles, and keratitis
• seasonal ( warm weather)
t occurs in children, lasts for 5-10 yr then resolves

ulcers, limbal

Conjunctival hyporotnia

Treatment
• non-preserved artificial tears, consider topical steroids, topical cyclosporine (by ophthalmologist)

VIRAL CONJUNCTIVITIS (PINK EYE)
• presents with pain and swelling
• serous discharge, lid edema, follicles, and pseudomembranes
• subepithelial corneal infiltrates
• preauricular node often palpable and tender
• initially unilateral, often progresses to the other eye within a few days
• mainly due to adenovirus - highly contagious for up to 12 d

Treatment
• usually self-limiting (7-12 d)
• cool compresses, topical lubrication
• proper hygiene is important to prevent transmission

Ciliary flush

Figure 13.Conjunctival hyperemia
vs.ciliary flush

r -i
c.J
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BACTERIAL CONJUNCTIVITIS
• purulent discharge, lid swelling, papillae, conjunctival injection, and chemosis
• common agents include.S', aureus, S. pneumoniae, H. influenzae,and M. catarrhalis
• in neonates or if sexually active must consider N.gonorrlioeac (can cause hyperpurulent

conjunctivitis, a serious infection that may rapidly perforate cornea)
• C. trachomatis is the most common cause in neonates

• Enlarged lymph nodes suggest
infectious etiology, especially viral or
chlamydial conjunctivitis

• Temporal conjunctival lymphatics
drain to prcauricular nodes, and
nasal to submandibular nodesTreatment

• topical broad-spectrum antibiotic, systemic antibiotics if indicated (especially in neonates and
children)

• usually a self-limited course of 10-14 d if no treatment, 1-3 d with treatment

GONOCOCCAL AND CHLAMYDIAL CONJUNCTIVITIS
• caused by N.gonorrhoeae and trachomatis, respectively
• affects sexually active individuals, neonates ( Ophthalmia neonatorum) in first 5 d of life when

caused by gonorrhea (shorter incubation period) and 3-14 d of life when caused by chlamydia (longer
incubation period)

• newborn prophylaxis with erythromycin 0.5% ointment
• documented or suspected cases of gonococcal conjunctivitis should be evaluated by an

ophthalmologist for intensive IV and topical treatment
• chlamydia causes trachoma and inclusion conjunctivitis (different serotypes)

TRACHOMA
• leading infectious cause of blindness in the world
• severe keratoconjunctivitis leads to corneal abrasion, ulceration, and scarring
• initially, follicles on superior palpebral conjunctiva and later palpebral scarring (Arlt’s line)

Treatment
• oral azithromycin and topical tetracycline
• IV ceftriaxone often given in the emergency department

INCLUSION CONJUNCTIVITIS
• chronic conjunctivitis with follicles and subepithelial infiltrates

Treatment
• oral azithromycin, tetracycline,doxycydine

Sclera
• white fibrous outer protective coat of the eye, composed of irregularly distributed collagen bundles
• continuous with the cornea anteriorly and the dura of the optic nerve posteriorly
• episdera is a thin layer of vascularized tissue between the sclera and conjunctiva

Episcleritis
Definition
• immunologically mediated inflammation of episdera
• 1/3 bilateral; simple (80%) or nodular (20%)
• more frequent in women than men (3:1)

Etiology
• mostly idiopathic
• associated with collagen vascular diseases, infections (herpes zoster, herpes simplex, and syphilis),

inflammatory bowel disease, rosacea, and atopy

Clinical Features
• may have discomfort and pain associated with red eye (often interpalpebral)
• sectoral or diffuse injection of radially-directed vessels, chemosis, small mobile nodules
• blanches with topical phenylephrine (constricts superficial vessels)

To differentiate between episcleritis and
sderitis. place a drop of phenylephrine
2.5% (MydfrinAK Dilate ) in the
affected eye. Re-eramine the vascular
pattern 1015 min later; in episcleritis the
episcleral vessels should blanch with
phenylephrine

Treatment
• generally self-limited, recurrent in 2/3of cases (may need systemic work-up)
• topical steroid
• oral NSAIDs

r -t
LJ
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Scleritis
• usually unilateral
• can be classified as anterior or posterior

• anterior scleritis can be further classified as diffuse, nodular, necrotizing with inflammation, or
necrotizing without inflammation (sdcromalacia perforans)
posterior scleritis can be further classified as difTuse or nodular

• anterior scleritis: pain radiating to face, may cause scleral thinning, in some cases necrotizing
• posterior scleritis: rapidly progressive blindness, may cause exudative RD
• more common in women and elderly

Etiology
• collagen vascular disease, e.g. SLE, RA, GPA, ankylosing spondylitis
• granulomatous, e.g. tuberculosis, sarcoidosis, syphilis
• metabolic, e.g. gout, thyrotoxicosis
• infectious, e.g.S.aureus, S.pneumoniae, P.aeruginosa,herpes zoster
• chemical or physical agents, e.g. thermal, alkali,or acid burns
• idiopathic

Clinical Features
• severe “deep" or “ boring” pain, photophobia, red eye, decreased vision
• pain is the best indicator of disease progression
• inflammation of scleral, episcleral, and conjunctival vessels
• may have anterior chamber cells and flare, corneal infiltrate, scleral thinning, scleral edema
• sclera may have a purple or “violaceous" hue (best seen in natural light), due to thinning of scleral

fibres exposing the bluish-coloured uvea
• failure to blanch with topical phenylephrine

Treatment
• vision threatening - urgent referral to ophthalmology
• life threatening - indicator of poor systemic disease control with an increased Syr mortality rate (not

from scleritis) without treatment of underlying untreated or unrecognized autoimmune condition
• systemic NSAIDs, systemic steroids, and systemic immunomodulation
• treat underlying etiology

Scleromalacia Perforans. Asymptomatic anterior necrotizing
scleritis without inflammation. Strongly associated with RA

• May result in scleral thinning
• Traumatic perforation can easily

occur - examine eye very gently

sCornea
• function

transmission of light
refraction of light (2/3of total refractive power of eye)

• barrier against infection, foreign bodies
• transparency due to avascularity, uniform collagen structure, and deturgescence (relative

dehydration)
• 5 layers (anterior to posterior):epithelium, Bowman’s layer, stroma, Descemet’s membrane, and the

endothelium (dehydrates the cornea;dysfunction leads to corneal edema).Some have argued the
existence of a 6th layer, “Duas layer", although it is debated if this is a truly unique and additional
layer

• extensive sensory fibre network (V 1 distribution); therefore, abrasions are very painful

(§>
Learn the Layers of the Cornea
ABODE
Arterior epithelium
Bowman’s Membrane
Corneal Stroma
Descemet's Membrane
Endothelium

Foreign Body
Definition
• foreign material in or on surface of cornea

Clinical Features
• patients may note pain, tearing, photophobia, foreign body sensation, and red eye
• signs include foreign body,conjunctival injection, epithelial defect that stains with fluorescein,

corneal edema, and anterior chamber cells/flare
• may have associated rust ring if metallic

Complications
• abrasion, infection, ulcer, scarring, rust ring, secondary iritis

Foreign body behind lid may cause
multiple vertical corneal epithelial
abrasions due to blinking

n
L J

Topical analgesics should only be used
to facilitate examination.They should
NEVER be used as treatment for any
ocular problem

Treatment
• remove under magnification using local anesthetic and sterile needle or refer to ophthalmology for

removal under magnification (depending on depth and location)
• treat as per corneal abrasion

+
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Corneal Abrasion
Definition
• epithelial defect usually due to trauma (e.g. fingernails, paper, twigs), contact lens ( Figure 14 )

Clinical Features (Table 7, OP19)
• pain, redness, tearing, photophobia, foreign body sensation
• de-epithelialized area stains with fluorescein dye
• pain relieved with topical anesthetic (DO NOT use for treatment - risk of corneal melt or infection)

Complications
• infection, ulceration, recurrent erosion, secondary iritis

Treatment
• topical antibiotics (drops or ointment), abrasion from organic material should be covered against

Pseudomonas
• consider topical NSAIDs (caution due to risk of corneal melt with prolonged use), cydoplegic ( relieves

pain and photophobia by paralyzing ciliary muscle), patch (do not patch contact lens wearers as it can
precipitate infection)

• most abrasions clear spontaneously within 24-48 h

Corneal abrasions (torn organic matter
(e.g. twig, fingernail, etc.) have higher
recurrence, even years later

Patckiag lor Corneal Abrasion
Cochrane OB Syst R« 201S:7: C0004?64
P atpes*: lo«st u 11» effects of pitching for Cornell
abrasion on tilling end piin relief.
Methods: Sptemitic imen and neta analysis ol
KluOuu ICIs Ait complied patching the ere wiA
no pitching to treat simple corneal abrasions.
Results: 12 RCls/Ouasr RCIs identified, n-1080. «
24 b:people receiving patch mere less likely to have
a heated abrason|RR 0.89.95% tl 0.29-1.001.hi
48 b:Similar elfectfor bolt groups|RR 0.92.95% Cl
0.91-102).At 22 h:similar effect for both groups (R R
1.01.95% O 0.92-1.05).
Conclusions: Certainty of evidence is moderate to
tan:aore research is needed with better qualityr
trials to eiamiae effectiveness of patching lor large
abrasions.Participants with patch were more likely
to lecehe additional adjuvant treatment and took
slightly loager to heal, hot the difference wassmall
and possibly clinically insignificant.

Recurrent Erosions
Definition
• recurrent episodes of pain, photophobia, foreign body sensation with a spontaneous corneal epithelial

defect
• usually occurs upon awakening
• associated with improper adherence of epithelial cells to the underlying basement membrane

Etiology
• previous traumatic corneal abrasion
• corneal dystrophy
• idiopathic

Treatment
• same as corneal abrasion until re-epithelialization occurs
• topical hypertonic saline ointment at bedtime for 6-12 mo, topical lubrication
• bandage contact lens, anterior stromal puncture, superficial keratectomy with diamond burr

polishing, or phototherapeutic keratectomy for chronic recurrences

Corneal Ulcer
Etiology
• local necrosis of corneal tissue due to infection

infection is usually bacterial; rarely viral, fungal, or protozoan {Acanlhamoeba )
• secondary to corneal exposure, abrasion, foreign body, or contact lens use (50% of ulcers)
• also associated with conjunctivitis, blepharitis, keratitis, vitamin A deficiency

Clinical Features
• pain, photophobia, tearing, foreign body sensation, decreased VA (if central ulcer)
• corneal opacity that necroses and forms an excavated ulcer with an infiltrative base
• overlying corneal epithelial defect that stains with fluorescein
• may develop corneal edema, conjunctival injection, anterior chamber cells/flare, hypopyon, corneal

hypoesthesia (in viral keratitis)
• bacterial ulcers may have purulent discharge, viral ulcers may have watery discharge

Normal Cornoa

AbrasionComplications
• decreased vision, corneal perforation, iritis, endophthalmitis

Investigations
• Seidel test: fluorescein drop on the cornea under cobalt blue filter is used to detect leaking penetrating

lesions; any aqueous leakage will dilute the green stain at site of wound

Treatment
• urgent referral to ophthalmology
• culture prior to treatment
• topical antibiotics every' hour
• must treat vigorously to avoid complications

Crater defect 1with n
L Jlymphocytic

infiltration 2
_=
. +

Figure 14. Corneal abrasion vs. ulcer
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Table 7. Corneal Abrasion vs. Corneal Ulcer
Abrasion Ulcer

Abrasion vs. Ulcer on Slit-Lamp
An abrasion appears clear while an ulcer
is more opaque

Time Course
History of Trauma
Cornea
Iris Detail
Corneal Thickness
Dcplh of Lesion

Acute (instantaneous)
Commonly

Subacute (days)
Rare

Clear While,necrotic area
Obscured
May have crater defect/thinning
Extension into stroma

Clear

Normal
Limtled to epithelium

Herpes Simplex Keratitis
•usually HSV type I (90% of population are carriers) but also can be type 2
•may be triggered by stress, fever, sun exposure, and/or immunosuppression

Clinical Features
•pain, tearing, foreign body sensation, red eye, decreased vision, and/or eyelid edema
•corneal hypoesthesia
•classic form of HSV infectious epithelial keratitis is a dendritic (thin and branching) lesion with

terminal end bulbs in epithelium that stains with fluorescein
•HSV may cause other forms of infectious epithelial keratitis, as well as stromal keratitis (which may be

infectious or immune-mcdiated ) and endotheliitis (presumably immune-mcdiated but possible role of
live virus)

Complications
•corneal scarring (can lead to loss of vision) and hvpoesthesia
•chronic interstitial keratitis due to penetration of virus into stroma
•secondary iritis, secondary glaucoma

Treatment
•topical antiviral such as trifluridine, or systemic antiviral such as acyclovir
•debridement of dendrite
•no steroids initially for epithelial disease - may exacerbate condition
•ophthalmologist must exercise caution if adding topical steroids for stromal keratitis, endotheliitis or

iritis, and patients covered with antiviral prophylaxis

w
Steroid treatment for ocular disorders
should only be prescribed and
supervised by an ophthalmologist,
as they can impair corneal healing,
exacerbate herpetic keratitis, and
elevate I0P

Herpes Zoster Ophthalmicus
Definition
• dermatitis in the dermatomal distribution ofCN VI that is typically unilateral and respects the

midline
• Hutchinson’s sign: if tip of nose is involved (nasociliary branch of V1) then globe will be involved in-75% of cases
• if no nasal involvement, eye is involved in 1/3 of patients

Clinical Features
• pain, tearing, photophobia, and red eye
• corneal edema, pseudodendrite, and SPK
• corneal hypoesthiMJ

Complications
• keratitis, ulceration, perforation, and scarring
• secondary’iritis, secondary'glaucoma, cataract
• muscle palsies (rare) due to CNS involvement
• occasionally severe post-herpetic neuralgia

Figure 15.Trigeminal distribution

Treatment
• oral antiviral (acyclovir, valacyclovir, or famciclovir) immediately
• topical steroids, cycloplegia as indicated for immune-mediated keratitis, iritis
• erythromycin ointment if conjunctival involvement r »

L J
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Keratoconus
Definition
• bilateral (usually asymmetric) thinning and bulging (ectasia) of the cornea resulting in a conical shape
• usually sporadic but can be associated with Down syndrome, atopy, contact lens use, and vigorous eye

rubbing
• associated with breaks in Desccmet's membrane and Bowmans layer
• results in decreased vision from irregular astigmatism, scarring, and stromal edema

Treatment
• attempt correction with spectacles and/or rigid gas permeable or scleral contact lens
• corneal collagen cross-linking treatment to halt disease progression
• intrastromal corneal ring segments can help flatten the corneal cone
• penetrating keratoplasty or deep anterior lamellar keratoplasty (partial-thickness corneal transplant)

as last resort

To detect keratoconus, look for bulging
o( the lower eyelid when the patient
look s downward (Munson's sign)

Arcus Senilis
• hazy white ring in peripheral cornea, <2 mm wide, clearly separated from limbus
• common, bilateral, benign corneal degeneration due to lipid deposition, part of the aging process
• may be associated with hypercholesterolemia if age <40 vr, check lipid profile
• no associated visual symptoms, complications, or treatment necessary

Kayser-Fleischer Ring
• brown-yellow-green pigmented ring in peripheral cornea, starting inferiorly
• due to deposition of copper pigment in Desccmet's membrane
• associated with Wilson's disease
• no associated symptoms or complications of ring
• treat underlying disease

The Uveal Tract
• uveal tract (from anterior to posterior) = iris, ciliary body, choroid
• vascularized, pigmented middle layer of the eye, between the sclera and the retina

Uveitis
• uveal inflammation which may involve one, two, or all three parts of the tract
• idiopathic or associated with autoimmune, infectious, granulomatous, and malignant causes
• should be managed by an optometrist or ophthalmologist
• anatomically classified as anterior uveitis, intermediate uveitis, posterior uveitis, or panuveitis based

on primary site of inflammation

Table 8. Anatomic Classification of Uveitis
Anterior Uveitis (Iritis) Intermediate Uveitis Posterior Uveitis

Location Inflammation of iris, usually accompanied by cydltis (inflammation ol
ciliary body), both - iridocyclitis
Usually unilateral
Usually idiopathic
Connective tissue diseases:

HLA-B27: reactive arthritis, ankylosing spondylitis, psoriatic arthritis,
inflammatory bowel disease
Non-HLA B27: juvenile idiopathic arthritis

Infectious:syphilis, fyme disease, toxoplasmosis, IB. HSV.herpes coster
Ollier: sarcoidosis, trauma, large abrasion,and poslocular surgery

the vitreous is the major site ol the
inflammation

Inflammation of the choroid (choroiditis), retina
(retinitis), or both (chorioretinitis)

Etiology Mostly idiopathic, secondary causes include
sarcoidosis, Lyme disease, and multiple
sclerosis

Bacterial:syphilis, tuberculosis
Viral: herpes simplex/coster virus, CMV in AIDS
Fungal:histoplasmosis, candidiasis
Parasitic: toxoplasmosis (most common cause), toxocara
Immunosuppression may predispose to any of the above
infections
Autoimmune: Behcet’s disease (triad ol oral ulcers,
genital ulcers, and poslerior uveitis)
Malignancies (masquerade syndrome):metastatic
lesions, maltgnanl melanoma, lymphoma

Painless
Often no conjunctival or scleral injection present
Decreased VA
Floaters (debris and inflammatory cells)
Vitreous cells and opacities
Hypopyon formation

Clinical
Features

Photophobia (due to reactive spasm of inflamed iris muscle), ocular pain. Insidious onset of blurred vision.
tenderness of the globe, brow ache (ciliary muscle spasm),decreased VA. accompanied by vitreous floaters
lacrimation r -iInitial symptoms are usually unilateral but
Ciliary flush (perilimbal conjunctival injection), miosis (spasm of sphincter inflammatory changes are usually bilateral
muscle)
Anterior chamber'cells* (WBC in anterior chamber due to anterior

L J

and asymmetric
Associated with anterior uveitis, most severe

segment inflammation) and "flare" (protein in anterior chamber
secondary to inflammation), hypopyon (collection of neutrophilic cells/
exudate inferiorly in the anterior chamber)

cases of secondary intermediate uveitis
Vitreous cells, condensations, and snowballs
(vitreous aggregates of inflammatory cells)

Occasionally kcratic prccipilatcs (dumps of cells on corneal endothelium) Posterior segment 'snowbank''grey- white
Iritis typically reduces I0P because ciliary body inflammation causes fibrovascular plaque al the pars plana
decreased aqueous production; however, severe Iritis or iritis liom herpes
simplex and coster may cause inflammatory glaucoma (trabeculitis)

+
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Table 8. Anatomic Classification of Uveitis
Anterior Uveitis (Iritis) Intermediate Uveitis Posterior Uveitis

Complications Inflammatory glaucoma
Posterior synediiae

Adhesions ol posterior iris to anterior lens capsule
Indicated by an irregularly shaped pupil
If occurs360\ can lead to angle closure glaucoma

Peripheral anterior synechiae (rare)
Adhesions of iris to cornea
Can lead tosecondary angle closure glaucoma

Cataracts (usually posterior subcapsular)
Band keratopathy - superficial corneal calcification (seen in chronic iritis)
Macular edema with chronic iritis

Cystoid macular edema (30% ol cases),
cataract, and glaucoma

Macular edema
Vitritis
Neovascularization
Visual field lossfscotoma

Mydriatics:dilate pupil to prevent formation ol posterior synechiae and to Systemic or sub- tenon/inlravitreal steroids
and immunosuppressive agents
Vitrectomy, cryotherapy, or laser
photocoagulalion lo the'snowbank'

Steroids:sub - lenon, inlravitreal, or systemic il indicated
(e.g. threat of vision loss)
Vitreous biopsy il suspected masquerade/malignancy

treatment
decrease pain from ciliary spasm
Steroids: topical , sub -lenon. or systemic
Systemic analgesia
If recurrent episodes, medical workup may be indicated lo rule out
secondary causes

Lens
• consists of an outer capsule surrounding a soft cortex and a firm inner nucleus

Cataracts
Definition
• any opacity of the lens, regardless of etiology
• most common cause of reversible blindness worldwide
• types: nuclear sclerosis, cortical, and posterior subcapsular

lortical
Etiology
• acquired

• age-related (over 90% of all cataracts)
• cataract associated with systemic disease ( may have juvenile onset)

DM
metabolic disorders (e.g. Wilsons disease, galactosemia, or homocystinuria)
hypocalcemia

traumatic (may be rosette-shaped)
intraocular inflammation (e.g. uveitis)
toxic (steroids, phenothiazines)
radiation

• congenital
high myopia
present with altered red reflex or leukocoria

• treat promptly to prevent amblyopia

Clinical Features
• gradual, painless, progressive decrease in VA
• glare, dimness, halos around lights at night, monocular diplopia
• “second sight" phenomenon: patient is more myopic than previously noted, due to increased refractive

power of the lens (in nuclear sclerosis only)
patient may read without previously needing reading glasses

• diagnosis by slit-lamp exam
• may impair view of retina during fundoscopy

-Posterior
I subcapsular

Nuclear sclerosis

I
Iu
@

TYPES OF CATARACTS
Cortical
• Radial or spokc-likc
I opacification in the
1 cortex of the lens, either
' anteriorly or posteriorly
• Associated with aging

and diabetesoNuclear Sclerosis
• Yellow to brown

("brunosccnfl
discolouration ol the
central pan of the lens

• Age-related

Postihor Subcapsular
• Usiallymthe postenor

of tie lens, adjacent to
thecapsule

• Asociated with steroid
use intraocular
infbmmation.diabetes,
traima, radiation aging

Treatment
• medical: no role for medical management
• surgical: definitive treatment

indications for surgery
to improve visual function in patients whose vision loss leads to functional impairment
to aid management of other ocular disease (e.g. cataract that prevents adequate retinal exam
or laser treatment of DR )
congenital or traumatic cataracts

phacoemulsification (phaco = lens)
most commonly used surgical technique
postoperative complications: RD, endophthalmitis, dislocated IOL, macular edema,
glaucoma, posterior capsular opacification

© Tobi Lam 2012

Figure 16.Types of cataracts
J
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Dislocated Lens (Ectopia Lentis)
Etiology
• associated with Marfan Syndrome, Ehlers-Danlos type VI, homocystinuria,syphilis, lens coloboma

(congenital cleft due to failure of ocular adnexa to complete growth)
• traumatic

Clinical Features
• decreased VA
• may get monocular diplopia
• iridodonesis (quivering of iris with movement)
• phacodonesis (observed movement of the lens)
• direct ophthalmoscopy may elicit abnormal red reflex

Complications
• cataract, glaucoma, and uveitis

Treatment
• surgical lens replacement

Vitreous
• dear gel (99% water plus collagen fibrils, glycosaminoglycans, and hyaluronic acid ) that fills the

posterior segment of eye
• normally adherent to optic disc, vitreous base (pars plana/ora serrata), and along major retinal blood

vessels

Posterior Vitreous Detachment
Etiology
• central vitreous commonly shrinks and liquefies with age (syneresis)
• during syneresis, vitreous fibrils condense causing vitreous floaters
• liquid vitreous moves between posterior vitreous gel and retina
• vitreous is peeled away and separates from the internal limiting membrane of the neurosensory retina

posterior to the vitreous base

Clinical Features
• floaters, flashes of light

Complications
• traction at sites of firm adhesion may result in retinal tear with or without subsequent

rhegmatogenous retinal detachment
• retinal tears/detachment may cause vitreous hemorrhage if bridging retinal blood vessel is torn
• complications more common in high myopes and following ocular trauma (blunt or perforating)

Weiss Ring:formed by glial tissue around
the optic disc that remains attached to
the detached posterior vitreous

Floaters: “bugs", “cobwebs”, or “spots”
of vitreous condensation that move with
eye position

Although most floaters are benign, new
or markedly increased floaters or flashes
of light require a dilated fundus exam to
rule out retinal tears/detachment

Treatment
• acute onset of PVD requires a dilated fundus exam to rule out retinal tears/detachment
• no specific treatment available for floaters/flashes of light

Vitreous Hemorrhage
Definition
• bleeding into the vitreous cavity

Etiology. PDR
• retinal tear/dctachment. PVD
• retinal vein occlusion
• trauma

Any time a vitreous or retinal
hemorrhage is seen in a child, must
consider child abuse

n
Clinical Features
• sudden loss of VA
• may be preceded by “shower" of many floaters and/or flashes of light
• ophthalmoscopy: no red reflex if large hemorrhage, retina not visible due to blood in vitreous

LJ

+
Treatment
• ultrasound ( B-scan ) to rule out RD
• expectant: in non-urgent cases (e.g. no RD), blood usually resorbs in 3- 6 mo
• surgical: vitrectomy ± RD repair ± retinal endolaser for bleeding sites/retinal tears
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EEndophthalmitis and Vitritis
Definition
• intraocular infection:acute, subacute, or chronic

Etiology
• most commonly as postoperative complication: risk following cataract surgery is <0.1%
• also due to penetrating injury to eye ( risk is 3-7%), endogenous spread, and intravitrea) injections
• etiology usually bacterial, may be fungal

Clinical Features
• painful, red eye, photophobia, discharge
• severely reduced VA, lid edema, proptosis, corneal edema, anterior chamber cells/flare, hypopyon,

reduced red reflex
• may have signs of a ruptured globe (severe subconjunctival hemorrhage, chemosis, hyphema,

decreased lOP.etc.)

Remember to inquire about tetanus
status in post-traumatic endophthalmitis

Treatment (see Ocular Trauma, OP41)
• OCULAR EMERGENCY:presenting vision indicates prognosis
• LP or worse: admission, immediate vitrectomy, and intravitrea!antibiotics to prevent loss of vision
• HM or better: vitreous tap for culture and intravitreal antibiotics
• topical fortified antibiotics

Retina Peripheralfethta
V

• composed of two parts ( Figure 2,OP2)
• neurosensor)' retina: comprises 9 of the 10 retinal layers, including photoreceptors and ganglion

cell layer
RPE layer: external to neurosensory retina

• macula: rich in cones (for colour vision), most sensitive area of retina
• fovea: centre of macula, responsible for detail, fine vision, lacks retinal vessels
• optic disc: collection of retinal nerve fibre layers forming optic nerve (CN II )
• ora serrata: irregularly-shaped, anterior margin of the retina (cannot be visualized with direct

ophthalmoscope, but possible with indirect ophthalmoscope/scleral depression)

isFovea Opt! irve

Macula /

Figure 17. RetinaCentral/Branch Retinal Artery Occlusion
Etiology
• occlusion of blood flow from the following causes results in loss of vision due to oxygen starvation of

the retinal tissues and eventual cell death
• emboli from carotid arteries or heart (e.g. arrhythmia, endocarditis, valvular disease)

thrombus
GCA/temporal arteritis

Hallmark of CRAO
"Cherry-red spot" located at centre
of macula (visualization of unaffected
highly vascular choroid through the thin
fovea)

Clinical Features
• sudden, painless (except in GCA), severe monocular loss of vision. RAPD in CRAO or large BRAO
• patient may have experienced transient episodes in the past (amaurosis fugax)
• fundoKopy

“cherry-red spot"
retinal edema
cotton wool spots ( retinal infarcts)

• cholesterol emboli (Hollenhorst plaques) - usually located at arteriole bifurcations

Treatment for a CRAO must be initiated
within 2 h of symptom onset for any
hope of restoring vision

The "blood and thunder" appearance on
fundoscopy is very specific for CRVO

Treatment
• OCULAR EMERGENCY: attempt to restore blood flow within 2 h (irreversible retinal damage if >90

min of complete CRAO)
• massage the globe (compress eye with heel of hand for 10 s, release for 10 s, repeat for 5 min) to

dislodge embolus. decrease 10F
• topical p-blocker

IV acetazolamide
IV mannitol (draws fluid from eye)
drain aqueous fluid - anterior chamber paracentesis (carries risk of infection, lens puncture)

• YAG laser embolectomy
• intra-arterial or intravenous thrombolysis
• hyperbaric oxygen therapy

There is an 8-10% risk of developing
CRVO or BRVO in the other eye

+
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Central/Branch Retinal Vein Occlusion
Etiology
• second most frequent “vascular” retinal disorder after DR
• exact cause is not known; possible arteriosclerotic changes in the central retinal artery transform the

artery into a rigid structure and impinge upon the central retinal vein as they share a common sheath
• predisposing factors: atherosclerotic vascular disease, HTN, DM, glaucoma, hyperviscosity (e.g.

sickle cell disease, polycythemia rubra vera, lymphoma, leukemia), drugs (e.g. oral contraceptive pill,
diuretics)

Effect of Beradnimab vs.Aflibercept on Visual
Acuity among Patients with Macular Edema due
to Centra!Retinal Vein Occlusion - The SC0RE2
landomiied Clinical Trill
JAMA 2017:317(20) 2072 2087
Purpose lo mrestigitewhether heuatiiunab
(used off label) is non inleilot to alhbeiceptfor the
treatment of macular edema secondary lo central
retinal or bemiretieialvein occlusion.
Methods:362 patients with macular edema doe to
central retinal or hemiretinalueinocclusion were
randomized toeither the beracizumab-treatment
group or the allibercept-treatm ent group.
Results:At 6 ano, the meanU letter score (VMS) was
69.3(a mean increase from baseline of 18.6) in the
bencumabgroupand 69.3 (a mean increase from
base lire of 18.9) in Ihc alldieicepl group (P•0.001
lor aoniaferiority). Mrerse events were rare bul were
simitar between the two giaups.
Conclusion: After 6 mo of treatment, bevacizumab
was non-inferior to aflibercept with respect toU.
Cost differences between the drugs has important
economic implications.

Clinical Features
• painless, monocular, gradual, or sudden vision loss. ± RAPD
• fundoscopy

“blood and thunder"appearance
diffuse retinal hemorrhages, cotton wool spots, venous engorgement, swollen optic disc, macular
edema

• two fairly distinct groups
• venous stasis/non-ischemic retinopathy

no RAPD, VA -20/80
mild hemorrhage, few cotton wool spots
resolves spontaneously over weeks to months
may regain normal vision if macula unaffected

hemorrhagic/ischemic retinopathy
usually older patient with deficient arterial supply
RAPD, VA -20/200, reduced peripheral vision
more hemorrhages, cotton wool spots, venous congestion
poor visual prognosis

Integrated Results from Ihc COPERNICUS and
6AIIK0 Studies
Clin Ophthalmol 2012:11:15331940
Purpose: Comparing theeffectsof nlraullrtal
affibtitcpllosham Injection lor macular edema
caused by CRV0.
Methods:COPERNICUS (n*187) and GALILEO (n-171)
were pa raid,double-blind, Phase IN RCTs.In the
COPERNICUS trial, patients# the sham group crossed
orer to the treatment group at 24-52 wk ofthetriat
Patients in the GALILEO trial receiving thesham
treatment continued to receive sham injections every
4 wt between 24 wt and 52 w k.
CoiKlasioa: Prompt treatment with Intrav ideal
aflrbticept rsan effective treatment for macular
td«M Mowing CRVO.

Complications
• neovascularization of retina and iris (secondary rubeosis), may lead to secondary glaucoma
• vitreous hemorrhage
• macular edema

Treatment
• retinal laser photocoagulation, anti-VEGF,and/or corticosteroid injection

Retinal Detachment
Definition
• cleavage in the plane between the neurosensory retina and the RPE
• three types

rhegmatogenous (most common)
caused by a tear or hole in the neurosensory retina, allowing fluid from the vitreous to pass
into the subretinal space
tears may be caused by PVD, degenerative retinal changes, trauma, or iatrogenic
complications

« incidence increases with advancing age, in high myopes, and after ocular surgery/trauma
• tractional

caused by vitreal, epiretinal, or subretinal membrane pulling the neurosensory retina away
from the underlying RPE
found in conditions such as DR, RVO, sickle cell disease, ROP, and ocular trauma

exudative
caused by vascular transudation of fluid or damage to the RPE resulting in fluid accumulation
in the subretinal space
main causes are intraocular tumour, posterior uveitis, central serous retinopathy

Clinical Features
• sudden onset
• flashes of light

• due to mechanical stimulation of the retinal photoreceptors
• floaters
• hazy spots in the line of vision which move with eye position

due to drops of blood from torn vessels bleeding into the vitreous
• curtain of blackness/peripheral field loss

• darkness in the field of vision where the retina has detached
• loss of central vision (if macula “off")
• decreased IOP (usually 4-5 mmHg lower than the other, unaffected eye)
• ophthalmoscopy: detached retina is grey-white from retinal edema, and loss of red reflex. ± RAPD

n
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Treatment
• prophylactic:symptomatic tear (flashes or floaters) can be sealed off with laser/cryotherapy
• therapeutic: Ifficacy and Safety of Widely Died Treatments

Ior Macular Edema Secondary to Retinal Vein
Occlusion:ASystematic Review
BMC Ophthalmol 2014:14:17
Purpose:1o assess Use efficacy of widely used
treatments lor macular edema|ME) secondary to
retinal vein occlusion (RVO). ME secondary to(VO can
cause rision loss due to CRVO or a BRVO.
Outcomes: Mean change in BCVA from haseine and/
or number of patientsgaining at least10 letters from
haseine to 0 moor equivalent time point
Resnlts:14 unique RCIs identified. Rambiiumab
0.5 mg produced greater improvements in BCVAat
6 mo compared to sham m BRVO (mean difference 11
letters;95% Cl 7.83-14.17) and CRVO (mean difference
14 letters:95% Cl 10.51-17.(9). Improvements m
BCM were alsoobserved with deumethasone 0.7
mg mtravitieal implant (IVI) compaied with sham
in patieots with BRVO or CRVO (mean difference 2.5
letters;95% Cl 0.7-4.3).The difference was significant
with BRVO alone, bot not CRVO alone, At 3S mo in
o large prospective RCI.a greatci proportion of
patients with BRVO gained >15 letters with laser
therapy vs.no treatmeot (OR 3.16;95% Cl1JS-8.00).
whereas no difference was observed ina 9 mo
endpoint in a smaller study, three studies showedoo
benefit lor laser therapy m CRVO.
Conclusion: Bath IVt rani rumab and
Betamethasone show significant improvements over
previously accepted standard of care(laser therapy)
for the treatment of BRVO and CRVO.

rhegmatogenous
scleral buckle procedure
pneumatic retinopexy
pars plana vitrectomy plus injection of gas ( injection of silicone oil in cases of recurrent
detachment, air travel, or inability to posture postoperative)

tractional
vitrectomy ± membrane removal/scleral buckling/injection of intraocular gas or silicone oil
as necessary

• exudative
management is nonsurgical; any underlying disease should be treated if possible

Complications
• loss of vision, vitreous hemorrhage, recurrent RD
• RD is an emergency, especially if the macula is still attached (“macula on")
• prognosis for visual recovery'varies inversely with the amount of time the retina is detached and

whether the macula is attached or not

Retinitis Pigmentosa
Definition
• hereditary degenerative disease of the retina manifested by photoreceptor degeneration ( rods affected

to a greater extent than cones) and atrophy
• many forms of inheritance, most commonly autosomal recessive (60%)

Clinical Features
• night blindness, decreased peripheral vision (“tunnel vision”), decreased central vision (macular

changes), glare (from posterior subcapsular cataracts, common)

Investigations
• fundoscopy: areas of “ bone-spicule" pigment clumping in mid-periphery of retina, narrowed retinal

arterioles, pale optic disc
• electrophysiological tests:electroretinography (ERG) and electrooculography (HOG)

Treatment
• gene treatments have the potential to reverse the condition; cataract extraction improves visual

function
• vitamin A supplementation can reduce progression of disease in some patients; avoid vitamin E

supplementation
• Voretigene neparvovec-rzyl (Luxturna*) is an l'DA-approved novel gene therapy for children and adult

patients with biallelic RPE65 mutation-associated retinal dystrophy

Supciotemporal retina Is the most
common site for horseshoe tears

Retinitis Pigmentosa Inherited Forms. AutosomaI recessive:most common
• Autosomal dominant best prognosis
• X-linked: worst prognosis

Triad of Retinitis Pigmentosa
APO

Age-Related Macular Degeneration Arteriolar narrowing
Perivascular bone spicule pigmentation
Optic disc pallor

Definition
• leading cause of irreversible blindness in industrialized countries, associated with increasing age.

usually bilateral but asymmetric

Classification
• Non-Exudative/“Dry” (Non-Neovascular) AMD

• most common type of AMD (90% of cases)
slowly progressive loss of visual function
drusen: yellow deposits between the RPE and Bruch’s membrane
geographic atrophy:coalescence of RPE atrophy, clumps of focal hyperpigmentation or
hypopigmentation

• may progress to neovascular AMD
• Exudative/“ \Vet” (Neovascular) AMD

10% of AMD cases; however, responsible for 80% of AMD-related vision loss
choroidal neovascularization: drusen predisposes to breaks in Bruch’s membrane causing
subsequent growth and proliferation of new, fine choroidal vessels

• may lead to serous detachment of overlying RPE and retina, hemorrhage, and lipid precipitates
into the subretinal space

• can also lead to an elevated subretinal mass due to fibrous metaplasia of subretinal fibrovascular
proliferation that progresses to disciform scarring and severe central vision loss

I L J
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Risk Factors
• female
• increasing age
• family history
• smoking
• White individuals
• blue irides

Clinical Features
• variable degree of progressive central vision loss
• metamorphopsia (distorted vision characterized by straight parallel lines appearing convergent or

wavy) due to macular edema

Investigations
• Amsler grid: held at normal reading distance with glasses on, assesses macular function
• fluorescein angiography: assesses type and location of choroidal neovascularization - pathologic new

vessels leak dye
• OCT retinal imaging: assesses the amount of intraretinal and subretinal exudation

Treatment
• non-neovascular “dry” AMD

• monitor, Amsler grid allows patients to check for metamorphopsia
• low vision aids (e.g. magnifiers, closed-circuit television )

anti-oxidants, green leafy vegetables
sunglasses/visors

• see Age-related Eye Disease Study 2 (AREDS2) in sidebar
• neovascular “wet” AMD

see Common Medications, OP44
intravitreal injection ofanti-VEGF

pegaptanib (Macugen*), ranibizumab (Lucentis*), bevacizumab (Avastin*), allibercept
(Eylea*), brolucizumab (Beovu*) (see VEUP Inhibitors, OP45 )

no definitive treatment for disciform scarring
• photodynamic therapy with verteporfin (Visudyne*)

IV injection of verteporfin, followed by low-intensity laser to area of choroidal
neovascularization

Age- Related Eye Disease Study 2 (AREDS2)
Lutein * Zeaianthin and Omega -3Fatty Acids
I or AMD:The Age-Related Eye Disease Study 2
IARE0S2) Raedomiied Clinical Trial
JAMA 20I3;309(19|:?0D5-201S
See landmark Ophthalmology Trials table for
more information on Age - Related Eye Disease
Study 2 (ARE0S2).which details whettier adding
lutein - leaiaothin,docosalreianoic acid (DHA)-
eitosapentanoK acid|EPA|. or both to the AREDS
formulation decreases the riskof developing
advanced AMO and to evaluate the effect of
eliminating J carotene, lowering line doses, or
both in the AREDS formulation in patients at risk for
advanced AMD.

Ten Year follow Up of Age- Related Macular
Degeneration in the Age-Related Eye Disease
Study:AREDS Report No. 36
JAMA Ophthalmol 2014:132(3)r272-27?
Study: Ra'darued clinical trial.
Purpose: To describe ID yr progression rates to
intermediate or adcanced AMD.
Patients Age related eye disease study (AREDS)
participants were obsened for an additional S yr
after RCf completion. Participants ages S5 -80 yt
with no AMO or AMD of varying severity (n-4757)
were followed up in the AREDS trial for a median
duration of 6.5 yr.When the trial ended,3549 of
the 42D3sunr.vtig participants were followed foe 5
additional yr.
Intervention: Treatment with antioidant vita- s
and minerals.
Main Outcome Oe velppment of vary -uig stages of
AMD and changes in VA.
Results: (he risk of progression to advanced AMD
increased with increasing age (F0.01|and severity
of drusen.Women (P- 0.005) and current smokers
(P'O.OOI) were at increased risk of neovascular
AMD. In the oldest participants with the most severe
AMD status at baselme. the ilskt of developing
neovascular AMD and cential geographic atrophy by
10 y r were 48.fi, and 26.0%.respectively.Slim larly.
rates of progression to large drusen increased with
increasing severity of drusen at base me.with
20.9% of participants with bilateral medium drusen
progressing to large drusen and 13.8% to advanced
AMD in 10 yr.Median VA at 10 yr in eyes that had large
drusen at baseline but never developed advanced
AMD was 20/25:eyes that developed advanced AMO
hadamedianVAof 20'200.
Conclusion: Thenatural history of AMDdemonstrates
relentless loss of vision in persons who developed
advanced AMD.

Glaucoma
Definition
• progressive, irreversible, pressure-sensitive optic neuropathy involving characteristic structural

changes to optic nerve head with associated visual field changes
• commonly associated with high IOP, but not required for diagnosis

Background
• aqueous is produced by the ciliary body and drains into the episcleral veins via the trabecular

meshwork and Canal of Schlemm
• an isolated increase in IOP is termed ocular hypertension (OHT) - should be followed for increased

risk of developing glaucoma
• IOP >21 mniHg increases the risk of developing glaucoma
• Central corneal thickness is important when interpreting the 10P (e.g. thicker cornea will result in

overestimation of the IOP)
• loss of peripheral vision most commonly precedes central vision loss
• structural changes commonly precede functional changes

Investigations
• VA testing
• slit-lamp exam to assess anterior chamber depth; gonioscopy to assess angle (open or closed)
• ophthalmoscopy to assess the disc features
• tonometry to measure IOP
• automated perimetry (formal visual field testing)
• pachvmetry to measure corneal thickness
• OCT of the retinal nerve fibre layer ( NFL) at the optic nerve to monitor for loss of NFL
• OCT' of the macular ganglion cell layer-inner plexiform layer ((iCIPL) to monitor for loss of (»CIPL
• follow-up includes optic disc examination, IOP measurement.OCT of the retinal NFL and macular

GC1PL and visual field testing to monitor course of disease

r -t
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Optic norvo lie,id damago Visual fiold changes

Average IOP:15±3 mmHg
Normal COR: s0.4
Suspect glaucoma if CDR >0.6. CDR
differs between eyes by >0.2.or cup
approaches disc margin

f /,

Small paracentral scotomaPallor and cupping of optic disc (C D ratio 02-03)

w 1.Ciliary body processes
2.Flow into anterior chamber
3.Pretrabecular
4. Trabecular and Canal ol Schlernm 4

^5.Post-trabecular

Figure 19. Aqueous flow and sites of
potential resistance

Concentric enlargement (C:D ratio 0.5)

JArcuate defect

Superior expansion

Temporal central island

I
a
Q

oAdvanced/total cupping

Figure 18. Glaucomatous damage

Primary Open-Angle Glaucoma
Definition
• most common type, >95% of all glaucoma cases
• unobstructed open-angle, resistance is within the trabecular meshwork
• insidious and asymptomatic, screening is critical for early detection

Risk Factors tor POAG
A FIAT
Age
Family history

Major Risk Factors
• ocular hypertension (IOP >21 mmHg)
• age: prevalence at 40 yr is 1-2% and at 80 yr is 10%
• ethnicity: African descent
• familial (2-3x increased risk); polygenic
• thin central cornea (OHTS trial)

IOP
African descent
Thin cornea

Open- and Closed-Angle Glaucoma
Minor Risk Factors
• myopia
• HTN
• DM
• hyperthyroidism (Graves’ disease)
• chronic corticosteroid use (topical significantly higher risk than oral)
• previous ocular trauma
• anemia /hemodynamic crisis (ask about blood transfusions in past )

Clinical Features
• asymptomatic initially
• insidious, painless, gradual rise in IOP due to restriction of aqueous outflow
• bilateral, but usually asymmetric
• earliest signs are optic disc changes

increased CDR (vertical CDR >0.6)
• significant CDR asymmetry between eyes (>0.2 difference)

POAG PACG
Common (9S%) Rare (St,)
MoiecommoninBack Mote common in
d-d Hispanic individuals Asian at d Indigenous

Canadians

Acute or chronic onsetChronic course
Painless eye without Painful redeye
redness
Moderately high IOP tilremely high IOP
Normal corneaand pupil Hatycotnea

Mid-dilatedpupil
unreactrre to light
•N7, abdominal pain

N: ns around r; He ':. d I rt
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thinning, notching of the neuroretinal rim
flame-shaped disc hemorrhage
360° of peripapillary atrophy
Nl-'L defect
large vessels become nasally displaced
retinal Nl-'L vertical thinning on OCT
GC1PL thinning on OCT

•visual field loss
•slow, progressive, irreversible loss of peripheral vision
•paracentral defects, arcuate scotoma, and nasal step are characteristics (see Figure 18, OP27)
•late loss of central vision if untreated

Elevated I0P Is the only modifiable risk
factor that has been proven to prevent
progression of glaucoma. Treating
patients with ocular hypertension but
no signs of glaucoma has also been
shown to reduce the risk of developing
glaucoma.

The Ocular Hypertension Treatment Study
Arch Ophthalmol Chic 2002:120:70T 713
S ee landmark Ophthalmology Inals table lor more
information on Ihe Ocular Hypertension Treatment
Study, witch details the safety and efficacy of
topical ocular hypotensive Dedication in delayingor
preventing the onsetof MiG.

Treatment
•medical treatment: decrease IOP by increasing the drainage and/or decreasing the production of

aqueous (see Table 14, Glaucoma Medications, OP44 )
increase aqueous outflow

topical prostaglandin analogues
topical a2-adrenergics
topical cholinergics/parasympathomimetics

• decrease aqueous production
topical 0-blockers
topical and oral carbonic anhydrase inhibitors
topical a2-adrenergics

•laser trabeculoplasty, cyclophotocoagulation in order to achieve selective destruction of ciliary body
(for refractory cases)

•trabeculectomy:creation of a new outflow tract from anterior chamber to under the conjunctiva
forming a bleb

•minimally invasive glaucoma surgery (MIGS): implantation of IOP lowering drainage devices (e.g.
iStent, Xen, Hydrus); high safety profile, primarily used for modest IOP reductions in patients with
mild-to-moderate glaucoma

•tube shunt ( Ahmed, Baerveldt): for advanced stages of glaucoma
•serial optic nerve head examinations, IOP measurements,OCT of retinal Nl-'L and GC1PL, and visual

field testing to monitor disease course

Normal Tension Glaucoma
Definition
• glaucomatous optic neuropathy with IOP in normal range
• often found in women >60 yr, but may occur earlier
• associated with migraines, peripheral vasospasm, systemic nocturnal hypotension, and sleep apnea
• damage to optic nerve may be due to vascular insufficiency

Treatment
• treat reversible causes
• lower intraocular pressure

Secondary Open-Angle Glaucoma
Rule of Fours
1/4 of general population using topical
steroid for 4 wk, 4x/d wifi develop an
increase in IOP

Definition
• increased IOP secondary to ocular/systemic disorders that obstruct the trabecular meshwork

including:
• steroid-induced glaucoma: topical, periocular, and even systemic or inhalational routes can

induce open angle glaucoma, primarily due to reduced facility of aqueous outflow
• traumatic glaucoma: both blunt and penetrating injuries leave damaged tissues and scarring that

may obstruct drainage channels and potentially raise IOP immediately after the injury or years
later
pigmentary glaucoma: a result of pigment dispersion syndrome, which is characterized by
aberrant iridozonular contact leading to iris pigment dispersion throughout the anterior segment
and deposition into the trabecular meshwork

• pseudoexfoliation glaucoma: a result of pseudoexfoliation syndrome, an age-related systemic
disorder where extracellular fibrillar deposits progressively accumulate over various tissues,
including the anterior segment of the eye

A. Open-angle
with normal
aqueous flow

^ aqueous flow

B. Closed-angle
with abnormal

Primary Angle-Closure Glaucoma 1. Aqueous flow
2. Ciliary body
3.Correa
4.Lens
5. Blocked trabecular meshwork 9

Figure 20. Normal open-angle vs.
angle-closure glaucoma

I +Definition
• 5% of all glaucoma cases
• peripheral iris bows forward obstructing aqueous access to the trabecular meshwork
• sudden forward shift of the lens-iris diaphragm causes pupillary block and results in impaired

drainage, leading to a sudden rise in IOP
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Risk Factors
hyperopia: small eye, big lens - large lens crowds the angle

• age >70 yr
• female
• family history
• more common in people of Asian and Inuit descent
• mature cataracts
• shallow anterior chamber
• pupil dilation (topical and systemic anticholinergics, stress, darkness)

Clinical Features
• red, painful eye with acute presentation = RED FLAG
• unilateral, hut other eye at increased risk
• decreased V'A, vision acutely blurred from corneal edema
• halos around lights
• nausea and vomiting,abdominal pain
• fixed, mid-dilated pupil
• marked increase in IOP; may be noticeable even to palpation (>40 mniHg)
• shallow anterior chamber ± cells in anterior chamber

(§1
Angle-Closure Glaucoma

BACH
Tx with miotics and 3-blockers
Adrenergics
Cholinergics
Hyperosmotic agents

Collaborative Normal TrillionGlaucoma Study
Curr Opin Ophthalmol 2003:14:86 90
Irealmentalmedat toutr mg I0P by 30%* patients
Willi normaltension glaucoma tends to reduce the
rate of visual field loss.Due to variability in disease
progression and a significant group that shows no
visual field lossat5 yt despite no treatment,further
studies are needed to delineate which subgroups may
benefit most from treatment

Complications
• irreversible loss of vision within hours to days if untreated
• permanent peripheral anterior synechiae, resulting in permanent angle closure

Treatment
• OCULAR EMERGENCY: refer to ophthalmologist for acute angle-closure glaucoma
• medical treatment (see Table 14, Glaucoma Medications, OP44 )

• aqueous suppressants and hyperosmotic agents such as oral glycerine or IV mannitol
• miotic drops (pilocarpine) to reverse pupillary block
• multiple topical lOP-lowering agents

• laser iridotomy is definitive

Secondary Angle-Closure Glaucoma
Uveitis
• inflamed iris adheres to lens ( posterior synechiae)

Neovascular Glaucoma
• abnormal blood vessels develop on surface of iris (rubeosis iridis), in the angle, and within the

trabecular meshwork
• due to retinal ischemia associated with PDR or CRVO
• treatment with laser therapy to retina reduces neovascular stimulus to iris and angle vessels

Pupils
• pupil size is determined by a delicate balance between the sphincter and dilator muscle tone
• sphincter muscles are innervated by the parasympathetic nervous system carried by CN 111
• dilator muscles are innervated by the sympathetic nervous system (SNS)

first-order neuron = hypothalamus -» brainstem -» spinal cord
second-order/preganglionic neuron = spinal cord -> sympathetic trunk via internal carotid artery
-> superior cervical ganglion in neck

• third-order/postganglionic fibres originate in the superior cervical ganglion, neurotransmittcr is
norepinephrine

• see Neurology, f igure 8, N8

5Targets of Retinal Signals
• Pretectal nucleus (pupillary reflex/eye

movements)
• Lateral geniculate body of thalamus
• Superior colliculus (eye movements)
• Suprachiasmatic nucleus

(optokinetic)
• Accessory optic system (circadian

rhythm)

Pupillary Light Reflex
• light shone directly into eye travels along optic nerve (CN II, afferent limb) -> optic tracts -> midbrain
• impulses enter bilaterally in midbrain via pretectal area and Edinger-Westphal nuclei
• nerve impulses then travel down CN III (efferent limb) bilaterally to reach the ciliary ganglia, and

finally to the iris sphincter muscle, which results in the direct and consensual light reflexes
• receptors involved:

al - pupillary dilator muscle contraction (mydriasis)
(J2 -ciliary muscle relaxation (non-accommodation); increased aqueous humour production
M3- pupillary' sphincter contraction (miosis); increased ciliary muscle contraction
(accommodation)
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Pupil Abnormalities
Denervation Hypersensitivity
• when postganglionic fibres are damaged, the under-stimulated end-organ attempts to compensate by

developing an increase of neuroreceptors and becomes hypersensitive
• postganglionic parasympathetic lesions (i.e. Adie's pupil )

• pupil will constrict with pilocarpine 0.125% (cholinergic agonist ), normal pupil will not
pupil constricts to a near target ( light-near dissociation )

• postganglionic sympathetic lesions ( i.e. Horner’s syndrome)
Horner's pupil will dilate with apradonidine 0.5-1%, normal pupil will not ( reversal of anisocoria)

Local Disorders of Iris
• posterior synechiae (adhesions between iris and lens) due to iritis can present as an abnormally

shaped pupil
• ischemic damage (e.g. post-acute angle-closure glaucoma ) usually occurs at 3 and 9 o’clock positions

resulting in a vertically oval pupil that reacts poorly to light
• trauma (e.g. blunt trauma or post-intraocular surgery)

Anisocoria
• unequal pupil size
• idiopathic/physiologic anisocoria

• 20% of population
round, regular, <1 mm difference
pupils reactive to light and a near target

• responds normally to mydriatics/miotics
post eye surgery, or extensive retinal laser treatment

[ Patient with Anisocoria J
Relevant history and examination with specific attention to:
•History of ocular trauma
•Check old photographs ( ptosis, ocular deviation, long standing anisocoria)
•Use of topical medications
•Exposure to toxins and drugs
a Associated ocular and neurologic symptoms/signs

Which pupil is abnormal?
Examino pupils in light and dark

1I T
Anisocoria accentuated

by light
(large pupil is abnormal)

Anisocoria accentuated
by darkness

(small pupil abnormal)

Anisocoria equal in
light and dark

ptosis/OphthalmoplegiajIsolated
Sluggish to light

Light near dissociation

Oilation lag
Ptosis

Brisk reaction
to light

I

^ Test with apraclomdmc j palsy^Usc of 0.1% pilocarpincj Third nerve

T T i
Small pupil does

not dilate
Both pupils dilate

symmetrically
Large pupil
constricts

Large pupil docs
not constrict

V
Adie s tonic pupil ( Use of 0 1% pilocarpine jHorner's syndrome

[ Mmimal/no constriction ]
1 f

— Physiologic anisocoria | Pharmacologic anisocoria
r 1Patient Must Fixate on Distant Target

Figure 21. Approach to anisocoria
Reproduced with permission from:Kedar S.Biousse V.Newman NJ. Approach to the patient with anisocoria.In:UpToDate.Rose.BD (editor).
UpToDate.Waltham.MA. 2011. Copyright 2011 UpToDate.Inc. For more information visitwww.uptodate.com.
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Table 9. Summary of Conditions Causing Anisocoria
Features Site of Lesion Light and

Accommodation
Anisocoria Effect of

Pilocarpine
ABNORMAL MIOTIC PUPIL (impaired pupillary dilation)

Horner's Syndrome Round,unilateral. Sympathetic system Both brisk
ptosis,anhidrosis,
pseudoenophlhalmos

Argyll-Robertson Irregular,usually Midbrain
bilateral

Greater indark N/A

Poor in light:better to
accommodation

N/A
Pupil
ABNORMAL MYDRIATIC PUPIL (impaired pupillary constriction)

Adie's Tonic Pupil Irregular,larger in Ciliary ganglion
bright light

Poor in light,better to Greater inlight
accommodation

Constricts
(hypersensitivity to
dilute pilocarpine)

ConstrictsCNIIIPalsy Round Superficial CN III * fixed(acutely) at Greater inlight
7-9mm
Fixed at 7 8 mm Greater inlightPharmacologic

Dilation
Round,uni- or
bilateral

Iris sphincter Will not constrict

Dilated Pupil (Mydriasis)
Sympathetic Stimulation
• fight or flight response
• mydriatic drugs:epinephrine, phenylephrine

Parasympathetic Under-Stimulation
• cydoplegics/mydriatics: atropine, tropicamide, cydopentolate (parasympatholytic)
• CN Ill palsy

eye deviated down and out with ptosis present
» etiology includes microvascular ischemia (associated with vascular risk factors), vasculitis (e.g.

GCA), compression (e.g. pituitary adenoma or posterior communicating artery aneurysm), or
midbrain stroke

CN III palsy with pupillary involvement
may be associated with a posterior
communicating artery aneurysm

*

Midbrain
Acute Angle-Closure Glaucoma
• fixed, mid-dilated pupil

Adie’s Tonic Pupil
• 80% unilateral, F>M
• pupil is tonic or reacts poorly to light (both direct and consensual) hut constricts with accommodation
• caused by benign lesion in ciliary ganglion; results in denervation hypersensitivity of

parasy mpathetically innervated constrictor muscle
dilute (0.125%) solution of pilocarpine will constrict tonic pupil but have no effect on normal
pupil

• long-standing Adie’s pupils are smaller than unaffected eye

Trauma
• damage to iris sphincter from blunt or penetrating trauma
• iris transillumination defects may be apparent using ophthalmoscope or slit-lamp
• pupil may be dilated ( traumatic mydriasis) or irregularly shaped from tiny sphincter ruptures

TJasilar
arteryPosterior

communicating
artery CN III

Norniel
Post. comm, artery

— Parasymp.

Somatic motor

Externally Compressive CN III Lesion

Constricted Pupil (Miosis)
Senile Miosis
• decreased sympathetic stimulation with age

Parasympathetic Stimulation
• local or systemic medications such as:

• cholinergic agents: pilocarpine, carbachol
opiates, barbiturates

Horner’s Syndrome
• lesion in sympathetic pathway
• difference in pupil size greater in dim light, due to decreased innervation of adrenergics to iris dilator

muscle
• associated with ptosis and anhidrosis of ipsilateral face/neck (in pre-ganglionic lesions)
• apraclonidine (strong a-2 and weak a-1 blocker) is the most common pharmacologic diagnostic test,

in which denervation hypersensitivity results in dilation of the Horner pupil but not the normal pupil
(leading to reversal of anisocoria)

mydriasis
A.Post. comm.

artery
ury. H i '.1 VII

Central Vascular CN III Lesion

J

^
G> Andreea Margineanu 2012

^
Figure 22. CN III lesions with and ~l~
without mydriasis
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• application of cocaine 4-10% (blocks reuptake of norepinephrine) to eye does not result in dilation of
the Horner’s pupil, whereas the normal pupil will dilate, thereby confirming the diagnosis

• hydroxyamphetamine 1% (stimulates norepinephrine release) will dilate pupil if central or
preganglionic lesion, not postganglionic lesion

• cocaine and hydroxyamphetamine are rarely used in practice due to issues with availability
• causes: mostly idiopathic but other causes include brainstem infarct (lateral medullary syndrome),

Pancoast tumour, neck surgery, and carotid artery dissection
• must rule out carotid artery dissection in acute Horner’s syndrome (<14 d old)

Iritis
• miotic pupil initially
• can become irregularly shaped pupil due to posterior synechiae
• later stages non-reactive to light

<§!
Homer’s MAP
Miosis
Anhidrosis
Ptosis

Argyll-Robertson Pupil
• both pupils irregular and <3 mm in diameter, ± ptosis
• does not respond to light stimulation
• responds to accommodation (light-near dissociation)
• suggestive of neurosyphilis or other conditions (DM, encephalitis, MS, chronic alcoholism, CNS

degenerative diseases)

Relative Afferent Pupillary Defect
Normal Pupillary Response

Direct response Consensual response

<jfh.
Constriction of Constriction ol
stimulated eye unstimulated eye

1. Swinging Light Test
Normal eye Pathological eye

Constriction of both pupils to normal

\
2. Swinging Light Tost

Normal eye Pathological eye
Aqueduct

Pretectal nucleus-
Edinger-Westphal - f j
nucleus (III) ( ( , ."0>

Constriction of both pupils to normal

\Oculomotor nerves dill

Optic chiasm s3. Swinging Light Test
Normal eye Pathological eye

<jSK ,

Pupils appear to dilate = positive RAPO

Optic nerve (111- -iS
:Cilliary -ganglion 3

I
t_
aConstrictor muscles

ol pupil
Rapidly swing light to pathological eye ,,

Figure 23. Relative afferent pupillary defect

• also known as Marcus Gunn pupil
• impairment of direct pupillary response to light caused by a lesion in visual afferent (sensory)

pathway, anterior to optic chiasm
• differential diagnosis: any unilateral or asymmetric optic neuropathy (e.g. optic neuritis, ischemic

optic neuropathy, compressive optic neuropathy) or severe retinopathy (e.g. CRAG, large RD, GRVO)
• does not occur with media opacity' (e.g. corneal edema, cataracts) or if optic neuropathy is symmetric

(since it is relative)
• pupil reacts poorly to light and better to accommodation
• test: swinging flashlight

if light is shone in the affected eye, direct and consensual response to light is decreased
• if light is shone in the unaffected eye,direct and consensual response to light is normal
• if the light is moved quickly from the unaffected eye to the affected eye, “paradoxical” dilation of

both pupils occurs
observe red reflex, especially in patients with dark irides

Cataracts never produce a RAPD

6
Differentiate RAPD from physiologic
pupillary athetosis (“hippus"),which is
rapid, rhythmic fluctuations of the pupil,
with equal amplitude in both eyes

n
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Malignancies
• uncommon site for 1° malignancies
• see Retinoblastoma,UP40

aLid Carcinoma
Etiology
• basal cell carcinoma (90%)

spread via local invasion, rarely metastasizes
ulcerated centre (rodent ulcer), indurated base with pearly rolled edges, telangiectasia

• squamous cell carcinoma (<5%)
spread via local invasion, may also spread to nodes and metastasize

• ulceration, keratosis of lesion
• sebaceous cell carcinoma (1-5%)

often masquerades as chronic blepharitis or recurrent chalazion
highly invasive, metastasizes

• other: Kaposi’s sarcoma, malignant melanoma, Merkel cell carcinoma, metastatic tumour

Treatment
• incisional or excisional biopsies
• may require cryotherapy, radiotherapy, chemotherapy, immunotherapy
• surgical reconstruction

To Find Small Ocular Melanoma

TFSOM
Thickness >2 mm
Subretinal Fluid
Symptoms- vision changes
Orange pigment
Margin within 3 mm of optic disc

Uveal Melanoma
Etiology
• most common lu intraocular malignancy in adults
• more prevalent in White individuals
• arise from uveal tract, 90% choroidal melanoma
• hepatic metastases predominate

Clinical Features
• classic appearance of a pigmented dome-shaped mass extending from the ciliary body or the choroid
• diagnosis necessitates expertise of an ophthalmologist/ocular oncologist
• despite treatment, has the possibility of remaining dormant and resurfacing with metastasis years

later

Treatment
• investigations:ocular ultrasound, fluorescein angiography, OCT, and systemic cancer investigations
• depending on the size of the tumour, either radiotherapy ( brachytherapy vs. external beam ), or

enucleation

Metastases
•most common intraocular malignancy in adults
•most commonly from breast and lung in adults, neuroblastoma in children
•usually infiltrate the choroid, but may also affect the optic nerve or extraocular muscles
•may present with decreased or distorted vision, irregularly shaped pupil, iritis,and hyphema

Treatment
•local radiation, chemotherapy
•enucleation if blind, painful eye, or large tumour

Ocular Manifestations of Systemic Disease
HIV/AIDS

r i
LJ•up to 75% of patients with AIDS have ocular manifestations

External Ocular Signs
•Kaposi’s sarcoma

secondary to human herpes virus8 (HH V-8), causes bright red conjunctival lesion and
subconjunctival hemorrhage
differential diagnosis: subconjunctival hemorrhage (non-clearing), hemangioma

•multiple molluscum contagiosum
•herpes simplex/zoster keratitis
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Retina
• HIV retinopathy (most common)

cotton wool spots in >50% of HI V patients
• intraretinal hemorrhage

• CMV retinitis
a necrotizing retinitis, with retinal hemorrhages and vasculitis, “brushfire” or “pizza pie”
appearance
presents with scotoma (macular involvement and RD), blurred vision,and floaters

• untreated infection will progress to the other eye in 4-6 wk
treatment:virostatic agents (e.g.ganciclovir or foscarnet) via IV, intravitreal injection, or
sometimes PC)

• necrotizing retinitis
• from herpes simplex virus, herpes zoster, toxoplasmosis

Pneumocystis carinii and Mycobacterium avium intracellulare can present with choroiditis
• Candida can present as retinitis and vitritis

Other Systemic Infections
• herpes zoster

• sec Herpes Zoster Ophthalmicus, OPI 9
• candidal endophthalmitis

fluffy,white-yellow, superficial retinal infiltrates that may eventually result in vitritis
may present with inflammation of the anterior chamber

• treatment: systemic amphotericin B, oral fluconazole, and voriconazole
• toxoplasmosis

focal, grey-yellow-white, chorioretinal lesions with surrounding vasculitis and vitreous
inflammation (vitreous cells)
can be congenital ( transplacental) or acquired (caused by Toxoplasma gondii protozoa
transmitted through raw meat and cat feces)

congenital form more often causes visual impairment (more likely to involve the macula)
treatment: pyrimethamine, sulfonamide, folinic acid, or clindamycin. Consider adding steroids
after if severe inflammation (vitritis, macular, or optic nerve involvement)

Diabetes Mellitus
•most common cause of blindness in working age adults in North America
•loss of vision due to:

• progressive microangiopathy leading to macular edema
progressive DR -> neovascularization -> traction -> RD and vitreous hemorrhage
rubeosis iridis (neovascularization of the iris) leading to neovascular glaucoma (poor prognosis)
macular ischemia

Macular edema is the most common
cause of visual loss in patients with
background DR

DIABETIC RETINOPATHY

Clinically significant macular edema is
defined as thickening of the retina at
or within 500 pm of the centre of the
macula

Background
•altered vascular permeability (loss of pericytes and thickening of basement membrane causing

breakdown of blood-retinal barrier)
•predisposition to retinal vessel obstruction (CRAO,CRVO, and BRVO)

Classification
•non-proliferative: increased vascular permeability and retinal ischemia

hard exudates (lipid deposits)
dot and blot hemorrhages
microaneurysms
retinal edema

Presence of DR in
T1DM
• 25% after 5 yr
• 60% after10 yr. >80% after15 yr
T20M
• 20% at time of diagnosis
• 60% after 20 yr

•advanced non-proliferative (or pre-proliferative)
• non-proliferative findings plus:

intraretinal microvascular abnormalities (IRMA) in I of 4 retinal quadrants
- IRMA:dilated, non-leaky collateral vessels within the retina

retinal hemorrhages ± microvascular anomalies (MAs) (in all 4 retinal quadrants)
retinal nerve fibre layer ( NI:L) infarcts (i.e. cotton-wool spots) r1•proliferative

• 5% of patients with DM will reach this stage
neovascularization of iris, disc,and/or retina

« neovascularization of iris (rubeosis iridis) can lead to neovascular glaucoma
vitreous hemorrhage, bleeding front fragile new vessels, fibrous tissue can contract causing
tractional RD

may remain asymptomatic in early stage
high-risk of severe vision loss secondary to vitreous hemorrhage, R D

L
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Screening Guidelines for Diabetic Retinopathy
• TT DM

• screen for retinopathy annually beginning 5 yr after disease onset
annual screening indicated for all patients over 12 yr and/or entering puberty

• T2DM
initial examination at time of diagnosis, then annually

• pregnancy
• ocular exam in I st trimester, close follow-up throughout, as pregnancy can exacerbate DR

patients with gestational diabetes are not at risk of having DR

Treatment
• 1‘ prevention: tight control ofblood glucose, blood pressure, serum lipid levels, kidney function, and

microvascular complications ( Diabetic Control and Complications T rial (DCCT))
• 2‘ prevention: regular screening to monitor for progression
• 3' prevention:

pan-retinal laser photocoagulation ( RRP) for PDR: reduces neovascularization, hence reducing
the angiogenic stimulus from ischemic retina by decreasing retinal metabolic demand > reduces
risk of blindness
intravitreal injection of corticosteroids or anti-VEGT for fovea-involved diabetic macular edema

• macular photocoagulation laser for clinically significant macular edema (when not involving
centre of macula)
vitrectomy for non-clearing vitreous hemorrhage + tractional RD in PDR

vitrectomy before vitreous hemorrhage does not improve the visual prognosis

Anti -Vascular Endothelial Growth Factor loi
Diabetic Macular Oedema:A Network Meta
Analysis
Cochrane DB Syst Rev 2018:10^0007419
Purpose:la compare the effectiveness and safety
of the afferent anti-VEGF drugs using network meta -
analysis methods.
Results: included 24 studies with 6007 patients with
delete macular edema (DM£|ard noderate vision
loss.Aftibercept. bevacejmab. hndianibiuimab were
all more effective than laser therapyfor improving
vision by3 or move lines after one yr.Aflibercept
may confer some advantage over ran buumab and
hevacuumab. there were nodifferences in adverse
events
Conclusions: Anti -VEGF drugsaie effective at
improving vision m people with 0ME with three
to four in every10 pe op le likely to evper ience an
improvement of 3 or more lines VAat one yr.More
evidence on the long-term (greater than two yr]
comparative effects of these anti-VEGF agents is
needed.

LENS CHANGES
• earlier onset of senile nuclear sclerotic and cortical cataracts
• may get hyperglycemic cataract due to sorbitol accumulation (rare)
• changes in blood glucose levels ( poor control) can suddenly cause refractive changes by 3-1 diopters

due to induced osmotic changes of the lens

EXTRAOCULAR MUSCLE PALSY
• usually CN 111 infarct
• pupil usually spared in diabetic CN 111 palsy, hut ptosis is observed
• may involve CN IV and VI
• usually recover within a few months

Aflibercept, Bevaciiumab, or Ranibiiumab for
Diabetic Macular Edema: 2 Vear Result Irom a
Comparative Effectiveness Random iicd Clinical
trial
Ophthalmology 2016:123:1351-1359
All 3anti-VEGF agents showed improvement of VA and
decreased numbev of injections in yr 2.Among eyes
mtb worse baseline VA. aflibercept bad superior 2 yr
VA compared with hevacuumab, butsuperiority over
lambitumab in yr 1was no longer identified.

Effects of Medical therapies on Retinopathy
Progression in T2DM
REJM 2010;363:233-244
See tandmaik Ophthalmology Ihalstiblelor more
information on Effects of Med cal Iberapies on
Retinopathy Progression in I20M.which details
whether intensive glycemic control.combination
therapy for dyslipidenia.and intensive blond
pressure control can limit the progression of OR.

OPTIC NEUROPATHY
• VA loss due to infarction of optic disc/nerve

Inner limiting mumbrnno

Nerve fibre layer Flame shaped
hemorrhage

Ganglion cell layor

Inner ploxiform Inyor Cotton wool
spots

Hypertension retinopathy
Inner nuclear layer

Optic disc

Outor ploxiform layor
Outer nuclear layor

External limiting membrane
Dot and blot
hemorrhage

Rod and cono
outer sogmonts Hard oxudate

Diabetes mcllitus retinopathyPigmontod epithelium l
L

Figure 24. DM vs. HTN retinopathy r 1

Hypertension
• retinopathy is the most common ocular manifestation
• acute HTN retinopathy: retinal arteriolar spasm, superficial retinal hemorrhage, cotton wool spots,

optic disc edema
• chronic HT N retinopathy: arteriovenous (AV) nicking, flame/dot/blot retinal hemorrhages, cotton

wool spots
• increases risk for many other ocular diseases ( DR, BRVO, CRAO/BRAO)

+
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Table 10. Modified Scheie Classification
Classification
Grade 0
Grade1

Grade 2
Grade 3

Grade 4

No changes
Mild arterial narrowing
Obvious arterial narrowing with local irregularities
Grade 2 ^retinal hemorrhagesandfor exudate
Grade 3 swollen optic nerve Imalignanl HIN|

Multiple Sclerosis
• see Neurology, N55 Corticosteroids lorlreating Optic Neuritis

Cochrane OB Syst Dev 201S;8:CD001430
S ummary: No conclusve evidence of benefit in

ter ms ol recovery to normal VA. visual held.«
contrast sensitvity sm mo after Initiation of IV or oral
corticosteroids.
Results:After renew of 6 RCIs evaluating systemic
corticosteroids for treatment of acuteoptic neuritis,
all meta-analyses show sim ilar outcom es for placebo
vs.corticosteroid group lor VA, contrast sensitivity,
and visual held.

Clinical Features
• blurred vision and decreased colour vision secondary to optic neuritis
• central scotoma due to damage to papillomacular bundle of retinal nerve fibres
• diplopia secondary to 1N0
• RAPD, ptosis, nystagmus, uveitis, optic atrophy, optic neuritis
• white matter demvelinating lesions of optic nerve on MR1

Treatment
• IV steroids with taper to oral form for optic neuritis

DO NOT treat with oral steroids in isolation due to increased risk of developing MS

Transient Ischemic Attack/Amaurosis Fugax
• sudden, transient blindness from intermittent vascular compromise
• ipsilateral carotid most frequent embolic source
• typically monocular, lasting <5-10 min
• Hollenhorst plaques (glistening microemboli seen at branch points of retinal arterioles) sometimes

seen

Graves’ Disease
• ophthalmopathy occurs despite control of thyroid gland status
• ocular manifestations occur mainly due to increased fibroblast proliferation and accumulation of

hydrophilic glycosaminoglycans (mostly hyaluronic acid) in the extraocular muscles and orbital
tissues The most common cause of unilateral

or bilateral proptosis in adults is Graves'
disease

Clinical
• initial inflammatory phase is followed by a quiescent cicatricial phase

Treatment
• treat hyperthyroidism
• monitor for corneal exposure and maintain corneal hydration
• manage diplopia, proptosis, and compressive optic neuropathy with one or a combination of:

steroids (during acute phase)
• orbital bony decompression
• external beam radiation of the orbit

• consider strabismus and/or eyelid surgical procedures once acute phase subsides

*Progression of Signs and Symptoms of
Graves' Ophthalmopathy

NO SPECS
No signs/symptoms
Only signs (lid retraction, lid lag)
Soft tissue swelling (periorbital edema)
Proptosis (exophthalmos)
Extraocular muscle weakness (causing
diplopia)
Corneal exposure
Sight loss

Connective Tissue Disorders
• RA, juvenile idiopathic arthritis, SIT, Sjogren's syndrome, ankylosing spondylitis, polyarteritis

nodosa
• most common ocular manifestation:dry eyes (keratoconjunctivitis sicca)

Giant Cell Arteritis/Temporal Arteritis
r t

• see Rheumatology, RH 22 u

Clinical Features
• more common in women >60 yr
• sudden loss of vision, pain over the temporal artery, jaw claudication, scalp tenderness, constitutional

symptoms, and PMHx of polymyalgia rheumatica
• ischemic optic neuropathy or, less commonly, CRAO often preceded by transient monocular vision

loss
• very high risk of vision loss in contralateral eye if untreated

+ESR in GCA/Temporal Arteritis
Males >agc/2
Females >(age 10)/2

Activate Windows
Go to Settings to activate Windows.



OP37 Ophthalmology Toronto Notes 2023

Diagnosis
• CBC (thrombocytosis), elevated ESR and CRP
• temporal artery biopsy

Treatment
• high dose corticosteroids to prevent further ischemic complications and improve systemic symptoms
• if diagnosis of GCA is suspected clinically: start STAT treatment + perform temporal artery biopsy to

confirm diagnosis within 2 wk of initial presentation

Sarcoidosis
Clinical Features
• granulomatous uveitis with large “mutton fat” keratic precipitates and posterior synechiae
• complications include glaucoma, cataracts, retinal hemorrhages, peripheral retina neovascularization,

and dry eye
• neurosarcoidosis: optic neuropathy, oculomotor abnormalities, visual field loss

Treatment
• topical/systemic steroids and mydriatics

Paediatric Ophthalmology

Strabismus
Strabismus in children under 4 mo o<
age sometimes resolves, particularly if
the deviation is intermittent, variable, or
measures <40 prism diopters

•ocular misalignment in one or both eyes, can be found in up to 3% of children
•classification

manifest (constant) vs. latent (hidden ) alignment
comitant (deviation equal in all positions of gaze, also known as non-paralytic or concomitant)
vs. incomitant (deviation worse in certain positions, also known as paralytic or restrictive)
described in direction of deviation relative to the fixating eye

•distinguish from pseudostrabismus (prominent epicanthal folds, hypertelorism)
•complications: amblyopia, cosmesis

Heterotropia
•manifest deviation
•deviation not corrected by the fusion mechanism (i.e.deviation is apparent when the patient is using

both eyes)

Heterophoria
•latent deviation
•deviation corrected in the binocular state by the fusion mechanism (i.e. deviation not seen when

patient is focusing with both eyes)
•very common - majority are asymptomatic
•may be exacerbated or become manifest with asthenopia (eye strain, fatigue)

Types
•exo- (lateral deviation), eso- (medial deviation )
•hyper- (upward deviation), hypo- (downward deviation)
•esotropia = “crossed-eyes”; exotropia = “wall-eyed"

All children with strabismus and/or
possible reduced vision require prompt
referral to an ophthalmologist

Tests
•Hirschberg test (corneal light reflex): positive if the light reflex on both corneas is asymmetrical

false positives occur if visual axis and anatomic pupillary axis of the eye are not aligned (angle K)
• positive in -tropias; negative in -phorias

•cover-uncover test allows to differentiate between -tropias and -phorias
any movement of the non-occluded eye in a single cover test indicates a -tropia, as that eye picks
up fixation in the absence of visual input to the dominant eye
any movement of the occluded eye in a cover-uncover test indicates a -phoria

•alternate cover test
• alternating the cover between both eyes reveals the total deviation, both latent and manifest
• maintain cover over one eye for 2-3 s before rapidly shifting to other eye

deviation can be quantified using a prism over one eye (alternate prism cover test)

rn
u
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Cover tests

»>
Esotropia NormalRight eye under the cover

moves in the seme direction

<• w- a>
Exotropia

Rgttt eye under the cover
moves in the some direction Lett Hypertropia

Cover-uncover tests

Esophoria
Lett Esotropia— Exophoria

Figure 25. Cover and cover-uncover tests for detection of tropia and phoria Left Pseudoesotropia

(POani Sayeau 2019
^Table 11. Paralytic vs. Non-Paralytic Strabismus

Clinical Characteristics Paralytic Strabismus Non-Paralytic Strabismus Figure 26. Hirschberg test
Concomitant strabismus

Often sudden but may be gradual or congenital Usually gradual oi shortly alter birth; rarely
sudden
Usually during infancy
Develops early in childhood
No reslriction in range of eye movements

Neural (CN III.IV,VI);Ischemia (e.g.DM).MS. Monocular,alternating,or intermittent
aneurysm,brain tumour,trauma
Muscular;myasthenia giavis (neuromuscular
junction pathology).Craves' disease
Structural: restriction oi enlrapmenl
ol extraocular muscles due to orbital
inflammation, tumour, fracture of the orbital

Definition
Onset

Incomitant strabismus

Age of Onset
Etiology

Any age;most often acquired
Reduction or restriction in range of eye
movements due to:

wall

Diplopia Common Uncommon;image from the misaligned eye is
suppressed

Usually unaffected in the other eye.unless CN Deviated eye may become amblyopic if no)

treated when the child is young
Amblyopia frealment rarelysuccessful after
age 8-10 yr
Amblyopia usually doesnot develop if child
has alternating strabismus or intermiltency,
which allows neural pathways lot both eyes
to develop
Common

Usually absent

Visual Acuity in Other Eye
II is involved

Possibility ol Amblyopia

Neurologic Findingsor Systemic Disease
Uncommon
May be present

Accommodative Esotropia
• normal response to approaching object is the triad of the near reflex: convergence,accommodation,

and miosis
• hyperopes must constantly accommodate - excessive accommodation can lead to esotropia in young

children via over-activation of the near reflex
• average age of onset is 2.5 yr
• reversible with correction of refractive error
• called partially accommodative esotropia if correction of refractive error only resolves part of the

esotropia
rT
L JNon-Accommodative Esotropia

• accounts for 50% ofchildhood strabismus
• most are idiopathic
• congenital (or infantile) esotropia is a common and important subtype
• may be due to monocular visual impairment (e.g. cataract, corneal scarring, anisometropia,

retinoblastoma) or divergence insufficiency (ocular misalignment that is greater at distance fixation
than at near fixation)

+
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Exotropia
• accounts for 11-18% of childhood strabismus
• congenital: onset before 6 mo, may be associated with other conditions (e.g. neurologic,craniofacial

disorders)
• acquired

intermittent exotropia: typically apparent when patient is tired of looking in the distance
consecutive exotropia: develops after strabismus surgery

Amblyopia
Definition
• most common cause of vision loss in children; a neurodevelopmental visual disorder with unilateral

or bilateral (less common) reduction of BCVA that cannot be attributed only to the effect of an ocular
structural abnormality

• cannot be remedied immediately by prescription eyewear alone

Etiology
• progressive suppression of visual input from eye receiving suboptimal image (blurry, deviated)
• in approximately half of the cases, amblyopia is secondary to strabismus (mainly esotropia)
• other causes may include uncorrected refractive errors, anisometropia (asymmetric refractive

errors, usually in the more hyperopic eye), and deprivation due to structural ocular problems (ptosis,
cataract, corneal opacity/scarring, retinoblastoma)

Diagnosis
• “Holler Test": young child upset if good eye is covered
• quantitative VA by age 3-4 yr using picture charts and/or matching game (Sheridan-(iardiner), testing

each eye separately

Management
• strabismus

correct with glasses for accommodative esotropia
occlusion therapy (see below)
surgery: recession (weakening) by moving muscle insertion further back on the globe or resection
(strengthening) by shortening the muscle
botulinum toxin for single muscle weakening

• after ocular alignment is restored (glasses, surgery, botulinum toxin ), patching is frequently
necessary to maintain vision until ~8 yr of age
no proven value for vision therapy/training in the treatment of strabismus or amblyopia

• anisometropia
the eye with the lower refractive error receives a clear image, while the less emmetropic eye
receives a blurred image; input from the blurred eye is cortically suppressed and visual pathway
fails to develop normally
treat with glasses to correct refractive error
patching is required if VA difference persists after using glasses for 4-8 wk

• deprivation: treat underlying cause
• amblyopia treatment less successful after age 8-10 yr. but a trial should be given no matter what age

prognosis: 90% of strabismic/anisometropic amblyopia will have good vision restored and
maintained if treated before age 4 yr, but dcprivational has a worse prognosis

Amblyopia Therapy
• occlusion: full or part-time patching of the good eye to force the brain to use the non-dominant eye

and redevelop its vision with follow-up to prevent occlusion amblyopia
• cycloplegic drops (e.g.atropine) to impair accommodation and blur vision in the good eye

Risks
• permanent loss of vision in the affected eye
• possibility of injury to “remaining” good eye (e.g.occlusion amblyopia)
• safety glasses or polycarbonate lenses recommended if VA in worse eye is <20/50 to reduce risk of

traumatic injury to good eye
• lossofstereopsis

LJ
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Leukocoria
Definition
• white pupillary' reflex (red reflex is absent)
• the presence of leukocoria warrants urgent referral to an ophthalmologist

Differential Diagnosis
• retinoblastoma
• cataract
• Coats disease (exudative retinal telangiectasis)
• persistent hyperplastic primary vitreous or persistent fetal vasculature
• retinal coloboma (chorioretinal). K D
• congenital infections (e.q. toxoplasmosis and toxocariasis)
• ROP

Retinoblastoma
Definition
• intraocular malignancy that rapidly develops from immature cells of the retina

Retinal Zones
• Zone I: circle centred at the nerve

with radius twice the distance from
the disc to the macula (most difficult
to treat)

• Zone II: annulus from zone I to nasal
extent of retina (nasal ora serrata)

• Zone III: remaining retina

Epidemiology
• most common primary intraocular malignancy in children
• incidence: 1 /15000
• unilateral (2/3) or bilateral (1/3)
• malignant - direct or hematogenous spread

Etiology
• sporadic or genetic transmission; screening of siblings/children is essential
• inherited forms likely to he bilateral
• often caused by mutations in RBI on chl 3ql4, the first tumour suppressor gene discovered, and less

commonly by amplifications of MYCN, an oncogene

Diagnosis
• often presents with leukocoria and/or strabismus
• other signs: red eye, eye enlargement if advanced disease
• fundus examination (nodular, white/cream-coloured masses with intralesional blood vessels)
• U/S (A & B -scan) or MRI may demonstrate RD and/or calcified mass (present in most cases)

Zone II

Lane , Tone I
Optic
nerve

Macula

Figure 27. Zones of the retina in ROP
Treatment
• local (laser, cryotherapy, chemotherapy), systemic chemotherapy, and/or enucleation + genetic

counseling

Retinopathy of Prematurity
Definition
• vasoproliferative retinopathy that is a major cause of childhood blindness in low- and middle-income

countries
Anti-VEGF Drugs for Treatment of Retinopathy of
Prematurity ( ROP)
Cochrane 06 Syst Set 2018:1 C 000S734
Summary Conclusions: Rene*ol 6 RCK'Ouas ICIs
companng anti-VEGf agentsn.conventional therapy
for ROP|rr383).
• Insufficient data precludes strong conpuvons foe

routine use ol mlimlrMl anti-VEGf agents lor
treatment ol ROP

• Intravrtreal bevBCizumab,'ran izumab as
monotherapy reduces risk of refractory errors
during childiood

• htrar.treal pegaplenib•laser therapy reduces the
nsk of retinal detachment for type1 ROP. Effect on other critical outconnesand long-term
systemic adverse effectsare unknown

Risk Factors
• non-Black race ( Black infants have lower risk of developing ROP)
• earlier gestational age, birth weight < 1500 g, low caloric intake, postnatal hyperglycemia
• high oxygen exposure after birth (iatrogenic), i .e. assisted ventilation > 1 wk

Classification (ROP Staging)
• stage 1 : Hat white demarcation line at the junction between the vascular and avascular retina
• stage 2: elevated ridge
• stage 3: extra-retinal fibrovascular tissue extending into vitreous
• stage 4: partial RD (4A: macula “on", 4B: macula “off”)
• stage 5: total RD
• plus ( +) disease: dilatation and tortuosity of retinal vessels
• threshold disease: stage 3+ in zones 1 or 2 with circumferential extent of ROP involvement in 5

continuous or 8 cumulative clock hours

r i
c

Treatment
• laser ablation is currently the treatment standard for stages 3+; intravitreal bevacizumab and

ranihizumab both showed significant benefits in zone I compared to laser ablation therapy in infants
with stage 31 ROP

• stage 4-5 is treated with vitrectomy/scleral buckle (goal is to release vitreous tractional forces on the
retina)

+
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Prognosis
• higher incidence of myopia among ROP infants, even if treated successfully (less refractive error

among anti-VEGP treated vs. laser treated)
• stage 4B and 5 have poor prognosis for visual outcome despite treatment

Nasolacrimal System Defects
Definition
• congenital obstruction of the nasolacrimal duct (failure of canalization ) at valve of Hasner, -1-2 mo of

age

Signs and Symptoms
• epiphora (overflow of tears), periocular crusting, mucopurulent discharge, recurrent conjunctivitis
• can have reflux of mucopurulent material from lacrimal punctum when pressure is applied over

lacrimal sac

Treatment
• circular massage over lacrimal sac at medial canthus
• vast majority spontaneously resolve in 9-12 mo, otherwise consider referral for duct probing

Ophthalmia Neonatorum

Definition
• purulent conjunctivitis with profuse exudate in the first few days of life; can cause blindness

Etiology
• chemical/toxic; silver nitrate, erythromycin (secondary to prophylaxis, self-limiting)
• infectious; bacterial (e.g. N.goiwrrlioeac - most common, trachomatis),herpes simplex virus

Gonococcal Infection is the most serious
threat to sight as it can rapidly penetrate
corneal epithelium, causing corneal
ulceration

Treatment
• systemic antibiotics and saline irrigation with possible hospitalization if infectious etiology

Congenital Glaucoma
Epiphora in children - rule out
congenital glaucoma

Definition
• elevated IOP within the first year of life

Etiology
• not entirely known - may be due to inadequate development of anterior chamber
• sporadic and hereditary (autosomal recessive); males more often affected
• secondary congenital glaucoma can be associated with ocular and systemic disorders

ocular: aniridia, microcornea, megalocornea, microphthalmos, persistent hyperplastic primary
vitreous,Sturge-Weber syndrome, Axenfeld-Rieger syndrome, neurofibromatosis
systemic: Prader-Willi, trisomies, fetal alcohol syndrome, mucopolysaccharidoses, and many
others

Clinical Features
• photophobia, epiphora, and blepharospasm
• cloudy cornea due to edema; Haab’s striae due to breaks in Descemet’s membrane
• increased IOP, rapidly-progressive myopia
• buphthalmos (large cornea,"ox eye") and enlarged Q)R

Treatment
• immediate angle surgery after diagnosis

Ocular Trauma

Blunt Trauma
LJ

• caused by blunt object such as fist
• HPI: injury, ocular history,drug allergy, tetanus status
• PEx: VA first, pupil size and reaction, hOM (diplopia), external and slit-lamp exam, ophthalmoscopy

if VA normal or slightly reduced: globe less likely to be perforated
if VA reduced: possible globe perforation, corneal abrasion, lens dislocation, retinal tear

• bone fractures
blow out fracture: restricted EOM, diplopia, enophthalmos (sunken eye)
ethmoid fracture:subcutaneous emphysema (air) of lid

lays test VA first - medicolegal
tection

61.7 +pro
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• lids: swelling, laceration, emphysema
• conjunctiva:subconjunctival hemorrhage
• cornea: abrasion (detect with fluorescein staining and cobalt blue filter using slit-lamp or

ophthalmoscope)
• anterior chamber: assess depth, hyphema, hypopyon
• iris: prolapse, iritis
• lens: cataract, dislocation
• vitreous:hemorrhage
• retina: tear, detachment

Refer if You Observe Any of These
Signs
• Decreased VA
• Shallow anterior chamber
• Hyphema
• Abnormal pupil
• Ocular misalignment
• Retinal damage

Penetrating Trauma (§)
Management of Suspected Globe
Rupture• includes: ruptured globe ± lid laceration, prolapsed iris, intraocular foreign body

• rule out intraocular foreign body with O' orbit, especially if history of “metal striking metal ”
• OCULAR EMERGENCY: initial management - REFER IMMEDIATELY

• ABCs
• avoid pressing on eye globe

avoid checking IOP
• check vision, diplopia
• apply rigid eye shield to protect from further trauma

keep head elevated 30-45° to keep IOP down
• keep NPO
• check tetanus status
• give IV antibiotics

selecting appropriate agents depends on the mechanism of injury; Gram-positive bacteria are
more commonly involved than Gram-negative; retained intraocular foreign objects increase
the risk of infections with Bacillus species, whereas exposure to vegetable matter increase the
risk of a fungal etiology

CAN’T forget
CT orbits
Ancef (cefazolin) ± Aminoglycoside IV
NPO
Tetanus status

Pojl-franmtk Infectious Endophthalmitis
Surv Ophthalmol 2011;56:214- 251
• Delayed primary repair (>24 h after

open globe injury) increases risk for
post-traumatic endophthalmitis in
the absence of an intraocular foreign
body (IOFB)

• If IOFB present, early vitrectomy and
IOFB removal must be performed
within 24 h of injury

• Extreme pain with hypopyon and
vitritis indicate endophthalmitis until
proven otherwise, and samples must
be obtained for culture

• Treat with empirical intravitreal and
intravenous antibiotic guided by
nature of trauma, and adjust based
on culture

Hyphema
Definition
• blood in anterior chamber, often due to damage to root of the iris
• may occur with blunt trauma

Treatment
• refer to ophthalmology
• shield and bedrest for 5 d or as determined by ophthalmologist
• sleep with head upright
• may need surgical drainage if hyphema persists or if re-bleed

Complications
• risk of re-bleed highest on day 2-5, and may result in secondary glaucoma, corneal staining, and iris

necrosis
• never prescribe Aspirin* (increases risk of re-bleed)

Shaken Baby Syndrome
Syndrome of findings characterized
by absence of external signs of abuse
with respiratory arrest seizures,
or coma.Ocular exam findings are
important diagnostically for Shaken
Baby Syndrome. These findings
include extensive retinal and vitreous
hemorrhages that occur during the
shaking process and are extremely
rare in accidental trauma. A detailed
fundoscopic exam or an ophthalmology
referral should be conducted for all
infants in whom abuse is suspected.

Blow-Out Fracture
.see Plastic Surgery, PL34

Definition
•blunt trauma causing fracture of orbital floor and herniation of orbital contents into maxillary sinus
•orbital rim remains intact
•inferior rectus and/or inferior oblique muscles maybe incarcerated at fracture site
•infraorbital nerve courses along the floor of the orbit and may be damaged

Clinical Features
•pain and nausea at time of injury
•diplopia, restriction of EOM
•infraorbital and upper lip paresthesia or anesthesia (CN V 2)
•enophthalmos (sunken eye) and periorbital ecchymosis

Investigations
•CT:anteroposterior and coronal view of orbits

Treatment
•avoid coughing, blowing nose, and Valsalva maneuvers
•systemic antibiotics may be indicated
•surgery if fracture >50% orbital floor, diplopia not improving,or enophthalmos >2 mm
•may delay surgery if the diplopia improves

Classic Signs of Blow-Out Fracture
• Enophthalmos
• Decreased upgaze (inferior rectus

trapped)
• Cheek anesthetized (infraorbital

nerve trapped)
L J
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Chemical Burns
•alkali burns have a worse prognosis than acid burns because acids coagulate tissue and inhibit further

corneal penetration
•poor prognosis if cornea opaque, likely irreversible stromal damage
•even with a clear cornea initially, alkali burns can progress for weeks - thus, very guarded prognosis

Treatment
•immediately irrigate with water or balanced saline solution ( BSS)

• irrigate with eyelids retracted in emergency department with IV drip to physiologic pH (test with
litmus paper)

• swab upper and lower fornices to remove possible particulate matter
•do not attempt to neutralize an acid with a base, or vice versa
•topical antibiotics and patching
•topical cycloplegics to decrease iris spasm (pain) and prevent secondary glaucoma (due to posterior

synechiae formation)
•topical steroids ( prescribed by ophthalmologist ) to decrease inflammation, use for <2 wk in the case of

a persistent epithelial defect

Ocular Drug Toxicity
Table 12. Drugs with Ocular Toxicity
Drugs

Amiodaronc Corneal microdeposits and superficial keratopathy (vortex keratopathy)
Rate: Ischemic optic neuropathy
Pupillary dilation (risk of angle-closure glaucoma)

Inflammatory eye disease (iritis, sderilis, episcleritis)
Bull's eye maculopathy
Vortex keratopathy

Anterior subcapsular cataract
Decreased tolerance to contact lenses
Migraine
Optic neuritis
Retinal vein occlusion
Benign increase in ICP
Yellow vision
Blurred vision
Optic neuropathy

Oculogyric crises
Blurred vision
Superficial keratopathy

Relinal hemorrhages and cotton wool spots
Optic neuropathy

Papilledema

Posterior subcapsular cataract
Glaucoma
Papilledema (systemic steroids)
Increased severity of NSV infections (geographic ulcers)
Predisposition to fungal infections
Stevons-Johnson syndrome
Intraoperative floppy irissyndrome (can complicate cataract surgery)

Papilledema (associated with pseudotumour cerebri)

Pigmentary degeneration ol retina
Relinal deposition with macular sparing, peripheral visual field loss
Papilledema

Band keralopalhy

Atropine, benrtropine

Bisphosphonates (Fosamax .Actonol )
Chlotoqulno, hydroxychloroquine

Chlorpromazine
Contraceptive pills

Digitalis

Ethambutol

Halopcridol (Haldol )

Indomethacin

Interferon
Isoniaiid
Nalidixic acid
Steroids

Sulfonamides. NSAIDs
Tamsulosin ( Flomax )

Tetracycline

Thioridazine
Vigabatrin
Vitamin Atoxicity
Vitamin D toxicity

r i
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Common Medications
TOPICAL OCULAR DIAGNOSTIC DRUGS

Fluorescein Dye
• water-soluble orange-yellow dye
• green under cobalt blue light (ophthalmoscope, slit-lamp ± applanation tonometry)
• absorbed in areas of epithelial loss ( ulcer, abrasion, laceration )
• stains mucus, contact lenses, foreign bodies

Rose Bengal Stain
• stains devitalized epithelial cells and mucus to indicate tear film abnormalities (e.g. mucin deficiency)

Anesthetics
• e.g. proparacaine HC10.5%, tetracaine 0.5%
• indications: removal of foreign body and sutures, tonometry, and examination of painful cornea
• toxic to corneal epithelium (inhibit mitosis and migration) and can lead to corneal ulceration and

scarring with prolonged use, therefore NEVER prescribe

Mydriatics
• dilate pupils
• two classes

cholinergic blocking (e.g. tropicamide- Mvdriacyl*)
dilation plus cycloplegia (loss of accommodation) by paralysis of iris sphincter and the ciliary
body
indications: refraction, ophthalmoscopy, therapy for iritis

• adrenergic stimulating (e.g. phenylephrine HC) 2.5%)
stimulate pupillary dilator muscles, no effect on accommodation
usually used with tropicamide for additive effects
side effects: HTN, tachycardia, arrhythmias

Table 13. Mydriatic Cydoplegic Drugs and Duration of Action
Duration of ActionDrugs

tropicamide (Mydriacyl - ) 0.5%,1%
Cydopentolate HCI 0.5%,1%
HomatropineHBr1%,2%
Atropine sulfate O.S%.1%
Scopolamine HBi 0 25%,5%

4 5 h
3-6 h

3-7 d
1-2 wk

1-2 wk

GLAUCOMA MEDICATIONS

Table 14. Glaucoma Medications
Effect Comment/Side EffectsDrug Category Dose Ophthalmic Drop Cap Colours

Green Cholinergics
Anticholinergics

White Anesthetics,antibiotics.
artificial tears,steroids

Yellow (3-blockers
(3-blocker combinations

Purple a-agonists
Prostaglandins

Orange Carbonic anhydrase
inhibitors
Fluoroquinolones
NSAIDs
Anti-inflammatories,
steroids

o-Agonist
a2-selcctivc
• brimonidine 0.2% (Alphagan I
• apradonidine 0.5% (lopidine - )

1git 0S /0D BID/ tID Non selective: reduced aqueous
production * increased TM outflow
Selective:reduced aqueous
production * increased
uveosderal outflow
Reduced aqueous production Bronchospasm (caution in

asthma/COPD)
Increased CNF
Bradycardia,hypotension,
depression, heart block,
impotence

Reduced aqueous production Must ask about sulfa allergy
Generally local side effects with
topical preparations
Oral: diuresis,laliguc.
paresthesia,Glupset

Miosis
Reduced night vision
Increased Gl motility,brow ache,
headache
Reduced heart rale

Increaseduveosderaloutflow Iris colour change
(uveosderal responsible for 20% Periorbital skin pigmentation

Lash growth
Conjunctival hyperemia

Non - selective: mydriasis,macular
edema, tachycardia
Selective: contact allergy,
hypotension/apnea in children

Red

Blue
P-Blockcr Non-sclcctive
• timolol (Ilmoptic 'l
• levobunolol (Bclagan |
p1-sclectivc
• belaxolol (Betoptic )

1gtt 0S/0D once dailyl8IO
Teal

Tan
Grey

Carbonic Anhydrase Inhibitor
• doreolamide (Trusopt )
• briniolamidc|Aiopl '|
• oral:ucetaiolamide (Dianio* ).

methacolamide (Neptaiane - )
Parasympathomimetic
(cholinergic stimulating)
• pilocarpine (Pilopine - )
• carbachol (Isopto Carbachol - )

1gtt OS ,’0D 1ID
Diamo« :500 mgP0 BID

Pink

1-2 gits OS/OD TIDJOIO Increased TM outflow

r T
L J

Prostaglandin Analogues
• latanoprost (Xalatan )
• travaprost (Travatan: )
• bimatoprost (Lumigan1)

1gtt 0S /0D OHS

of drainage)
+

Cosopt = timolol douolamide; Xalacom = timolol lantanoprost:Combigan * = timolol brimonidine;DuoTrav = timolol travaprost: gtt =
drop, gtts drops
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WET AGE-RELATED MACULAR DEGENERATION MEDICATIONS

VEGF Inhibitors (Anti-VEGF)
• anti-VEGF agents prevent ocular angiogenesis and development of choroidal neovascularization
• administered via intravitreal injections
• aflibercept (Eylea*) is a VEGF “trap" agent that binds VEGF-A, B, and placental growth factor
• ranihizumab ( Lucentis*) is a monoclonal l ab fragment and non-selective anti-VEGF agent
• brolucizumab (Beovu*) is a humanized monoclonal single-chain variable fragment antibody directed

against human VEGF-A
• bevacizumab (Avastin*) is recombinant humanized monoclonal IgG antibody and non-selective anti-

VEGF agent
• FDA-approved only for treatment of metastatic breast cancer, colorectal cancer, and non-small

cell lung cancer; therefore, its widespread ophthalmologic use is off-label

Intravitreal Bevacizumab vs. Ranibizumab for
Treatment of NeovascnlarAge-Related Macular
Degeneration: findings from a Cochrane
Systematic Review
Ophthalmology 2016; Q«1|:)0- W
Summary: In 6 RCIsmth 2009 participants, there
were no important differences in effectiveness or
safety between bevacirnmob and ranibirnmab.
despite a significant cost difference.

Antiplatelet and Anticoagulant Drugs Do Not
Affect Visual Outcome in Neovascular Age-Related
Macular Degeneration in the BRAMD Trial
AmJ Ophthalmol 2018:187:130137
Summary: In 330 MVAMO patients receiving edbev
bevacizumab or ranibtnunab treatment, use o!
anti-coagulantand anti-platelet agents was not
associated with visual decline or occurrence of ocular
hemorrhages.

TOPICAL OCULAR THERAPEUTIC DRUGS

NSAIDs
• used for less serious chronic inflammatory conditions
• e.g. ketorolac (Acular*), diclofenac ( Voltaren*), nepafenac (Nevanac*) drops

Anti-Histamines
• used to relieve red and itchy eyes, often in combination with decongestants
• sodium cromoglycate - stabilizes membranes
• olopatadine (Patanol*, Pataday*)

Decongestants
• weak adrenergic stimulating drugs (vasoconstrictor)
• e.g. naphazoline, phenylephrine (Isopto Frin*)
• rebound vasodilation with overuse; rarely can precipitate angle-closure glaucoma

Antibiotics
• indications:bacterial and hyperpurulent conjunctivitis, corneal abrasions and ulcers,

endophthalmitis, keratitis, blepharitis, globe rupture, cellulitis, lacrimal sac, and lacrimal gland
infections

• commonly as topical drops or ointments, may give systemically
• e.g. sulfonamide (sodium sulfacetamide, sultisoxazole), aminoglycosides (gentamicin (Garamycin*),

tobramycin (Tobrex*)), erythromycin, tetracycline, bacitracin, polymyxin B, fluoroquinolones
(ciprofloxacin (Ciloxan*), ofloxacin (Ocuflox*), moxifloxacin (Vigamox*), gatifloxacin (Zymar*))

Corticosteroids
• e.g. fluorometholone (FML*), betamethasone, dexamethasone (Maxidex*), prednisolone (Predsol*

0.5%, Pred Forte* 1%), rimexolone (Vexol*), loteprednol etabonate 0.5% (Lotamax*), and difluprednate
(Durezol*)

• primary care physicians should avoid prescribing topical corticosteroids due to risk of glaucoma,
cataracts, and reactivation of HSV keratitis

• complications
potentiates HSV keratitis and fungal keratitis as well as masking symptoms
increased 10P, more rapidly in steroid responders (within weeks)

• posterior subcapsular cataract (within months)

r T
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Landmark Ophthalmology Trials
Trial Name Reference Clinical Trial Details
AGE-RELATED MACULAR DEGENERATION
AREDS2 JAMA 2013:3091191:2005-2015 Title: lutein Tcaxanlhin and Omega -3 fatly Adds lor AMO: The Age -Related Eye Disease Study 2 (AREDS2)

Randomired Clinical Trial
Purpose: to determine whether adding lutein * zeaxanthin.OHA EPA.or both to the AREDS formulation (vitamins
C and E.3 -carotene, zinc,and copper) decreases the risk of developing advanced AMD and lo evaluate the effect of
eliminating 3-carotene,lowering zinc doses,or both in the AREDS formulation.
Methods:Patients at risk for progression to advanced AMD were randomized to receive lutein * zeaxanlhrn. DHA *
EPA.lutein•zeaxanthin and DHA EPA,or placebo,In addition lo taking the AREDS formula.
Results:Comparison with placebo (ARE0S formula alone) in the primary analyses demonstrated nostatistically
significant reduction in progression to advanced AMD.There was no apparent effect of 3-carotene elimination or
lower-dose zinc on progression lo advanced AMD. More lung cancers werenoted in the 3-carotene,mostly in former
smokers.
Conclusions:Addition of lulein'zeaxanthin.OHA’EPA,or both lo the AREDS formulation did not further reduce risk
of progression to advancedAMD. Because ol the potential increased incidence of lung cancer with high doses of
3-carotene,Iutein<zeaxanthin could be an appropriate carotenoid substitute in the AREDSformulation.
Title:Ranibizumab and Bevacizumab for Neovascular Age Related Macular Degeneration
Purpose: lo assess Ihc efficacy and safely of lanibizumab and bevacizumab and lo determine whether an as- needed
regimen wouldcompromise long-term VA,as compared with a monthly regimen
Methods:Patients with neovascular AMD where randomized to receive intravitreal injections of ranibizumab or
bevacizumab on either a monthly schedule or as needed withmonthly evaluation.The primary outcome was the
mean change in VA all year.
Results:Bevacizumab was equivalent lo ranibizumab whether it was administered monthly oi as needed.
Ranibizumab as needed was equivalent to monthly ranibizumab,but the comparison of bevacizumab as needed and
monthly was inconclusive.The mean decrease in central retinal thickness was greater in the ranibizumab-monthly
group than in the other groups. The rates of death,myocardial infarction,and stroke were not statistically different.
Conclusions:Bevacizumab and ranibizumab had equivalent effects on VA at1yr when administered according lo the
same schedule. There was no difference between ranibizumab given as needed and ranibizumab given monthly.

CAT! NEJM 2011:364(20):1897 908

GLAUCOMA
OHTS Arch Ophthalmol 2002:120(6|:701-13 Title: The Ocular Hypertension Treatment Study:a randomized trial determines lhal topical ocular hypotensive

medication delays or prevents the onset of primary open-angle glaucoma
Purpose: To determine the safety and efficacy ol topical ocular hypotensive medication indelaying or preventing Ihe
onsetolPOAG.
Methods:1636 patients with no evidence of glaucomatous damage and with I0P between 24-32 mmHg in one eye
and between 21-32 mmHg in the other eye were randomized lo observation or to treatment with commercially
available topical ocular hypotensive medication.Ihe primary outcome was developmental visual field abnormality
or optic disc deterioration attributed to POAG.
Results:Mean reduction inI0P in Ihe medication group was 22.5%t9.9% vs.4.0%i11.6% in the observation group.
At 5 years.Ihe probability of developing POAG was 4.4% in the medication group and 9.5% in the observation group
(P-0.0001).
Conclusions: Topical ocular hypotensive medication was effective in delaying or preventing the onset of POAG in
individuals with elevated IOP.
Title:Latanoprost for open-angle glaucoma (UKGTS):a randomised,multicentre,placebo-controlled trial
Purpose: To assess vision preservation in patients given latanoprost compared with those given placebo.
Methods: Patients with newly diagnosed POAG were randomized lo receive cither latanoprost 0.005% or placebo
eye drops.The primary outcome was time to visual field deteriorationwithin 24 months.
Results:At 24 months,mean reduction in IOP was 3.8 mmHg in 231patients assessed in Ihe latanoprost group and
0.9 mmHg in230 patients assessed in the placebo group.Visual field preservation was significantly longer in the
latanoprost group than in the placebo group.
Conclusions: There ispreservation of Ihe visual field with an inlraocular -prcssurc -lowciing drug,latanoprost,in
patients with POAG.

UKGTS Lancet 2O15:385|9975):1295-304

DIABETIC RETINOPATHY

NEJM 2010:363:233-244Effects of Medical Therapies on
Retinopathy Progression InI2DM

Title:Effects of Medical Therapies on Retinopathy Progression in T 2DM
Purpose: To determine whether Intensive glyccmlc control,combination therapy for dysliprdcmia, andintensive
blood pressure control can limit the progression of DR in persons withI2DM.
Methods:Participants with T2DM at high-risk of cardiovascular disease were randomized to receive either intensive
or standard treatment for glycemia,dyslipidemia,or systolic blood-pressure control.Participants were evaluated for
Ihe effect of these interventions on Ihe progression of DR.
Results: Rales of progression of OR at 4 yr were 7.3% with intensive glycemia treatment vs.10.4% with standard
therapy;6.5% with fenofibratc for intensive dyslipidemia therapy vs.10.2% with placebo and10.4% with intensive
blood pressure therapy vs.8.8% with standard therapy.
Conclusions:Intensiveglycemic control andintensive combination treatment of dyslipidemia. but not intensive
blood pressure control,reduced the rale of DR .
Title:Risks ol progression of retinopalhy and vision loss related lo tight blood pressure control in type 2 diabetes
mellitus:UKPDS 69
Purpose:To determine the relationship between tight BP control and the different aspects of DR in patients with
T2DM.
Methods: 758 patients were allocated lo a tight 8P control policy (<150 /85) with angiotensin- converting enzyme
inhibitor or 3- blockers as Ihe main therapy;390 were allocated lo a less tight BP control policy (<180/105).
Results:There was a significantly higher microaneurysm count,hard exudates prevalence,and cotton wool spots in
the tight BP control group compared to the less tight BP control group.Patients with tight BP control were less likely
lo undergo photocoagulation. The cumulative incidence of Ihe end point of blindness in1eye was 18 /758 for the tight
8P control group compared with 12/390 lor Ihc less light BP control group.
Conclusions:High BP is detrimental to each aspect of diabetic retinopathy:a light BP control policy reduces Ihe risk
of clinical complications from diabetic eye disease.

UKPDS 69 Arch Ophthalmol 2004;122(11):!631 40
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Trial Name Reference Clinical Trial Details
(DIRS 9 Ophthalmology 1991:98: 766 80 Title: Early photocoagulalion foi diabetic retinopathy. HORS report number 9.Early Treatment Diabetic Retinopathy

Study Research Group
Purpose: To evaluate the efficacy of argon laser photocoagulation in deterring the progression of early DR into more
advanced DR. as well as best lime to initiate treatment.
Methods: for patients with mild-to-severe non-proliferative or earlyproliferative DR in both eyes,one eye of each
patient was assigned randomly to early photocoagulation and the other to deferral of photocoagulalion (initiated as
soon as high-risk proliferative retinopathy was detected).Eyes selected for eaily photocoagulalion received one ol
four different combinations of scatter and focal treatment.
Results:Early treatment was associated witha small reduction in the incidence of severe visual loss compared with
deferral of photocoagulation,but 5 -year rates were low in both the early trealment and deferral groups|2.6% and
3.7%).Adverse effects of scatter photocoagulalion on visual acuity and visual field also were observed.
Conclusions: Scalier photocoagulalion isnot recommended lor eyes with mild or moderate nonproliferative diabetic
retinopathy but Is for more severe disease and shouldnot be delayed, focalphotocoagulalion is recommended for
eyes with macular edema,asit reduces the risk of visual loss.

NEUROPHTHALMOLOGY
Optic NeuritisTreatment trial NEJM1992: 326(9):581-8 Title:A Randomized.Controlled Trial of Corticosteroids in the Treatment of Acute Optic Neuritis

Purpose: To evaluate corticosteroids as treatment for oplic neuritis.
Methods: Patients with acute optic neuritis were randomly assigned oral prednisone, intravenous
methylprednisolone followedby oral prednisone,or oral placebo. Visual function was assessed over a six-month
follow-up period.
Results: Visual function recovered faster In Ihe group receivingIntravenous methylprednisolone than in Ihe placebo
group;this was particularly true for the reversal of visual-held defects.The outcome in the oral-prednisone group
did not differ from that in the placebo group. In addition, the rale of new episodes of optic neuritis in either eye was
higher in the group receiving oralprednisone,but not Ihe group receiving intravenous methylprednisolone. than in
the placebo group.
Conclusions: Intravenous methylprednisolone followed by oral prednisone speeds the recovery of visual loss due to
optic neuritis and results in slightly better vision at six months.Oral prednisone alone,as prescribed in this study, is
an ineffective treatmentand increases the risk of new episodes of optic neuritis.

JAMA. 2014;311|16):16411651Idiopathic Intracranial
Hypertension Treatment Trial

Title: Effect of Acelazolamide on Visual Function in Patients With Idiopathic Intracranial Hypertension and Mild Visual
loss
Purpose:To determine whether acelazolamide is beneficial in improvingvision when added to a low-sodium weight
reduction diet in patients with Idiopathic Intracranial Hypertension (IIH) and mild visual loss.
Methods:Participants with IIH and mild visual loss who received a low-sodium weight -reduction diet were randomly
assigned acelazolamide or matching placebo.
Results: The mean improvement in visual loss was greater with acelazolamide than with placebo. Mean
improvements in papilledema grade and vision-related quality of life were also observed with acelazolamide.
Conclusions:In patients with IIH and mild visual loss, the use of acelazolamide with a low-sodium weight-reduction
diet compared with diet alone resulted in modest improvement in visual field function.
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Acronyms
DDH developmental dysplasia of the MCL medial collateral ligament

metatarsal
metatarsophalangeal
motor vehicle collision
neurovascular status
non-weight bearing
osteoarthritis
open reduction internal fixation
posterior cruciate ligament
pulmonary embolism
posterior interosseous nerve
posterolateral corner

RA rheumatoidarthritis
rotator cuff disease
range of motion
reflex sympathetic dystrophy
slipped capital femoral epiphysis
superior labrum, anterior
posterior
sensitivity
total hiparthroplasty
total shoulder arthroplasty
weight-bearing
fracture

ABI ankle brachial index
AC acromioclavicular
ACL anterior cruciate ligament

anterior interosseous nerve
anteroposterior

ARDS acute respiratory distress
syndrome

AVN avascular necrosis
CA coracoacromial
CC coracoclavicular
CRPS complex regional pain syndrome IM
C&S culture and sensitivity

r 3 RCDM
ROMDRUJ distal radioulnar joint

DVT deep vein thrombosis
EtOH ethanol/alcohol
FAI femoroacetabular impingement NWB
FOOSH fall on outstretched hand
GA general anesthetic
HO heterotopic ossification
l&D incision and drainage

intramedullary
LCL lateral collateral ligament

MTP
MVC RSDAll.
NVS SCFEAP

SLAP
OA
ORIF SN
PCI THA

TSAPE
PIN WB
PIC t

Basic Anatomy Review
C5 ,oC7
C6 28
C7 ' T1
C8

iT1

Coracobrachialis

Musculocutaneous
nerve

Bleeps brachii

-Ulnar
nerveMedian

nerve

-Medial cutaneous
nerve of the arm
(sensory)

BrachialisLateral cutaneous
nerve of forearm
(sensory)

Pronator teres
Pronator teres

Flexor carpi radiaiis —Rexor carpi
ulnaris

Medial cutaneous
nerve ot the forearm
(sensory)

Rexor digitorum
profundus
Imedial 4.5 digits)Palmaris longus

Rexor pollicis
longus Flexor digitorum

superficialis
Dorsal cutaneous
branch (sensory)Flexor digitorum

profundus
{lateral 2,3 digits)

Pronator
quadrates

'I Palmar cutaneous
/ branch (sensory)

Palmar interossei

'almaris brevis
lypothenar muscles

Adductor
pollicis ,Thenar

muscles

2.3 lumbricals
Dorsal /
interossei 4,5

r “ilumbricalsPalmar sensory
branches of median
nerve

i.J
r

CM

iSuperficial terminal
branches (sensory)

s
3
i +@ANTERIOR VIEW

Figure1. Median,musculocutaneous, and ulnar nerves:innervation of upper limb muscles
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15
LC
C7

Axillary C8Subclavian

SubscapularisDeltoids ,Posterior[Circumflex
humeral .Teres majorThoracoacromial

Anterior
Axillary norvolateral thoracic

\ 'latissimus
\ dorsl

Radial nerve

'Triceps brachii Hong head!

Subscapular

Brachial
artery

Upper cutaneous,

norvo of the arm
(sensory!

Profundi
brachii

S Superior ulnar
collateral

Inferior ulnar
collateral

Triceps brachii (medial head)
Brachioradialh

Extensor carpi J.
radialis longus (I
Extensor carpi
radialis brevis/ /

Radial-
recurrent

Anterior and posterior
ulnar recurrent

iSupinator

Posterior-̂
interosseous
nerve

Radial,
Ulnar f AExtensor carpi ulnaris

['Extensor digit! minimi
Extensor digitorum

'Extensor indicis

Abductor,̂ '"'
pollicis longus

Abductor̂ ^
pollicis brevis ,

Anterior interosseous

Superficial-
radial nerve
(sensory)

Deep palmar arch

Superficial palmar arch

I
5

J
*ANTERIOR VIEW POSTERIOR VIEW

Figure 2. (Left) Blood supply to the upper limb, (Right) Axillary and radial nerves: innervation of the upper
limb

Table1Sensory and Motor Innervation of the Nerves in the Upper and Lower Extremities
Nerve Motor Sensory Nerve Roots

Dcltoidlferes Minor/Tiiceps (long Lateral upper arm (Sergeant 's
head)

Biceps/Grachialis
Triceps (medial andlateral heads) Lateral dorsum of the hand
Wrist/ thumb/ finger Extensors Medial upper lorcarm
Wrist abductors

Wrist flexors
Flexion of1st -3rddigits

C5. C6Axillary
Pilch)

Musculocutaneous
Radial

Lateral lorcarm C5.C6
C5. C6.CJ. C8

Median Palmar thumb lo radialhall ol 4th C6, C 7
digit,and the dorsal lips of digits t
to radialhall ol digit 4
Medial palm and dorsum ol hand C8.T1
5th digit and medial half ol 4th

Ulnar Wrist flexors and adductors
flexion of 4th-5lh digits

digit

Tibial Ankle plantar flexion
Knee flexion
Great toe flexion
Ankle eversion

Sole of foot LS.St

Superficial Peroneal

Deep Peroneal

Dorsum of foot L5.S1

Ankle dorsiflexion and Inversion
Great toe extension

1st web space L5. S1 ( n \

Sural Lateral foot S1,S2
Saphenous Anteromedial ankle L3,L4
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ANTERIOR VIEW POSTERIOR VIEW

Common iliac artery
Lateral cutaneous nerve of

the thigh
Femoral nerve

External iliac artery
Internal iliac artery

Deep circumflex iliac artery
Superficial circumflex iliac

artery
Medial cutaneous
nerve of the thigh

Lateral circumflex femoral
artery

Obturator nerve

.
Superior gluteal nerve

-Inferior gluteal nerve

•Sciatic nerve
-Posterior cutaneous
nerve of the thigh
Lateral circumflex
femoral artery

-Medial circumflex
femoral artery

Prolunda lemoris arteryProfunda femoris artery

Femoral artery

Descending branch
Femoral artery

Intermediate cutaneous
nerve of the thigh Hiatus in adductor magnus

-Tibial nerve
-Common fibular
(peroneal) nerve

-Popliteal arterySaphenous nerve

Common fibular
(peroneal) nerve

Deep fibular (peroneal)
nerve

Superficial libular
(peroneal) nerve

-Posterior tibial artery-Anterior tibial artery

Sural nerveAnterior tibial artery

Calcaneal branch
Medial plantar nerve
Medial plantar artery
Lateral plantar nerve
Lateral plantar artery
Plantar artery

2Dorsalis pedis artery m
IS -

I
UJ

a
©

Figure 3. Nerves and arteries of lower limbs
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Table 2. Muscle and Compartment Review of the Limbs
ThighArm Forearm Leg

Anterior Compartment Biceps Bractrii
Brachialis
Coracobracilialis

PronatorIeres
fleior Carpi Babralis
Palmarrs Loogus
Fleior Carpi Ulnaris
Fleior Drgitorum
Superficialis
Fleior Drgitorum Profundus
Fleior Pollers longus
Pronator Ouadratus
Brachioradialis
Eitensor Carpi Badialis
longus
Eitensor Carpi Radiahs
Brens
Eitensor Carpi Ulnarrs
Eitensor Digrtorum
Eitensor Digiti Minimi
Abductor Pollicis Longus
Eitensor Pollicis longus
Eitensor Pollicis Brevis
Eitensor Indrcis
Supinator

Sartorius
Ouadriceps
Bectus Femoris
Vastus Lateralis
Vastus Intermedius
Vastus Medralis

Tibialis Anterior
Eitensor Hallucis Longus
Eitensor Drgitorum Longus
Peroneus tertius

Posterior Compartment Triceps
Aconeus

Hamstrings
Semitendinosus
Semimembranosus
BicepsFemoris

Superficial
Gastrocnemius
Soleus
Plantaris

Deep
Popliteus
Flexor Hallucis Longus
Flexor Digitorum longus
Tibialis Posterior

Medial Compartment Adductor Longus
Adductor Brevis
Adductor Magnus
Sracilis
Pectineus

Lateral Compartment Peroneuslongus
Fibularis Brevis

Fractures- General Principles

Fracture Description
Displacement
Refers to position of the distal fragment
relative to the proximal fragment

1. Name of Injured Bone

2. Integrity of Skin/Soft Tissue
• closed: skin/soft tissue over and near fracture is intact
• open: skin/soft tissue over and near fracture is lacerated or abraded, such that fracture site can

communicate with contaminants (Le.outside environment or bowel)
• signs:continuous bleeding from puncture site,or fat droplets in blood are suggestive of an open

fracture
Varus/Valgus Angulation
Refers to the distal segment of the bone
compared to the proximal segment
Varus ~ Apex away from midline
Valgus - Apex toward midline3. Location

• epiphyseal: end of bone, forming part of the adjacent joint

• metaphyseal: the tlared portion of the bone at the ends of the shaft
• diaphyseal: the shaft of a long bone ( proximal, middle, distal )

• physis: growth plate

4. Orientation/Fracture Pattern (see figure -t, OK6)
• transverse: fracture line perpendicular (<30° of angulation ) to long axis of bone; result of direct high

energy force
• oblique: angular fracture line (30°-60° of angulation ); result of angulation and compressive force, high

energy
• butterfly: triangular or wedge-shaped fragment resembling a butterfly; commonly between the two

main fracture fragments in comminuted long bone fractures
• segmental: a separate segment of bone bordered by fracture lines;often the result of high-energy force
• spiral: complex, multi-planar fracture line; result of rotational force, low energy
• comminuted/multi-fragmentary:>2 fracture fragments
• intra-articular: fracture line crosses articular cartilage and enters joint
• compression: impaction of bone: typical sites are vertebrae or proximal tibia
• torus: compression of bony cortex on one side while the other remains intact, often seen in children

(see figure 50, UR45)
• screenstick:compression of one side with fracture of the opposite cortex, often seen in children (see

figure 50, OR45 )
• pathologic: fracture through abnormal bone weakened by disease (e.g. tumour)

Quick Upper Extremity Motor Nerve
Exam
“Thumbs Up”:PIN (Radial Nerve)
“OK Sign": AIN (Median Nerve)
“Spread Fingers":Ulnar Nerve

X-Ray Rule of 2s
2 sides - bilateral
2 views AP lateral
2 joints - joint above below
2 times - before * after reduction

ri
LJ

Sample Fracture Description
Closed (overlying skin integrity) spiral
fracture (fracture pattern) of the distal
third (location) of the left tibia (injured
bone),with mild varus angulation,lateral
translation and angulation (alignment of
fracture fragments). The fracture does
not extend to the joint surface
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5. Alignment of Fracture Fragments (see Figure 5)
• non-displaced: fracture fragments are in anatomic alignment
• displaced:fracture fragments are not in anatomic alignment
• distracted: fracture fragments are separated by a gap (opposite of compression)
• translated: percentage of overlapping bone at fracture site
• angulated: direction of fracture apex (e.g. varus/valgus)
• rotated: fracture fragment rotated about long axis of bone
• shortened: fracture fragments are compressed, resulting in shortened bone
• avulsion: tendon or ligament tears/pulls off bone fragment

ir

\“t A VU F

Spongy
/ bone, V

_Proximal -
epiphysis

B. Oblique C. Butterfly D. Segmental E.Spiral F. Comminutedt Articular
- vj cartilage

"̂"Epiphyseal line
v Periosteum

N © Lisa Qiu 2019. alter 3Carly Vanderlee 2011A. Transverse

Figure 4. Orientation/fracture pattern Compact bone- - Medullary

haphysrs

C. Rotated D. Sliorlened E. AvulsionA. Translated B. Angulated
Orstal —epiphysisSiLisa Qiu 2019.altar © Carly Vanderlaa 2011

Figure 6. Schematic diagram of the
long bone

Figure 5.Alignment of fracture fragments

Approach to Fractures
I . Clinical Assessment Reasons for Closed Reduction and

Splinting
• Pain control
• Reduces further damage to vessels,

nerves, and skin and may improve
neurovascular status

• Reduces point loading on articular
surfaces

• Decreases risk of inadvertently
converting closed to open fracture

• Facilitates patient transport

ABCs, primary survey, and secondary survey (Advanced Trauma Life Support (AT'LS) protocol )
assess for life threatening Injury
assess for open and other fractures

• AMPLE- E history (minimum ): Allergies, Medications, Past medical history. Last meal, Events
(mechanism of injury), function pre-injury

previous significant injury or surgery to affected area
consider pathologic fracture with history of only minor trauma

• physical exam: inspect (deformity, soft tissue integrity); palpate (maximal tenderness, N VS-
document best possible neurovascular exam, avoid ROM /moving injured area to prevent
exacerbation)

2. Analgesia
• oral, IV, or local (e.g. hematoma block)

3. Imaging ( see Orthopaedic X - Ray Imaging, ORR )
I. Reduction: closed vs. open

• closed reduction (with IV sedation and muscle relaxation if necessary)
apply traction in the long axis of the limb
reverse the mechanism that produced the fracture

open reduction
“NO CAST" (see sidebar)
other indications include- failed closed reduction- unable to cast or apply traction due to site

- pathologic fractures
- potential for improved function and/or outcomes with OR1E

• ALWAYS re-check and document N VS after reduction and obtain post-reduction x-ray

Indications for Open Reduction

NO CAST
Nonunion
Open fracture
Neurovascular Compromise
Displaced intra-Articular fracture
Salter-Harris 3,4,5
PolyTrauma

rT
L J
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5. Immobilization
external stabilization:splints, casts, traction, external fixator
internal stabilization:percutaneous pinning, extramedullary fixation (screws, plates, wires),IM
fixation (rods)

6. Follow-up
evaluate stages of bone healing (see Fracture Healing)

7.Rehabilitation
recommend rehabilitation when appropriate to regain function and avoid joint stiffness

Buck's Skin Traction
A system of weights,pulleys, and
ropes that are attached to the end of
a patient's bed exerting a longitudinal
force on the distal end of a fracture,
improving its length, alignment and
rotation temporarily while awaiting
fixation (typically used for lower
extremity fractures)Fracture Healing

Normal Healing
Weeks 0-3 Hematoma, macrophages surround fracture site

Wolffs Law
Bone adapts to the amount of force
applied by increasing or decreasing its
mass to resist the applied stress

Osteoclasts remove sharp edges, callus forms within hematomaWeeks 3-6

Weeks 6-12 Bone forms within the callus, bridging fragments

Months 6-12 Cortical gap is bridged by bone

Years 1-2 Normal architecture is achieved through remodelling

Figure 7. Stages of bone healing

Evaluation of Healing: Tests of Union
• clinical: no longer tender to palpation, no mobility, minimal or no deformity on physical exam
• x-ray: trabeculae cross fracture site, visible callus bridging site on at least 3 of 4 cortices

General Fracture Complications
Fracture Blister
Formation of vesides or buBae that
occur on edematous skin overlying a
fractured boneTable 3.General Fracture Complications

Early Late
Compartment syndrome
Neurological injury
Vascular injury
Infecbon
Implant failure
fracture blisters

Local Mai-,'non-union
AVN
Osteomyelitis
Heterotopic ossification
Post-traumatic OA
Joint stiffness/adhesive capsulitis
CUPS typel/RSD

Heterotopic Ossification
The formation of bone in abnormal
locations (e.g. in musde). secondary to
pathology

Systemic Sepsis
DVT
PE

CRPSRSD
Sustained sympathetic activity
characterized by pain out of proportion
to physical exam findings:symptoms of
hyperalgesia and alodynia. and signs
of autonomic dysfunction (temperature
asymmetry, mottling, hair or nai
changes)

ASOS secondary to fat embolism
Hemorrhagic shock

Articular Cartilage
Properties
• hyaline cartilage
• 2-4 mm layer covering ends of articulating bones, provides nearly frictionless surface
• avascular (nutrition from synovial fluid), aneural, alymphatic Avascular Necrosis

Ischemia of bone due to disrupted
blood supply, most commonly affecting
the femoral head, talus,or proximal
scaphoid

ARTICULAR CARTILAGE DEFECTS

Etiology
• overt trauma, repetitive minor trauma (such as repetitive ankle sprains or patellar maltracking)
• degenerative conditions such as early stage OA or osteochondritis dissecans

Osteochondritis Dissecans
Avascular necrosis of subchondral
bone most often occurraig in children
and adolescents and causing pain and
potentially hindering joint motion

Clinical Features
• part of OA presentation: pain with movement, decreased range of motion, joint line pain with possible

effusion
• have predisposing factors such as: ligament injury; malalignment of the joint (e.g. varus or valgus);

obesity; AVN;and inflammatory arthropathy
• may have mechanical symptoms of locking or catching related to the torn/displaced cartilage

Investigations
• x-ray (to rule out bony defects and check alignment)
• MR1 (if x-ray is normal; MR1 is not needed to assess cartilage loss associated with osteoarthritis)

r i
L J
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Table 4. Outerbridge Classification of Chondral Defects
Grade Chondral Damage

Softening and swelling of cartilage
Fragmentation and fissuring <l/2" in diameter

Fragmentation and fissuring >112* in diameter

Frosion of cartilage down to bone

I
II

III
IV

Treatment
• individualized

• patient factors (age, skeletal maturity, activity level, etc.)
• defect factors (Outerbridge Classification, subchondral bone involvement, etc.)

• non-operative
• rest, COX2 inhibitors, NSAIDs, bracing, physiotherapy, intra-articular corticosteroids

• operative
• microfracture, osteochondral grafting (autograft or allograft ), autologous chondrocyte

implantation

Orthopaedic X-Ray Imaging
General Principles - “Rule of 2s”
• x-ray 1 joint above and 1 below
• obtain at least 2 orthogonal views ± specialized views
• 2 sides, as needed for comparison

When reading a radiograph consider
• open or closed fracture (air/gas seen in the soft tissue)
• the view
• anatomical location
• laterality ( right vs. left )
• skeletally mature vs. immature
• intra-articular vs.extra-articular
• joint congruent, subluxed or dislocated
• rotation
• angulation
• displacement
• shortening

Sample radiograph description:
“There is a simple transverse fracture of
the proximal right humerus diaphysis.
There is1cm of shortening.The distal
fragment is medially angulated 70
degrees"

Table 5. Orthopaedic X-Ray Imaging
Site Injury X-Ray Views
Shoulder Anterior dislocation

Posterior dislocation
AC separation

AP
Axillaryt stress mew with10 lb inhand
Trans-scapular
Tanca view (10-15 cephalic tilt)

APArm Humerus A
Lateral

Supracondylar A
Radial head A
Monteggia A
Nightstick A
Galeazzi A

Colies' A
Smith A
Scaphoid A

Pelvic A

Elbow/Forearm AP
Lalecal

Wrist AP
lateral
Clenched Fist (foe scaphotunate dissociation)

AP pelvis
Inlet and outlet views
Judet mews (obturator and iliac oblique for acetabular A)

Pelvis

Hip Femoral head'neck A
Intertrochanteric A
Arthritis

AP
lateral
Frog-leglateral

SCFE Ounr
FAI False profile
Developmental dysplasia of the hip (DDH|
Knee dislocation
Femur/tibia A
Patella A
Patella dislocation
Patella femoral syndrome

Tibia shaft A
Fibula shaft A

riKnee AP standing,lateral
Skyline (tangenbalnew with knees flexed at 45° to see patellofemoral joint) <- J

+Leg AP
lateral
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Table 5. Orthopaedic X-Ray Imaging
Site Injury X-Ray Views

APAnkle Ankle S
Lateral
Mortise view (ankle at15° of internal rotation)

Talart
Calcanealt

APFoot
lateral
Oblique
lateral. Karris, anal
AP spine
AP odontoid
lateral
Oblique
Swnmmec'jnew (lateral view with arm abducted 180' to evalua te C7-I1
junction if lateral viewis inadequate)
lateral Reuorv’eilensionnew: evaluate subluxation of cervical vertebrae

MTI
lisftanc injuries
Compressioni
Burstt
Cervical spine A

Spine

Orthopaedic Emergencies

Trauma Patient Workup
Etiology
• high energy trauma (e.g. MVC, fall from height)
• may be associated with spinal injuries or life-threatening visceral injuries

Clinical Features
• comminuted, open fractures with significant soft tissue injury
• local swelling, tenderness, deformity of the limbs, and instability of the pelvis or spine
• decreased level of consciousness,hypotension, hypovolemia
• consider involvement of EtOH or other psychoactive substances

Orthopaedic Emergencies

VON CHOP
Vascular compromise
Open fracture
Neurological compromise/cauda
equina syndrome
Compartment syndrome
Hip dislocation
Osteomyelitis/septic arthritis
Unstable Pelvic fracture

Investigations
• trauma survey (see Emergency Medicine. ER2)
• x-rays: lateral cervical spine, AP chest, AP pelvis, AP and lateral of all bones suspected to be injured

CT is also utilized to inspect for musculoskeletal injuries in the trauma setting
• other views of pelvis:AP, inlet, and outlet; )udet views for acetabular fracture (see Table 19, OR30 )

Treatment
• ABCDEs: initiate resuscitation for life-threatening injuries (ATLS protocol)
• assess genitourinary injury (rectal exam/vaginal exam mandatory)
• external or internal fixation of all fractures
• if patient unstable then Damage Control Orthopaedics - use of external fixation for fractures initially

and then bring patient back to OR for definitive fixation (1M nail or OR1E) once hemodynamically
stable

• DVT prophylaxis once stable

Controversies in Initial Management of Open
Fractures
Scar,dJSurg 2014;103(2):132-137
Study:Literaturereview exam icing the initial
management of open fractures. 40 studies ir.duded.
Findings:
•A first-generation cephalosporin (or clindavlyda}

should be administered upon arnvaL In general.24
h of antibiotics after each debridement issufficient
to reduce infection rates.

•Although cultures ate taken from delayed (»24 h|
or infected injuries, it may not be necessary to
routinely take post-debridenent cultures open
fractures.

•Open fractures should be debrided as soon as
possible, although the'6 h rule' is not generallyComplications

• hemorrhage - life-threatening ( may produce signs and symptoms of hypovolemic shock)
• fat embolism syndrome - SOB, hypoxemia, petechial rash, thrombocytopenia, and neurological

symptoms
• venous thromboembolism - DVT and PE
• bladder/urethral/ bovvel injury
• neurological and vascular damage
• persistent pain/stiffness/limp/vveakness in affected extremities
• post- traumatic OA of joints with intra-articular fractures
• sepsis and/or tetanus infection especially if missed open fracture

valid.
• Wo undo should be closed w.thi.n 7 d once soft tissue

has stood red and all non - nob e tissue removed.
• Negative pressure wound therapy ( HPWT) has

been shown to decrease infectkm totes in open
froctores.

LJ
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Open Fractures
•fractured bone and hematoma in communication with the external or contaminated environment

33% of patients with open fractures have
multiple injuriesEmergency Measures

•ABCs, primary survey,and resuscitate as needed
•remove obvious foreign material once in a controlled hospital environment
•irrigate with normal saline if grossly contaminated
•cover wound with sterile dressings
•immediate IV antibiotics
•tetanus toxoid or immunoglobulin as needed (see Plastic Surgery. PL28)
•N PO and prepare for OR ( blood work, consent, ECC>,CXR)

operative irrigation and debridement within 6-8 h to decrease risk of infection
OKI I
traumatic wound may be left open to drain with vacuum-assisted closure if necessary
re-examine with repeat irrigation and debridement in -18 h if necessary

Antibiotic Prophylaxis in the Management of
Open Fractures
J8JS Reviews:2019 Feb:7(2|:e1
Purpose: Provide current practice recommendations
on prophylaxis for patients with open fractures of
the extremities.
Methods: Systematic survey of plications from
January 200) to June 201),and search of WohdCat for
textbooks and websites for institutional guidelines.
Results: Most recommendationssuggested
Cram-positive antibiotics up to 3 d postxnjury
for less severe injuries.For more severe injr es.
most recommendations included broad spectrum
antibiotics for 2-3 d.A s well,most sources
recommend immediately administration of
antibiotics.
Conclusions:Current practice recommendations
supportear lysystemx prophylaxis for patents
with open fractures of the extremities.However,
differences are seen across antibiotic regimens,
doses,and duration of administration.

Table 6. Gustilo Classification of Open Fractures
Gustilo Grade Length of

Open Wound
Description Prophylactic Antibiotic Regimen

I Minimal contamination and soft tissue injury
Simple or minimaly comminuted fracture

First generation cephalosporin (cefa zolin) 2 g IV q8
h for 2 d
If allergy use clindamycin 300 mg IV q8 h
If MRSA positive use vancomycin15 mgi'kg IV q12 h
As per GradeI

«1cm

II 1-10 cm Moderate contamination
Moderate soft tissue injury

IIIA:Extensive soft tissue mjury with adequate First generation cephalosporin (cefazolin) for 2
ability of soft tissue to cover wound
IIIB:Extensive soft tissue injury with periosteal ceftriaxone) for at least 3 d

For soil or fecal contamination,metronidazoleis
added for anaerobic coverage r penicillin G
If MRSA positive use vancomycin16 mgi'kg IV q12 h

III* >10 cm
d plus Gram-negative coverage Igentamidn or

stripping and bone exposure:inadequate soft
tissue to cover wound
NIC:Vascular injury- compromise

'Anyhigh energy,comminuted fracture,shot gun.tarmysntsoilwater contemirstjor.exposure to oral flora,or fracture >8 hold is immediately
classified as Grade III

Cauda Equina Syndrome
• see Neurosurgery.NS32

Compartment Syndrome
• increased interstitial pressure in an anatomical compartment (forearm, calf) where muscle and tissue

are bounded by fascia and bone (fibro-osseous compartment), with little room for expansion
• interstitial pressure exceeds capillary perfusion pressure, leading to irreversible muscle necrosis (in

4-6 h) and eventually nerve necrosis

Etiology
• intracompartmental

• fracture (particularly tibial shaft or paediatric supracondylar and forearm fractures)
• reperfusion injury, crush injury, or ischemia

• extracompartmental:constrictive dressing (circumferential cast ), poor position during surgery,
circumferential burn

Most important sign is increased pain
with passive stretch. Most important
symptom is pain out of proportion to
injury

Increased pressure from blood
and intracompartmental swelling"*1

5 Ps of Compartment Syndrome
Pa in: out of proportion for injury and
not relieved by analgesics
• Increased pain with passive stretch

of compartment muscles
Pallor: late finding
Paresthesia
Paralysis: late finding
Pulselessness:late finding

*Decreased venous drainage
Decreased lymphatic drainage surrounding compartment

Transudation into tissue

Intracompartmental pressure
greater than perfusion pressure

Leaky basement
membranes

Musc^ and
" n̂erve necrosis

LJ
Muscle and
nerve anoxiaAcidosis 4-

Figure 8.Pathogenesis of compartment syndrome +
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Clinical Features
• pain out of proportion to injury (typically first and most significant symptom)

• pain with active contraction of compartment
• pain with passive stretch (most sensitive sign )
• swollen, tense compartment
• suspicious history

Plain Film Findings of Osteomyelitis
• Soft tissue swelling
• Lytic bone destruction"

• Periosteal reaction (formation of new
bone, especially in response to •)"

'Generally not seen on plain films unU10-12 dafter
onset ol inlection

• 5 Ps: late sign -do not wait for these to develop to make the diagnosis!

Investigations
• compartment syndrome is a clinical diagnosis; investigations usually not necessary
• in children, unconscious patients, or associated peripheral nerve injury where clinical exam is

unreliable, compartment pressure monitoring with catheter (normal = 0 mmHg;elevated >30 mmHg
or [dBP- measured pressurej <30 mmHg)

Treatment
• non-operative

remove constrictive dressings (casts, splints), elevate limb to the level of the heart
• operative

urgent fasciotomv
• 48-72 h postoperative: necrotic tissue debridement + wound closure
• may require delayed closure and/or skin grafting

Rapid progression of signs and
symptoms (over hours) necessitates
need for serial examinations

Acute osteomyelitis is a medical
emergency which requires an early
diagnosis and appropriate antimicrobial
and surgical treatmentComplications

• Volkmann’s ischemic contracture: ischemic necrosis of muscle; followed by secondary fibrosis; and
finally calcification - especially following supracondylar fracture of humerus

• rhabdomyolysis, renal failure secondary to myoglobinuria
Joints most commonly affected by septic
arthritis in descending order
knee-hip » elbow- ankle *
sternoclavicular joint

Osteomyelitis
•bone infection with progressive inflammatory destruction

Etiology
•most commonly caused by S. aureus
•mechanism of spread:hematogenous (most common) vs.direct-inoculation vs. contiguous focus
•risk factors: recent trauma/surgery, immunocompromised patients, DM, IV drug use, poor vascular

supply, peripheral neuropathy

Plain Film Findings in a Septic Joint
• Early (0-3 d): usually normal:may

show soft-tissue swelling or joint
space widening from localized
edema

• Late (4-6 d):joint space narrowing
and destruction of cartilageClinical Features

•symptoms: pain and fever
•on exam:erythema, tenderness, edema common ± abscess/draining sinus tract; impaired function/

VVB
Serial C reactive protein (CRP) can be
used to monitor response to therapyDiagnosis

•see Medical Imaging, MI24 and M127
•workup may include: WBC and differential, ESR, CRP, blood culture, aspirate culture/bone biopsy

Docs This Adult Patient Have Septic Arthritis?
JAMA 2007:297(13|:1478-t488
Purpose: To review the accuracy and pretss:- of:*e
clinical evaluatin'! for the diagnosis of nongrscocca
bacterial arthritis.
Methods: Devew of t4 studies mehiling 6242
patients of which 653 had positive srnov a: cu tire
(gold standard diagnostic tnol forseptx afnts).
Results:Age, diabetes nelStos.rbearztod
arthritis, joint surgery, hip or knee prosthesis,sc r
infection, and human immunodeficiency eras type
t infection significantly increase the proPati ity of
septic arthritisJoint pain, history of joct swtfrg.
and fever are found m >50*of cases.The presence
ol inoeased WBC increases the Iiielzood rano for
counts <2SOOO/pL:W, 0.32;95*a.0.23 0.43
for counts >25000/pL LR.2.9:95*0.2J-3.4:foe
counts elOOOOOipL: IR.2B.0:95*0,C.0-66.C|. A
polymorphonuclear cell count of ?90* mueasesoe
IR of septic arthritis hy 3.4.* !e a PMI cel coat of
<90% reduces theLR by 0.34.
Conclusions Clinical findings may pe used a idem ’

patients with monoarticular arthritis who may
have septic arthritis, laboratory findings from as
arthrocentesis are also required and helpful poor a
Oram stain and culture.

Table 7. Treatment of Osteomyelitis
Acute Osteomyelitis Chronic Osteomyelitis

IV antibiotics 4-6 wk:started empirically and adjusted alter obtaining Surgical debridement
blood and aspiratecultures
± surgery (liD) for abscess or significant involvement

* hardware removal (if present)

Antibiotics:both local (e.g.antibiotic beads) and systemic (IV)

Septic Arthritis
•joint infection with progressive destruction if left untreated

Etiology
•most commonly caused by S.aureus in adults
•consider coagulase-negative Staphylococcus in patients with prior joint replacement
•consider ,V.gonorrhocac in sexually active adults, and newborns
•most common route of infection is hematogenous
• risk factors: young/elderly (age >80 yr), prosthetic joint, recent joint surgery, skin infection/ulcer,

IV drug use, recent intra-articular corticosteroid injection, immunocompromised (cancer, DM,
alcoholism, RA) +
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Clinical Features
• inability/refusal to hear weight, localized joint pain, erythema, warmth, swelling, pain on active and

passive ROM, ± fever Posterior Shoulder Dislocation
Up to 60-80% are missed on initial
presentation dueto poor physical exam
and radiographs

Investigations
• x-ray (to rule out fracture, tumour, metabolic bone disease), ESR, CRP, WBC, blood cultures
• joint aspirate: cloudy yellow fluid, WBC >50000 with >90% neutrophils, protein level >4.4 rng/dL,

joint glucose level <60% blood glucose level, no crystals, positive Gram stain results
• listen for heart murmur (if concern for infective endocarditis, use Duke Criteria)

There are 4Joints in the Shoulder
Glenohumeral.AC.sternoclavicular (SC),
scapulothoradc

Treatment
• IV antibiotics, empiric therapy (based on age and risk factors), adjust following joint aspirate C&S

results
• non-operative

• therapeutic joint aspiration, serially if necessary
• operative

• arthroscopic or open irrigation and drainage
Shoulder passive ROM:abduction-
180°,adduction-45°.flexion-180°.
extension - 45°.int rotation - level of
T4,ext.rotation -‘90° likely more...

Shoulder
Factors Causing Shoulder Instability
, Shallow glenoid
• Loose capsule
• Ligamentous laxity
Frequency of Dislocations. Anterior shoulder > Posterior

shoulder
• Posterior hip>Anterior hip
• The glenohumeral joint is the most

commonly dislocated joint in the
body since stability is sacrificed for
motion

Shoulder Dislocation
•complete loss of continuity between the two articular surfaces of the glenohumeral joint; may be

anterior or posterior

Investigations- anterior dislocation x-rays: AP, trans-scapular, and axillary views of the shoulder
•posterior dislocation x-rays: AP, trans-scapular, and axillary views of the shoulder; or CT scan

Table 8. Anterior and Posterior Shoulder Dislocation
Anterior Shoulder Dislocation (>90%) Posterior Shoulder Dislocation (5%)

MECHANISM

Adducted,internally rotated,flexed arm
FOOSK
3 Es (epilepticseizure. EtOH.electrocution)
Blow to anterior shoulder

Abducted externally rotated/hyperextended arm
Blow toposterior shoulder
Involuntary,usually Iraumalic; voluntary,atraumatic

CLINICAL FEATURES

Symptoms Pain,arm slightly abducted and externally rotated with
inability to internally rotate

Pain,arm is held in adduction and internal rotation;
external rotation is blocked

"Squaredoff shoulder
Positiveapprehension test: palientlooks apprehensive
with gentle shoulder abduction and external rotation to 90” Positiveposterior apprehension (“jerk") test: with
as humeral head is pushed anteriorly and recreates feeling patientsupine.flex elbow 90° and adduct,internally

rotate the arm while applying a posterior force to the
shoulder;patient will “jerk* back with the sensation of

Anterior shoulder flattening, prominent coracoid,
palpable mass posterior to shoulder

Shoulder Exam

1.Manubrium
2.Sternoclavicular joint
3.Clavicle
4.Coracoid process
5.AC joint
6.Acromion
7.Humerus
8.Glenohumeral joint

,9.Scapula
Figure 9. Shoulder joints

of anterior dis'ocation
Positive relocation test:a posteriorly directed force
applied durmgthe apprehension test relieves apprehension subluxaton
since anterior subluxation isprevented
Positivesulcus sign:presence of subacromial indentation recurrent posterior instability.NOT lor acute injury
with distal traction on humerus indicates inferior shoulder

:Note: the posterior apprehension test is used to test for er
§

instability e
These tests are more commonly used for chronic recurrent
instability
Axillary nerve: sensory patch over deltoid and deltoid
contraction
Musculocutaneous nerve: sensory patch on lateral
forearm and biceps contraction

Full Renovascular exam as per anterior shoulder
dislocation

Neurovascular Exam
Including

Coracoid
processV

RADIOGRAPHIC FINDINGS

Axillary View
Trans scapular 'Y° View Humeral head is anterior to the center of the"Mercedes-

Bent"sign

Sub- coracoid lie of the humeral head is most common

Acromion/Humeral headis posterior
Humeral headis posterior tocenter of "Mercedes-Bent*

Humeral head is anterior

sign 2
AP View Partial vacancy of glenoid fossa (vacant glenoid sign) and

>6 mm space between anterior glenoidrim and humeral
head (positive rim sign),humeral head may resemble a
lightbulb due to internal rotation (lightbulb sign)
t Reverse Hill-Sachs lesion (75% of cases): divot in
anterior humeral head
* Reverse bony Bankart lesion:avulsion of the posterior
glenoid labrum from the bony glenoid rim

r -tI L J_
1_

Humcru
Hill-Sachs and Bony
Bankart Lesions

? Hill-Sachs lesion: compression fractureof posterior
humeral head due to forceful impaction of ananteriorly
dislocated humeralhead against the glenoid rim-Bony Bankart lesion:avulsion of the anterior glenoid
labrum (with attached bone fragments) from the glenoid

-
1 +I
e

rim Figure 10. Mercedes-Benz
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Table 8. Anterior and Posterior Shoulder Dislocation Bankart
Posterior Shoulder Dislocation (5%)Anterior Shoulder Dislocation (>90%)

TREATMENT

Closed reduction with IV sedation and muscle relaxation
Traction-countertraction: assistant stabilizes torso with
a folded sheet wrapped across the chest while the surgeon
applies gentle steady traction
Stimson:while patient lies prone with arm hanging over
table edge,hang a 5 lb weight on wrist lor 15 -20 min
Hippocratic method:place heel into patient’s axilla and
apply traction to arm
Cunningham'smethod:gentle longitudinal support
and traction of the arm at the patient's side,massage/
relaxation of deltoid,trapezius,and biceps to allow
atraumatic shoulder reduction,low-risk,low pain;if not
successful try above methods
Obtain post-reduction x-rays
Check post-reduction MVS
Sling x 3 wk (avoid abduction and external rotation),
followed by shoulder rehabilitation (dynamic stabilizer
strengthening)

Closed reduction with IV sedation and muscle relaxation
Interior traction on a Hexed elbow with pressure on the
back of the humeral head
Obtain post -reduction x-rays
Check post-reduction NVS
Sling in abduction and external rotation x 3 wk.
followed by shoulder rehabilitation [dynamic stabilizer
strengthening)

Hill-Sachs

Figure 11. Posterior view of anterior
dislocation causing Hill-Sachs and
Bankart lesions

Prognosis
• recurrence rate depends on age of first dislocation
• <20 yr 65-95%; 20-40 yr = 60-70%; >40 yr 2- 4%

Specific Complications
• recurrent dislocation (most common complication)
• unreduced dislocation
• shoulder stiffness
• rotator cuff or capsular or labral tear (Bankart/SLAP lesion)
• injury to axillary nerve/artery, brachial plexus

Iu->
§

I-

-5 a
s—« r.
O

Sulcus signAntorior apprehension sign

s
I Ss

ias >-
5 4
e

Posterior apprehension sign Traction-countertraction
Figure 12. Shoulder maneuvers
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Supraspinatus
\ ligament

Acromion L—Rotator Cuff Disease
Coracoid
process• rotator cuff consists of 4 muscles that act to stabilize the humeral head within the glenoid fossa 4k

Table 9. Rotator Cuff Muscles (SITS)
Nerve Supply Muscle FunctionMuscle Muscle Attachments

Proximal Distal
Scapula Greater tuberosity ol

humerus
Greater tuberosity of
humerus
Greater tuberosity ol
humerus
lesser tuberosity of
humerus

Suprascapular nerveSupraspinatus Abduction

1Scapula Suprascapular nerve Eitemal rotationInfraspinatus
--
IScapula filernalrotationTeres Minor Axillary nerve ASubscapularis -

Joint capsule

capular body j
Scapula Subscapular nerveSubscapularis Internal rotation and

adduction
Infraspinatus

Teres minor 5SPECTRUM OF DISEASE: IMPINGEMENT. TENDONITIS, MICRO OR MACRO TEARS

Figure 13. Lateral view of the
muscles of the rotator cuff

Etiology
• narrowing of subacromial space
• most commonly due to a relative imbalance of rotator cuff and larger shoulder muscles, allowing for

superior translation and subsequent wear of the rotator cuff muscle tendons
• glenohumeral (rotator cuff ) muscle weakness leading to abnormal motion of humeral head

scapular muscle weakness leading to abnormal motion of acromion - poor posture
• acromial abnormalities, such as congenital narrow space or osteophyte formation or Type Ill

acromion morphology
1. outlet/subacromial impingement: “painful arc syndrome,” compression of rotator cuff

tendons (primarily supraspinatus) and subacromial bursa between the head of the humerus
and the undersurface of acromion, AC joint, and CA ligament

2. bursitis and tendonitis
3. rotator cuff thinning and tear if left untreated

Bigliani Classification of Acromion
Morphology
• Type I - flat
• Type II - curved
• Type III - hooked

Screening Out Rotator Cuff Tears
• No night pain (SN 87.7%)
• No painful arc (SN 97.5%)
• No impingement signs (SN 97.2%)
• No weakness
Returning to the bedside; Using the
history and physical examination to
identify rotator cuff tears
J Am eeriatr Sac 2m«:K33-K37

Clinical Features
• insidious onset, but may present as an acute exacerbation of chronic disease, night pain,and difficulty

sleeping on affected side
• pain worsens with active motion (especially overhead); passive movement generally permitted
• weakness and loss of ROM, especially between 90-130° (e.g. trouble with overhead activities)
• tenderness to palpation over greater tuberosity
• rule out bicep tendinosis (Speed’s test ) and SLAP lesions (O'Brien’s test)

Investigations
• x-ray:AP view may show sclerosis of the undersurface of the acromion or greater tuberosity, high

riding humerus relative to glenoid, indicating large tear, evidence of chronic tendonitis
• MR1:coronal/sagittal, oblique, and axial orientations are useful for assessing full /partial tears and

tendinopathy ± arthrogram: geyser sign (injected dye leaks out of joint through rotator cuff tear)
• arthrogram: not commonly used but can assess full thickness tears, difficult to assess partial tears
• ultrasound: may be a useful adjunct but limited ability to evaluate other intra-articular pathology

Treatment
• non-operative

first line treatment, rotator cuff injury treatment begins with physiotherapy ( regardless of severity
on MR1 findings)

• physiotherapy, activity modification, non-narcotic analgesia ± steroid injection
• mild or moderate cases frequently improve
• progression to surgery if necessary

• operative
severe tear or impingement that is refractory to 2-3 mo physiotherapy and 1-2 corticosteroid
injections
arthroscopic or open surgical repair (i.e. acromioplasty, rotator cuff repair)

Ruling in Rotator Cuff Tears-98%
probability of rotator cuff tear if all 3of
the following are present:
• Supraspinatus weakness
• External rotation weakness
• Positive impingement sign(s)
Diagnosis of rotator cuff tears.
Uriel 2001:357:765-770

Does thisPatient with Shoulder Faia have Rotator
Cull Disease’The Rational Clinical Euniaation
Systematic Review
JAMA 2013:310:837-847
Study: 5 studies of suficien:gcalty netd ‘3
30-203 shouldersand a peeve e*te of ICO ranging
from 33-81%.
Results/Condosions: Jmong pan prpvocatio-
tesis, a positive pairfal ait test fad the gaetes:
specificity aid sensitnrty (SP 81%.SI 21%).Amrg
strength tests,a positveeftrael rotetion lag as:
and internal rotation lag as!were the nnstamiraa
fnr fidl-thickness tears$P 47%.SI 94%:SP 92%.
SH 83% respectively).The Menal rotation legtesJ
was therefore also the mast accs-aa far Meutdywg
patients without a ful-tticksess aar.
A positive drop arm test is helpful to ; dertify patients
with RCD (SN 24%. SP93%L

r T
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Table 10. Rotator Cuff Special Tests
Examination Positive TestTest
Supraspinatus: place the shoulder in90’of
adduction and 30’of horizontal flexion (from
the scapular plane) and internally rotate the
arm so that the thumb is pointing toward
the floor
Subscapularis: internally rotate arm so dorsal
surface of hand rests on lower back;patient
instructed to actively lift hand away from back
against examiner resistance (use Belly Press
Test if too painful)

Infraspinatus and teres minor;arm positioned
at patient's side in 90" of flexion:patient
instructed to externally rotate arm against the
resistance of the examiner
Rotator cuff impingement;passive shoulder
flexion

Rotator cuff impingement: shoulder flexion to
90’and passive internal rotation
Rotator cuff tendinopathy: patient instructed
to actively abduct the shoulder

Apply resistance to the forearm when the arm
is in forward flexion with the elbows fully
extended
SLAP lesion: forward flexion of the arm to
90’while keeping the arm extended.Arm is
adducted 10-15"
Internally rotate the arm so thumb is facing
down and apply a downward force.Repeat the
test with arm externally rotated

Jobe's Test (i.e.Empty Can Test) Weakness withactnre resistance suggests a
supraspinatustear

lift-off Test Inability to actively lift hand away from back
suggests a subscapularis tear

Posterior-Cuff Test Weakness withactive resistance suggests
posterior cuff tear

Pam elicited between130-170" suggests
impingement

Painwithinternalrotation suggests
impingement
Pain withabduction >90’suggests
tendinopathy

Pam in thebicipital groove

fleer's Test

Hawkins-Kennedy Test

Painful Arc Test

Speed's Test

O'Brien's Test Pain or clicking in the glenohumeral joint in
internalrotation but not external rotation

r

\
)/

Jobe s test Lift-off test Posterior cuff test

2
Neer's test s

r
-
Ur

£
i130-170" 0

I
CMHawkins-Kennedy test
1
Z.

I
©

Figure 14. Rotator cuff tests
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Acromioclavicular Joint Pathology
•subluxation or dislocation of AC joint
•2 main ligament groups attach clavicle to scapula: AC and CC ligaments

Mechanism
•fall onto shoulder with adducted arm or direct trauma to point of shoulder (usually fall onto the

posterosuperior aspect of the lateral shoulder)

Pneumothorax or pulmonary contusion
are potential complications of severe
clavicle fracture and rarely severe AC
joint dislocation

Clinical Features
•pain with adduction of shoulder and/or palpation over AC joint
•palpable step deformity between distal clavicle and acromion (with dislocation) i.e. piano key sign
•limited ROM

Investigations
•x-rays: bilateral AP, Zanca view (10-15° cephalic tilt), axillary

Treatment
•non-operative

sling 1-3 wk, ice, analgesia, early ROM, and rehabilitation
•operative

» indication: Rockwood Class IV-VI (111 if labourer or high level athlete)
• number of different approaches involving AC/CC ligament reconstruction or screw/hook plate

insertion

Table 11. Rockwood Classification of Acromioclavicular Joint Separation
Grade Features Treatment

I Joint sprain,absenceof complete tear of either ligament Non-operative

Complete tear of AC ligament,incomplete tear of CC Non-operative
ligament,without marked elevation of lateral clavicular
head

II

Complete tear of AC and CC ligaments,>5 mm elevation Most non-operative,operative if labourer or high level
at AC joint,superior aspect of acromion is below the
inferior aspect of the clavicle

athlete
Will heal with step deformity,although most fully
funcbonalin 4-6 mo

Based on the anatomical structure the displaced clavicle Operative in most cases
is in proximity to (posterior,very superior,inferior)

IV-VI

Grade AC Ligament CC Ligament Reducible Treatment
SprainedI Normal N,A Non-operative

Non-operative

Most non-operative,
operative if labourer or
high-level athlete
Will heal withstep
deformity.alLhough most
fully functional in 4-6 mo

Operative in mostcases

II lorn Sprained Yes
lorn TornIII Yes

IV-VI lorn Torn No

Rockwood separations IV-VI are determinedbased on direction ot displacement
IV:Distal clavicle displaced posteriorly into trapezius (seen on axillary XR)
V:Distal clavicle herniated through dellotrapezial fascia into subcutaneous tissue
VI:Distal davide displaced interior to acromion or coracoid under conjoined tendon (rare)

Opea iedictioiaidlitenalFiiati:a vs.
iMsirgicalTreataeitii DisplacedMidshaft
Qavide Fradares:A Meta-dialysis
J(topIrac=a 203J2(7)a2)5-e2!3
Purpose:Compare c.icotes frpn DBF ard»-
eperane treaheeats a ispacednd-shaft dander
fradires.
Methods Keta aa'ysisittSKIsreportag
xpuini.toctxuai outcomes,andssbsegoei:
surgeres pateds older thasK yr.
Destlts: 9 ia:dp=zeddital trialsniI02)ata
patents iere ".ded.OJLF lasassocated•a
sgahcadly loaer toe®*rate of LTV compared
toH5'«‘or aeMt-ope-avre teat-ect gtozps (M
0.8.95% CL 0.0S-0-31).Fatctozal ooicaces.rated
by ether DASH or Coestadsetres.mere s 3cScacty
better itOlf gp to 6 wo.lieseidodegelectre
pate reoovaLde rate ot szbsegsett szrger es«s
sgaScaatly loweri«ieODD cohort (Aft is.W%.
M0-36.95% C10.2A-0.5SL
Coidisiots OBf isassocatediisgtocao:
redochoos«ootswes aadeerier fsscboual
octtoses n dspaced-dstaftdatdi- fradres.

Clavicle Fracture
• incidence: proximal (5%), middle (80%), or distal (15%) third of clavicle
• common in children (unites rapidly without complications)

Mechanism
• fall on shoulder (87%), direct trauma to clavicle (7%),100SH (6%)

Clinical Features
• pain and tenting of skin
• arm is clasped to chest to splint shoulder and prevent movement

Investigations
• evaluate N VS of entire upper limb
• x-ray: AF, 45"cephalic tilt (superior/inferior displacement ), 45° caudal tilt (AP displacement)
• C l : useful for medial physeal fractures and sternoclavicular injury

+
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Treatment
• medial and middle-third clavicle fractures

• for nondisplaced fractures, simple sling for I -2 wk pm
early ROM and strengthening once pain subsides

» if fracture is shortened >2 cm, consider ORIF
• distal-third clavicle fractures

• undisplaced (with ligaments intact): sling for 1-2 wk
• displaced (CC ligament injury):ORIF

Specific Complications (see General Fracture Complications,OR7 )
• cosmetic bump (most common complication)
• shoulder stiffness, weakness with repetitive activity
• pneumothorax, brachial plexus injuries, and subclavian vessel (all very rare)

Associated Injuries with Clavicle
Fractures

• Up to 9% ol clavicle fractures are
associated with other fractures (most
commonly rib fractures)

• Majority of brachial plexus injuries
are associated with proximal third
fractures

Frozen Shoulder (Adhesive Capsulitis)
•disorder characterized by progressive pain and stiffness of the shoulder, usually resolving

spontaneously within 18 mo
Stages of Adhesive Capsulitis
1. Freezing phase: gradual onset,diffuse

pain (lasts 6-9 mo)
2. Frozen phase:decreased ROM

impacts function (lasts 4-9 mo)
3. Thawing phase:gradual return of

motion (lasts 5-26 mo)

Mechanism
•primary adhesive capsulitis

idiopathic, often associated with DM
usually resolves spontaneously in 9-18 mo

•secondary adhesive capsulitis
• due to prolonged immobilization
• shoulder-hand syndrome:CRPS/ RSD characterized by arm and shoulder pain, decreased motion,

and diffuse swelling
• following Ml, stroke, shoulder trauma
• poorer outcomes

ftClinical Features
•gradual onset (weeks to months) of diffuse shoulder pain with:

• decreased active AND passive ROM
• pain worse at night and often prevents sleeping on affected side

increased stiffness as pain subsides: continues for 6-12 mo after pain has disappeared

Conditions Associated with an
Increased Incidence of Adhesive
Capsulitis

• Prolonged immobilization (most
significant)

• Female gender
• Age >49
• DM (Sx)
• Cervical disc disease
• Hyperthyroidism. Stroke
- Ml
• Trauma and surgery
• Autoimmune disease

Investigations
•x-ray:AP (neutral, internal/external rotation), scapular Y, and axillary views of the shoulder

may be normal, or may show demineralization from disease

Treatment
•freezing phase

maintenance of active and passive ROM (physiotherapy)
NSAlDs and steroid injections if limited by pain

•thawing phase
aggressive physiotherapy, possible manipulation under anesthesia and early physiotherapy

• arthroscopy for debridement/decompression

Humerus

Proximal Humeral Fracture
Mechanism
• young: high energy trauma (MVC)
• elderly: l'OOSH from standing height in osteoporotic individuals

Clinical Features
• proximal humeral tenderness, deformity with severe fracture, swelling, painful ROM, bruising

extends down arm and chest
• physical exam usually reveals diminished forward elevation, with or without disuse atrophy of deltoid

and periscapular musculature

Necr Classification
Based on 4 parts of humerus

• Greater tuberosity
• Lesser tuberosity
• Humeral head
- Shaft
One-part fracture: any of the 4 parts
withnone displaced
Two-part fracture:any of the 4 parts
with1displaced
Three-part fracture:displaced fracture
of surgical neck + displaced greater
tuberosity or lesser tuberosity
Four-part fracture:displaced fracture
of surgical neck + both tuberosities

n
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Investigations
• test axillary nerve function (deltoid contraction and skin over deltoid)
• x-rays:AP, trans-scapular, and axillary- views of the shoulder are essential
• CT’scan: to evaluate for tuberosity or articular involvement and fracture displacement, and if the

diagnosis of non-union is unclear

+
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Classification
• Neer classification is based on 4 fracture locations or ‘parts'
• displaced: displacement >1 cm and/or angulation >45°
• the Neer system regards the number of displaced fractures, not the fracture line, in determining

classification
• ± dislocated/subluxed: humeral head dislocated /subluxcd from glenoid

Treatment
• assess for and treat osteoporosis if needed
• non-operative

nondisplaced and minimally displaced (85% of patients): broad arm sling immobilization, begin
ROM within 14 d to prevent stiffness

• most displaced fractures in low-demand elderly patients
• operative

• OR1F (anatomic neck fractures,displaced, associated irreducible glenohumeral joint dislocation)
or1M nail (surgical neck)
hemiarthroplasty or reverse TSA may be necessary, especially in elderly
minimally invasive percutaneous pinning and intramedullary nail fixation are indicated in rare
instances

Specific Complications (seeGeneral Fracture Complications,OR7)
• AVN, nerve palsy (45%; typically axillary nerve), malunion, post-traumatic arthritis, persistent pain

and weakness, frozen shoulder 'Greater tuberosity

Lesser tuberosity
Humeral Shaft Fracture v

11Mechanism
• young: high energy trauma (direct blows/M VC)
• elderly: FOOSH, twisting injuries, mctastascs

Clinical Features
• pain, swelling, weakness ± shortening, motion/crepitus at fracture site
• must test radial nerve function before and after treatment: look for drop wrist, sensory impairment in

dorsum of hand

' Anatomical neck

Surgical neck
t 1

.;
Investigations
• x-ray: AP and lateral views of the humerus, including the shoulder and elbow joints

Figure 15. Fractures of the proximal
humerusTreatment

• in general, humeral shaft fractures are treated non-operatively
• non-operative

± reduction; can accept deformity due to compensatory ROM of shoulder
hanging cast (weight of arm in cast provides traction across fracture site) with collar and cuff
sling immobilization until swelling subsides, then Sarmiento functional brace, followed by ROM

Acceptable Humeral Shaft Deformities
for Non-Operative Treatment
• <20° anterior angulation
• <30° varus angulation
• <3cm of shortening

• operative
indications: see NO CAST sidebar, OR6, pathological fracture, “floating elbow” (simultaneous
unstable humeral and forearm fractures)
ORIF: plating (most common), IM rod insertion, external fixation (rare)

(§>Specific Complications ( seeGeneral Iracture Complications, OR7)
• failure of functional bracing (seen in up to 30% of patients)
• radial nerve palsy: expect spontaneous recovery in 3-4 mo, otherwise send for EMli
• non-union: most frequently seen in middle 1/3
• decreased ROM
• compartment syndrome

Risk of radial nerve and brachial artery
Injury

Distal Humeral Fracture
The anterior humeral line refers to an
imaginary line drawn along the anterior
surface of the humeral cortex that
passes through the middle third of the
capitellum when extended interiorly.
In subtle supracondylar fractures, the
anterior humeral line is disrupted,
typically passing through the anterior
third of the capitellum

Mechanism
• young: high energy trauma (MVC)
• elderly: lower energy falls in patients with osteoporotic bone

Clinical Features
• elbow pain and swelling
• assess brachial artery (ecchymosis over anteromedial forearm is suggestive of brachial artery injury)

r T
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Investigations
• x-ray:AP and lateral views of the humerus and elbow
• Cl scan:helpful when suspecting shear fracture of capitulum or trochlea, and for preoperative

planning
• assess NVS: radial, ulnar, and median nerve

Classification
• supracondylar, distal single column, distal bicolumnar, and coronal shear fractures

Treatment
• goal is to restore a functional ROM of at least 30-130° flexion (unsatisfactory outcomes in 25%)
• non-operative (paediatric patients and elderly patients with medical comorbidities)

cast immobilization (in supination for lateral condyle fracture; pronation for medial condyle
fractures): short immobilization and early range of motion

• operative
• indications: displaced, supracondylar, bicolumnar
• closed reduction and percutaneous pinning (children ); OKU'; total elbow arthroplasty (complex

bicolumnar in elderly)
adult fractures are almost always treated operatively due to risk of elbow stiffness with non-
operative management

Elbow

Supracondylar Fracture
•subclass of distal humerus fracture:extra-articular, fracture proximal to capitulum and trochlea,

usually transverse
•most common in paediatric population (peak age ~7 yr), rarely seen in adults
•AIN (median nerve) injury commonly associated with extension type

Mechanism
•>96% are extension injuries via 1'OOSH (e.g. fall off monkey bars); <4% are flexion injuries

Clinical Features
•pain,swelling, point tenderness
•neurovascular injury: median and radial nerves, radial artery

Three Joints at the Elbow
Humeroradial joint
Humeroulnar joint
Radioulnar joint

Normal carrying angle of elbow is ~10°
of valgus

Humera

Investigations
•x-ray: AR and lateral views of the elbow

disruption of anterior humeral line suggests supracondylar fracture
• fat pad sign: a sign of effusion and can be indicative of occult fracture

assess NVS: median and radial nerves, radial artery

Treatment
•non-operative

• nondisplaced (paediatric): closed reduction with long arm plaster slab in 90° flexion x 3 wk
•operative

• indications: see NO CAST sidebar, OR6; displaced >50%, vascular injury, open fracture
requires closed reduction plus percutaneous pinning followed by limb cast with elbow flexed <90°
in adults, OK1F is necessary

Specific Complications (see General Fracture Complications,OR7)
•stiffness is most common
•brachial artery injury (kinking can occur if displaced fracture), median or ulnar nerve injury,

compartment syndrome (leads to Volkmann's ischemic contracture), malalignment cubitus varus
(distal fragment tilted into varus)

Figure 16. X-ray of transverse
displaced supracondylar fracture of
humerus with elbow dislocation

[/Anterior Humeral Line
apitellum

Radio-Capitellar Line

• iuv
-m* j

Radial Head
© Oasmond Ballance 2006

Figure 17. Lateral view of elbow
r i
LJ

Capitellum moves posteriorly to the
anterior humeral line in extension type
fractures and anteriorly in fhxion type
fractures
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Radial Head Fracture
• a common fracture of the upper limb in young adults (85% occur between 30-60 yr)

Mechanism
• FOOSH with elbow extended and forearm pronated

Clinical Features
• marked local tenderness on palpation over radial head (lateral elbow)
• decreased ROM at elbow, ± mechanical block to forearm pronation and supination
• pain on pronation/supination

Terrible Triad
Radial head fracture
Coronoid fracture
Elbow dislocation

Investigations
• x-ray: AF and lateral views of the elbow

• enlarged anterior fat pad ("sail sign”) or the presence of a posterior fat pad on lateral view
indicates effusion, which could occur with occult radial head fractures

Table 12. Classification and Treatment of Radial Head Fractures
Mason Class Radiographic Description Treatment

Elbow slab or sling x 3-5 d withearly ROM
ORIf if:angulation >30",involves >1/3 of Ihe radial head,or if
>3 nun of joint incongruity exists,block to forearm rotation

Radial head excision t prosthesis (if ORIF not feasible)
Comminuted fracture with posterior elbow dislocation Radial head ORIF or radial head excision with prosthesis

Nondisplaced fracture (< 2 mm)
Displaced fracture|>2mm)

1
Figure 18.Lateral x-ray of elbow with
effusion (“sail sign”)2

3 Comminuted fracture
4

To avoid stiffness,do not immobilize
elbow joint >2-3 wk

Treatment
the gold standard in management

• arthroscopic repair can be considered:offers improved visualization and enhances soft tissue
preservation of the joint

• ORIF remains

Specific Complications (seeGenera/ Fracture Complications,OR7)
• myositis ossificans - calcification of muscle
• recurrent instability (if MCL injured and radial head excised )

Olecranon Fracture
Mechanism
• direct blow: fall onto point of elbow (posterior aspect)
• indirect blow: FOOSH (typically transverse/oblique fracture)

Clinical Features
• localized pain, palpable defect
• ± loss of active extension due to avulsion of triceps tendon

Investigations
• x-ray: AF and lateral (require true lateral to determine fracture pattern)

Treatment
• non-operative

• non-displaced (<2 mm, stable):cast x 2-3 wk (elbow in 90° flexion, often in full elbow extension),
then gentle ROM

• operative
displaced ± non-intact extensor mechanism

Elbow Dislocation
• third most common joint dislocation after shoulder and patella
• simple: dislocation with no associated features
• complex: dislocation with associate features (fracture along with anterior capsule and/or collateral

ligaments disrupted)

Mechanism
• elbow hyperextension via FOOSH or valgus/supinalion stress during elbow flexion
• usually the radius and ulna are dislocated together, alternatively the radial head dislocates in isolation

and the ulna is fractured (see Monteggia Fracture, OR22 )
• 80% are posterior/posterolateral, anterior are rare and usually devastating +
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Clinical Features
• elbow pain, swelling, deformity
• flexion contracture
• ± absent radial or ulnar pulses

Investigations
• x-ray: AP and lateral views of the elbow
• assess N VS:brachial artery, median and ulnar nerves

Elbow Dislocation
The radio-capitellar line refers to an
imaginary line along the longitudinal axis
of the radial neck that passes through
the centre of the capitellum, regardless
of the degree of elbow florion. If the
radio-capitellar line does not pass
through Ihe centre of the capitellum a
dislocation should be suspected

Treatment
• non-operative

• closed reduction under conscious sedation (post-reduction x-rays required)
• Parvin’s method: patient lies prone with arm hanging down; apply gentle traction downwards on

wrist; as olecranon slips distallv, gently lift up the arm at elbow to reduce joint
• long-arm splint with forearm in neutral rotation and elbow in 90° flexion
• early ROM (<2 wk)

• operative
• indications: complex fracture dislocation or persistent instabilitv after closed reduction
• OR1P

Specific Complications (see GeneralFracture Complications.UK7 )
• stiffness ( loss of extension), intra-articular loose body, neurovascular injury (ulnar nerve, median

nerve, brachial artery), radial head fracture
• recurrent instability uncommon

Epicondylitis

#• lateral epicondylitis = “tennis elbow,” inflammation of the common extensor tendon as it inserts into
the lateral epicondyle

• medial epicondylitis = “golfer’s elbow," inflammation of the common flexor tendon as it inserts into
the medial epicondyle

Tennis Elbow = laTeral epicondylitis; pain
associated with extension of wrist

Mechanism
• repeated or sustained contraction of the forearm musdes/chronic overuse

Clinical Features
• point tenderness over humeral epicondyle and/or distal to it over forearm musculature
• pain upon resisted wrist extension (lateral epicondylitis) or wrist flexion (medial epicondylitis)
• generally a self-limited condition, but may take 6-18 mo to resolve

Treatment
• non-operative (vert'good outcomes)

rest, ice, NSAlDs
use brace/strap
physiotherapy, stretching, and strengthening
activity modification/ergonomics

• corticosteroid injection
• operative

• indication: failed 6-12 mo conservative therapy
• percutaneous or open release of common tendon from epicondyle

Elbow Joint Injection
Inject at the centre of the triangle
formed by the lateral epicondyle, radial
head, and olecranon

Forearm

Radius and Ulna Shaft Fractures
Mechanism
• high-energy direct or indirect (MVA, fall from height, sports) trauma
• fractures usually accompanied by displacement due to high energy mechanism

Clinical Features
• deformity, pain, swelling
• loss of function in hand and forearm

rT
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Investigations
• x-ray:AP and lateral of forearm ± oblique of elbow and wrist
• CT if fracture is close to joint +
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Treatment
• goal is anatomic reduction since imperfect alignment significantly limits forearm pronation and

supination
• ORIT with plates and screws;closed reduction with immobilization usually yields poor results for

displaced forearm fractures (except in children)

Specific Complications ( seeGeneral Fracture Complications, OR7)- compartment syndrome
• soft tissue contracture resulting in limited forearm rotation - surgical release of tissue may be

warranted

Monteggia Fracture
• fracture of the proximal ulna with radial head dislocation and proximal radioulnar joint injury- more common and better prognosis in the paediatric age group when compared to adults

Mechanism
• direct blow to the posterior aspect of the forearm
• hvperpronation
• fall on the hyperextended elbow Figure 19. Monteggia fracture

Clinical Features
• pain, swelling, decreased rotation of forearm ± palpable lump at the radial head
• ulna angled apex anterior and radial head dislocated anteriorly (rarely the reverse deformity occurs)

Investigations
• x-ray:AT and lateral views of the elbow, wrist, and forearm

In all isolated ulna fractures,assess
proximal radius to rule out a Monteggia
fracture

Treatment
• adults (if stable): splint and early postoperative ROM if elbow completely stable,otherwise

immobilization in plaster with elbow flexed for 2-3 wk
• adults (if unstable):OR1F of ulna with indirect reduction of radiocapitellar joint in 90% of patients

(open reduction of radiocapitellar joint if unsuccessful)
• paediatrics:attempt closed reduction and immobilization in plaster with elbow flexed for Bado Type

1-111, surgery for Type IV

Specific Complications ( seeGeneral Fracture Complications, OR7)
• PIN injury: most common nerve injury; observe for 3 mo as most resolve spontaneously
• radial head instabilitv/redislocation
• radioulnar synostosis

Bado Type Classification of Monteggia
Fractures
Based on the direction of displacement
of the dislocated radial head, generally
the same direction astheapexofthe
ulnar fracture
Type b anterior dislocation of radial
head and proximal/middle third ukiar
fracture (60%)
Type II:posterior dislocation of radial
head and proximal/middle third ulnar
fracture (15%)
Type III:lateral dislocation of radial
head and metaphyseal ulnar fracture
(20%)
Type IV-combined: proximal fracture
of the ulna and radius, dislocation of the
radial head in any direction (<5%)

Nightstick Fracture
•isolated fracture of ulna without dislocation of radial head

Mechanism
•direct downward blow to upward block forearm (e.g.holding arm up to protect face)

Treatment
•non-operative

indication: non-displaced
below elbow cast (x 10 d), followed by forearm brace (~8 wk)

•operative
• indication: significantly displaced

ORIT if >50% shaft displacement or >10°angulation

Galeazzi Fracture Figure 20. Nightstick fracture

•fracture of the distal radial shaft with disruption of the DRU|
•most commonly in the distal 1/3of radius near junction of metaphysis/diaphysis

For all isolated radius fractures assess
DRUJ to rule out a Galeazzi fractureMechanism

•FOOSH with axial loading of pronated forearm or direct wrist trauma
•forceful axial loading of radial shaft (e.g. direct trauma to distal 1/3 of radius)

Clinical Features
•pain, swelling, deformity, and point tenderness at fracture site

r h
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(§)
Monteggia vs. Galeazzi Fractures
Remember the mnemonic'MUGGER':
Monteggia
Ulnar fracture
Galeazz
Radial fracture
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Investigations
• x-ray: AP, and lateral views of the elbow, wrist, and forearm

shortening of distal radius >5 mm relative to the distal ulna
• widening of the OKU ) space on AP
• dislocation of radius with respect to ulna on true lateral

Fracluro ol distal radius

Treatment
• all cases are operative (“fracture of necessity")

OR1P of radius; afterwards, assess DRU|stability by balloting distal ulna relative to distal radius
if DRU ) is stable and reduced, splint for 10-14 d with early ROM encouraged
if DRU ) is unstable, OR1P or percutaneous pinning with long arm cast in supination x 2-3 wk

Wrist Dislocation of ulna

Figure 21. Galeazzi fracture

Colles’ Fracture
Indications for Direct Surgical
Management of Codes' Fracture
• Displaced intra - articular fracture
• Comminuted
• Severe osteoporosis
• Dorsal angulation >5‘or volar tilt

>20"
• >5 mm radlal shortening

• extra-articular transverse distal radius fracture (~2 cm proximal to the radiocarpal joint) with dorsal
displacement ± ulnar styloid fracture

• most common fracture in those >40 yr, especially in women and those with osteoporotic bone

Mechanism. KOOSH

Clinical Features
• “dinner fork" deformity
• swelling, ecchymosis, tenderness Features of Inadequate Closed

Reduction that Require ORIF- Radial shortening >3 mm or- Dorsal tilt >10“ or- Intra-articular displacement/step-off
>2mm

Investigations
• x-ray: AP and lateral ± oblique views of wrist

Treatment
• goal is to restore radial height (13 mm), radial inclination (22°), volar tilt (11°), as well as DRU)

stability and useful forearm rotation
• non-operative

closed reduction (think opposite of the deformity)
hematoma block (sterile prep and drape, local anesthetic injection directly into fracture site) or
conscious sedation

• closed reduction: traction with extension (exaggerate injury); traction with ulnar deviation,
pronation, flexion (of distal fragment - not at wrist)

• dorsal slab/below elbow cast for 5-6 wk
obtain post-reduction Aims immediately; repeat reduction if necessary

• x-ray at 1 wk, 3 wk, and at cessation of immobilization to ensure reduction is maintained
• operative

indication: failed closed reduction, or loss of reduction
percutaneous pinning, external fixation, or ORIF

Lateral View

Smith’s Fracture
• volar displacement of the distal radius (i.e. reverse Colies’fracture)

AP View
1. Dorsal tiltMechanism

• fall onto the back of the flexed hand 2. Dorsal displacement
3.Radial shortening
4. Ulnar styl
5 Radial tilt

old fractureInvestigations
• x-ray: AP and lateral ± oblique views of wrist

Treatment
• if non-displaced/stable: closed reduction and splinting in wrist extension with hematoma or regional

nerve block; long arm cast in supination x6 wk
• if displaced/unstable: ORIF

6. Radial displacement

Figure 22. Colles’ fracture and
associated bony deformity

+
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Complications of Wrist Fractures
• most common complications are poor grip strength, stiffness, and radial shortening
• distal radius fractures in individuals <40 yr of age are frequently high energy/comminuted and are

more likely to require ORU-'
• 80% have normal function in 6-12 mo

Table 13.Early and Late Complications of Wrist Fractures
Early Late

Difficult reduction t loss olreduction
Compartment syndrome
Extensor pollicis longus tendon rupture
Acute carpal tunnel syndrome
Finger swelling with venous block
Complications ot a tight cast/splinl

Malunion, radial shortening
Painful wrist secondary to ulnar prominence
Froren shoulder (“shoulder-hand syndrome")
Post-traumatic arthritis
Carpal tunnel syndrome
CRPS/RSD

AP view
A.Radial inclination
B.Radial length

Scaphoid Fracture
Epidemiology
• most common carpal bone injured
• common in young men; not common in children or in patients beyond middle age
• may be associated with other carpal or wrist injuries (e.g. Colies’ fracture)

Mechanism
• FOOSH: impaction of scaphoid on distal radius, most commonly resulting in a transverse fracture

through the waist (65%), distal (10%), or proximal (25%) scaphoid

Clinical Features
• pain with resisted pronation
• tenderness in the anatomical “snuffbox”, over scaphoid tubercle, and pain with long axis compression

into scaphoid
• usually nondisplaced

Lateral view

C.Volar tilt

1
o

Effect ol Colics’ Iracturo
on distal radius

Figure 23.Normal wrist angles*
wrist angles in Codes’ fracture
Note the relative shortening of the
radius relative to the ulna on AP
view in Codes’ fracture

Investigations
• x-ray: AP, lateral, and scaphoid views with wrist extension and ulnar deviation
• ± Q’or MRI:detect occult fracture and prevent AVN
• bone scan rarely used

• note: a fracture may not be radiologically evident up to 2 wk after acute injury, so if a patient
complains of wrist pain and has anatomical snuffbox tenderness but a negative x-ray, treat as
if positive for a scaphoid fracture and repeat x-ray 2 wk later to rule out a fracture: if x-ray still
negative, order CT or MR1

Scaphoid Fracture Special Tests
Tender snuff box:100% sensitivity,but
29%specific,asit is also positive with
many other injuries of radial aspect of
wrist with FOOSHTreatment

• early treatment critical for improving outcomes
• non-operative

• non-displaced (<1 mm displacement/^5° angulation): long-arm thumb spica cast x 4 wk, then
short arm cast until radiographic evidence of healing is seen (2-3 mo) The proximal pole of the scaphoid

receives as much as100% of its arterial
blood supply from the radial artery that
enters at the distal pole.A fracture
through the proximal third disrupts
this blood supply and results In a high
incidence of AVN/nonunion

• operative
• displaced: ORIt with headless/countersink compression screw is the mainstay treatment

Specific Complications (seeGeneral Fracture Complications,OR7)
• most common: nonunion/malunion (use bone graft from iliac crest or distal radius with fixation to

heal)
• AVN of the proximal fragment
• delayed union (recommend surgical fixation)
• scaphoid nonunion advanced collapse (SNAC) -chronic nonunion leading to advanced collapse and

arthritis of wrist

Prognosis
• proximal pole: proximal fifth fracture, AVN rate 100%; proximal third fracture:AVN rate 33%
• waist:middle of the scaphoid fractures have healing rates of 80-90%
• distal pole:distal third fractures have healing rates close to 100% n

L J

Figure 24.ORIF left scaphoid
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Figure 25. Carpal bones
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So Long To Pinky. Here Comes The
Thumb
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body

Superior ViewLeft Lateral View
Figure 27. Schematic diagram of vertebral anatomy
Adapted fron:Moore KL Agi.r AMR.Essential Clinical Anatomy,3rd ed. Philadelphia:Lippincott Williams and Wilkins.2007. p274

Fractures of the Spine
• see Neurosurgery. NS39

CompressionCervical Spine
General Principles
• Cl (atlas): no vertebral body, no spinous process
• C2 (axis):odontoid = dens
• 7 cervical vertebrae; 8 cervical nerve roots
• nerve root exits above vertebra ( i.e. C4 nerve root exits above C4 vertebra), C8 nerve root exits below

C7 vertebra
• radiculopathy = impingement of nerve root
• myelopathy = impingement of spinal cord Burst

Special Testing
• compression test: pressure on head worsens radicular pain
• distraction test: traction on head relieves radicular symptoms
• Valsalva test: Valsalva maneuver increases intrathecal pressure and causes radicular pain
• Lhermitte Sign: electric shock sensation radiating to back upon forward flexion of the neck, some

etiologies include multiple sclerosis, cervical myelopathy, and B12 deficiency
• occiput-wall distance (OW'D): patient stands against a wall with erect posture and distance between

the occiput and the wall is measured, value greater than 2 cm is abnormal, indicative of thoracic
hyper-kvphosis

Fracture-dislocation

Figure 26. Compression, burst, and
dislocation fractures of the spine

Table 14. Cervical Radiculopathy/Neuropathy
C5 C6 a C8Root

Deltoid
Biceps

Biceps
Brachioradialis
Wrist extension

triceps
Wrist flexion
Finger extension
Index and middle finger Bing and little finger

Motor Interossei
Digital flexors

Sensory Axillary nerve (patch over thumb
lateral deltoid)

BicepsReflex Biceps
Brachioradialis

triceps Finger jerk

+
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X-Rays for C-Spine
• AP spine: alignment
• AP odontoid: atlantoaxial articulation
• lateral

vertebral alignment: posterior vertebral bodies should be aligned (translation >3.5 mm is
abnormal)

• angulation:between adjacent vertebral bodies (>11° is abnormal)
disc or facet joint widening
anterior soft tissue space (at C3 should be S3 mm:at C4 should be <8-10 mm)

• oblique: evaluate pedicles and intervertebral foramen
• ± swimmer’s view: lateral view with arm abducted 180“ to evaluate C7-T1 junction if lateral view is

inadequate
• ± lateral flexion/extension view: evaluate subluxation of cervical vertebrae

Differential Diagnosis of C-Spine Pain
• neck muscle strain, cervical spondylosis, cervical stenosis, RA (spondylitis), traumatic injury,

whiplash, myofascial pain syndrome, acute discogenic nerve root entrapment, infection, fracture,
neoplasm, pain from soft tissue structure

C-SPINE INJURY
• see Neurosurgery. NS38

Thoracolumbar Spine
General Principles
• spinal cord terminates at conus medullaris (Ll /2)
• individual nerve roots exit below pedicle of vertebra (i.e. L4 nerve root exits below L4 pedicle)

Special Tests
• straight leg raise: passive lifting of leg (30-70“) reproduces radicular symptoms of pain radiating down

posterior/lateral leg to knee ± into foot
• Lasegue maneuver: dorsillexion of foot during straight leg raise makes symptoms worse, or if leg is

less elevated, dorsillexion will bring on symptoms
• femoral stretch test: with patient prone. Hexing the knee of the affected side and passively extending

the hip results in radicular symptoms of unilateral pain in anterior thigh

Table 15. Lumbar Radiculopathy/Neuropathy
L5 S1Root L4

Motor Ouadnceps (knee extension hip
adduction)
Tibialis anterior (ankle Inversion •
dorsillexion)

Medial malleolus
Squat and rise

Knee (patellar)
Femoral stretch

Extensor hallucis longus
Gluteus medlus (hip abduction)

Peroneus longus brevis (ankle eversion)
Gastrocnemius soleus (plantar (lesion)

Sensory
Screening Test
Reflex

lateral foot
Walking on toes
Ankle (Achilles)

Straight leg raise

1st dorsal webspace and lateral leg
Heel walking
Medial hamstring*

Straight leg raiseTest

Differential Diagnosis of Back Pain
1.mechanical or nerve compression (>90%)

• degenerative (disc, facet, ligament)
• nerve root compression (e.g. disc herniation)

spinal stenosis (congenital, osteophyte, central disc)
2.others (<10%)

• neoplastic (primary, metastatic, multiple myeloma)
• infectious (osteomyelitis, TB)
• metabolic (osteoporosis)

traumatic fracture (compression, distraction, translation, rotation)
• spondyloarthropathies (ankylosing spondylitis)

referred (aorta, renal, ureter, pancreas)

DEGENERATIVE DISC DISEASE
• loss of vertebral disc height with age resulting in:

bulging and tears of annulus fibrosus
change in alignment of facet joints
osteophyte formation

n
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Mechanism
• compression and dehydration of disc material over time with age +
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Clinical Features
• axial back pain
• pain worse with axial loading and flexion
• negative straight leg raise

Investigations
• x-ray, MRI,provocative discography
• imaging only indicated if symptoms persist greater than 6 wk or if red flag symptoms are present

Treatment
• non-operative

• staying active with modified activity
back strengthening

• NSAlDs
do NOT treat with opioids; no proven efficacy of spinal traction or manipulation

• operative- rarely indicated
decompression ± fusion (in cases of severe or progressive neurological deficit; refractory cases
with impaired quality of life)

SPINAL STENOSIS
• narrowing of spinal canal
• congenital (idiopathic,osteopetrosis, achondroplasia) or acquired (degenerative, iatrogenic - post

spinal surgery, ankylosing spondylosis, Paget's disease, trauma)

Clinical Features
• ± bilateral back and leg pain
• neurogenic claudication
• ± motor weakness

Investigations
• CT/MR1 reveals narrowing of spinal canal

Treatment
• non-operative

physiotherapy (flexion exercises, stretch/strength exercises), NSAlDs, lumbar epidural steroids
* operative

indication: non-operative failure >6 mo
decompressive surgery

Table 16.Differentiating Claudication
Neurogenic Vascular

Aggravation With slandinglwalking
Walking distance variable
Change inposition (usually flexion.sitting. Stop walkingleaercise
lying down)

Relief in "10 min

Walking/exercise (reproducible)

Alleviation

Time Relief in -2 min

MECHANICAL BACK PAIN
• back dominant pain that does not involve nerve impingement

Clinical Features
• dull backache aggravated by activity and prolonged standing (or sitting, depending on cause and

pathology')
• morning stiffness (e.g. if facet OA)
• no neurological signs

Treatment
• symptomatic (analgesics, physiotherapy, weight loss, and exercise program)
• prognosis:symptoms may resolve in 4-6 wk, others become chronic

i

Cauda equina syndrome and ruptured
aorticaneurysms are causes of low
back pain that are considered surgical
emergencies

Disc Prolapse
Annulus librusjs

\ Nucleus
NYpulposus

'/ / 1 Nerve
// root

LUMBAR DISC HERNIATION
• tear in annulus fibrosus allows protrusion of nucleus pulposus, causing either a central, posterolateral,

or lateral disc herniation, most commonly at L5-S1 > L4-5 > L3-4
• M:F=3:1
• only 5% become symptomatic
• usually a history of flexion-type injury

1 r i,£ LJ

|Vertebra

Clinical Features
• back dominant pain (central herniation) or leg dominant pain (lateral herniation)
• tenderness between spinous processes at affected level
• muscle spasmiloss of normal lumbar lordosis

+
Figure 28.Disc herniation causing
nerve root compression
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•neurological disturbance is segmental and varies with level of central herniation
• motor weakness ( L4, L5, SI )
• diminished rellexes (1.4 , SI)
• diminished sensation (1.4, L5,SI)

•positive straight leg raise
•positive contralateral SLU
•positive Lasegue and Bowstring sign
•cauda equina syndrome (present in l-10%): surgical emergency

Neurogenic claudication Is position
dependent; vascular claudication is
exercise dependent

Investigations
•x-ray,MRI, consider a post-void residual volume to check for urinary retention; post-void >100 mL

should heighten suspicion for cauda equina syndrome

Treatment
•non-operative

symptomatic
extension protocol physiotherapy program
NSAlDs

MRI abnormalities (e.g. spinal stenosis,
disc herniation) are quite common in
both asymptomatic and symptomatic
individuals and are not necessarily
an indication for intervention without
clinical correlation•operative

• indication; progressive neurological deficit, failure of symptoms to resolve within 3 mo, or cauda
equina syndrome due to central disc herniation

• surgical discectomy
•prognosis

90% of patients improve in 3 mo with non-operative treatment

Table 17. Types of Low Back Pain
Mechanical Back Pain Direct Nerve Root Compression Red Flags for

Disc Origin Facet Origin Spinal Stenosis Root Compression
BACK PAIN
Bowel or bladder dysfunction
Anesthesia (saddle)
Constitutional symptoms/malignancy
Khronic disease
Paresthesias
Age >50 yr
IV drug use
Neuromotor deficits

Pain Dominance
Aggravation

Back Back Leg Leg
Flexion Extension, standing,

walking
More sudden

Shorter (days, v/eeks)

Exercise, extension,
v/alking,standing
Congenital or acquired
Acute or chronichistory
(weeks to months)
Belief of strain,
physiotherapy (flexion
back program), surgical
decompression if
progressive or severe
deficit . NSAlDs.
acetaminophen

flexion

Gradual

Long (weeks, months)

Acute leg t back pain

Constant and severe pain,

lasting weeks)

Relief of strain,

physiotherapy (extension
back program for disc
herniation), surgical
decompression il
progressive or severe
delieit. NSAlDs.
acetaminophen

Onset
Duration

Relief of strain,
physiotherapy and
exercise, weighlloss.
NSAlDs, acetaminophen

Relief of strain,
physiotherapy and
exercise, weighlloss.
NSAlDs. acetaminophen

Treatment

Sciatica
• Most common symptom of

radiculopathy (L4 -S3)
• Log dominant, constant, burning pain
• Pain radiates down legifoot
• Most common cause - disc herniationBack Pain

* Ley DominantBack Dominant

* T
Constant

Disc Herniation (lateral)
Constant

Inflammatory
Mechanical

Intermittent Intermittent
Spinal Stenosis

T
Disc Herniation (central) Facet Joint

Figure 29. Approach to back pain
Kf.-

iSPONDYLOLYSIS
[Spondylolysis

Definition
• defect in the pars interarticularis with no movement of the vertebral bodies

Mechanism
• trauma; gymnasts, weightlifters, backpackers, loggers, labourers

,

h

t
Spondylolisthesis
(anterioi displacement)

Clinical Features
• activity-related back pain, pain with unilateral extension (Michelis" test )

Investigations
• oblique x-ray; “collar” break in the “Scottie dog’s" neck
• bone scan
• CTscan

f*.8
:

V ) aV 1 +
y

Figure 30. Spondylolysis,
Spondylolisthesis
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Treatment
• non-operative

activity restriction, brace, stretching exercise
Superior articular
process (ear) Fracture

> I
ADULT ISTHMIC SPONDYLOLISTHESIS

1 A ' * v
^f Inferior articular

Definition
• defect in pars interarticularis causing a forward translation or slippage of one vertebra on another,

usually at L5-S1, less commonly at L4-5
Mechanism
• degenerative (adults), traumatic, pathological, teratogenic

Transverse processprocess (nose) Eg
Figure 31. “Scottie dog” fracture

Clinical Features
• lower back pain radiating to buttocks relieved with sitting
• neurogenic claudication
• L5 radiculopathy
• Meyerding Classification (percentage of slip)

Investigations
• x-ray (AP, lateral, oblique flexion-extension views), MRI

Treatment
• non-operative

activity restriction, bracing, NSAIDs
• operative

Table 18. Classification and Treatment of Spondylolisthesis
Class Percentage of Slip Treatment

0-25\ Symptomatic operative lesion only lor intractable pain
Same ns above
Decompression lor spondylolisthesis end spinal fusion
Same as above
Same as above

1
2 2S SO
3 sore
4 re -ioo
s »100

Specific Complications
• may present as cauda equina syndrome due to roots being stretched over the edge of L5 or sacrum

Pelvis

Pelvic Fracture
Mechanism
• young: high energy trauma, either direct or by force transmitted longitudinally through the femur
• elderly: low energy trauma, fall from standing height
• lateral compression, vertical shear, or anteroposterior compression fractures

-Anterior
columnClinical Features

• pain, inability to bear weight
• local swelling, tenderness
• abnormal lower extremity positioning: external rotation of one or both extremities, limb-length

discrepancy
• pelvic instability

iPosterior -pr.

column S
3
.

A
V

Investigations
• x-ray:AP pelvis, inlet and outlet views, )udet views (visualizes obturator and iliac oblique when

acetabular fracture suspected)
6 cardinal radiographic landmarks of the acetabulum: ilioischial line, iliopectineal line, teardrop,
weight bearing roof, posterior rim,anterior rim

CT scan useful for evaluating posterior pelvic injury and acetabular fracture (if stable)
may see contrast blush (indicating active bleeding)

• assess genitourinary injury (rectal exam,vaginal exam, hematuria, blood at urethral meatus)
if involved, the fracture is considered an open fracture

©

Figure 32. Pelvic columns

n
i j

+
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Classification

Table 19. Tile Classification of Pelvic Fractures Possible Radiological Findings
• Pubic rami fractures: superior/inferior
• Pubic symphysis diastasis:common

in AP compression (N_5 mm)
• Sacral fractures: common in lateral

compression
• SI joint diastasis: common in AP

compression (N*M mm)
• Disrupted anterior column

(iliopectineal line) or posterior
column (ilioischial line)

• “Teardrop" displacement: acetabular
fracture

• Iliac, ischial avulsion fractures
• Displacement of the major fragment

superior (VS), open book (APC).
bucket handle (LC)

Type Stability Description
Rotationally stable
Vertically stable

A1:fracture not involving pelvic ring|i.e. avulsion or iliac wing fracture)
A2: minimally displaced fracture of pelvic ring je.g. ramus fracture)

A3: transverse sacral or coccygeal fracture
B1:open book (external rotation)
62: lateral compression - ipsilateral
62 1:with anterior ring rolation/displacemenl through ipsilateral rami
62-2: with anterior ring rolation/displacemenl through non ipsilateral rami (bucket-handle )
63: bilateral
Cl: unilateral
C1-1:iliac fracture
C1-2:sacroiliac fracture-dislocation
C1-3:sacral fracture
C2: bilateral with 1side type 8 and1side type C
C3: bilateral both sides type C

A

Rotationally unstable
Vertically stable

6

C Rotationally unstable
Vertically unstable

Treatment
• ABCDEs
• emergency management

IV fluids/blood
pelvic binder/sheet
± pre-peritoneal packing
externa] fixation vs.emergent angiography/embolization
± laparotomy (if EAST/DHL positive)

• non-operative treatment: protected \VB
indication: stable fracture (e.g. elderly patient with fracture sustained in fall from standing)

• operative treatment: OKIE
• indications

unstable pelvic ring injury
symphysis diastasis >2.5 cm
open fracture

Specific Complications ( see General Fracture Complications, 0R7 )
• hemorrhage (life-threatening)
• injury to rectum or urogenital structures
• obstetrical difficulties, sexual and voiding dysfunctions
• persistent SI joint pain
• post-traumatic arthritis of the hip with acetabular fractures
• high-risk of DVT/PE

Stable avulsion fracture

Open book fracture

Hip

Hip Dislocation Typo C
Unstable vertical fracture -

•full trauma survey (see Emergency Medicine. Patient Asscssmcnt/Managemcnt, FR2)
•examine for neurovascular injury prior to open or closed reduction
•high index of suspicion for associated injuries
•reduce hip dislocations within 6 h to decrease risk of AVN of the femoral head
•hip precautions (no extreme hip flexion, adduction, internal or external rotation) for 6 wk post-

reduction
•see Hip Dislocation Post-Total Hip Arthroplasty, OR32

Figure 33. Tile classification of pelvic
fractures

Up to 50% of patients with hip
dislocations suffer fractures elsewhere
at the time of injuryANTERIOR HIP DISLOCATION

•mechanism: posteriorly directed axial loading of the femur with hip widely abducted and externally
rotated

•classified into inferior (flexion, abduction, external rotation ) and superior (extension and external
rotation)

•clinical features: shortened, abducted, externally rotated limb
•treatment

closed reduction under conscious sedation/GA
post-reduction Cl to assess joint congruity

3. External rotation
2. Internal rotation

!raction
t ri

L J
,v

© Janet SM Chan 2009

Figure 34. Rochester method +
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POSTERIOR HIP DISLOCATION
• most frequent type of hip dislocation (90%)
• mechanism: severe axial load to knee with hip flexed and adducted

• e.g. knee into dashboard in MVC
• clinical features: shortened, adducted, internally rotated limb
• x-ray:affected femoral head will appear smaller than unaffected femoral head
• Thompson and Hpstein classification - posterior dislocation:

I -with no or minor posterior acetabular wall fracture
II -with large posterior acetabular wall fracture
III - with comminuted acetabular fracture
IV -with acetabular floor fracture
V - with fracture of femoral head

• treatment
• closed reduction under conscious sedation/GA only if no associated femoral neck fracture or

ipsilateral displacement
• GRIT if unstable, intra-articular fragments, or significant displacement

post-reduction CT to assess joint congruity and fractures

COMPLICATIONS FOR ALL HIP DISLOCATIONS
• post-traumatic OA
• AVN of femoral head
• associated fractures (e.g. femoral head, neck, or shaft )
• sciatic nerve palsy in 25% (10% permanent)
• HO
• thromboembolism - DVT/PH

Hip Fracture
General Features
• acute onset of hip pain after a fall
• unable to weight-bear
• shortened and externally-rotated leg
• painful ROM

X-Ray Features of Subcapital Hip
Fractures

• Disruption of Shenton’s line (a
radiographic line drawn along
the upper margin of the obturator
foramen, extending along the
inferomedial side of the femoral
neck)

• Altered neck-shaft angle (normal is
120-130")

I
DVT Prophylaxis in Hip Fractures
LMWH (i.e. enoxaparin 40 mg SC once
daily), fondaparinux, low dose heparin
on admission, do not give <12 h before
surgery
Source:UptoDat* •Prevention ol venous
Ihrcmbcefnbcfam inadult orthopedic surgical pitienb.
tnouparin(IOYHMM)US FIX approved product
information https.1 vswrv.jccesvdatj rdi.gcrdrwgvatldj,
do(vilat>ei/20T7.D20164s110IM.pdl

F-
--
Cl
mIntertrochanteric

fracture
Subtrochanteric

fracture
Normal joint Subcapital fracture 0

Figure 35. Subcapital, intertrochanteric, and subtrochanteric hip fractures

Table 20. Overview of Hip Fractures
Definition Mechanism Investigations ComplicationsFracture Type Treatment

Young: MVC, fall from X- Ray: AP hip, AP
height pelvis, cross fable
Elderly: fall from lateral hip
standing, rotational
force

See table 21. OH 32Femoral Neck
(Subcapital)

Intracapsulat DV1. non - union. AVN.
dislocation

AVN of Femoral Head
• Distal to proximal blood supply along

femoral neck to head (medial and
lateral femoral circumflex arteries)

• Susceptible to AVN If blood supply
disrupted

• Etiology: femoral neck fracture,
chronic systemic steroid use, SCFE.
Legg-Calvd-Perthes. SLE, RA

Intertrochanteric
Stable: intact
posteromedial cortex and lesser trochanters Oirect or indirect
Unstable: non- inlacl and transitional bone force transmitted to
posteromedial cortex between the neck the intertrochanteric

and shall
Subtrochanteric Fracture begins at Young: high energy

or below the lesser trauma
trochanter and
involves the proximal bone * fall,

pathological fracture

Exlracapsular fracture Same as femoral neck X- Ray: AP hip, AP
between the greater fracture

Closed reduction
under lluoroscopy
then dynamic Inp
screw or IM nail

OVT. varus
displacement ol
proximal fragment,
malrotation, non-
union, failure of
fixation device
Malalignment,
non-union, wound
infection

pelvis, cross table
lateral hip

area

Closed/open
reduction under
fluoroscopy, then
IM nail

X- Ray: AP pelvis. API
lateral hip and lemur

Elderly: osleopenic

femoral shaft

+
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Table 21. Garden Classification of Femoral Neck Fractures
Displacement ExtentType Alignment Trabeculae Treatment

Comparative Effectiveness of Pain Management
Interventions for Hip Fracture:A Systematic
He view
Ann Intern Med 20l1;155(4):234-245
Study:Randoniied contro-ed trials|BCIs|:
nonrandoniied controlled trials|non-tCIs|:and
cohort studies of pain management techniques in
older adults afteracute hipfracture.
Conclusions: Nerve blockade seems to be effective
i reducing acute pam after hip fracture. Low -level

evidence suggests that preoperabve traction does not
reduce acute pain. Evidence was insufTicent on the
benefits and harms of many other interventions.

Internal fixation to prevent displacement
(valgus impacted fracture)
Internal fixation to prevent displacement

Young:ORIF
Elderly:hemi .‘total hip arthroplasty
Young:ORIF
Elderly:hemi-.'total hip arthroplasty

I "Incomplete" Valgus or neutral DisruptedNone

Complete
Complete

II Aligned
Disrupted

None Neutral

PartialIII Varus

Complete CompleteIV DisruptedVarus

Figure 36. Garden classification of femoral neck fractures

Arthritis of the Hip
Etiology
• OA, inflammatory arthritis, post-traumatic arthritis, late effects of congenital hip disorders, or septic

arthritis

Clinical Features
• OA: pain (groin, medial thigh) and stiffness aggravated by activity, relieved with rest
• inflammatory RA: joint pain, morning stiffness >1 h, multiple joint swelling, hand nodules
• decreased ROM (internal rotation is usually lost first)
• crepitus
• leg length discrepancy (secondary to loss of cartilage and /or bone in affected joint)
• ± fixed flexion contracture leading to apparent limb shortening (Thomas test)
• ± Trendelenburg sign and/or gait ( limp)

Investigations
• x-ray: W B views of affected joint

OA findings - LOSS: Loss of joint space.Osteophytes,Subchondral sclerosis, Subchondral cysts
inflammatory (e.g. RA):osteopenia, periarticular erosions, concentric joint space narrowing

• blood work: ANA, RF

Treatment
• non-operative

• weight loss, activity modification, physiotherapy, analgesics, anti-inflammatory medications,
walking aids

• operative
• indication: advanced disease with symptoms significantly affecting quality of life

realign = osteotomy; replace = arthroplasty", fuse = arthrodesis
• complications with arthroplasty: component loosening, dislocation. HO, thromboembolism,

infection, neurovascular injury, limb length discrepancy, persistent limp, periprosthetic fracture
• arthroplastv is standard of care in most patients with hip arthritis

Hip Dislocation Post-Total Hip Arthroplasty
•occurs in 1-4% of primary1HA and 10-16% of revision THAs
•common indication for early revision
•risk factors: post-traumatic arthritis, revision surgery, substance use, cognitive impairment

(dementia), spastic or neuromuscular disease, posterior surgical approach, spinal fusion

Mechanism
•flexion, adduction, and internal rotation (posterior dislocation),or extension and external rotation

(anterior dislocation)

r n
L J
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Investigations
• x-ray: AP pelvis, AP and lateral views of the hip

DVT Prophylaxis in Elective THA
(continue 10-35 d postoperative)
OOACs (e.g. rlvaroxaban), ASA,
(ondaparinux, low molecular weight
heparin, or warfarin

Treatment
• non-operative

• closed reduction and immobilization
• operative

indication: recurrent dislocations, associated polyethylene wear, malalignment, hardware failure,
or infection
revision THA
infected hip (infection can cause hip instability)

Complications
• sciatic nerve palsy in 25% (10% permanent)
• HO
• infection

Femur

Femoral Diaphysis Fracture
Mechanism
• high energy trauma (MVC, fall from height, gunshot wound )

• pathologic as a result of malignancy, osteoporosis, bisphosphonate use
• in children, can result from low energy trauma (spiral fracture)

always consider the possibility of non-accidental trauma (child abuse)

Clinical Features
• shortened, externally rotated leg (if fracture displaced)
• inability to weight-bear
• often open injury, always a Gustilo Ill (see Table 6,OR10)
• Winquist and Hansen classification

Investigations
• x-ray:AP pelvis, AP, and lateral views of the hip, femur, knee

Treatment
• non-operative (paediatric, uncommon in adults)

possible indication: non-displaced femoral shaft fractures in patients with significant
comorbidities who are non-ambulatory
most femoral shaft fractures require fixation as this is a life-threatening injury

• operative
OKI!' with anterograde IM nail ( most common) or retrograde IM nail or with plate and screw
fixation

• external fixation may be used initially (e.g. unstable patients or polytrauma patients)
early mobilization and strengthening

Complications
• blood loss
• infection
• fat embolism leading to ARDS
• VTE
• malrotation, leg length discrepancy
• malunion/nonunion

It is important to rule out ipsilateral
femoral neck fracture, as they occur in
2-6% of femoral diaphysis fractures and
are reportedly missed in 19-31% of cases

Associated Injuries
• extensive soft tissue damage
• ipsilateral hip dislocation/fracture (2-6%). nerve injury

r i
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Distal Femoral Fracture

•fractures from articular surface to 5 cm above metaphyseal flare

Mechanism
•direct high energy force or axial loading ( may occur due to fall from standing in osteoporotic patients)
• three types: extra articular, partial articular, complete articular

Clinical Features
•extreme pain worse with knee motion
•knee effusion (hemarthrosis)
• neurovascular deficits can occur with displaced fracture

Investigations
•x-ray: AP and lateral views
• AB1 if diminished pulses or concern for vascular injury, angiography (AB1 <0.9)
•CT: to evaluate the articular surface and degree of comminution

Supracondylar Condylar

1
2'

IntercondylarTreatment
•non-operative (uncommon)

indication: non-displaced extra-articular fracture, poor surgical candidate
hinged knee brace

•operative
indication:displaced fracture, intra-articular fracture

« ORIT with plate or retrograde 1M nail fixation
•knee arthroplasty with distal femoral replacement prosthesis (elderly, low demand patient with

comminuted fracture)
•early mobilization

Figure 37. Distal femoral fractures

Specific Complications (seeGeneral Fracture Complications,OR7)
•vascular injury
•nerve injury
•angular deformities/malunion
•post-traumatic arthritis

1. Posterior horn of lateral meniscus
2. Anterior horn of lateral meniscus
3. PCL
4. ACL
5. Posterior horn of medial meniscusij
6. Anterior horn of medial meniscus 0

^

i
L

Figure 38. Diagram of the right tibial
plateauKnee

Proximal patellarPatellar
tendon .
Patella .

mtvEvaluation of Knee
<

Common Complaints
• locking, instability, and swelling

• suggests intra-articular pathology such as a torn meniscus or cruciate ligament injury
• pseudo-locking: limited ROM without mechanical block

• muscle spasm after injury, arthritis
• painful, audible clicking

• torn meniscus, cartilage injury, or floating body

ACL 'CL

hallateral N
meniscus lomscus

LCL

U sta
patellar

mentSpecial Tests of the Knee
• anterior and posterior drawer tests ( Figure 40,OR35)

• demonstrates torn ACL and PCL, respectively
• knee flexed at 90°, foot immobilized, hamstrings relaxed

anterior subluxation of the tibia (anterior drawer test), suggests ACL injury
posterior subluxation of the tibia (posterior drawer test), suggests PCL injury
anterior drawer test for ACL:3.8 positive likelihood ratio, 0.30 negative likelihood ratio
posterior drawer test for PCL: 16.2 positive likelihood ratio, 0.2 negative likelihood ratio

• Lachman test
• demonstrates tom ACL

hold knee in 20-30° flexion, stabilizing the distal femur with one hand
• with contralateral hand, attempt to sublux tibia anteriorly on femur

similar to anterior drawer test, more reliable due to less muscular stabilization
for ACL:25.0 positive likelihood ratio,0.1 negative likelihood ratio

• pivot shift sign
• demonstrates tom ACL

start with the knee in extension
• requires relaxed patient, best performed in patient under spinal or general anesthesia

internally rotate foot, slowly flex knee while palpating and applying a valgus force
• if incompetent ACL, tibia will sublux anteriorly on femur at start of maneuver. During flexion, the

tibia will reduce and externally rotate about the femur (the "pivot”)

ICliDM
'c -.ul

C lrrm Stamshavikaya 2012 j

Figure 39.Knee ligament and
anatomy

6 Degrees of Freedom of the Knee
• Flexion and extension
• External and internal rotation
• Varus and valgus angulation
• Anterior and posterior glide. Medial and lateral shift. Compression and distraction

n
LJ

Onphysical exam of the knee,do not
forget to evaluate the hip +
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reverse pivot shift (start in flexion, externally rotate, apply valgus, and extend knee) suggests
posterolateral corner injury
composite assessment for ACL:25.0 positive likelihood ratio,0.04 negative likelihood ratio
composite assessment for PCL- 21.0 positive likelihood ratio, 0.05 negative likelihood ratio

• posterior sag sign
suggests torn PCL

• posterior tibial subluxation may lead to false positive anterior drawer sign
• flex knees and hips to 90°, hold ankles and knees

view from the lateral aspect
visible posterior tibial sag when compared to uninjured knee suggests PCL injury

• collateral ligament stress test (varus/valgus instability)
• palpate ligament for “opening" of joint space while testing
• with knee in full extension, apply valgus force to test MCL, apply varus force to test LCL
• repeat tests with knee in 20° flexion to relax joint capsule

opening in 20° flexion suggests MCL injury (valgus force), LCL injury (varus force)
opening in 20° of flexion and full extension suggests MCL, cruciate, and joint capsule damage
(valgus force)

• tests for meniscal tear
• joint line tenderness

joint line pain when palpated
palpate medial and lateral joint line and observe patient for signs of pain
for meniscal tear:0.9 positive likelihood ratio, 1.1 negative likelihood ratio

crouch compression test
joint line pain when squatting (anterior pain suggests patellofemoral pathology)

McMurray’s test
with knee in flexion, palpate joint line for painful pop or click
lateral meniscus tear exam: internally rotate foot, apply varus stress, and extend knee
medial meniscus tear exam:externally rotate foot, apply valgus stress, and extend knee
for meniscal tear:1.3 positive likelihood ratio,0.S negative likelihood ratio

Anterior drawer test

Posterior drawer test

Figure 40.Anterior and posterior
drawer test

Examination for medial
meniscal tear

X-Rays
• AP standing, lateral
• skyline: tangential view with knees flexed at 45° to see patellofemoral joint
• 3-foot standing view: useful in evaluating leg length and varus/valgus alignment
• Ottawa Knee Rules (see hmergencv Medicine. LR16) Examination for lateral

meniscal tear

Cruciate Ligament Tears Figure 41. McMurraytest

• ACL tear much more common than PCL tear

Table 22. Comparison of ACL and PCL Injuries
Anterior Cruciate Ligament Posterior Cruciate Ligament

Originates from medial wall of lateral femoral condyle,
inserts at the anteromedial and posterolateral
intercondyloideminence of the tibialplateau

Non contact (more commoa):sudden deceleration with
change of direction or landingmaneuver (anterior tibial
translation with valgus knee stress)
Contact:direct blow to lateral aspect of knee

Audible "pop"
Immediate swelling
Knee"giving way"
Inability to continueactivity

Effusion (bemarthrosis)
Posterolateral joint line tenderness
Positive anterior drawer
Positive lachmann
Pivot shift
lest for collateral ligament andmeniscal injuries
look for second fracture on stay (commonly associated
with ACL injuries)

Stable knee with minimal functional impairment:
immobilization 2-4 wk with early ROM and strengthen ng reconstruction
Nigh demandlifestyle:ligament reconstruction

Originates at the lateral wall of medial femoral condyle,inserts
at the posterior intercondyloid eminence of the tibial plateau

Anatomy

Mechanism Non contact (less common):hyperflexion or hyperextension
Contact:sudden posterior displacement ol tibia when knee is
fleied or hyperextended|e.g.dashboard MVC injury)

Figure 42. T1MRI of torn ACL andHistory Audible'pop-
immediate swelling
Pain withpush off
Cannot descend stairs

Effusion (hemarthrosis)
Anteromedial jointline tenderness
Positive posterior drawer
Reverse pivot shift
Other ligamentous,bony injuries

PCL

Physical

Treatment Unstable knee or young person/highdemand lifestyle: ligament

iJ
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Collateral Ligament Tears
Mechanism
• valgus force to knee = MCL tear
• varus force to knee = LCL tear

O’Donoghue'5 Unhappy Triad
• ACL rupture
• MCL rupture
• Meniscal damage (medial andor

lateral)

Clinical Features
• stvelling/effusion
• tenderness above and below joint line medially (MCL) or laterally (LCL)
• joint laxity with varus (LCL) or valgus (MCL) stress tests

• laxity with endpoint suggests partial tear
• laxity with no endpoint suggests a complete tear

• test for other injuries (e.g. O'Donoghue's unhappy triad ), common peroneal nerve injury

Investigations
• x-ray: AP and lateral views of the knee; MR1

Treatment
• non-operative

partial tear: immobilization x 2-4 wk with early ROM and strengthening
complete tear:immobilization at 30“ flexion

• operative
indication:multiple ligamentous injuries

• surgical repair of ligaments

Meniscal Tears
•medial tear much more common than lateral tear

Mechanism
•twisting force on knee when it is partially flexed (e.g.stepping down and turning)
•requires moderate trauma in young person, but only mild trauma in elderly due to degeneration

Clinical Features
•immediate pain, difficulty WB, instability, and clicking
•increased pain with squatting and/or twisting
•effusion (hemarthrosis) with insidious onset (24-48 h after injury)
•joint line tenderness medially or laterally
•locking of knee (if portion of meniscus mechanically obstructing extension)

Investigations
•MR1, arthroscopy

Treatment
•non-operative

indication:not locked, degenerative tear in the presence of osteoarthritis
ROM and strengthening (NSAIDs)

•operative
indication:locked knee is a surgical emergency (i.e.patient cannot fully extend knee, due to
mechanical block) or failed non-operative treatment
arthroscopic repair/partial meniscectomy generally indicated for younger patients with
traumatic/non-degenerative meniscus pathology

Meniscal repair may be performed in
select patients if tear is peripheral with
good vascular supply is a longitudinal
tear, and1-4 cm in length
Partial meniscectomy may be performed
when tears are not amenable to repair
(complex, degenerative, radial)

Tissue Sources for ACL Reconstruction
• Hamstring autograft
• Middle1/3 patellar tendon (bone-

patellar-bone autograft)
• Allograft (e.g.cadaver)

Popliteal Cysts
•synovial fluid-filled mass located in the popliteal fossa (i.e. Baker’s cyst)

Etiology
•classified as primary (distension of the bursa with no communication to joint) or secondary

(communication between bursa and joint, bursa fills with articular fluid)
•primary cysts are usually congenital in children,while secondary are acquired from traumatic injury

or degenerative/inflammatory joint disease in adults

Clinical Features
•usually asymptomatic bulge on the posterior aspect of the knee
•usually located between the semimembranosus and medial head of gastrocnemius
•may cause local tightness, restricted range of motion, or posterior knee pain
•symptoms may worsen with physical activity
•for secondary- popliteal cysts, symptoms are more associated with the underlying condition of the

knee

r i
L J

+

Activate Windows
Go to Settingsto activate Windows.



OR37 Orthopaedic Surgery Toronto Notes 2023

Investigations
• clinical diagnosis is often sufficient
• ultrasonography can be used to identify'cyst and its relation to adjacent soft tissue structures
• knee x-ray to assess for joint abnormalities that may be associated with the cyst
• MRI allows for clearest visualization but this is only indicated to plan for surgery, when an underlying

knee pathology such as a meniscal tear is suspected, or when the diagnosis is uncertain after
ultrasonography

Treatment
• asymptomatic cysts do not require treatment
• non-operative

indication: initial treatment for symptomatic secondary popliteal cysts
identify and treat underlying cause

• rest, NSAlDs, cold packs for symptomatic treatment
image guided aspiration and intra-articular steroid injection may offer temporary relief

Quadriceps/Patellar Tendon Rupture
Mechanism
• sudden forceful contraction of quadriceps during an attempt to decelerate
• eccentric loading of the extensor mechanism, usually with the foot planted and the knee slightly bent

• DM,SLK,RA, steroid use, renal failure on dialysis
• more common in obese patients with pre-existing degenerative changes in tendon

Clinical Features
• inability to extend knee or weight-bear
• tenderness and/or palpable gap at rupture site
• possible audible “pop"

• patella in lower or higher position with palpable gap above or below patella, respectively
• may have an effusion

Patella alta - high riding patella
Patella baja - low riding patella

investigations
• ask patient to perform straight leg raise (unable to with complete rupture, although may be inhibited

by pain, if unclear, can reassess in 10 d)
• knee x-ray to rule out patellar fracture, MRI to distinguish between complete and partial tears
• lateral view:patella alta with patellar tendon rupture, patella baja with quadriceps tendon rupture

Treatment
• non-operative

indication: incomplete tears with preserved extension of knee
immobilization in brace, followed by progressive physiotherapy

• operative
indication: complete ruptures with loss of extensor mechanism function

• early surgical repair: better outcomes compared with delayed repair (>6 wk post-injury)
• delayed repair complicated by quadriceps contracture, patella migration, and adhesions

Dislocated Knee
Mechanism
• high energy trauma more common (i.e. MVC), low energy (sport-related), or ultra-low velocity

(obesity)
• by definition, caused by tears of multiple ligaments

Schenck Classification
Typel
Singe cruciate (ACl or PCL) and single
collateral (MCLorPLC)
Type 2
Injury to ACL and PCL
Type 3-M
Injury to ACL. PCL. and MCL
Type 3-L
Injury to ACL, PCL. and PLC
Type 4
Injury to ACL PCL. MCL. LCL
Type 5
Multiliqamcnlous injury associated with
fracture/dislocation of knee

Clinical Features
• knee instability
• effusion
• pain
• ischemic limb, neurological deficit, or compartment syndrome

Classification
• Kennedy classification (based on direction of tibial displacement) classified by relation of tibia with

respect to femur
• anterior, posterior, lateral, medial, rotary

• Schenck classification (based on pattern of ligamentous injury)
j
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Investigations
• x-ray: AP and lateral

associated radiographic findings may include extensor mechanism injury, tibial plateau fracture
dislocations, proximal fibular fractures, and/or avulsion of fibular head

• assessment of NVS:
AB1(abnormal if <0.9)
arteriogram or CT angiogram if abnormal vascular exam (such as abnormal pedal pulses or
abnormal AB1)
detailed neurologic assessment, paying close attention to the peroneal nerve (foot drop is
common)

Treatment
• urgent closed reduction and immobilization

can be complicated by interposed soft tissue (posterolateral variant)
• assessment and management of neurovascular injuries and compartment syndrome
• emergent operative repair if vascular injury, open injury, irreducible or grossly unstable dislocation,

or compartment syndrome
• ligament reconstruction to restore knee stability is typically performed in a delayed fashion
• early, comprehensive physiotherapy

Specific Complications
• high incidence of associated injuries (tibia/fibula fracture, extensor mechanism injury)
• popliteal artery injury
• peroneal nerve injury
• chronic: instability, stiffness, post-traumatic arthritis

Patella

Patellar Fracture Undisplaced

Mechanism
• direct impact injury: fall, MVC (e.g. dashboard)
• indirect trauma: rapid knee flexion against contracted quadriceps ( rare)

Lowor/upper pole Comminuted
displaced© ‘Qi-Clinical Features

• marked tenderness
• inability to extend knee or straight leg raise
• proximal displacement of patella
• patellar deformity
• ± effusion/hemarthrosis

Transverse Osteochondral

Figure 43. Types of patellar fractures

Investigations
• x-rays: AP, lateral, skyline
• do not confuse with bipartite patella: congenitally unfused ossification centers with smooth margins

on x-ray at superolateral corner (most often)

Treatment
• non-operative

• indication:
non or minimally displaced (step-off <2-3 mm and fracture gap <1-4 mm)
intact extensor mechanism

• straight leg immobilization 1-4 wk with removable brace/splint, WB as tolerated
• progress in flexion after 2-3 wk
• physiotherapy: quadriceps strengthening when pain has subsided
• operative

indication:
>2 mm articular step-off, >3 mm fragment separation, comminuted, disrupted extensor
mechanism,open fracture

GRIP, if comminuted may require partial/complete patellectomy
- goal: restore extensor mechanism with maximal articular congruency

Complications
• Symptomatic hardware
• Loss of reduction
• Osteonecrosis
• Hardware failure
• Knee stiffness
• Nonunion
• Infection
• Post-traumatic arthritis

ri
LJ

Patellar Dislocation
Mechanism
• usually a non-contact twisting injury with knee extended, externally rotated tibia and fixed foot
• lateral displacement of patella after contraction of quadriceps at the start of knee flexion in an almost

straight knee joint
• direct blow (e.g. knee/helmet to knee collision )

+J-sign:Associated with patella alta;
Increased lateral translation in extension
which pops into the patcllofcmoral
groove as the patella engages the
trochlea early in flexion
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Risk Factors
• 2nd-3rd decade of life, female
• Q-angle (quadriceps angle) S15° (males), >20° (females)

• miserable malalignment syndrome: femoral anteversion, genu valgum,external tibia) torsion/
pronated feet

• high-riding patella (patella alta)
• weak vastus medialis
• ligamentous laxity (eg. Ehlers-Danlos, Marfan Syndrome)

ASIS

Clinical Features
• knee catches or gives way with walking
• severe pain, tenderness anteromedially from rupture of capsule
• weak knee extension or inability to extend leg unless patella reduced
• positive patellar apprehension test

• passive lateral translation results in guarding and patient apprehension
• often recurrent, self-reducing
• concomitant MCL injury
• J-sign

Investigations
• x-rays: AP, lateral, and skyline views of the knee
• check for fracture of medial patella (most common) and lateral femoral condyle
• consider M It I in young patient if concerned for osteochondral injury/loose body

Q-angle

Central
patella I -/

<3

'Tibial I
tuberosity ®

Treatment
• non-operative first

closed reduction
NSAlDs, activity modification, and physical therapy
short-term immobilization for comfort, then 6 wk controlled motion
progressive WB and isometric quadriceps strengthening

• operative
indication: if recurrent or loose bodies present

• chronic instability: surgical tightening of medial capsule and release of lateral retinaculum,
possible medial patcllofemoral ligament (MPl' L) reconstruction
patellar dislocation associated with congenital deformity: tibial tuberosity transfer

Figure 44.0-angle
The angle between a vertical line
through the patella and tibial
tuberosity and a line from the ASIS
to the middle patella;the larger the
angle, the greater the amount of
lateral force on the knee (normal
<20')

Patellofemoral Syndrome
•syndrome of anterior knee pain associated with idiopathic articular changes of patella

Risk Factors
•malalignment causing patellar maltracking (Q-angle S20g, genu valgus)
•female > male, physically active, <40 y/o
•excessive knee strain (athletes, especially running and weight training)
•recurrent patellar dislocation, ligamentous laxity, post-trauma
•deformity of patella or femoral groove

Mechanism
•softening, erosion, and fragmentation of articular cartilage, predominantly medial aspect of patella

Clinical Features
•diffuse pain in peri- or retropatellar area of knee (major symptom )

exacerbated by prolonged sitting (theatre sign), strenuous athletic activities,stair climbing,
squatting,or kneeling

•insidious onset and vague in nature
•sensation of instability, pseudolocking
•pain with compression of patella with knee ROM or with resisted knee extension
•swelling rare, minimal if present
•palpable crepitus

Investigations
•x-ray:AP, lateral, and skyline views of the knee- may find chondrosis, lateral patellar tilt, patella alta/

baja, or shallow sulcus
•CT: patellofemoral alignment, rule out fracture
•MR1: best to assess articular cartilage

Pain with firm compression of
patella into medial femoral groove
is pathognomonic of patellofemoral
syndrome

rn
LJ

+

Activate Windows
Go to Settings to activate Windows.



OR 10 Orthopaedic Surgery Toronto Notes 2023

Treatment
• non-operative

• continue non-impact activities; rest and rehabilitation
NSAlDs

• physiotherapy: vastus medialis, core, and hip strengthening
• operative

indication:failed non-operative treatment
« arthroscopic debridement

lateral release of retinaculum
patellar realignment (e.g. anterior tubercle elevation)

Tibia

Tibial Plateau Fracture
Mechanism
• varus/valgus load ± axial loading (e.g. fall from height )
• femoral condyles driven into proximal tibia
• can result from minor trauma in those with osteoporosis Schatzker Classification

Type DescriptionClinical Features
I lateral plateau split fracture
II lateral split-depressed fracture

III Lateral pure depression fracture
IV Medial plateau fracture
V Bicondylar plateau fracture
VI Bicondylar with metaphincaVdidpljseal

disassociate

• frequency:lateral > bicondylar > medial
• medial fractures require higher energy- often have concomitant vascular injuries
• knee effusion, swelling
• inability to bear weight
• risk of compartment syndrome, meniscal tears, and neurovascular injuries
• Schatzker classification

Investigations
• x-ray: AH, lateral, and oblique views
• CT: preoperative planning, identify articular depression and comminution
• ABI if any differences in pulses between extremities

Treatment
• non-operative

indication:# depression is <3 mm
protected WB with immobilization in a splint for 6-12 wk with early progressive ROM

• operative
indication: articular step-off >3 mm,condylar widening >5 mm, open #s, neurovascular injury,
significant varus/valgus instability (>15°)

• OR11-' often requiring bone grafting to elevate depressed fragment

Specific Complications (see General l-'nactiire Complications, OR7 )
• post-traumatic OA
• meniscal lesions

Tibial Shaft Fracture
•most common long bone fracture and open fracture

Mechanism
•low energy'pattern: torsional injury
•high energy: including MVC, falls, sporting injuries

Clinical Features
•pain, inability to weight-bear, deformity
•open vs. closed
• neurovascular compromise
•compartment syndrome

Investigations
•x-ray: full length AH and lateral views

AF, lateral, and oblique views of ipsilateral knee and ankle
consider dedicated ankle x-rays or CT scan to rule out intra-articular extension of middle third or
distal tibia shaft fractures

n
LFlgure 45. Tibial shaft fracture

treated with IM nail and screws

$ +
Tibial shaft fractures have high incidence
of compartment syndrome and are often
associated with soft tissue injuries
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Treatment
• non-operative

indication: closed and minimally displaced or adequate closed reduction
• long leg cast x 6-8 wk, convert to functional (patellar tendon hearing) brace for another 6 wk with

progressive W B

Danis-Weber Classification
• Based on level of fibular fracture

relative to syndesmosis
• Type A (infra-syndesmotic)
• Pure inversion injury, tibiofibular

syndesmosis remains intact
• Avulsion of lateral malleolus below

plafond or torn calcaneofibular
ligament

• ± shear fracture of medial malleolus
• Type B (trans-syndesmotic)
• External rotation and eversion (most

common)
• ± avulsion of medial malleolus or

rupture of deltoid ligament
• Spiral fracture of lateral malleolus

starting at plafond
• Type C (supra-syndesmotk)
• Pure external rotation
• Avulsion of medial malleolus or torn

deltoid ligament
• t posterior malleolus avulsion with

posterior tibio fibular ligament
• Fibular fracture is above plafond
• Frequently tears syndesmosis

• operative
• indication: displaced or open

if displaced and closed: ORIF with IM nail, plate and screws, or external fixator
if open: antibiotics,18,D, external fixation or IM nail, and vascularized coverage of massive soft
tissue defects

Specific Complications (see General Fracture Complications,OR7)
• significant incidence of compartment syndrome
• knee pain associated with infrapatellar IM nailing (>50% anterior knee pain)
• malunion, nonunion
• lack of soft tissue coverage secondary to open fracture may require further surgery for muscle flap

coverage

Ankle

Evaluation of Ankle and Foot Complaints
Special Tests
• anterior drawer: examiner stabilizes the tibia with one hand and attempts to displace the foot

anteriorly with the contralateral hand with the ankle held in neutral or plantar flexion
• talar tilt: foot is stressed in inversion and angle of talar rotation is evaluated

Ottawa Ankle and Foot Rules
(see Emergency Medicine. ER16)
X-rays are only required if:
Pain in the malleolar zone AND any of:
bony tenderness over posterior or tip of
lateral malleolus; OR bony tenderness
over posterior or tip of medial malleolus;
OR inability to weight bear both
immediately after injury and in the ER

X-Ray
• AP, mortise, and lateral views
• mortise view: ankle at 15° of internal rotation

gives true view of ankle joint
joint space should be symmetric with no talar tilt

• Ottawa Ankle and Foot Rules should guide x-ray use (see Emergency Medicine, ER 16); nearly 100%
sensitivity

• ± CT to better characterize fractures

Ankle Fracture
Mechanism
• pattern of fracture depends on the position of the foot when trauma occurs
• classification systems

• Danis-Weber: based on location of main fibular fracture line relative to the syndesmosis
Lauge-Hansen: based on foot position and direction of applied stress/force

Norma ank eTreatment
• non-operative

indication: non-displaced, Danis-Weber Type A, and some isolated undisplaced Danis-Weber
Type B
early protected WB in walking boot

• operative
• indications

fracture-dislocation
most Danis-Weber Type B, and all T ype C
any talar displacement
displaced isolated medial or lateral malleolar fracture
trimalleolar ( medial, posterior, lateral ) fractures
displaced and large posterior malleolar fractures

« persistent medial clear space widening despite attempt at closed reduction and
immobilization 1. Posterior malleolus

2. Medial malleolusopen fracture/open joint injury
ORIF with plates and screws

ri3. Deltoid ligament LJ
4. Syndesmosis
5. Lateral malleolus

Complications
• risk of poor wound healing and deep infections (up to 20%) in patients with DM, particularly if

concomitant peripheral neuropathy
• postoperative stiffness
• malunion, nonunion
• post-traumatic arthritis

6. Calcaneofibular
ligamentType C +

Figure 46. Ring principle of the ankle
and Danis-Weber classification
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Ankle Ligamentous Injuries
Medial Ligament Complex (deltoid ligament)
• eversion injury
• usually avulses medial or posterior malleolus and strains syndesmosis

Lateral Ligament Complex
(anterior talofibular, calcaneofibular, posterior talofibular)
• inversion injury, >90% of all ankle sprains
• anterior talofibular ( ATT-) most commonly and severely injured if ankle is plantarflexed
• swelling and tenderness anterior to lateral malleolus
• + + ecchymosis
• positive ankle anterior drawer
• may have significant medial talar tilt on inversion stress x-ray

Treatment
• non-operative

microscopic tear (tirade I )
rest, ice, compression, elevation

macroscopic tear (Grade 11)
strap ankle/aircast for up to a few weeks, should not interfere with early rehabilitation;
NSAlDs
physiotherapy: strengthening and proprioceptive retraining

complete tear (Grade 111)
below knee walking boot x 4-6 wk (controversial and variable); NSAlDs
physiotherapy: strengthening and proprioceptive retraining
surgical intervention may be required if chronic symptomatic instability develops

Legend
PTF: Posterior talofibular
CF: Calcaneotibular
ATF: Anterior talofibular
PTT: Posterior tibiotalar
TC: Tibiocalcaneal
ATT:Anterior tibiotalar
TN: Tibionavicular

Figure 47. Ankle ligament complexes

With a history of significant trauma
from axial loading of lower limb, always
consider spinal injuries and talar/
calcaneal fractures

Foot

Talar Fracture
Mechanism
• forced dorsiflexion with axial load, commonly from MVC or fall from height
• 60% of talus covered by articular cartilage; fractures often intra-articular
• talar neck is most common fracture of talus (50%)
• non-neck talus fractures are rare, and can include talar body (15-25%), process (10%), or head

fractures
• tenuous blood supply runs distal to proximal along talar neck

high-risk of AV N with displaced fractures

Investigations
• x-ray: AP, lateral, and Canale views (maximum equinus, 15° pronated) of the foot
• CT to better characterize fracture and assess for ipsilateral foot injuries ( up to 88% incidence)
• MRI not helpful acutely, but can clearly define extent of AVN during follow up

Treatment
• non-operative

indication: non-displaced
emergent reduction in ER, below-knee cast 8-12 wk (NWB first 6 wk)

• operative
indication:displaced

• OR1F

Complications
• AVN (—30% risk of osteonecrosis)
• malunion/nonunion
• post-traumatic arthritis (subtalar most common)

Calcaneal Fracture L J

Calcaneal Fracture Treatment
Principles
• Avoid wound complications (10-25%)
• Restore articular congruity
• Restore normal calcaneal width and

height
• Maximum functional recovery may

take longer than 12 mo

•most common tarsal fracture

Mechanism
•high energy axial loading: fall from height onto heels, MVA
•75% are intra-articular and 10% are bilateral
•10% of fractures associated with compression fractures of thoracic or lumbar spine (rule out spine

injury)

+
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Clinical Features
• marked swelling, pain, inability to weight bear, bruising on heel/sole
• wider, shorter, flatter heel when viewed from behind

may have apparent varus deformity

Investigations
• x-rays:AP, lateral, and oblique foot (mandator)'views); Broden view, Harris view,or AP ankle

(optional)
loss of Bohler’s angle, double-density sign

• CT:gold-standard, assess intra-articular extension

Haglund Deformity:an enlargement of
the posterior-superior tuberosity of the
calcaneus

Treatment
• dosed vs.open reduction is controversial
• N \VB cast x 6-12 wk with early ROM and strengthening

Complications
• wound complications
• subtalar arthritis
• compartment syndrome
• malunion The most common site of Achilles tendon

rupture is 2-6cm from its insertion
where the blood supply is the poorestAchilles Tendonitis

•Achilles:largest tendon in the body
• formed by confluence of soleus and gastrocnemius tendons

Mechanism
•chronic inflammation from activity or poor-fitting footwear
•may develop painful heel bumps (i.e. retrocalcaneal bursitis or Haglund deformity)

Clinical Features
•posterior heel pain, swelling, burning, stiffness
•thickened tendon, palpable bump

Investigations
•x-rav:lateral, evaluate bone spur and calcification
•U/S, MRI can assess degenerative change

Treatment
•non-operative

• rest, NSAlDs, activity and shoe wear modification (orthotics, open back shoes)
• heel sleeves and pads are mainstay of non-operative treatment

gentle gastrocnemius-soleus stretching, eccentric training with physical therapy, deep tissue calf
massage

• shockwave therapy in chronic tendonitis
avoid steroid injections (risk of Achilles tendon rupture)

•operative
open or arthroscopic debridement of Hagelung lesion

Achilles Tendon Rupture
Mechanism
• sudden forced plantar flexion, violent dorsiflexion when plantar flexed
• loading activity, stop-and-go sports (e.g.squash, tennis, basketball )
• secondary to chronic tendonitis, steroid injection, fluoroquinolone antibiotics

Complications of Achilles Tendon
Rupture. Infection/wound healing

complications (operative
management)

• Sural nerve injury (operative
management)

Clinical Features
• audible “pop," sudden pain with push-off movement
• pain or weakness/inability to plantarfiex
• palpable gap
• apprehensive toe off when walking
• Thompson test:with patient prone, squeeze calf, normal response is plantar flexion

no passive plantarflexion is positive test = ruptured tendon
n
LJ

Investigations
• x-rav: rule out other pathology
• U/Sor MRI:differentiate between partial vs.complete ruptures +
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Treatment
• non-operative

• indication: low functional demand (level I evidence suggests no difference in re-rupture rates
between operative and non-operative management with functional rehabilitation )

• functional bracing/casting in resting equinus (plantar flexion), with functional rehabilitation x
12 wk

• operative
indication: high functional demand (e.g. professional athlete)
surgical repair, followed by functional rehabilitation x 12 wk

Plantar Fasciitis
Definition
• inflammation of plantar aponeurosis at calcaneal origin
• common in athletes (especially runners, dancers)
• also associated with obesity, DM, inflammatory arthropathies

Mechanism
• repetitive strain injury causing microtears and inflammation of plantar fascia

Clinical Features
• insidious onset of heel pain, often when getting out of bed, and stiffness
• intense pain when walking from rest that subsides with ambulation; worse at end of day after

prolonged standing
• tenderness to palpation at medial tuberosity of calcaneus
• pain with toe dorsiflexion (stretches fascia) and palpation of fascia from heel to forefoot

Bone spur Calcaneus

Figure 48.X-ray of bony heel spur

Surgical vs. Nonsurgical Methods for Acute
Achilles Tendon Rupture:AMeta-Analysis of
R andomited Controlled Trials
J Foot Ankle Surg Am 2018 Nov •Dec;57(6):1I9M1M
Purpose: To compare surgical treatment and
conservative treatment olacuteAchiles lendoo
rupture.
Methods: A meta -analysis was performed looking
at randomned trials comparing surgical with
nonsurgical treatment or comparing different surgical
Irealments ol Achilles lendoo rupture.
Results:10 randomiied cinical trials w <th a total of
934 randomited patients were included.Fatients
in the non-surgical group had a higher re-rupture
rate than patients in the surgical group.Howeier.
re-rupture rates were equiralentfP*.08) if an early
range of motion eie rcises protocol was performed,
lower incidence of complications (eicbdtng re-
rupture) was fou nd in non-surgical patients.
Conclusions: Non-surgical treatment for acute
Achiles tendon rupture is preferred if a functional
rehabilitation protocol with early range of motion
is possible. If not, surgical treatment should he
considered because of the lower rate of re-rupture.

Investigations
• x-ray to rule out fractures, may shosv plantar heel spur
• spur is secondary to inflammation, not the cause of pain

Treatment
• non-operative

• pain control and stretching programs are first-line
• rest, ice, NSAlDs, steroid injection

physiotherapy: Achilles tendon and plantar fascia stretching, extracorporeal shockwave therapy
• orthotics with heel cup - to counteract pronation and disperse heel strike forces

• operative
very rarely indicated
when performed, includes endoscopic release of fascia

Bunions (Hallux Valgus)
Definition
• bony deformity characterized by medial displacement of first metatarsal and lateral deviation of

hallux

Normal angle <15“
Hallux Valgus angle >15“

Mechanism
• valgus alignment of 1st MTP (hallux valgus), loose medial and tight lateral joint capsule,

hallucis becomes a deforming force
• formation of a reactive exostosis and thickening of the skin creates a bunion
• associated with poor-fitting footwear (high heel and narrow toe box)
• can be hereditary (70% have family history)
• more frequent in women

adductor

Clinical Features
• painful bursa over medial eminence of 1st MT head
• pronation (rotation inward) of great toe
• numbness over medial aspect of great toe

Investigations
• x-ray: standing AP, lateral, and oblique views;sesamoid can be helpful

Figure 49. Hallux valgus
Treatment
• indications: painful corn or bunion, overriding 2nd toe
• non-operative (first-line)

properly fitted shoes (low heel) and toe spacer
• operative: persistent symptoms, goal is to restore normal anatomy, not cosmetic reasons alone

osteotomy with realignment of 1st MTP joint
arthrodesis

+
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Metatarsal Fracture
• use Ottawa l-'oot Rules to determine need for x-ray

Ottawa Ankle and Foot Rules
(seeEmergency Medicine. ERIE)
X-rays only required if;
Pain in the midfoot zone AND any of:
bony tenderness over the navicular or
base of the fifth metatarsal; OR inability
to weight bear both immediately after
injury and in the ER

Table 23. Types of Metatarsal Fractures
Fracture Type Mechanism Clinical Features Treatment

lender base of 5th MT Conservative managementAvulsion of Base of 5th MT Sudden inversion followed by
contraction of peroneus brevis

Proximal Shaft of 5th MT (Jones Stress injury
Fracture)
Shaft 2nd. 3rd MT ( March
Fracture )

1st MT

Painful over base of 5th MT •NWBBK cast x 6-8 wk

ORIF if athlete, displacement, or Painful shaft ol 2nd or 3rd MI
skin tenting

Trauma

Symptomatic (protected weight
bearing, pain management)

ORIF if displaced otherwise * NW 6
BK caslx 3 wk then walking cast
x 2 vrk
ORIF or arthrodesis if displaced
Cast immobilization if undisplaced
x8-12 wk

Painful1st Ml

Tarso-MT Fracture-Dislocation Forceful axial load on a plantar
(Lisfranc Fracture)

Pain over base of 2nd MT
flexed footor direct crush injury Swelling over midfoot

Inability to bear weight
Bruising on plantar aspect of
midfoot

’NWB BK = Non weight beating, below knee

Paediatric Orthopaedics

Fractures in Children
• type of fracture

thicker, more active periosteum results in paediatric-specific fractures; greenstick (one cortex),
torus (i.e. ‘buckle’, impacted cortex) and plastic (bossing)
distal radius fracture most common in children (phalanges second), the majority are treated ssith
closed reduction and casting

• epiphyseal growth plate
weaker part of bone, susceptible to injuries
growth plate often mistaken for fracture on x-ray and vice versa ( x- ray opposite limb for
comparison ), especially in elbow
tensile strength of bone < ligaments in children, therefore clinician must be confident that
fracture and/or growth plate injury have been ruled out before diagnosing a sprain
intra-articular fractures ha\re worse consequences in children because they usually involve the
growth plate, and may affect future bone growth

• anatomic reduction
gold standard with adults
may accept greater angular deformity in children as remodeling minimizes deformity at skeletal
maturity

• time to heal
shorter in children

• always he aware of the possibility of child abuse ( non-accidental injury, NAI )
ensure stated mechanism is compatible with injury presentation

• high index of suspicion with fractures in non-ambulating children (< l yr); look for other signs,
including x- ray evidence of healing fractures at different sites and different stages of healing
common suspicious fractures in children: metaphyseal corner fracture (hallmark of non-
accidental trauma), femur fracture < 1 y/o, humeral shaft <3 y/o, sternal fractures, posterior rib
fractures, spinous process fractures
if concerned for NAI, admit child to hospital, contact appropriate authorities, engage allied health
such as social work, and treat injuries as normal

I
i
<

I
*

froximal Radius Proximal Radius ,
Figure 50. Greenstick (left) and torus
(right) fractures

Greenstick fractures are easy to reduce
but can redisplace while in cast due to
intact periosteum

Stress Fractures
Mechanism
• insufficiency fracture

normal or physiologic stress applied to a weak or structurally deficient bone
• fatigue fracture

repetitive, excessive force applied to normal hone
• most common in adolescent athletes
• common in tibia, calcaneus, and metatarsals
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Diagnosis
• localized pain and tenderness over the involved bone
• plain films may not show fracture initially
• bone scan positive in 12-15 d, MR1demonstrates abnormal edema

Treatment
• rest from strenuous activities to allow remodeling (can take several months)
• protected weight bearing
• splinting/Aircast optional

Physeal Injury ^Typo I

Table 24.Salter-Harris Classification of Epiphyseal Injury
SALT(E)R-Harris Type Description Treatment

Closed reduction and cast immobilization; heals well.
95%do nol affect growth

through metaphysis and along growth plate Closed reduction and cast if anatomic; otherwise closed t
open reduction, internal fixation

Through epiphysis to plate and along growth Anatomic reduebon by ORIF to preventgrowth arrest.
avoid fixation across growth plate

Closed reduction and cast if anatomic; otherwise ORIF
Cast immobilization (operative management is rarely
indicated):high Incidence ol growth arrest

I (Straight through;Stable) Transverse through growth plate

It (Above)

III (Below)’
plate

Through epiphysis and metaphysis
Crush injury of growth plate

IV (Through and through)’

V (Ram)’
Typo III

’Types III- V are more likely to cause growth arrest and progressive delormity

Slipped Capital Femoral Epiphysis Typo IV

•most common adolescent hip disorder, peak incidence at pubertal growth spurt

Definition
•type 1 Salter-Harris epiphyseal injury at proximal hip with anterosuperior displacement of the

metaphysis relative to the epiphysis ( remains in the acetabulum)

5Etiology
•multifactorial

• genetic:autosomal dominant, Black children at highest risk
cartilaginous physis hypertrophies too rapidly under gr
overweight: mechanical stress

• trauma: causes acute slip
•risk factors: obesity (No.l factor), male, hypothyroid, growth hormone deficiency, previous radiation

to hip region, renal osteodystrophy, Down Syndrome

=|
owth hormone effects

Figure 51.Salter-Harris classification
of epiphyseal injury

Clinical Features
•acute: sudden, severe pain with limp, less than 3 wk duration
•chronic: typically groin and anterior thigh pain, may present with knee pain

• positive T rendelenburg sign on affected side, due to weakened gluteal muscles
•can be associated with knee pain due to activation of the medial obturator nerve
•restricted internal rotation, abduction, flexion

Drehmann sign: obligator)' external rotation during passive flexion of hip
•Loder classification: stable vs. unstable ( provides prognostic information)

• stable = able to bear weight, with or without crutches (risk of osteonecrosis <10%)
• unstable = unable to ambulate even with crutches (high-risk of osteonecrosis, between 24-47%)

Bilateral involvement occurs In about
25%

Klein's Line
On AP view, line drawn along supero-
lateral border of femoral neck should
cross at least a portion of the femora!
epiphysis. If it does not.suspect SCFE

Investigations
•x-ray: AP, frog-leg lateral radiographs both hips

• posterior and medial slip of epiphysis
disruption of Klein's line
AP view may be normal or show widened/lucent growth plate compared with opposite side

Treatment
•operative: percutaneous in-situ fixation without reduction ( reduction is highly controversial)
•consider prophylactic fixation of contralateral hip in high-risk patients

Complications
•z\VN, chondrolysis (loss of articular cartilage, resulting in narrowing of joint space), pin penetration,

premature OA, loss of ROM, contralateral SCFE

r i
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Developmental Dysplasia of the Hip
Definition
• abnormal development of hip, resulting in shallow acetabulum (dysplasia), displacement with some

remaining contact between the articular surfaces (subluxation), or complete displacement of the joint
(dislocation)

• most common orthopaedic disorder in newborns
• all newborns require screening with physical exam

Etiology
• due to ligamentous laxity, muscular underdevelopment, and abnormal shallow slope of acetabular

roof
• spectrum of conditions

• dysplastic acetabulum, more shallow, and more vertical than normal
head subluxates out of joint when provoked

• dislocatable head in socket
dislocated femoral head completely out of acetabulum

Physical Exam
• diagnosis is clinical

limited abduction of the flexed hip (<60°)
affected leg shortening results in asymmetry in skin folds and gluteal muscles, wide perineum
Barlow’s test demonstrates whether hips are dislocatable

flex hips and knees to 90° and grasp thigh
fully adduct hips, push posteriorly to try to dislocate hips, feeling for a distinct clunk

Ortolani’s test demonstrates whether hips are reducible
initial position as above but try to reduce hip with fingertips during abduction
positive test: palpable clunk is felt (not heard ) if hip is reduced

T rendelenburg test and gait useful if older (>2 yr)
Cialeazzi's sign

knees at unequal heights when hips and knees flexed
appearance of a shorter femur ( lower knee) on affected side
difficult test if child < 1 yr

Investigations
• perform screening U/S at 4-6 weeks in patients with risk factors and positive physical findings to view

cartilage (bone is not calcified in newborns until 4-6 mo)
• follow-up radiograph after 3 mo
• x-ray signs (at 4-6 mo): false acetabulum, acetabular index >25°, broken Shenton’s line, femoral neck

above Hilgenreiner’s line (horizontal line through right and left triradiate cartilage), ossification
centre outside of inner lower quadrant (quadrants formed by intersection of Hilgenreiner’s and
Perkin’s lines)

Barlow's test

lv\

i®

Ortolani's tost

Figure 52. Barlow’s test and
Ortolani's test

(*3
5 Fs that Predispose to Developmental
Dysplasia of the Hip
Fanily history
Female
Frank breech
First born
LeFt hipTreatment

• 0-6 mo: reduce hip using Pavlik harness to maintain abduction and flexion
• 6-18 mo: reduction under GA, hip spica cast x 2-3 mo (if Pavlik harness fails)
• 18 nio-2 yr: open reduction with spica casting
• >2 yr: pelvic and /or femoral osteotomy

Complications
• redislocation, inadequate reduction, stiffness
• AVN of femoral head may be seen at any point in treatment; due to impingement of medial circumflex

femoral artery with severe abduction and flexion secondary to prolonged Pavlik harness or spica cast
treatment

Legg-Calve-Perthes Disease (Coxa Plana)
Most common in adolescent athletes,
especially jumping/sprinting sports

Definition
• idiopathic AVN of femoral head, presents at 4-8 yr of age. 12% bilateral, M:P=5:1, 1/1200 children
• associations

family history of Legg-Calve-Perthes Disease
low birth weight
abnormal pregnancy/delivery

• ADHD in 33% of cases, delayed bone age in 89%
second-hand smoke exposure

• key features
» AVN of proximal femoral epiphysis, abnormal growth of the physis, and eventual remodeling of

regenerated bone

r »
L J

Children diagnosed with coxa plana
<6 yr of age have improved prognosis
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Clinical Features
• child tvith antalgic or T rendelenburg gait ± pain
• intermittent knee, hip, groin, or thigh pain
• flexion contracture (stiff hip)
• decreased internal rotation and abduction of hip
• limb length discrepancy (late)

Investigations
• x-ray: AP pelvis, frog leg lateral
• initially, may be negative; if high index of suspicion, obtain bone scan or MR1
• eventually, collapse of femoral head will be seen (diagnostic)

Figure 53.Pelvic x-ray and reference
lines and angles for assessment of
DDH
TriradiateCartilage
y-shaped epiphyseal plate at junction
of ilium,ischium,and pubis
Hilgenreiner’sLine
Line running between triradiate
cartilages
Perkin's Line
Line through lateral margin of
acetabulum,perpendicular to
Hilgenreiner's Line
Shenton’s Line
Arced line along Inferior border of
femoral neck and superior margin of
obturator foramen
Acetabular Index
Angle between Hilgenreiner's Line
and line from triradiate cartilage to
point on lateral margin of acetabulum

Treatment
• goal is to keep femoral head contained in acetabulum and maintain ROM (contain and maintain)
• non-operative

physiotherapy: ROM exercises
restricted weightbearing

• operative
« femoral or pelvic osteotomy (>8 yr of age or severe)

prognosis better in males, <6 yr, <50% of femoral head involved, abduction >30°
• 60% of involved hips do not require operative intervention
• natural history is early onset OA and decreased ROM

Osgood-Schlatter Disease
Definition
• inflammation of patellar ligament at insertion point on tibial tuberosity. M>F; boys 12-15 yr; girls 8-12 yr

Mechanism
• repetitive tensile stress on insertion of patellar tendon over the tibial tuberosity causes minor avulsion

at the site and subsequent inflammatory reaction (tibial tubercle apophysitis)

Clinical Features
• tender lump over tibial tuberosity
• pain on resisted leg extension
• anterior knee pain exacerbated by jumping or kneeling, relieved by rest

Investigations
• x-ray lateral knee: fragmentation of the tibial tubercle,± ossicles in patellar tendon

Treatment
• benign, self-limited condition, does not resolve until growth halts
• non-operative (majority)

• avoid aggravating activities such as basketball or cycling
NSAJDs, rest, flexibility, isometric strengthening exercises
casting if symptoms do not resolve with conservative management

• operative: ossicle excision in refractory cases (patient is skeletally mature with persistent symptoms)

Congenital Talipes Equinovarus (Club Foot)
Definition
• congenital foot deformity
• muscle contractures resulting in CAVE deformity
• bony deformity: talar neck medial and plantar deviated; varus calcaneus and rotated medially around

talus; navicular and cuboid medially displaced

Etiology
• intrinsic causes (neurologic, muscular, or connective tissue diseases) vs. extrinsic (intrauterine

growth restriction); maybe idiopathic, neurogenic, or syndrome-associated
• fixed deformity
• 1-2 in 1000 newborns, 50% bilateral, M>F-2:1,severity 1;>M

Physical Exam
• examine for CAVE deformity
• examine hips for associated DDH
• examine knees for deformity
• examine back for dysraphism (unfused vertebral bodies)
• diagnosis is often from physical exam findings alone, radiographs unnecessary

<§> n
L JCAVE deformity

Midfoot Cavu (tight intrinsics, FHL,FDL)
Forefoot Adductus (tight tibialis
posterior)
Hindfoot Varus tight Achilles tendon,
tibialis posterior, tibialis anterior)
Hindfoot Equinus (Hindfoot Equinus
(tight Achilles tendon)

+

Activate Windows
Go to Settings to activate Windows.



OR -19 Orthopaedic Surgery Toronto Notes 2023

Treatment
• largely non-operative via Ponseti Technique (serial manipulation and casting)

• correct deformities in CAVE order
change strapping/cast ql-2 wk
typically requires percutaneous Achilles tendon release after ~ 2 months of casting with
another 3 weeks of casting in maximal dorsiflexion
surgical release in refractory case (rare)

• delayed until age 3-4 mo
• 3 yr recurrence rate = 5-10%
• mild recurrence common;affected foot is permanently smaller/stiffer than normal foot with calf

muscle atrophy

' Plantar flexion
of ankle joint

Talus in equinus
and varus- I

v, I
0

[0
/ -j

I1
Forefoot
bones in

varus ,
iInversion of

calcaneusScoliosis
Figure 54.Club foot - depicting the
gross and bony deformityDefinition

• lateral curvature of spine with vertebral rotation
• age: 10-14 yr
• more frequent and more severe in females

Etiology
• idiopathic: most common (90%)
• congenital: vertebrae fail to form or segment
• neuromuscular: UMN or LMN lesion, myopathy
• postural: leg length discrepancy, muscle spasm
• other: osteochondrodystrophies, neoplastic, traumatic

Clinical Features
• cosmetic concern ± back pain
• primary curve where several vertebrae affected
• secondary compensatory curves above and below fixed primary curve to try to maintain normal

position of head and pelvis
• asymmetric shoulder height when bent forward
• Adam’s test: thoracic or lumbar prominence on affected side with forward bend at the waist
• prominent scapulae, creased flank, asymmetric pelvis
• associated posterior midline skin lesions in neuromuscular scoliosis

• cafe-au-lait spots, dimples, neurofibromas
• axillary freckling, hemangiomas, hair patches

• associated pes cavus or leg atrophy
• apparent leg length discrepancy
• Scoliosis Lenke Classification: guide to select curves to be included within the fusion construct

Figure 55.Cobb angle-
used to monitor the progression of
the scoliotic curve

Investigations
• x-ray:3-foot standing, AP, lateral

measure curvature: Cobb angle
• may have associated kyphosis

Scoliosis screening is not recommended
in Canada (Grieg A, et al.2010; Health
Canada.1994)

Treatment
• based on Cobb angle

• <25°: observe for changes with serial radiographs
• >25° or progressive: bracing (many types, controversial) that halt/slow curve progression but do

not reverse deformity
• >45°, cosmetically unacceptable, or respiratory problems: surgical correction (spinal fusion )

In structural or fixed scoliosis, bending
forwards makes the curve more obvious

Postural scoliosis can be corrected by
correcting the underlying etiology

r
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Bone Tumours
•primary bone tumours are rare after 3rd decade
•metastases to bone are relatively common after 3rd decade

Clinical Features
•malignant (primary'or metastasic): local pain and swelling (weeks to months), worse on exertion and

at night, ± soft tissue mass
•minor trauma can be the initiating event that calls attention to lesion

Red Flags
• Persistent skeletal pain
• Localized tenderness
• Spontaneous fracture
• Enlarging mass-soft tissue swelling

Table 25. Distinguishing Benign from Malignant Bone Lesions on X-Ray

©Benign Malignant

No periosteal reaction or benign appearing reaction (e.g.uniform
smooth periosteal thickening as seen ina healing fracture)

Acute periosteal reaction
•Codman’s triangle
•"Onion skin"
•"Sunburst”
Poorly defined borders,with a wide zone of transition,or infiltrative
(suggesting fast-growing lesion)

Varied bone formation
Eitraosseousand irregular calcification
Soft tissue mass present

Aggressive cortical destruction or tumour infiltration without cortical
destruction

Describing Bone Tumours on X-rays
1 Location (which bone and whether

it is in the diaphysis.metaphysis.or
epiphysis)Sharp,well-demarcated borders,narrow zone of transition (between

lesion andnormal bone,suggesting slow-growing lesion)

Well-developed bone formation
Intraosseous and even calcification

No soft tissue mass

No cortical destruction or uniform cortical destruction in some low
grade and locally aggressive benign lesions

2 Size
3 Solitary vs.multifocal
4 Morphology:geographic, permeative,

or moth-eaten margins
5 Presence of periosteal reaction
6 Presence of bony remodeling
7 Cortical involvement
8 Matrix:osteoid (cumulus cloud),

chondroid (punctate or popcorn
calcification), or fibrous (ground glass
appearance)

9 Presence of soft-tissue mass
10 Associated pathological fracture

Adapted from Bucktioltz RW. Heckman JD. Rockwood and Green's Fractures in Adults. Volume1. Philadelphia: Uppincotl Williams & Wilkins.2001.
p558

Diagnosis
• malignancy is suggested by rapid growth, warmth, tenderness, aggressive features on imaging
• may be associated with constitutional symptoms such as fevers, night sweats, weight loss, or loss of

appetite
• staging should include:

• local
full length radiographs of the affected bone
± CT and/or MR1 of affected bone
biopsy

should be referred to specialized centre for biopsy
• systemic

blood work (CBC, electrolytes, liver function assays, inflammatory markers, bone profile,
extended electrolytes including calcium)
serum electrophoresis for older patients ± Bence )ones protein
CT chest /abdo/pelvis
Bone scan or bone marrow biopsy depending on preliminary diagnosis

Neoplasi

Periosteum

Benign Active Bone Tumours
Codman's

triangle
.1BONE-FORMING TUMOURS

Figure 56. Codman’s triangle
A radiographic finding in
malignancy,where the partially
ossified periosteum is lifted off the
cortex by neoplastic tissue

Osteoid Osteoma
• benign bone tumour arising from osteoblasts; not known to metastasize
• peak incidence in 2nd and 3rd decades, M:F=2-3:1
• proximal femur>tibia diaphysis most common locations;spine (can cause painful scoliosis)
• radiographic findings: small, round radiolucent nidus (<1.5 cm ) surrounded by dense sclerotic bone

("bulf's-eye” )
• symptoms:constant and progressive pain from prostaglandin secretion and COXI/2 expression

• pain worse at night (diurnal prostaglandin production ); characteristically relieved by NSAIDs
• treatment: NSAIDs are first-line; percutaneous radiofrequenev ablation or surgical resection for

refractory lesions

FIBROUS LESIONS

Fibrous Cortical Defect (i.e. non-ossifying fibroma, fibrous bone lesion)
• developmental defect in which areas that normally ossify are filled with fibrous connective tissue
• most common benign bone tumour in children, typically asymptomatic and an incidental finding
• occur in as many as 35% of children, peak incidence between 2-25 yr old
• distal femur > distal tibia > proximal tibia most common locations
• radiographic findings: diagnostic, metaphyseal eccentric ‘bubbly’ lytic lesion near physis; thin,

smooth/lobulated, well-defined sclerotic margin
• multiple lesions can be present; large lesions may be associated with pathologic fractures

• treatment: most lesions resolve spontaneously;curettage and hone grafting for symptomatic lesions or
to prevent pathologic fractures in larger lesions

r1
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Osteochondroma
• cartilage capped bony lesion arising on the external surface of a bone
• 2nd and 3rd decades, M>1:
• most common benign bone tumour (~30%); true incidence unknown as many asymptomatic
• 2 types: sessile (broad based and increased risk of malignant degeneration ) vs. pedunculated (narrow

stalk)
• metaphysis of long bone near tendon attachment sites (distal femur, proximal tibia, or proximal

humerus)
• radiographic findings: cartilage-capped bony spur on surface of bone (“mushroom"on x-ray)
• may be multiple (hereditary, autosomal dominant form ) - higher risk of malignant change
• generally very slow growing and asymptomatic unless impinging on neurovascular structure

(‘painless mass’)
growth usually ceases when skeletal maturity is reached

• malignant degeneration occurs in 1-2% (becomes painful or rapidly grows)
• treatment: observation;surgical excision if symptomatic or concern for malignant transformation

Enchondroma
• benign hyaline cartilage growth; abnormality of chondroblasts, develops in medullary cavity

single/multiple enlarged rarefied areas in tubular bones
lytic lesion with sharp margination and irregular central calcification (stippled/punctate/popcorn
appearance)

• majority asymptomatic, presenting as incidental finding or pathological fracture
• 2nd and 3rd decades
• 60% occur in the small tubular bones of the hand and foot; others in femur (20% - Figure 57),

humerus, ribs
• radiographic findings:well-defined, lucent, central medullary lesions that calcify over time
• malignant degeneration to chondrosarcoma occurs in 1-2% (rest/nocturnal pain in absence of

pathologic fracture is an important clue)
• treatment: observation with serial x-rays; surgical curettage if symptomatic or lesion grows

Figure 57. T1MRI of femoral
enchondroma

CYSTIC LESIONS

Unicameral/Solitary Bone Cyst
• most common cystic lesion;serous fluid-filled lesion with fibrous lining
• children and young adults, peak incidence during first 2 decades
• proximal humerus and femur most common
• symptoms: asymptomatic, or localized pain; complete pathological fracture (50% of presentations) or

incidental detection
• radiographic findings: lytic translucent area on metaphyseal side of growth plate, cortex thinned/

expanded; well-defined lesion
• treatment:observation with serial radiography 4-6 mo; if needed, aspiration followed by steroid

injection; curettage ± bone graft indicated if structural integrity of bone is compromised

Benign Aggressive Bone Tumours
Giant Cell Tumours/Aneurysmal Bone Cyst/Osteoblastoma
• affects patients of skeletal maturity, peak 3rd decade
• osteoblastoma: most commonly found in posterior elements of spine
• giant cell tumour: pulmonary metastases in 3%
• aneurysmal bone cysts: either solid with fibrous/granular tissue, or blood-filled
• radiographic findings

• giant cell tumour: eccentric lytic lesions in epiphyses adjacent to subchondral bone; may break
through cortex;T2 MRI enhances fluid within lesion (hvper-intense signal)
aneurysmal bone cyst:expansile, eccentric, and lytic lesion with bony septae (“bubbly
appearance"); will have fluid-fluid levels on MRI
osteoblastoma:often nonspecific; calcified central nidus (>2 cm) with radiolucent halo and
sclerosis

• symptoms: local tenderness and swelling, pain may be progressive (giant cell tumours), ± symptoms
of nerve root compression (osteoblastoma)

Treatment
• intralesional curettage + bone graft or cement
• wide local excision of expendable bones
• recurrence rates of up to 20%

Figure 58. X-ray of aneurysmal bone
cyst
Note the aggressive destruction of
bone

Figure 59. X-ray of osteosarcoma of
distal femur

+

Activate Windows
Go to-Settings,to activate.Windows-



OR52 Orthopaedic Surgery Toronto Notes 2023nMalignant Bone Tumours

Table 26. Most Common Malignant Tumour Types for Age
Age Tumour
«1 Neuroblastoma

Ewing’s ol tubular bones
Osteosarcoma. Ewing's ol Hat bones
Reticulum cell sarcoma, fibrosarcoma , periosteal osteosarcoma, malignant giant cell tumour, lymphoma
Metastatic carcinoma, multiple myeloma, chondrosarcoma

1-10
10-30
30 40
>40

Osteosarcoma
• malignant bone tumour
• 2nd most common primary malignancy in adults after myeloma
• majority occur in 2nd decade of life, second peak in elderly patients with history of Paget’s disease
• predilection for sites of rapid growth:distal femur (45% -Figure 59,OR51 ),proximal tibia (20%), and

proximal humerus (15%)
• invasive, variable histology; frequent metastases without treatment (lung most common)

• painful symptoms: progressive pain, night pain, poorly defined swelling, decreased ROM
• radiographic findings: characteristic blastic and destructive lesion (“sunburst" pattern),

periosteal reaction (Codman's triangle), soft tissue mass with maintenance of bone cortices;
destructive lesion in metaphysis may cross epiphyseal plate

• bone scan - rule out skeletal metastases; CT chest - rule out pulmonary metastases
• treatment:staging, neo-adjuvant chemotherapy, re-staging, limb salvage resection/reconstruction

(rarely amputation), post-surgical neo-adjuvant chemotherapy
• prognosis:90% survival for low-grade; 70% survival for high-grade

Chondrosarcoma
• malignant chondrogenic tumour
• primary (2/3 cases)

• previous normal bone, patient >40 yr;expands into cortex to cause pain, pathological fracture
• secondary (1/3 cases)

malignant degeneration of pre-existing cartilage tumour such as enchondroma or
osteochondroma

• age range 25-45 yr, better prognosis than primary chondrosarcoma
• symptoms: progressive pain, uncommonly palpable mass or pathologic fracture
• radiographic findings: in medullary cavity, irregular "popcorn" calcification
• treatment: no role for neo-adjuvant chemotherapy or radiation; treat with wide surgical resection +

reconstruction; regular follow-up x-rays of resection site and chest
• prognosis: 90% ten-year survival for low-grade; 29-55% survival for high-grade

Ewing's Sarcoma
• malignant, small round cell sarcoma; metastases frequent without treatment
• most occur between ages 5-25 yr
• tlorid periosteal reaction in metaphysis oflong bone with diaphyseal extension
• signs/symptoms: presents with pain, fever, erythema, and swelling; anemia, increased WBC, HSR,

LDH (mimics an infection)
• radiographic findings: destructive lesion with moth-eaten appearance and periosteal lamellated

pattern (“onion-skinning")
treatment: resection + chemotherapy ± radiation (can be treated solely with radiation in younger
patients in select anatomic locations)

• prognosis: 70% survival;distant metastases significantly lower survival (<30%)

Figure 60.X-ray of femur
chondrosarcoma

Signs ol Hypercalcemia
"Bones.Stones.Moans, Groans.
Psychiatric overtones"
CNS: headache, confusion, irritability,
blurred vision
Gl: N19,abdominal pain, constipation,
weight loss
MSK:fatigue, weakness, unsteady gait,
bone and joint pain
GU:nocturia, polydipsia, polyuria, UTIs

Most Common Tumours
Metastatic to Bone

.Thyroid,

Breast Breast
Lung Lung

^Melanotna^)
Kidney Kidney

Multiple Myeloma
• proliferation of neoplastic plasma cells
• most common primary bone malignancy
• 90% occur in people >40 yr; M:l-'=2:1; twice as common in individuals of African descent
• signs/symptoms: localized bone pain (cardinal early symptom), compression/pathological fractures,

renal failure, nephritis, high incidence of infections (e.g. pyelonephritis/pneumonia), systemic
(weakness, weight loss, anorexia)

• labs: anemia, thrombocytopenia, increased HSR, hypercalcemia, increased Cr
• radiographic findings: multiple, “punched-out” well-demarcated lesions, no surrounding sclerosis,

marked bone expansion
• diagnosis

• serum/urine immunoelectrophoresis (monoclonal gammopathy)
• CT-guided biopsy of lytic lesions at multiple bony sites

Prostate

BLT with a Kosher Pickle
Breast
Lung
Thyroid
Kidney
Prostate

n
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• treatment
• multiagent chemotherapy ± stem cell transplantation ± bisphosphonates
• surgery for impending fractures: debulking, internal fixation +

• prognosis: 5 yr survival 52%, prognosis increases with decreasing age
• see Hematology, H5I
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Bone Metastases
• most common cause of bone lesions in adults; typically age >40
• majority arise from breast or prostate; some arise from lung, thyroid, and kidney
• usually osteolytic lesions; prostate occasionally osteoblastic
• may present with mechanical pain and/or night pain, pathological fracture, hypercalcemia
• bone scan for MSK involvement; MR1 if suspected spinal involvement
• treatment: pain control, bisphosphonates, surgical stabilization of impending fractures if Mirel’s

Critera >8

Table 27. Mirel’s Criteria for Impending Fracture Risk and Prophylactic Internal Fixation
Variable Number Assigned

2 31
Site PeritrochanlericUpper arm Lower extremity

Moderate
Mixed

1/3-2Z3 diameter

Pain SevereMild
Lesion Elastic

<1/3 bone diameter
lytic
>2/3 dtamclerSiie

Common Medications
Table 28. Common Medications

Dosing Schedule Indications CommentsDrug Name
ccfazolin (Anccl ) 12 g IV qS h Preoperativcanlibiolic

prophylaxis
First generation cephalosporin;can
be used withpenicillin allergy|< t0%
cross-reactivity;significantly higher
rales ol SSI/PTI with alternative ABx)

Fixed dose,no monitoring, improved
bioavailability,increased bleeding
rates

Predictable,no monitoring,oral
administration
Reversal agents:
idarucirumab (dabigatran)
andexanet alia|rivaroxaban,
apixaban)

Recent evidence suggests similar
efficacy to IMWH and Rlvaroxaban
with belter side effect profile (lower
hematoma/sliffness in TJA)

Reduce perioperative blood loss No evidence for increase in
thromboembolic events

Analgesia for pain control Max dose up to 4000 mg every 24h
Higher doses can be hepatotoxic in
susceptible individuals

S000 IU SC once daily
30- 40 mg SC once daily to BIO
2.5mg SC once daily

110 mg P0 x1then 220 mg P0
once daily
10 mg P0 once daily
2.5 mg P0 BID

0VIprophylaxisIMWH
dalteparin (Fragmin ' )
enoxaparin (Lovenox:)

oral anticoagulants
dabigatran|Pradaxa!)
rivaroxaban fXarelto
apixaban (Eliquis 5)

DVT prophylaxis

Aspirin (ASA ) gtmgPOBIO 0VI prophylaxis

tranexamicacid (TXA) 10-20 mg/kg IV
Topical application to wound
1000mg POqGh or q8 h

and transfusion
acetaminophen (Tylenol - )

ibuprofen (Advil .Motrin ) 200 -800 mg P0 q6-8 Ir
(max 3200 mg/d|

Analgesia for inflammatory pain NSAID.maycause gastric erosion
(arthritis) and bleeding;avoid il concurrent

advancedrenal disease
triamcinolone (Aristocort ') - 0.5 -1mlol 25 mg/ml
an injectable steroid

Suspension (Injected inlo Potent anti inflammatory died;
inflamed joint or bursa); amount increased pain for 24 h.rarely
varies by joint sire causes falnetrosis and skin

depigmentalion

naproxen (Aleve -,Naprosyns) 250-500 mg BID Analgesia for pain due to
inflammation,arthritis,soft
tissue injury
Component of multimodal pain
control and prophylaxis of HO
after THA
Prophylaxis of HO alter 1HA

NSAID.maycause gastric erosion
and bleeding;avoid if concurrent
advanced renal disease
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Landmark Orthopaedic Trials
Clinical Trial DetailsTrial Name Reference

NEJM 2019:381:2199-2208 Title: Total Hip Arthroplasty or Hemiarthroplasty for Hip Fracture
Purpose:Despite being amongst the top10 causes of disability in adults,there is still ambiguity in the treatmentof displaced
femoral neck fractures.
Methods:1495 patients who were 50- years old and had a displaced femoral neck fracture were randomly assigned to have a total
hip arthroplasty or hemiarthroplasty.
Results: A secondary hip procedure within 24 months of follow up occurred in 7.9% of the total hip arthroplasty and 8.3% of the
hemiarthroplasty group.Hip Instability occurred in 4.7% ol the total hip arthroplasty, and 2.4% of the hemiarthroplasty group.
Function was modestly better in totalhip arthroplasty over hemiarthroplasty.
Conclusions: The incidence ol secondary procedures, and function over 24 months between the total hip arthroplasty and
hemiarthroplasty group did not have a significant difference.
Title:Surgical vs.Honsurgical Treatment of Adults with Displaced Fractures of the Proximal Humerus:the PROFHER Randomized
Clinical Trial
Purpose: To evaluate the efficacy of surgical management in adults with displaced fractures of the proximal humerus involving the
surgical neck.
Methods: A randomized clinical trial where 260 palienls. who presented to 32 UK hospitals alter sustaining a displaced fracture of
the proximal humerus involving the surgical neck were randomizedinto surgical and nonsurgical lioatmcnt groups, then followed
for 2 years.
Results: No significant mean treatment group differences inOxford Shoulder Score averaged over 2 years (39.07 points for the
surgical group vs.38.32points for the nonsurgical group:difference of 0.75 points (95% Cl,-1.33 to 2.84 points);P *.48).
Conclusions:No significant differences between surgical treatmentvs.non-surgrcal treatment.These results do notsupport the
use of surgery for patients with displaced proximalhumerus fractures involving the surgical neck.
Title: A Trial of Wound Irrigation in the Initial Management of Open Fracture Wounds
Purpose: to investigate the effects of castile soap versus normal saline irrigation delivered by means of high, low, or very low
Irrigation pressures.
Methods: 2551palienls from 41clinical centers,who had an open fracture olan extremity undergoing irrigation were randomly
assigned to one of three irrigation pressures (high, low, and very low) and one of two irrigationsolutions (castile soap versus normal
saline).The primary outcome in this study was reoperation within12 months after the initial surgery.
Results:Hazardratio showed no significant difference between the rates of reoperation within12 months between the different
irrigation pressures.Reoperation occurred in14.8% in the soap group and in11.6% in the saline group (hazard ratio.1.32.95% Cl,
1.06 to1.66;P-0.01).
Conclusions:Rates of reoperation were similar regardless of irrigation pressure. The reoperation rate was higher in the soap group
than in the saline group. These findings indicate low pressure saline irrigation is an acceptable form olwound irrigation.

HEALTH

PR0FHER JAMA 2015 Mar 10:313(10):1037-47

FLOW N Engl J Med 2015:373:2629 2641
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Epistaxis

Hoarseness
Acute Laryngitis
Chronic Laryngitis
Vocal Cord Polyps
Vocal Cord Nodules
Recurrent Respiratory Papillomatosis
Laryngeal Carcinoma
Salivary Glands
Sialadenitis
Sialolithiasis
Salivary Gland Neoplasms
Parotid Gland Neoplasms
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Neoplasms of the Head and Neck
Thyroid Carcinoma
Paediatric Otolaryngology
Acute Otitis Media
Otitis Media with Effusion
Adenoid Hypertrophy
Adenoidectomy
Sleep-Disordered Breathing in Children
Peritonsillar Abscess (Ouinsy)
Tonsillectomy
Airway Problems in Children
Signs of Airway Obstruction
Acute Laryngotracheobronchitis (Croup)
Acute Epiglottitis
Subglottic Stenosis
Laryngomalacia
Foreign Body
Deep Neck Space Infection

Common Medications
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Nose
Throat
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Otalgia
Hearing Loss
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Hoarseness
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Types of Hearing Loss
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Aural Rehabilitation
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Meniere's Disease (Endolymphatic Hydrops)
Vestibular Neuronitis (Labyrinthitis)
Acoustic Neuroma (Vestibular Schwannoma)

Tinnitus
Diseases of the External Ear
Cerumen Impaction
Exostoses
Otitis Externa
Malignant (Necrotizing) Otitis Externa (Skull Base Osteomyelitis)
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Acute Otitis Media and Otitis Media with Effusion
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Acronyms
ABR auditory brainstem response
AC air conduction
AOM acute otitis media
BAHA bone-anchored hearing aid
BC bone conduction
BPPV benign paroxysmal positional

vertigo
CHL conductive hearing loss
CMV cytomegalovirus
CNS central nervous system
CP cerebellopontine angle

CPAP continuous positive airway
pressure
cerebrovascular accident
external auditory canal
endoscopic sinus surgery
Epstein-Barr virus
familial adenomatous polyposis OE
fine needle aspiration
gastroesophageal reflux disease OME
granulomatosis withpolyangiitis OPC
head and neck
hearing loss

HPV human papillomavirus
herpes simplex virus
intranasal corticosteroids
middle car effusion
middle ear inflammation
multiple sclerosis
otitis externa
otitis media
otitis media with effusion
oropharyngeal cancer
obstructive sleep apnea
polymorphonuclear leukocytes

rheumatoidarthritis
RSV respiratory syncytial virus
SCC squamous cell carcinoma
SCM sternocleidomastoid
SNHL sensorineural hearing loss
SRI speech reception threshold
TEF tracheoesophageal fistula
TM tympanic membrane
TMJ temporomandibular joint
TMP-SMX trimethoprim/sulfamethoxazole
URTI upper respiratory tract infection

RA
HSV
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MSEBV
FAP
FNA OM
GERD
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HI PMN

Basic Anatomy Review
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Figure1.Surface anatomy of the external ear;anatomy of ear
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Figure 2.Normal appearance of right tympanic membrane on otoscopy
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Head and Neck
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Figure 7. Extratemporal segment of facial nerve
Branches of facial nerve (in order from superior to inferior)
To Zanzibar By Motor Car

Figure 8. Blood supply to the face
Branches of the external carotid artery (in order from inferior to superior)
Some Anatomists Like Freaking Out Poor Medical Students
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Figure 9. Anatomy of the neck
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Anatomical Triangles of the Neck Paired Parasympathetic Ganglia of the
Head and Neck
• Ciliary (supplied by CN III): pupillary

constriction
• Pterygopalatine (supplied by CN

VII): lacrimal gland, nasal mucosa
• Submandibular (supplied by CN

VII): submandibular, sublingual
glands

• Otic (supplied by CN IX):parotid
gland

Anterior triangle
• bound by anterior border of SCM, midline of neck, and lower border of mandible
• divided into:

.submental triangle: bound by both anterior bellies of the digastric muscles from the mentum to
the hyoid bone
digastric triangle: bounded by anterior and posterior bellies of the digastric muscles and Inferior
border of mandible
carotid triangle: bounded by SCM,anterior belly of the omohyoid muscles, and posterior belly of
digastric muscles
• contains: tail of parotid, submandibular gland, hypoglossal nerve, carotid bifurcation, and

lymph nodes
Posterior triangle

• bound by posterior border of the SCM, anterior border of trapezius, and middle third of clavicle
• divided into:

occipital triangle: superior to posterior belly of the omohyoid
subclavian triangle: inferior to posterior belly of omohyoid

• contains: spinal accessory nerve and lymph nodes

Functions of the Facial Nerve
“Ears. Tears, Face, Taste"
Ears: stapedius muscle, sensory around
concha of auricle,EAC. and TM
Tears:lacrimation (lacrimal gland)
and salivation (submandibular and
sublingual glands)
Face:muscles of facial expression
Taste: sensory anterior AS of tongue
(via chorda tympani)Table1Lymphatic Drainage of Nodal Groups and Anatomical Triangles of the Neck

Nodal Group/Level Location Drainage
1.Suboccipital (S)

2. Rclroauricular (R)

Base of skull,posterior
Superficial to mastoid process

Posterior scalp

Scalp, temporal region, external auditory
meatus,posterior pinna

External auditory meatus, anterior pinna, soft
tissue ol frontal and temporal regions,root ol
nose, eyelids,palpebral conjunctiva

Lymphadenopathy
• Left-sided enlargement of a

supraclavicular node (Virchow's
node) may indicate an abdominal
malignancy or malignancy below the
clavicle

• Right-sided enlargement may
indicate malignancy of the
mediastinum, lungs, or esophagus

• Occipital and/or posterior auricular
node enlargement may indicate
rubella

3.Parotid-proauricular (P) Anterior to car

4.Submental (Level 1A) Anterior bellies (midline) of digastric muscles. Floor of mouth,anterior tongue,anterior
mandibular alveolar ridge, lower lip

Anterior belly of digastric muscles,stylohyoid Oral cavity,anterior nasal cavity,soft tissues
muscle,body of mandible
Skull base to inferior border of hyoid bone
along SCM muscle

Inferior border of hyoid bone to inferior border Oral cavity,naso/oro,'hypopharynx.larynx
of cricoid cartilage along SCM muscle
Inferior border of cricoid cartilage to clavicle
along SCM muscle

Posterior border of SCM, anterior border of
trapezius, from skull base to clavicle
Hyoid bone (midline) to suprasternal notch
betvreen the common carotid arteries

tip of mandible,and hyoid bone

S. Submandibular (level I8)
ol the mid- face,submandibular gland

6.Upper jugular (levels IIA and MB) Oral cavity,nasal cavrty.naso/orof
hypopharynx.larynx,parotid glands

7. Middle jugular (Level III)

8. Lower jugular* (Level IV) Hypopharynx. thyroid,cervical esophagus,
larynx
Nasopharynx and oropharynx. cutaneous
structures of the posterior scalp and neck
Thyroid gland,glottic,and subglottic larynx,
apex of piriform sinus,cervical esophagus

4 Strap Muscles of the Neck
• Thyrohyoid
• Omohyoid
• Sternohyoid
• Sternothyroid

9.Posterior triangle" (levels VA and VB)

10. Anterior compartment"* (Level VI)

'Virchow's node:left lower jugular [levelIV) supraclavicular node
"Includes some supraclavicular nodes
'"Includes prclrachcal.precrlcold.paratracheal.and perllhyroldal nodus

- Superior thyroid artury
- Common carotid artery
- Internal lugularvem
- Inlenorthyrord artery
- Right recurrent laryngeal nBrve

- Thyroid cartilage
- Cricoid cartilage
- Supurior parathyroid gland
- Thyroid gland
- Inferior parathyroid gland

VNICNXI - Vagus nerve ICN XI
- Lett recurrent laryngeal nerveIAIN

*Thyroidea ima artery present m 3% af population,
arises from aortic arch or innominate anery +

Figure 10. Anatomy of the thyroid
gland

Activate Windows
Go to Settings to activate Windows.



0T6 Otolaryngology Toronto Notes 2023

Differential Diagnoses of Common
Presentation

Dizziness

( Dizziness ) True nystagmus and vertigo caused
by a peripheral lesion usually do not
last longer than a few wk,due to
compensation from the cerebellum
(unless there is a history of cerebellar
ischemiafstroke).Central lesions do not
compensate, therefore nystagmus and
vertigo will persist

[ True Vertigo J Non-Vortiginous )
T

( Peripheral (Vestibular) J ( Organic Diseases ] [ Functional ]( Central ]
v jr

Cardiac
Arrhythmias
Aortic stenosis
Vasovagal
Orthostatic hypotension
Anemia
Peripheral neuropathy
Visual impairment

Cerebrovascular disorders
Vertebrobasilar insufficiency
Transient ischemic attacks
Wallenberg syndrome
Cerebellar infarction
Migrainous vertigo
Multiple sclerosis
Inflammation
Meningitis
Cerebellar abscess
Trauma:cerebellar contusion
Toxic:alcohol,hypnotics,drngs
Tumours
CPA tumours
Posterior fossa tumours
Glomus tumours

Depression
Anxiety
Panic disorder
(hypeiventilabon)
Personality disorder
Phobic dizziness

Benign paroxysmal positional
vertigo (BPPV)
Labyrinthitis
Meniere's disease
Vestibular neuronitis
Autoimmune inner ear disease
Cholesteatoma
Ototoxic drug exposure
Perilymph fistula
Recurrent vesbbulopathy
Superior semicircular canal dehiscence
Temporal bone fracture

Findings Suggestive of Central Vertigo
Acute onset and continuous
Normal head impulse test
Multidirectional nystagmus
Skew deviation present

5 Ds of Vertebrobasilar Insufficiency
Drop attacks
Diplopia
Dysarthria
Dizziness
Dysphagia

Common causes in bold

Figure 11. Differential diagnosis of dizziness

Otalgia
Otalgia - Referred Pain
Sensory innervation to the ear is
supplied by CN V, VII. IX and X resulting
in many sources of referred pain that can
cause otalgia

( Otalgia )

’ r ' r

f External Ear Middle/Inner Ear j f Referred Pain ]
The 10 Ts of Referred Pain which Cause
Otalgia
Teeth:Impacted wisdom teeth,caries,
infant teething
TMD: Temporomandibular Joint Disease
Tubal Area:Eustachian tube dysfunction,
nasopharynx (area behind the nose (rule
out tumour)
Tonsils: Infections, tumours
Throat: Infections, tumours of pharynx,
larynx (voice box)
Tongue: inflammation, tumour
Trachea:(windpipe).Larynx (voice box)
Thyroid Gland: infections, tumours
Tempora Arteritis: inflammation of the
artery above the ear
Trauma

Infection
Auricular cellulitis
External canal abscess
HSV/zoster

Infection
AOM
Mastoiditis
Myringitis
OME

'

Skull base infections
Trauma
Barotrauma
Traumatic perforation
Other
Cholesteatoma
Neoplasm

Infection
Ramsay Hunt syndrome
Tonsillitis
Tracheitis
Trauma
Cervical arthritis
Thyroiditis
Trigeminal neuralgia
Dental disease
Sinusitis
Other
Glossopharyngeal neuralgia
Neoplasm of oral cavity,
larynx,pharynx
TMJ syndrome
Trismus

OE
Perichondritis
Trauma
Burns
Frostbite
Hematoma
Lacerations
Other
Cerumen impaction
Foreign body
Neoplasm ol external canal

GPA

Figure 12. Differential diagnosis of otalgia
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Hearing Loss

[ Hearing Loss ]

1T
(ConductiveJ (Sensorineural J

IT
( Congenital )( External Ear j ( Middle Ear ] ( Acquired J. T''Impacted cerumen

Otitis externa
Foreign body
Keratosis obturans
Exostoses,osteomas
Tumour of canal
Congenital stenosis/microtia

Presbycusis
Noise-induced
Meniere's disease
Labyrinthitis
Idiopathic sudden SNHL
Autoimmune inner ear disease
Ototoxic drug exposure
Temporal bone trauma
Infectious
Postmeningitis
Syphilis
Viral:mumps,CMV,HSV
Neoplastic
Acoustic neuroma
CPA tumours
Vascular occlusion/emboli
Auditory neuropathy

Genetic
Non-syndrome associated
Syndrome associated
Intrauterine infections
le.g. TORCH!
Teratogens
Perinatal hypoxia
Prematurity/low birth weight
Hyperbilirubinemia

OME
TM perforation
Otosclerosis
Tympanosclerosis
Eustachian tube dysfunction
Cholesteatoma
Ossicular malformations
Ossicular discontinuity
Hemotympanum
Middle ear tumour
Congenital stenosis/microtia

Common causes inbold

Figure 13. Differential diagnosis of hearing loss

Tinnitus

f Tinnitus J Tinnitus is most commonly associated
with SNHL

1j

Subjective
Only heard by patient (common)

Objective
Can be heard by others (rare)

Glomus Tympanicum/Jugulare Tumour
Signs and Symptoms

• Pulsatile tinnitus
• HL
• Blue mass behind TM
• Brown's sign (blanching of the TM

with pneumatic otoscopy)

T
Otologic
Presbycusis
Noise-induced HL
OME
Meniere's disease
Otosclerosis
Cerumen
Foreign body against TM
Drugs
ASA
NSAIDs
Aminoglycosides
Antihypertensives
Heavy metals
Metabolic
Hyper/hypothyroidism
Hyperlipidemia
Vitamin A,B,Zinc deficiency
Neurologic
Head trauma

Vascular
Benign intracranial hypertension
Arteriovenous malformation
Glomus tympanicum
Glomus jugulare
Arterial bruits:
High-riding carotid artery
Vascular loop
Persistent stapedial artery
Carotid stenosis
Venous hum:
High jugular bulb
HTN
Hyper/hypothyroidism
Mechanical
Patulous Eustachian tube
Palatal myoclonus
Stapedius muscle spasm

MS
CPA tumours
Psychiatric
Anxiety
Depression

Common causes inbold

r “iFigure 14. Differential diagnosis of tinnitus LJ
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Nasal Obstruction

Table 2. Differential Diagnosis of Nasal Obstruction
Acquired Congenital

Nasal Cavity Pyriform aperture stenosis

Choanal atresia
Rhinitis
Acute/chronic

Vasomotor
Allergic

Rhinosinusitis
Foreign bodies
Enlarged turbinates
tumour
Benign:polyps,inverting papilloma (can
become malignant)
Malignant

Dermoid cyst
Encephalocele

Glioma

see
Eslhesioneuroblastoma (olfactory
neuroblastoma)

Adenocarcinoma
Septal deviation
Septal dislocation
Septal hematoma/abscess

Adenoid hypertrophy
tumour
Benign: juvenile nasopharyngeal angiofibroma
(JHA).polyps
Malignant: nasopharyngeal carcinoma
GPA.diabetes,vasculitis

Nasal Septum Septal deviation
Septal dislocation

Septal hematoma/abscess

Nasopharynx

Systemic

Hoarseness

Table 3. Differential Diagnosis of Hoarseness
Infectious Acute/chronic laryngitis

LaryngDtracheobronchitis (croup)

GERD
Vocal cord polyps/nodules
lifestyle: smoking, chronic alcohol use
External laryngeal trauma
Endoscopy and endotracheal lube (c.g. intubation granuloma)

Benign tumour
Papillomas|HPV infection)
Minor salivary gland tumours
Other
Retention cysts

Endocrine
Hypothyroidism
Vrriliialion
Central lesions

Lung malignancy is the most common
cause of extralaryngeal vocal cord
paralysisInflammatory

traumatic

Neoplastic Malignant tumours (e.g.thyroid)
sec
Other

Cysts

Systemic Connective tissue disease
RA
SIE

Neurologic (vocal cord
paralysisdue to superiors
recurrent laryngeal nerve
injury)

Iatrogenic injury: thyroid,parathyroid surgery,carotid
endarterectomy,patent ductus arteriosus(PDA) ligation
Bilateral
Iatrogenic injury: bilateral thyroid surgery,forceps
delivery

Neuromuscular
Myasthenia gravis

CVA
Head injury

I!
Skull base tumours
Arnold-Chiari malformation

Peripheral lesions
Unilateral
lung malignancy

Psychogenic aphonia (hysterical aphonia)
laryngomalacia
laryngeal web
laryngeal atresia

Pt
Functional
Congenital

L J
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Neck Mass

( Neck Mass J
* 4\’f Congenital Jf Inflammatory/lnfectioiis J f Neoplastic J

I£ I
( Lateral J ( Malignant ^ f Benign JMidline

4 4 4
Reactive lymphadenopathy Thyroglossal duct cyst Branchial cleft cyst
TB or atypical mycobacteria Thyroid tumour/goitre Cystic hygroma
Infectious mononucleosis Pyramidal lobe —
Abscesses ol thyroid gland
Cat scratch fever Ranula
Sarcoidosis
Kawasaki disease

Salivary gland neoplasm
Lipoma
Fibroma
Vascular

T j
Lymphoma
Thyroid
Sarcoma
Salivary gland neoplasm
Rhabdomyosarcoma
Neuroblastoma

Head and neckprimaiy
Infraclavicular primary
Leukemia

HIV

Figure 15. Differential diagnosis of a neck mass

Hearing
Normal Hearing Physiology
• conductive pathway (EAC to cochlea): AC of sound down the EAC -> vibration of TM -> sequential

vibration of middle ear ossicles (malleus, incus, stapes) > transmission of amplified vibrations from
stapes footplate to the oval window of the cochlea > vibrations transmitted via cochlear lluid create
movement along the basilar membrane within the cochlea

• neural pathway (nerve to brain ): basilar membrane vibration stimulates overlying hair cells in the
organ of Corti -> stimulation of bipolar neurons in the spiral ganglion of the cochlear division of CN
VIII propagates the signal through > cochlear nucleus -> superior olivary nucleus -> lateral lemniscus
> inferior colliculus > Sylvian fissure of temporal lobe

Order of the Neural Pathway (with
Corresponding Waves on ABR)

ECOLI
Eighth cranial nerve (I- II)
Cochlear nucleus (III)
Superior Olivary nucleus
Lateral lemniscus (IV - V)
Inferior colliculus

Types of Hearing Loss
1. Conductive Hearing Loss
• conduction of sound to the cochlea is impaired
• can be caused by external and middle ear disease

2. Sensorineural Hearing Loss
• defect in the conversion of sound into neural signals or in the transmission of those signals to the

cortex
• can be caused by disease of the inner ear (cochlea), acoustic nerve (CN VIII ), brainstem, or cortex

3. Mixed Hearing Loss
• combination of CHL and SNHL

Auditory Acuity
• whispercd -voice test: mask one ear and whisper into the other
• tuning fork tests (see Table 4 , OTIO; audiogram is of greater utility)

Rinne test
512 Hz tuning fork is struck and held firmly on mastoid process to test BC; the tuning fork is
then placed beside the pinna to test AC
ifAOBC > positive Rinne (normal)
if BC > AC > negative Rinne (abnormal )

• Weber test
512 Hz tuning fork is held on vertex of head and patient states whether it is heard centrally
(Weber negative/does not lateralize) or is lateralized to one side (Weber right, Weber left )

can place vibrating fork on patient's chin while they clench their teeth, or directly on teeth to
elicit more reliable response
will only lateralize if difference in HL between ears is >6 dB

e
Weber test lateralization - ipsilateral
CHL or contralateral SNHL
The Weber test is more sensitive in
detecting CHL than the Rinne test

r T
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Table 4. The Interpretation of Tuning Fork Tests
Examples Weber Rinne

Normal or bilateral SNHL
Right-sided CHL.normal left car
Right-sided SNHl.normal left car
Right-sided severe SNHL or dead right ear, Lateralizes left
normal left ear

Central
lateialnes right

Lateralizes left

ACvBC (*) bilaterally
SC -AC (-) right

AOBC I*) bilaterally
BOACI-) right*

Frequency ol Tuning Minimum Hearing
loss forRinneto
Reverse|BC»AC,
NEGATIVE Rinne) (dB)

Fork (Hz)

256 15
30512

'A vibrating tuningIoik on lilt.- mastoid stimulates the cochlea bilaterally, then-lore, In thiscase,the left cochlea Is stimulated by the Rinne test on
the light (eg.a false negative test), these tests are not valid it theear canals are obstructed with cerumen (eg.will cieate conductive loss) 1024 45

Pure Tone Audiometry
•a threshold is the lowest intensity level at which a patient can hear the tone 50% of the time
•thresholds are obtained for each ear at frequencies of 250,500, 1000, 2000, 4000, and 8000 Hz
•air conduction thresholds are obtained with headphones and measure outer, middle, inner ear, and

auditory nerve function
•bone conduction thresholds are obtained with bone conduction oscillators, which bypass the outer

and middle ear

Range of Frequencies Audible to
Human Ear
• 20 to 20000 Hz
• Most sensitive frequencies:1000 to

4000 Hz
• Range of human speech:500 to

2000 HzDegree of Hearing Loss
•determined on basis of the pure tone average (PTA) at 500, 1000, and 2000 Hz

FREQUENCY (Hzl
250 500 1000 2000 4000 8000Audiogram Legend

for a Left Ear
x - AC Unmasked
> v BC Unmasked

- AC Masked
) = BC Masked

250 500 1000 2000 4000 8000
- 10 10
0 0 HL occurs most often at higher

frequencies. Noise-induced
(occupational) HL is classically seen
at 4000 Hz (Boilermak er's notch).Ht
associated with otosclerosis is seen at
2000 Hz (Carhart’s notch)

<1010
20 20
30 m 30
40 §
50 2
«|
TO §
W 5
90 Z>
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20

A. Normal Audiogram B. Conductive Hearing
Loss (Otitis Motlia)
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10

- 0
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10 10
0 02+ 10 •

20
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/ 3030 30—40 4,1 40*
5050 50
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70 70 70
> SO80

90 .
too
no .
120 -

60
90

100 100
110 110
120 120

C. Conductive Hearing
Loss (Otosclerosis)

E. Sensorineural
Hearing Loss

(Presbycusis)

D. Sensorineural
Hearing Loss
(Noise Induced)

Figure 16.Types of hearing loss and associated audiograms of a left ear

PURE TONE PATTERNS

1. Conductive Hearing Loss (see Figures 16B and 16C)
• BC in normal range
• AC outside of normal range
• gap between AC and BC thresholds >10 dB (an air-bone gap)

2. Sensorineural Hearing Loss (see Figures 16D and 16E)
• both air and bone conduction thresholds below normal
• gap between AC and BC <10 dB (no air-bone gap)

3. Mixed Hearing Loss
• both air and bone conduction thresholds below normal
• gap between AC and BC thresholds >10 dB (an air-bone gap)
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Speech Audiometry
Speech Reception Threshold
• lowest hearing level at which patient is able to repeat 50% of two syllable words which have equal

emphasis on each syllable (spondee words)
• speech reception threshold (SRT) and best pure tone threshold in the 500 to 2000 Hz range (frequency

range of human speech) usually agree within 5 dB; if not, suspect a retrocochlear lesion or functional
HL

• used to assess the reliability of the pure tone audiometry

Speech Discrimination Test
• percentage of words the patient correctly repeats from a list of 50 monosyllabic words
• tested at 40 dB above the patients SRT, therefore degree of HL is taken into account
• patients with normal hearing or CHL score >90%
• rollover effect: a decrease in discrimination as sound intensity increases; typical of a retrocochlear

lesion (c.g. acoustic neuroma )
• investigate further if scores differ more than 20% between ears, as asymmetry may indicate a

retrocochlear lesion
• best predictor of hearing aid response: a poor discrimination score indicates significant neural

degeneration and hearing aids may not be the best option for the patient

Impedance Audiometry
Tympanogram
• the Eustachian tube equalizes the pressure between the external and middle ear
• tympanograms graph the compliance of the middle ear system against a pressure gradient ranging

from -400 to +200 mmH 20
• tympanogram peak occurs at the point of maximum compliance: where the pressure in the external

canal is equivalent to the pressure in the middle ear
• normal range: -100 to + 50 mmHiO

( High
Type A Type B

s
Jl

Low
0 D 0- -

Air Pressure
• Normal pressure peakatOmmHO
• Note: with otosclerosis, peak is still at
0 mmH ,0 but has a lower amplitude

• Note: with ossicular chain discontinuity,
peak is still at 0 mmHi0 but has a
higher amplitude

Air Pressure

* No pressure peak
• Poor TM mobility indicative of

MEE or perforated TM

Air Pressure
• Negative pressure peak
• Indicative ol Eustachian tube dysfunction

or early stage otitis media without effusion

Figure 17. Tympanograms

Static Compliance
• volume measurement reflecting overall stiffness of the middle ear system
• normal range: 0.3-1.6 cc
• negative middle ear pressure and abnormal compliance indicate middle ear pathology
• in a type B curve, ear canal volumes of >2 cc in children and >2.5 cc in adults indicate TM perforation

or presence of a patent ventilation tube

Acoustic Stapedial Reflexes
• stapedius muscle contracts in response to loud sound
• acoustic reflex threshold = 70-100 dB greater than hearing threshold; if hearing threshold >85 dB,

reflex likely absent
stimulating either ear causes bilateral and symmetrical reflexes
for reflex to be present, CN VII must be intact with no CHL in monitored ear

• if reflex is absent without CHL or severe SNHL, suspect CN VII lesion
• acoustic reflex decay test - ability of stapedius muscle to sustain contraction for 10 s at 10 dB

normally, little reflex decay occurs at 500 and 1000 Hz
• with cochlear HL, acoustic reflex thresholds are 25-60 dB
• with retrocochlear HL (acoustic neuroma), absent acoustic reflexes or marked reflex decay (>50%)

within 5s

r -»
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Auditory Brainstem Response
• measures neuroelectric potentials (waves) in response to a stimulus in live dilTerent anatomic sites (see

Order of the Neural Pathway sidebar,OT9; this test can be used to determine the site of lesion)
• delay in brainstem response suggests cochlear or retrocochlear abnormalities
• does not require volition or co-operation of patient (therefore, value retained in children and

malingerers)

Otoacoustic Emissions
• objective test of hearing where a series of clicks is presented to the ear and the cochlea generates an

echo which can be measured
• signals come from outer hair cells which are a proxy for the inner hair cells which facilitate hearing
• often used in newborn screening
• can be used to uncover normal nearing in malingering patients
• absence of emissions can be due to HL, fluid in the middle ear, or narrow EACs

Prelingual deafness:deafness
occurring before speech and language
are acquired
Postlingual deafness:dealness
occurring after speech and language
are acquired

Aural Rehabilitation
• dependent on degree of H L, communicative requirements, motivation, expectations, and physical and

mental abilities
• negative prognostic factors

• poor speech discrimination
narrow dynamic range (recruitment)

• unrealistic expectations
• types of hearing aids

• BTE: behind-the-ear (with occlusive mould or open fit which allows natural sound to pass - for
less severe hearing loss)

1TE: in-the-ear, placed in concha
ITC: in-the-canal, placed entirely in ear canal

• C1C: contained- in -canal. placed deeply in ear canal
BAHA: bone-anchored hearing aid: attached to skull (bone conduction)

• CKOS: contralateral routing of signals
• assistive listening devices

direct/indirect audio output
infrared, EM radio, or induction loop systems
telephone, television, or alerting devices

• cochlear implants
electrode is inserted into the cochlea to allow direct stimulation of the auditory nerve
for profound bilateral SNHL refractory to conventional hearing aids

• established indication: postlingually deafened adults, pre and postlingually deaf children

Prelingually deaf Infants are the best
candidates for aural rehabilitation
because they have maximal benefit from
ongoing developmental plasticity

BAHAs function based on bone
conduction and arc indicated primarily
for patients with CHI. unilateral
HL.and mired HL who cannot wear
conventional hearing aids. BAHAs
consist of an osseointegrated titanium
implant an external abutment and a
sound processor. The sound processor
transmits vibrations through the external
abutment to the titanium implant and
then directly to the cochlea

Vertigo

Evaluation of the Dizzy Patient
• vertigo: illusion of rotational, linear, or tilting movement of self or environment

produced by peripheral (inner ear) or central (brainstem-cerebellum) stimulation
important to distinguish vertigo from other potential causes of “dizziness" (see Pigure 11, OT6 )

Table 5. Peripheral vs. Central Vertigo
Symptoms Peripheral Central

Imbalance
Nausea and Vomiting
Auditory Symptoms
Neurologic Symptoms
Compensation
Nystagmus

Moderate-severe
Severe
Common

Mild-moderate
Variable

Rare
CommonRare

Rapid
Unidirectional
Horizontal or rotatory

Slow r -t
Bidirectional
Horltonlalor vertical
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Table 6. HINTS (Head Impulse -Nystagmus-Test of Skew) Exam
Peripheral (Vestibular Neuritis)Test Central (Infarct)

Sattade present
Nystagmus dominantly vertical, torsional or Unidirectional, horizontal nystagmus
gaze-evoked directional
Abnormal

Head Impulse
Nystagmus

No saccades

Test of Skew Normal

Table 7. Differential Diagnosis of Vertigo Based on History
Condition Time Course Hearing loss Tinnitus Other FeaturesAural Fullness

Benign Paroxysmal Seconds, recurrent
Positional Vertigo
(BPPV)

Menitre's Disease Mm to h, episodic Unifbilaleral.
fluctuating
Unilateral

Onsetwith change in
position

Prcssurc/watmlh

Labyrinthitis/
Vestibular Neuronitis

H tod t Whistling May have recent AOM

Acoustic Neuroma Chronic Progressive Ataxia
CN VII palsy
Suspect if vascular
risk factors

Brainstem/
cerebellar infarct

Prolonged

Benign Paroxysmal Positional Vertigo
Definition
• acute attacks of transient rotatory vertigo lasting less than I min, initiated hv certain head positions,

accompanied by torsional (i.e. rotatory) nystagmus ( geotropic = fast phase towards the floor)
• most common form of positional vertigo (50% of patients with peripheral vestibular dysfunction have

BPPV)

BPPV is the most common cause of
episodic vertigo: patients are often
symptomatic when rolling over in bed
or moving their head to a position of
extreme posterior extension (such as
looking up at a tall building or getting
their hair washed at the hairdresser)Etiology

• due to canalithiasis (migration of free floating otoliths within the endolymph of the semicircular
canal) or cupulolithiasis (otolith attached to the cupula of the semicircular canal )
• can affect each of the 3 semicircular canals, although the posterior canal is affected in >90% of

cases
caused by: head injury', viral infection (URT1), degenerative disease, idiopathic
results in slightly different signals being received by the brain from the two balance organs,
resulting in sensation of movement

Diagnosis
• history (time course, provoking factors, associative symptoms)
• positive Dix-Hallpike maneuver (sensitivity 82%,specificity 71%)

Dix-Hallpike Positional Testing (see website for video and illustrations)
• the patient is rapidly moved from a sitting position to a supine position with the head hanging over the

end of the table, turned to one side at 45°, and neck extended 20" holding the position for 20 s
• onset of vertigo and rotatory nystagmus indicate a positive test for the dependent side
• other diagnostic testing is not indicated in posterior canal BPPV

Signs of BPPV Seen with Dix-Hallpike
Maneuver

• latency of -20 s
• Crescendo/decrescendo vertigo

lasting 20 s
• Geotropic rotatory nystagmus

(nystagmus MUST be present for a
positive test)

• Reversal of nystagmus upon sitting
up

• Fatigability with repeated stimulationTreatment
• reassure patient that process resolves spontaneously
• particle repositioning maneuvers

• Epley maneuver (performed by physician or by patient with the help of devices such as the
DizzyllX")
Brandt-Daroff exercises (performed by patient)

• anti-emetics for N/V
• posterior semicircular canal occlusion or singular neurectomy for refractory cases
• drugs to suppress the vestibular system delay eventual recovery and are therefore not used

Diagnostic Criteria for Meniere's
Disease
Definite Meniere's Disease

• Two or more spontaneous episodes
of vertigo lasting from 20 min to12 h

• Audiometric confirmation of SNHL
(low to mid frequency)

• Fluctuating tinnitus and/or aural
fullness

Probable Meniere's Disease
• Two or more spontaneous episodes

of vertigo or dizziness lasting from
20 min to 24 h

• Fluctuating tinnitus and/or aural
fullness

Meniere’s Disease (Endolymphatic Hydrops) r T
LJ

Definition
• episodic attacks of tinnitus, HL, aural fullness, and vertigo lasting min to h

Proposed Etiology
• inadequate absorption of endolymph leads to endolymphatic hydrops (over accumulation ) that

distorts the membranous labyrinth

+
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Epidemiology
• peak incidence 40-60 yr
• bilateral in 35% of cases

Clinical Features
• episodic vertigo, fluctuating low frequency SNHL, tinnitus, and aural fullness, ± drop attacks

(Tumarkin crisis), ± N/V
• vertigo disappears with time (min to h), but HL remains
• early in the disease: fluctuating SNHL
• later stages:persistent tinnitus and progressive HL
• attacks come in clusters and can be debilitating to the patient
• triggers: high salt intake, caffeine, stress, nicotine, and alcohol

Treatment
• acute management may consist of bed rest, antiemetics, antivertiginous drugs (e.g. betahistine (Sere*),

meclizine, diphenhydramine), and anticholinergics (e.g. scopolamine)
• long-term management may include

medical
low salt diet, diuretics (e.g. hydrochlorothiazide, triamterene, amiloride)
Sere’ prophylactically to decrease intensity of attacks

« inlratympanic gentamicin to destroy vestibular end-organ, results in complete SNHL
intratympanic glucocorticoids (e.g. dexamethasone) may improve vertigo symptoms

surgical
selective vestibular neurectomy or laby rinthectomy
potential benefit for endolymphatic sac decompression or sacculotomy
must monitor opposite ear, 35% of cases are bilateral

Vestibular Neuronitis (Labyrinthitis)
Definition
• acute onset of disabling vertigo often accompanied by N/V and imbalance without HL that resolves

over days, leaving a residual imbalance that lasts d to wk
• vestibular neuronitis: inflammation of the vestibular portion of CN VIII
• labyrinthitis: inflammation of both vestibular and cochlear portions

Etiology
• thought to be due to a viral infection (e.g. measles, mumps, herpes zoster) or post-viral syndrome
• only ~30% of cases have associated URT'I symptoms
• labyrinthitis may occur as a complication of acute and chronic otitis media, bacterial meningitis,

cholesteatoma,and temporal bone fractures

Clinical Features
• acute phase

severe vertigo with N/V and imbalance lasting 1-5 d
irritative nystagmus (fast phase towards the offending ear)
ataxia: patient tends to veer towards affected side
tinnitus and HL in labyrinthitis

• convalescent phase
imbalance and motion sickness lasting d-wk
spontaneous nystagmus away from affected side
gradual vestibular adaptation requires wk-mo

Drop Attacks (Tumarkin's Otolithic
Crisis) are sudden falls occurring
without warning and without loss
ol consciousness, where patient
experiences feeling of being pushed
down into the ground

Treatment
• acute phase

bed rest, antivertiginous drugs
corticosteroids (methylprednisolone) ± antivirals
bacterial infection: treat with IV antibiotics, drainage of middle ear, ± mastoidectomy

• convalescent phase
progressive ambulation, especially in the elderly
vestibular exercises: involve eye and head movements, sitting, standing, and walking

Before proceeding with gentamicin
treatment, perform a gadolinium-
enhanced MRI to rule out CPA tumour as
the cause of symptoms

rt
t
_
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Acoustic Neuroma (Vestibular Schwannoma)
Definition
• schwannoma of the vestibular portion of CN VIII

Pathogenesis
• tumour starts in the internal auditory canal and expands into CPA, compressing cerebellum and

brainstem
• when associated with type 2 neurofibromatosis: bilateral acoustic neuromas, juvenile cataracts,

meningiomas, and ependymomas

Clinical Features
• usually presents with unilateral SNHL (chronic) or tinnitus
• dizziness and unsteadiness may be present, but true vertigo is rare as tumour growth occurs slowly,

allowing for compensation to occur
• facial nerve palsy and trigeminal (V1) sensory deficit (corneal reflex) are late complications
• risk factors: exposure to loud noise, childhood exposure to low-dose radiation, history of parathyroid

adenoma

O
Acoustic neuroma is the most common
intracranial tumour causing SNHL and
the most common CPA tumour

In the elderly, unilateral tinnitus or
SNHL is acoustic neuroma until proven
otherwise

Diagnosis
• M RI of internal auditory canal with gadolinium contrast (gold standard)
• audiogram (to assess SNHL)
• poor speech discrimination relative to the HL
• stapedial reflex absent or significant reflex decay
• ABR: increase in latency of the 5th wave
• vestibular tests: normal or asymmetric caloric weakness (an early sign)

Treatment
• expectant management if tumour is very small or in elderly
• definitive management is surgical excision
• other options: gamma knife, radiation

KTinnitus
Definition
• an auditory perception in the absence of an acoustic stimuli, likely related to loss of input into neurons

in central auditory pathways, that results in abnormal firing

History
• subjective vs. objective (see I'igurc 14, 0/7)
• pulsatile vs.nonpulsatile
• unilateral vs. bilateral
• associated symptoms: HL, vertigo, aural fullness, otalgia, otorrhea

Investigations
• physical examination:cranial nerve examination, otoscopy, auscultate for bruits over the neck,

mastoid, and preauricular areas for pulsatile tinnitus
• audiology
• if pulsatile

CT or magnetic resonance angiogram and venogram of the H&N to rule out vascular
abnormalities

• if nonpulsatile and unilateral
• non-contrast MRI

Treatment
• if a cause is found, treat the cause (e.g. drainage of middle ear effusion, embolization, or excision of

arteriovenous malformation)
• with no treatable cause: 15% will resolve, 20% will improve, 15% will worsen, 50% will remain the

same
• primary and secondary prevention for SNHL (e.g. avoid high-volume music through headphones,

ototoxic meds, smoking, high glvcemic load, and hypercholesterolemia)
• conservative management (e.g. cneck zinc levels, Improve sleep, reduce stress, reduce caffeine and

alcohol consumption )
• if cause is deemed benign, recognize distress that patient may be experiencing and provide

reassurance
• sound amplification (e.g. hearing aids, white noise, tinnitus instrument)
• pharmacotherapy (e.g.melatonin)

consider tricyclic antidepressants and SSR1 if comorbidities include anxiety and depression
• tinnitus retraining therapy
• surgical management (rare)

n
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Diseases of the External Ear
Cerumen Impaction Is the most common
cause of CHL for those15 50 y/o

Cerumen Impaction
Etiology
• ear wax: a mixture of secretions from ceruminous and pilosebaceous glands,squames of epithelium,

dust, and debris
Syringing

Indications
• Totally occlusive cerumen with pain,

decreased hearing, or tinnitus
Contraindications
• Active Infection
• Previous ear surgery
• Only hearing car
• TM perforation
Complications. OE
• TM perforation. Trauma. Pain
• Vertigo
• Tinnitus
• Otitis media
Method

• Establish that TM is intact
• Gently pull the pinna superiorly and

posteriorly
• Using lukewarm water, aim the

syringe nozzle upwards and
posteriorly to irrigate the car canal

Risk Factors
• hairy or narrow ear canals, in-the-ear hearing aids, cotton swab usage, osteomata

Clinical Features
• CHL, tinnitus, fullness, itching, otalgia, discharge, odour, and cough

Treatment
• observation, cerumenolytic agents (water dissolves cerumen better than over-the-counter

medications), irrigation,or manual removal

Exostoses
Definition
• bony protuberances in the EAC composed of lamellar bone

Etiology
• possible association with swimming in cold water

Clinical Features
• usually an incidental finding
• can cause cerumen impaction or OE, if large

Treatment
• no Tx unless symptomatic (e.g. frequent OE, CHL)

Otitis Externa
Definition
•inflammation of EAC or auricle

Etiology
• bacterial (90% of OE): Pseudomonas aeruginosa, Pseudomonas vulgaris, Escherichia coli,

Staphylococcus aureus
• fungal: Candida albicans, Aspergillus niger

Risk Factors
• anatomic abnormalities:canal stenosis, exostoses, hairy ear canal
• canal obstruction: cerumen, foreign body, sebaceous cyst
• epithelial integrity: cerumen removal, earplugs, hearing aids, instrumentation/itching
• dermatologic conditions: eczema, psoriasis, seborrhea
• water in ear canal: swimming, other prolonged water exposures

Clinical Features
• acute

otalgia, itching, fullness, ± HL, ± ear canal pain on chewing
tenderness aggravated by traction of pinna or pressure over tragus
ear canal edema, erythema, ± otorrhea, ± regional lymphadenitis, ± cellulitis of the pinna

• chronic
pruritus of external ear ± excoriation of ear canal
atrophic and scaly epidermal lining, ± otorrhea, ± HL
wide meatus, but no pain with movement of auricle
TM appears normal

Pulling on the pinna is extremely painful
in OE, but is usually well tolerated in
otitis media

j

Treatment
• microdebridement
• topical antimicrobials, topical antibiotics ± topical corticosteroids

antipseudomonal agents (e.g. ciprofloxacin) or a combination therapy (e.g.Ciprodex*)
ototoxic topical agents (e.g.gentamicin, neomycin, neomycin/polymyxin B/hydrocortisone)
should not be used in a perforated TM

+
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• keep the EAC dry
• oral antibiotics if the infection has spread beyond the ear canal
• ± analgesics for pain management
• chronic OE: treat the underlying cause (e.g. dermatologic conditions)

Malignant (Necrotizing) Otitis Externa (Skull Base
Osteomyelitis)

Gallium and Technetium Scans
6allium scans are used to show sites
of active infection.Gallium is taken up
by PMN. and therefore only lights up
when active Infection is present. It will
not show the extent of osteomyelitis.
Technetium scans provide information
about osteoblastic activity and, as a
result are used to demonstratesites of
osteomyelitis.Technetium scans help
with Dx, whereas gallium scansare
useful in follow-up

Definition
• osteomyelitis of the mastoid or temporal bone

Epidemiology
• occurs in elderly patients with DM and immunocompromised patients

Etiology
• rare complication of OE
• most commonly caused by Pseudomonas aeruginosa

Clinical Features
• otalgia and purulent otorrhea that is refractory to medical therapy
• granulation tissue or necrotic tissue on the floor of the auditory canal

Complications
• cranial nerve palsy (most commonly CN V11>CN X>CN XI)
• systemic infection, death

Management
• imaging: high resolution temporal bone CT scan, gadolinium-enhanced MR!, technetium scan
• medical emergency: hospitalization, debridement, IV antibiotics
• may require OR for debridement of necrotic tissue/bone

Diseases of the Middle Ear

Acute Otitis Media and Otitis Media with Effusion
• see Paediatric Otolaryngology,OT39

Chronic Otitis Media
Definition
• an ear with TM perforation in the setting of recurrent or chronic ear infections

Benign
• dry TM perforation without active infection

Chronic Serous Otitis Media
• continuous serous drainage (straw-coloured)

Chronic Suppurative Otitis Media
• persistent purulent drainage through a perforated TM

Cholesteatoma
Definition
• a cyst composed of keratinized desquamated epithelial cells occurring in the middle ear, mastoid, and

temporal bone
• two types: congenital and acquired

Congenital
• presents as a “small white pearl” behind an intact TM (anterior and medial to the malleus) or as CHL
• believed to be due to aberrant migration of external canal ectoderm during development
• not associated with otitis media/Eustachian tube dysfunction

n
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Acquired (more common)
• primary cholesteatoma

frequently associated with retraction pockets in the pars (laccida, pars tensa,or both
a sequela of the dysfunction of the regulation of middle ear pressure
often has crusting or desquamated debris on lateral surface

• secondary cholesteatoma
“pearly mass" evident behind TM, frequently associated with marginal perforation
may appear as skin that has replaced the mucosa of the middle ear

• the associated chronic inflammatory process causes progressive destruction of surrounding bony
structures

Mechanisms of Cholesteatoma
Formation

• Epithelial migration through TM
perforation|2“ acquisition)

• Invagination of TM (1“ acquisition)
• Metaplasia of middle ear epithelium

or basal cell hyperplasia (congenital)

Clinical Features
• history of otitis media (especially if unilateral), ventilation tubes, ear surgery
• symptoms

progressive HL (predominantly conductive, although may get SNHL in late stage)
otalgia, aural fullness, fever

• signs
retraction pocket in TM, may contain keratinous debris
TM perforation

• granulation tissue, polyp visible on otoscopy
malodourous, unilateral otorrhea

Complications

Table 8. Complications of Cholesteatoma
Local Intracranial
Ossicular erosion:CHL
Inner ear erosion:SNHl.dizziness,and/or labyrinthitis
Temporal bone infection:masloidilis,pelrosilis
Facial paralysis

Meningitis
Sigmoid sinus thrombosis

Intracranial abscess (subdural, epidural,cerebellar)

Investigations
• audiogram and non-contrast CT of temporal bones

Treatment
• surgical: mastoidectomy ± tympanoplasty ± ossicular reconstruction

Mastoiditis
Definition
• infection (usually subperiosteal ) of mastoid air cells, most commonly seen approximately two wk after

onset of untreated or inadequately treated AOM (suppurative)
• more common in children than adults Classic Triad

• Otorrhea
• Tenderness to pressure over the

mastoid
• Retroauricular swelling with

protruding ear

Etiology
• acute mastoiditis is caused by the same organisms as AOM:.S'.pneumoniae,H. influenzae, M.

catarrltalis, S. pyogenes, S. aureus, P.aeruginosa,etc.
Clinical Features
• otorrhea
• tenderness to pressure over the mastoid
• retroauricular swelling with protruding ear
• fever, HL, ± TM perforation (late)
• CT radiologic findings: opacification of mastoid air cells by fluid and interruption of normal

trabeculations of cells (coalescence)

Complications of AOM are rare due to
rapid and effective treatment of AOM
with antibiotics

Treatment
• IV antibiotics with myringotomy and ventilation tubes - usually all that is required in acute cases
• may require additional incision and drainage of postauricular abscess
• cortical mastoidectomy

debridement of infected tissue allowing aeration and drainage
• indications for surgery

failure of medical treatment after 48 h
symptoms of intracranial complications
aural discharge persisting for 4 wk and resistant to antibiotics

r T
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Otosclerosis
Definition
• fusion of stapes footplate to oval window such that it cannot vibrate

Etiology
• autosomal dominant, variable penetrance approximately 40%
• T>M, progresses during pregnancy (hormone responsive)

Otosclerosis is the 2nd most common
cause of CHL in 15-50 y/o (after cerumen
impaction)

Clinical Features
• progressive CHL first noticed in teens and 20s (may progress to SNHL if cochlea involved)
• ± nonpulsatile tinnitus
• TM normal ± pink blush (Schwartz’s sign) associated with the neovascularization of otosderotic bone
• characteristic dip at 2000 Hz (Carhart’s notch) on audiogram (see l-igure 16C,OT10)

Treatment
• monitor with serial audiograms if coping with loss
• hearing aid (AC, BC, BAHA)
• stapedectomy or stapedotomy (with laser or drill) with prosthesis is definitive treatment

Diseases of the Inner Ear

Congenital Sensorineural Hearing Loss
Hereditary Defects
• non-syndrome associated (70%)

often idiopathic, autosomal recessive
connexin 26 (GJB2) most common

• syndrome associated (30%)
• Waardenburg: white forelock, heterochromia iridis (each eye different colour), wide nasal bridge,

and increased distance between medial canthi
Pendred:euthyroid goiter, SLC26A4 gene, enlarged vestibular aqueducts
Treacher-Collins:first and second branchial deft anomalies
Alport: hereditary nephritis

Risk Factors for Neonatal Sensorineural Hearing Loss
• family history of permanent HL
• craniofacial abnormality
• prenatal infections

TORCH: toxoplasmosis, other (syphilis, varicella-zoster, parvovirus B19), rubella, CMV, HSV
Zika

• postnatal infections
bacterial meningitis, mumps, measles

• neonatal intensive care unit stay >2 d
• extracorporeal membrane oxygenation at birth
• assisted ventilation at birth /perinatal anoxia, birth trauma (hemorrhage into inner car)
• ototoxic drug use
• hyperbilirubinemia requiring exchange transfusion

Treatment
• presence of any risk factor: ABR study performed before leaving NICU and at 3 mo adjusted age
• early rehabilitation improves speech and school performance

Presbycusis
Definition
• SNHL associated with aging (starting in 5th and 6th decades)

Etiology
• hair cell degeneration
• age-related degeneration of basilar membrane, possibly genetic etiology
• cochlear neuron damage
• ischemia of inner ear

Presbycusis is the most common cause
of SNHL n

L J
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• progressive, bilateral hearing deterioration initially at high frequencies, followed by middle and lower

frequencies
• loss of discrimination of speech, especially with background noise present - patients describe people
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•recruitment phenomenon: inability to tolerate loud sounds
•tinnitus

Treatment
•hearing aid if patient has difficulty functioning, HL >30-35 dB, and good speech discrimination
•± lip reading, auditory training,auditory aids (doorbell and phone lights)

Sudden Sensorineural Hearing Loss
Etiology
• usually idiopathic (80-90% of cases); rule out other causes

autoimmune
infectious (e.g.EBV,group A Streptococcus, HSV, herpes-zoster virus, HIV, Lyme disease,
meningitis, syphilis)

• trauma
vascular (e.g. cerebrovascular disease)
neoplastic (e.g.angioma, meningioma, neurofibromatosis 2,schwannoma)
other (e.g. ototoxins, pregnancy)

Sudden SNHL may easily be confused
with ischemic brain events.It is
important to leep a high index of
suspicion especially with elderly patients
presenting with sudden SNHL.as well
as vertigo

Clinical Features
• presents as a sudden onset of significant SNHL (usually unilateral) ± tinnitus, vertigo, aural fullness

Treatment
• treat the underlying cause
• MRI to rule out tumour and/or Cl' to rule out ischemic/hemorrhagic stroke if associated with any

other focal neurological signs (e.g. vertigo, ataxia, abnormality of CN V or VII, weakness)
• if idiopathic, intratympanic or oral corticosteroids (prednisone I mg/kg/d for 7-14 d ). Start within 3 d

(most ideal) up to 14 d after onset

Clinical Practice Cnideline:Sudden Hearing toss
Otolaryngol Head Keek Surg 201$ »ug:1H
(^commendations Based on Findings
• Confirm HL issensorineural wilt aadioMlrit

testing (loss of at least30 dB affectingthree
consecutive frequencies). . Cl.or HRI not required unless
indicated by history and physical

• Initiate steroidtreatment within 14 dolsymptom

Prognosis
• depends on degree of HL
• 70% resolve within 10-14 d
• 20% experience partial resolution
• 10% experience permanent HL onset

Autoimmune Inner Ear Disease
Etiology
• idiopathic
• may be associated with systemic autoimmune diseases (e.g. RA,SLE), vasculitides (e.g.GPA,

polyarteritis nodosa), and allergies

Epidemiology
• most common between ages 20-50

Clinical Features
• rapidly progressive or fluctuating bilateral SNHL
• ± tinnitus, aural fullness, vestibular symptoms (e.g.ataxia, disequilibrium, vertigo)

Investigations
• autoimmune workup:CBC, ESR, ANA, rheumatoid factor

Treatment
• high-dose corticosteroids; treat early for at least 30 d
• consider cytotoxic medication for steroid non-responders

Drug Ototoxicity
Aminoglycosides
• streptomycin and gentamicin (vestibulotoxic), kanamycin, and tobramycin (cochleotoxic)
• toxic to hair cells by any route:oral, IV, and topical (if the TM is perforated)
• destroys sensory hair cells: outer first, inner second (therefore, otoacoustic emissions arc lost first)
• high frequency HL develops earliest
• ototoxicity occurs d-wk post-treatment
• must monitor with peak and trough levels when prescribed, especially if patient has neutropenia and/

or history of ear or renal problems
• q24 h dosing recommended ( with amount determined by creatinine clearance)

n
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•aminoglycoside toxicity displays saturable kinetics, therefore, once daily dosing presents less risk than
divided daily doses

•duration of treatment is the most important predictor of ototoxicity
treatment: immediately stop aminoglycosides

Analgesics and Antipyretics
•acetaminophen, NSA1DS, and salicylates
•HL with tinnitus, reversible if discontinued

Others
•antineoplastic agents (e.g. bleomycin)
•loop diuretics (e.g. furosemide) and antimalarials (e.g.quinine)

reversible by decreasing or stopping medications

Noise-Induced Sensorineural Hearing Loss
Pathogenesis
• 85-90 dB over mo or yr, single sound impulses >135 dB,or repetitive vibratory insults (e.g.

jackhammer) can cause cochlear damage
• bilateral SNHL initially and most prominently at 4000 Hz (resonant frequency of the temporal bone),

known as “boilermaker's notch" on audiogram, extends to higher and lower frequencies with time
(see Figure 16D,0770)

• speech reception not altered until HL >30 dB at speech frequency, therefore considerable damage may
occur before patient complains of HL

• difficulty with speech discrimination, especially in situations with competing noise

Phases of Hearing Loss
• dependent on: intensity of sound and duration of exposure

temporary threshold shift
when exposed to loud sound,decreased sensitivity or increased threshold for sound
may have associated aural fullness and tinnitus
hearing returns to normal with removal of noise

permanent threshold shift
hearing does not return to previous state

Treatment
• hearing aid
• prevention

ear protectors: muffs, plugs
limit exposure to noise with frequent rest periods
regular audiologic follow-up

Temporal Bone Fractures

Table 9. Features of Temporal Bone Fractures
Otic Capsule Involving (1) Otic Capsule Sparing (2)

Extension
Incidence
Etiology

CN Pathology
Hearing Loss

Into hony labyrinth and internal auditory meatus
10-20%

Fronla l/occipital trauma

Into middle ear
70-90%

Laleral skull trauma
'CN VII palsy|50%)

SNHL due to direct cochlear injury

Vestibular Symptoms Sudden onset vestibular symptoms due lodirect semicircular Rare
canal injury (vertigo, spontaneous nystagmus)
Intact external auditory meatus,1M t hemotympanum
Spontaneous nystagmus
CSF leak In Eustachian tube to nasopharynx
t rhinorrhea (risk ol meningitis)

CN VII palsy (10-20%)
CHL 2° toossicular injury

Other Features TornTM or hemotympanum
Bleeding from EAC
Step formation in EAC
CSF otorrhea
Battle's sign'mastoid ecchymosis
Raccoon eyes- periorbital ecchymosis

S Teddy Cameron 2002^
Figure18.Types of temporal bone
fractures

iJ• characterized as longitudinal or transverse relative to the long axis of the petrous temporal bone
• temporal bone fractures are rarely purely transverse or longitudinal (often a mixed picture)
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Diagnosis
• otoscopy

• do not syringe or manipulate external auditory meatus due to risk of inducing meningitis via TM
perforation

• CT of temporal bones
• audiology, facial nerve tests (for transverse fractures), Schirmer's test (of lacrimation), stapedial

reflexes if CN VII palsy
• if suspecting CSF leak:look for halo sign, send fluid for P-2 transferrin or p-trace protein

(prostaglandin D synthase)

Treatment. ABCs
• medical: expectant, prevent otogenic meningitis
• surgical: explore temporal bone; indications:

• CN Vll palsy (immediate and complete)
gunshot wound
depressed fracture of external auditory meatus

• early meningitis ( mastoidectomy)
bleeding intracranially from sinus
CSF otorrhea (may resolve spontaneously)

Signs ol Basilar Skull Fracture
• Battle’s sign (bruising over mastoid)
• Racoon eyes (periorbital ecchymosis)
• CSF rhinorrheafotorrhea
• Cranial nerve involvement:

• facial palsy - CN Vll:
• nystagmus » CN VI;
• facial numbness » CN V

Complications
• AOM ± labyrinthitis ± mastoiditis
• meningitis/epidural abscess/brain abscess
• post-traumatic cholesteatoma

Facial Nerve (CN Vll) Paralysis
Central Facial Paralysis
• (see Neurology. N4) <§)
Peripheral Facial Paralysis (PFP)
• mononeuropathy of the facial nerve characterized by weakness in the muscles of facial expression
• classified as primary if idiopathic or secondary if ascribed etiology

KITTENS acronym for DDx of Facial
Nerve Palsy

( K) Congenital
Infection/Idiopathic
Trauma/toxins
Tumour
Endocrine
Neurologic
Systemic

Etiology
• congenital
• infection (e.g. otitis media, mastoiditis, HSV, varicella-zoster virus)
• idiopathic (Bell's Palsy)
• trauma
• toxins/drugs
• tumour
• endocrine (diabetes, preeclampsia, hyperthyroidism)
• neurologic (e.g.Guillain-Barre syndrome, myasthenia gravis, stroke, multiple sclerosis)
• systemic (e.g. sarcoidosis, amyloidosis, hyperostoses) Think neoplasm rather than Bell's

palsy If:
• Slow, progressive onset
• Involvement of other cranial nerves

or presence of lateralizing signs (e.g.
Hemiparesthesias. hcmiparalysis.
aphasia)

• Sparing of frontalis (central palsy) vs.
involvement of frontalis (peripheral
palsy)

• Palpable mass over parotid gland in
middle ear

• Adult with unilateral middle ear
effusion

Treatment
• treat according to etiology;provide corneal protection with artificial tears, nocturnal lid taping,

tarsorrhaphy, upper eyelid weighted implants
• if idiopathic, corticosteroids ± antivirals in patients with severe to complete paresis
• facial paralysis that does not resolve with time or with medical treatment will often be referred for

reanimation techniques to restore function
common reanimation techniques include:
• direct facial nerve anastomosis

interpositional grafts
anastomosis to other motor nerves

• muscle transpositions

n
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Table 10. Bell’s Palsy vs. Ramsay Hunt Syndrome
Incidence InvestigationsEtiology Findings Treatment, Follow-up, and

Prognosis (Px)
Bell's Palsy
Idiopathic,possible
(HSV) infection involving
CN VII

80 -90% olPfP
Risk Factors:

Stapedial reflex absent
Audiology normal (or
baseline)
EMC-best measure for
prognosis
Topognostic testing
MRI with gadolinium-
enhancement of CN VII
and VIII
High resolutionCl

Hs Rx
Prevent exposurekeratitis with
patching ortarsorrhaphy
Systemic steroids may lessen
degeneration and hasten
recovery
Consider antiviral (acyclovir)

Acute onset
t viral-like prodrome
Postauricular pain
Hyperacusis (30%)
Oecteased lacrimation

DM
Pregnancy
Past history

Diagnosis olexclusion
P/E
Paralysis or paresis of all
muscle groups on one side
olthe face
Absence of signs oICNS
disease,upper motor
neuron lesion or CVA

F/ll
Spontaneous remission should
begin within 3 wk of onset
Delayed (3- 6 mo) recovery
portends at least some
functional loss
Px
»90%’no voluntary EMC
motor unit potentials - consider
surgical decompression
Poorer if hyperacusis,»60 yr,
DM, HIN.severe pain,complete
facial paralysis

4.5-9% olPFP
Risk Factors:

Stapedial reflex absent
Audiology-SNHL
Viral ELISA studies to
confirm

Ramsay Hunt
Syndrome Herpes Zoster
Olicus)
Varicella cosier infection of Impaired immunity

Cancer

Hx Rx
Hyperacusis
SNHL
Severe pain of pinna,
mouth,or face

Avoid touching lesions to prevent
spread of infection
Systemic steroids can relieve

MRI with gadolinium (86% pain, vertigo,avoid postherpetic
ol facial nerves enhanced) neuralgia

60 yr

CN VII/VIII
Radiotherapy
Chemotherapy

P/E
Vesicles on pinna,external
canal (erupt 3-7 d after
onset of pain)
Associated herpes coster
ophthalmicus (uveitis,
keratoconjunctivitis, optic
neuritis,or glaucoma)

Acyclovir may lessen pain,aid
healing of vesicles
F/U: 2- 4 wk
Px
Worse prognosis than Bell's
palsy; 22% recover completely.
66% incomplete paralysis.10%
complete paralysis

Iatrogenic Variable (depending on
level of injury)

Wait for lidocaine to
wear off

Rx
Exploration ilcomplete nerve
paralysis
No exploration if any movement
present

EMG

Rhinitis
Definition
• inflammation of the lining (mucosa ) of the nasal cavity

Table 11. Classification of Rhinitis
Inflammatory Noninflammatory Rhinitis medicamentosa: rebound

congestion due to the overuse of
intranasal vasoconstrictors: limit use to
no more than 3-5 d.Treat with saline
irrigations and intranasal steroid

Perennial non-allergic
Asthma.ASA sensitivity

Allergic (seasonal vs.perennial)
Atrophic
Primary:Klebsiella ocena (especially in elderly)
Acquired:post-surgery if too much mucosa or turbinate has been
resected

Infectious
Viral:rhinovirus, influenza,parainfluenza, etc.
Bacterial:S.aureus
Fungal
Granulomatous: T8.syphilis, leprosy

Hon-infectious (eg.sarcoidosis, GPA)
Irritant (e.g. dust,chemicals, pollution)

Rhinitis medicamentosa
Topical decongestants

Hormonal
Pregnancy
Estiogens
thyroid

Idiopathic vasomotor

Table 12. Nasal Discharge: Character and Associated Conditions
Character Associated Conditions P1

L J
Walcty /Mucoid
Mucopurulent

Serosanguinous
Bloody

Allergic,viral,vasomotor. CSF leak (halo sign)

8acterial. foreign body

Neoplasia

Trauma,neoplasia,bleeding disorder.HTN/vascular disease +
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Allergic Rhinitis (i.e. Hay Fever)
Definition
• rhinitis characterized by an IgE-mediated hypersensitivity to foreign allergens
• acute-and-seasonal orchronic-and-perennial
• perennial allergic rhinitis often confused with recurrent colds

Etiology
• IgK antibody mediated hypersensitivity reaction of the respiratory mucosa upon exposure to allergen
• concentration of allergen in the ambient air correlates with the rhinitis symptoms

Epidemiology
• age at onset usually <20 yr
• personal or family history of atopic disease

Clinical Features
• nasal congestion, nasal itch, watery rhinorrhea, sneezing, and hyposmia
• ± allergic conjunctivitis (redness, tearing, itching of the eyes)
• seasonal

caused by pollen from trees, grass, and ragweed
occurs during a specific season

• perennial
caused by airborne dust mite fecal particles,cockroach residues,animal dander, moulds, and
tobacco smoke

• occurs throughout the yr

Complications
• chronic sinusitis/polyps
• serous otitis media

Congestion reduces nasal airflow and
allows the nose to repair itself (i.e.
washes away the irritants). Treatment
should focus on the initial insult rather
than target this defense mechanism

Diagnosis
• history
• physical exam

congested gray/blue turbinates
• nasal tip transverse crease
• reversible obstruction with topic decongestant

• allergy testing

Treatment
• allergen identification and avoidance
• nasal saline irrigation
• oral antihistamine (e.g.desloratadine, fexofenadine, loratadine, cetirizine)
• intranasal corticosteroid (mainstay of treatment)
• combination intranasal corticosteroid/antihistamine spray
• leukotriene receptor antagonist
• allergen immunotherapy
• other therapies: decongestants ( risk of rhinitis medicamentosa ), oral corticosteroids, eye drops

Vasomotor Rhinitis
Definition
• rhinitis secondary to changes in vascular permeability caused by dysregulation of nociceptors and

autonomic nerves

Etiology
• temperature change
• alcohol, dust, smoke
• stress, anxiety, neurosis

Clinical Features
• chronic intermittent nasal obstruction, varies from side to side
• similar to allergic rhinitis
• nasal allergy must be ruled out

«. J
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Treatment
• elimination of irritant factors
• congestion-predominant:

intranasal antihistamine
1NCS
combination INCS/antihistamine

• ± oral decongestant (risk of rhinitis medicamentosa)
• rhinorrhea-predominant:

• intranasal anticholinergic (e.g. ipratropium)
• ± intranasal corticosteroid, intranasal antihistamine

• symptomatic relief with exercise (increased sympathetic tone)

Rhinosinusitis
Definition
• inflammation of the mucosal lining of the sinuses and nasal passages

Pathogenesis of Rhinosinusitis
• ostial obstruction or dysfunctional cilia permit stagnant mucous and, consequently, infection
• all sinuses drain into a common area under the middle meatus called the osteomeatal complex

Classification
• acute: <4 wk
• chronic: >12 wk

Table 13. Etiologies of Rhinosinusitis
Ostial Obstruction Inflammation URTI

Allergy
Septal deviation
Turbinate hypertrophy
Polyps
Tumours
Adenoid hypertrophy
Foreign body
Congenital abnormalities (e.g.cleft palate)

Mechanical

GPAImmune
Lymphoma, leukemia
Immunosuppressed patients (e.g.neutropenics. diabetics,HIV)
Cystic fibrosis
Immotile cilia (e.g. Kartagener's syndrome)

Infection
Facial fractures

Systemic

Direct Eitension Dental
Trauma

Acute Bacterial Rhinosinusitis
Definition
• bacterial infection of the paranasal sinuses and nasal passages lasting >7 d
• clinical diagnosis requiring >2 major symptoms, and at least one of the symptoms is either nasal

obstruction or purulent/discoloured nasal discharge
• can confirm diagnosis with CT of paranasal sinuses and/or endoscopically

Acute Rhinosinusitis Complications
Consider hospitalization if any of the
following are suspected:

Orbital (Chandler's classification)
• I Preseptal cellulitis
• II Orbital cetluftis
• III Subperiosteal abscess
• IVOrbitalabscess
• V Cavernous sinus thrombosis
Intracranial

• Meningitis. Abscess

Major Symptoms (at least 2 of PODS.1 must
be 0 or D)

Minor Symptoms

Facial Pain/Pressure/ fuHnessP Headache

Halitosis
Fatigue

Dental pain

Cough
Ear pam. fullness

0 Nasal Obstruction
Purulentfdiscoloured nasalDischarge

Hyposmia/anosmia (Smell)
D

S

Bony
• Subperiosteal frontal bone abscess

("Pott's puffy tumour")
• Osteomyelitis
Neurologic

• Superior orbital fissure syndrome (CN
Ill/lVrVI palsy, immobile globe, dilated
pupils, ptosis.VI hypoesthesia)

• Orbital apex syndrome (as above.

Etiology
• bacteria:S. pneumoniae (35%), H.influenzae (35%), M.catarrhalis, S.aureus,anaerobes (dental )
• children are more prone to a bacterial etiology, but viral is still more common
• the maxillary sinus is the most commonly affected sinus
• must rule out fungal causes (mucormycosis) in immunocompromised hosts (especially if painless

black or pale mucosa on examination)

L J
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Clinical Features
• sudden onset of:

nasal blockage/congestion and/or purulent nasal discharge/posterior nasal drip
• ± facial pain or pressure, ihyposmia, ±sore throat

• persistent symptoms >10 d or worsening symptoms >5 d or presence of purulence for 3-4 d with high
fever (>39°C)

• speculum exam: erythematous mucosa, mucopurulent discharge, pus originating from the middle
meatus

• predisposing factors: viral URT'l, allergy, dental disease, anatomical defects
• differentiate from acute viral rhinosinusitis (course: <10 d, peaks by day 3)

Systemic Corticosteroid Thfrajjloticate
Sinusitis
JtMJ 201$ Mar:313|12|:1258-12$9
Ciiakal Question Inoral orpaitaterai
corticosteroids associated wSt matured tfuwal
outcomes*petestswithacute ssusitrscasoaredto
placebo orUStlDs?
Coadasioa:0*al cortcosterods cosbraedarts
antibioticsaajbe associated with modest beseht w
short-terra relief of sjnrptoots ia adults with seiere
symptoms of acutesinusitiscomparedart:aabbiotes
alone.Oral corticosteroids as monotherapy art act
asscratedrtti raptured chocaloattoses ia adahs
irtir clinically diagnosed acutessasnts.

Management
• depends on symptom severity (i.e. intensity/duration of symptoms, impact on quality'of life)
• mild-moderate:1NCS

• if no response within 72 h, add antibiotics
• severe:1NCS + antibiotics
• antibiotics

1st line: amoxicillin x 10 d (TMP-SMX or macrolide if penicillin allergy7)
• if no response to 1st line antibiotics within 72 h, switch to 2nd line

2nd line: fluoroquinolones or amoxicillin-clavulanic acid
• adjuvant therapy (saline or hypochlorous acid (paediatric sinusitis) irrigation, analgesics, oral/topical

decongestant) may provide symptomatic relief
CT indicated only if complications are suspected

Chronic Rhinosinusitis
Definition
• inflammation of the mucosa of paranasal sinuses and nasal passages >12 wk
• diagnosis requires >2 major symptoms for >12 wk and >1 objective finding of inflammation of the

paranasal sinuses (CT/endoscopy)

Major Symptoms (similar to acute, but less
severe)

Minor Symptoms

C Facial Congestion /fullness

Facial PainfPressure/fullness
Chronic nasal Obstruction

Purulent anterior/posterior nasal Discharge
Hyposmia/anosmia $ anell)

Halitosis

Chronic cough
Maxillary dental pain

P
0

D
S

Etiology
• unclear etiology7 but the following may contribute or predispose

inadequate treatment of acute rhinosinusitis
untreated dental disease
anatomic factors (lost ostium patency, deviated septum)
local physiologic factors

ciliary disorder (e.g.cystic fibrosis, Kartagener syndrome, primary ciliary dyskinesia)
bacterial colonization/biofilms ( S.aureus,hnterobacteriaceae spp.. Pseudomonas spp.,.S'.
pneumoniae,group A (5-hemolytic Streptococcus)

fungal infection (e.g. Aspergillus, Zygomycetes,Candida)
systemic physiologic factors

allergy/allergic rhinitis,
chronic inflammatory disorder (e.g.GPA)

Allergic Fungal Rhinosinusitis- A chronic sinusitis affecting mostly
young, immunocompetent atopic
individuals

• Treatment options include FESS
± intranasal topical steroids and
immunotherapy

Management
• identify and address contributing or predisposing factors
• obtain CT or perform endoscopy
• if polyps present:1NCS, oral steroids ± antibiotics (if signs of infection), refer to otolaryngologist/

H&N surgeon
• if polyps absent: INCS, antibiotics, saline irrigation, oral steroids (severe cases)
• antibiotics for 3-6 wk

• amoxicillin-clavulanic acid, fluoroquinolone (moxifloxacin), macrolide (clarithromycin),
clindamycin, metronidazole

• surgery if medical therapy fails or fungal sinusitis:HSS, balloon sinuplasty
ESS - Endoscopic Sinus Surgety
Opening of the paranasal sinuses in
order to facilitate drainage while sparing
the sinus mucosa

Complications
• same as acute sinusitis, mucocoele

+
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Epistaxis
Blood Supply to the Nasal Septum { seeFigure 4, 073)
1.superior posterior septum

internal carotid -> ophthalmic -> anterior/posterior ethmoidal
2. posterior septum

external carotid -> internal maxillary -> sphenopalatine
3. lower anterior septum

external carotid -> facial artery -> superior labial artery -> nasal branch
• external carotid -> internal maxillary -> descending palatine -> greater palatine

• vessels anastomose to form Kiesselbach’s plexus, located in Little's area (anterior-inferior portion of
the cartilaginous septum)

90% of nosebleeds occur in Little'sarea

Table 14. Etiology of Epistaxis Special Cases
• Adolescent male with unilateral

recurrent epistaxis:consider juvenile
nasopharyngeal angiofibroma (JNA):
this is the most common benign
tumour of the nasopharynx

• Thrombocytopenic patients: use
resorbable packs to avoid risk of
re-bleeding caused by pulling out (he
removable pack

Type Causes
Primary Epistaxis Idiopathic or spontaneous
Secondary Epistaxis

local Trauma (most common)
Fractures: facial, nasal
Sell-induced: digital, lorcign body

Tumours
Benign: polyps, inserting papilloma, angiofibroma
Malignant: SCC.esthesioncuroblastoma (olfactory
neuroblastoma)

Inflammation
Rhinitis: allergic, non-allergic
Infections: bacterial, viral, fungal

Iatrogenic: nasal,sinus, orbit surgery

Nasal dryness: dry air, supplemental nasal oxygen
Structural abnormalities: septal deviation, chronic
septal perforation

Chemical:nasal cocaine, nasal sprays, etc.
Coagulopathies

Medications: anticoagulants, NSAIDs
Hemophilias, von Willobrand disease
Hematological malignancies
liver failure, uremia

Vascular: KIN.atherosclerosis, Osler -Weber - Rendu disease (hereditary hemorrhagic telangiectasia)

Others:OPA.SIE

Systemic

Investigations
• CBC, PT/PTT/INR/platelet function assay (if suspicious ofbleeding disorder)
• CT as needed

Treatment
• locate bleeding and achieve hemostasis

1. ABCs
• lean patient forward to minimize swallowing blood and avoid airway obstruction
• apply constant firm pressure for 15 to 20 min on cartilaginous part of nose (not bony pyramid) while

the head is in neutral position
• if significant bleeding, assess vitals for signs of hemorrhagic shock ± IV NS, cross-match blood

2. Determine Site of Bleeding
• anterior/posterior hemorrhage defined by location in relationship to bony septum
• visualize nasal cavity with speculum
• use cotton pledget with topical lidocaine ± topical decongestant (Otrivin*) to help identify area of

bleeding (often anterior septum)

3. Control the Bleeding
• first-line: topical decongestant (Otrivin*)

if first-line fails and bleeding source adequately visualized, cauterize with silver nitrate
• do not cauterize both sides of the septum at one time due to risk of septal perforation from loss of

septal blood supply
A.Anterior hemorrhage treatment

if failure to achieve hemostasis with cauterization
place anterior pack with expandable nasal tampons (Merocel*) or fabric sponges (Rapid
Rhino Riemann)*

consider lubricated absorbable packing (e.g. Gelfoam wrapped in Surgicel*) for patients with
coagulopathy or on anticoagulation medication to prevent recurrent epistaxis from packing
removal

alternatively, use a half inch Vaseline*-soaked ribbon gauze strips layered from nasal floor
toward nasal roof and extending to posterior choanae

can also apply l-'loseal* (hemostatic matrix consisting of topical human thrombin and cross-
linked gelatin) if other methods fail

n
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B. Posterior hemorrhage treatment
• if unable to visualize bleeding source, the source is likely posterior

• place posterior pack* using a Foley catheter, gauze pack, or Epistat* balloon
• subsequently, layer anterior packing bilaterally
• admit to hospital with packs in for 3 d
• watch for complications: hypoxemia (nasopulmonary reflex), toxic shock syndrome (remove

packs immediately), pharyngeal fibrosis/stenosis, alar/septal necrosis, aspiration
C.If anterior/posterior packs fail to control epistaxis

transnasal endoscopic sphenopalatine artery ligation +/- anterior ethmoid artery ligation by
otolaryngology or embolization of culprit arterial supply by interventional radiology
± septoplasty

'antibiotics for anyposterior packor any pack left for >48 hduetorid[ofIrakshock syndrome

4. Prevention
•prevent drying of nasal mucosa with humidifiers, saline spray,or topical ointments
•avoidance of irritants
•medical management of HTN and coagulopathies

Hoarseness
Definitions
• change in voice quality, ranging from voice harshness to voice weakness
• reflects abnormalities anywhere along the vocal tract from oral cavity to the lungs
• dvsphonia:a general alteration in voice quality
• aphonia: no sound emanates from vocal folds

If hoarseness is present for >2 wk in a
smoker, laryngoscopy must be done to
rule out malignancy

Acute Laryngitis Vocal Cord Paralysis
• Unilateral: Affected cord lies in the

paramedian position, inadequate
glottic closure during phonation-weak, breathy voice.Usually
medializes with time, whereby
phonation and aspiration improve.
Treatment options include voice
therapy, injection laryngoplasty
(Radiesse).mediatization using
silastic block, recurrent laryngeal
nerve reinnervation (RUf
anastomosis toansa cervicalis)

• Bilateral: Cords rest in midline,
therefore voice remains unchanged
but respiratory function is
compromised and may present
as stridor. If no respiratory issues,
monitor closely and wait for
improvement.If respiratory issues,
try CPAP or intubate if necessary.
The patient will likely require vocal
cord lateralization, arytenoidectomy.
posterior costal cartilage graft,
or tracheotomy.Selective nerve
reinnervation (Marie technique) in
the proper hands may reestablish
movement

Definition
• <2 wk inflammatory changes in laryngeal mucosa after exposure to a trigger

Etiology
• infectious (most common): viral (influenza,adenovirus, HSV), bacterial (Group A Streptococcus),

fungal
• mechanical:acute voice strain -» submucosal hemorrhage -» vocal cord edema -> hoarseness
• environmental:toxic fume inhalation

Clinical Features
• URTI symptoms, hoarseness, aphonia, cough attacks
• true vocal cords erythematous/edematous with vascular injection and normal mobility

Treatment
• usually self-limited, resolves within 1-2 wk
• voice rest
• humidification
• hydration
• avoid irritants (e.g.smoking, caffeine)
• treat with antibiotics if there is evidence of coexistent bacterial pharyngitis
• treat with proton pump inhibitors if there is evidence of reflux

Chronic Laryngitis
Definition
• >3 wk inflammatory changes in laryngeal mucosa

Etiology- repeated attacks of acute laryngitis
• infectious:chronic rhinosinusitis with postnasal drip
• mechanical:chronic voice strain
• environmental:chronic irritants (dust, smoke, chemical fumes), chronic alcohol use
• esophageal disorders:GERD, Zenker's diverticulum, hiatus hernia
• systemic:allergy, hypothyroidism, Addison's disease

Clinical Features
• chronic dvsphonia
• cough, globus sensation, frequent throat clearing 2° to GERD
• laryngoscopy:erythematous and thickened cords with ulceration/granuloma formation and normal

mobility, rule out malignancy

n
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Treatment
• remove offending irritants
• treat related disorders (e.g. antisecretory therapy for GERD)
• speech therapy with vocal rest
• ± antibiotics ± steroids to decrease inflammation

Vocal Cord Polyps
Definition
• structural manifestation of vocal cord irritation
• acutely, polyp forms 2” to capillary damage in the subepithelial space during extreme voice exertion

Etiology
• most common benign tumour of vocal cords
• voice strain (e.g. muscle tension dysphonia)
• laryngeal irritants (e.g. GERD, allergies, tobacco)

Vocal Cords: Polyps vs. Nodules
Nodules

Unilateral.
asymmetric

Acute onset
May resolve
spontaneously

BJaleral

Gradual onset
Often followa chronic
courseEpidemiology

• ages 30-50 y/o. M>E Subepithelial capillary Acute:submucosal
hemorrhage or
edema

Clinical Features
• primary symptom is dysphonia ± dyspnea (if polyps are large)
• other symptoms:hoarseness, aphonia, cough attacks
• pedicled or sessile polyp on free edge of vocal cord
• typically, polyp is asymmetrical, soft, and smooth
• more common on the anterior 1/3of the vocal cord

Soli,smooth,
fusiform.
pedunoiatedmass

Acute:small,discrete
nodules
Chronic:hard,while,
thickened,fibrosed
nodules

Protonpumpinhibitor Vocal rest with
whispering,
hydration,voice
therapy

Surgical enisionif Surgicalexcision as
persistent or in the last resort
presence of risk
factors for laryngeal
cancer

Treatment
• avoid irritants
• voice therapy may improve voice
• vocal fold steroid injections (percutaneous or transoral)
• endoscopic laryngeal microsurgical removal if persistent or if high-risk of malignancy

Vocal Cord Nodules
Definition
• vocal cord callus, bilateral by definition and symmetric
• also known as “screamer’s"or “singer’s" nodules

Etiology
• early nodules occur secondary to submucosal hemorrhage
• mature nodules result from hyalinization, which occurs with long-term voice abuse
• chronic voice strain
• frequent URT1, smoking, alcohol consumption

Epidemiology
• frequently in singers, children, bartenders, and school teachers
• I >M

Clinical Features
• hoarseness worst at end of day
• on laryngoscopy

• bilateral symmetric nodules at the junction of the anterior 1/3 and posterior 2/3of the vocal cords
(point of maximal cord vibration)

• chronic nodules may become fibrotic, hard,and white

Treatment
• primary treatment is voice rest and voice therapy
• hydration
• avoid irritants
• surgery rarely indicated for refractory nodules n
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Recurrent Respiratory Papillomatosis
Definition
• small, benign wart-like growths (papillomas) in the respiratory tract

Etiology
• most commonly HPV types 6, 11, but can be caused by types 16, 18, 31, 33
• possible hormonal influence, possibly acquired during delivery through birth canal

Epidemiology
• biphasic distribution

birth to puberty (most common laryngeal tumour)
• adult-onset (age >12 y)

Clinical Features
• progressive hoarseness, stridor, and respiratory distress; less commonly wheezing, chronic cough,

recurrent pneumonia, dyspnea, hemoptysis, dysphagia, failure to thrive, apneic events
• can seed into tracheobronchial tree
• highly resistant to complete removal, high tendency of recurrence
• some juvenile papillomas resolve spontaneously at puberty
• may undergo malignant transformation to squamous cell carcinoma

Investigations
• flexible nasolaryngoscopy shows wart-like lesions with vascular core in supraglottic larynx and

trachea
• bronchoscopy with biopsy to confirm diagnosis and rule out malignancy
• chest x-ray followed by CT chest if indicated, findings of pulmonary involvement require referral to

respirology
• for high-risk patients, rule out TB, HIV

Treatment
• prevention using quadrivalent HPV recombinant vaccine
• suspension microlaryngoscopy with laser removal and preservation of normal mucosa is gold

standard (not curative, goal is improvement in voice and/or breathing)
preferably with CO:or KTP laser

• other options include microdebridement and cold steel
• consider systemic adjuvants if requiring >4 surgeries/yr. These include quadrivalent HPV

recombinant vaccine, bevacizumab,cidofovir, interferon, indole-3-carbinol
• PP1 if concomitant GERD

Laryngeal Carcinoma
• see Neoplasms of the Haul <uni Neck,0735

Salivary Glands

Sialadenitis Bilateral enlargement of the parotid
glands may be a manifestation of a
systemic disease , such as mumps. HIV,
Sjogren's,or an eating disorder (Le.
anorexia, bulimia)

Definition
• inflammation of salivary glands

Etiology
• viral most common (mumps)
• bacterial causes:S. aureus, S. pneumoniae, H. influenzae
• obstructive vs. non-obstructive

• obstructive infection involves salivary stasis and retrograde bacterial flow Mumps usually presents with bilateral
parotid enlargement*SNHlt orchitis

Predisposing Factors. HIV
• anorexia/ bulimia
• Sjogren’s syndrome
• Cushing’s syndrome, hypothyroidism, DM
• hepatic/renal failure
• medications that increase stasis: diuretics, tricyclic antidepressants, (5-blockers, anticholinergics,

antibiotics
• sialolithiasis (can cause chronic sialadenitis)

<D
Treatment of Sialadenitis (MASH)
Mnemonic

Mas sage
Analgesics/Antibiotics
Sialagogues
Heat/Hydration

+
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Clinical Features
• acute onset of pain and edema of parotid or submandibular gland that may lead to marked swelling
• ± fever
• ± leukocytosis
• ± suppurative drainage from punctum of the gland

Investigations
• U/S imaging to differentiate obstructive vs. non-obstructive sialadenitis

Treatment
• hydration, warm compresses, sialogogues, massage
• cloxacillin ± abscess drainage, if bacterial

Sialolithiasis
Definition
• ductal stone (mainly hydroxyapatite in adults, sand /sludge in children), leading to chronic sialadenitis
• 80% in submandibular gland, <20% in parotid gland, ~1% in sublingual gland

Risk Factors
• any condition causing duct stenosis or a change in salivary secretions (e.g. dehydration, diabetes,

EtOH,hypercalcemia, psychiatric medications)

Clinical Features
• pain and tenderness over involved gland
• intermittent swelling related to meals
• digital palpation reveals presence of calculus

Investigations
• U/S first, and if stone identified, CT for localization; may consider sialogram

Treatment
• may resolve spontaneously
• encourage salivation to clear calculus
• massage, bimanual expression, analgesia, antibiotics, sialogogues (e.g. lemon wedges, sour lemon

candies), warm compresses
• remove calculi endoscopically, by dilating duct or orifice, or by excision through floor of the mouth
• gland-preserving surgery has long-term symptom improvement and favourable gland retention rates

Salivary Gland Neoplasms
Etiology
• anatomic distribution

• parotid gland; 70-85%
• submandibular gland; 8-15%
• sublingual gland: 1%

minor salivary glands: 5-8%
• malignant (see Table 16, OT36 and Table 17,OT37)
• benign

• benign mixed (pleomorphic adenoma):80%. Warthin's tumour (5-10% bilateral, M>F): 10%
cysts, lymph nodes, and adenomas: 10%
oncocytoma: <1%

Parotid Gland Neoplasms
Clinical Features
• 80% benign (most common: pleomorphic adenoma), 20% malignant (most common:

mucoepidermoid )
• if bilateral, suggests benign process (e.g. Warthin's tumour, Sjogren's, bulimia, mumps) or possible

lymphoma
• facial nerve involvement (e.g. facial paralysis) increases risk of malignancy

A mass sitting above an imaginaiy line
drawn between the mastoid process
and angle of the mandible is a parotid
neoplasm until proven otherwise

Investigations
• FNA biopsy
• CT, U/S, or MRI to determine extent of tumour +
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Treatment
• treatment of choice is surgery for all salivary gland neoplasms- benign and malignant
• pleomorphic adenomas are excised due to risk of malignant transformation (5% risk over prolonged

period of time)
• superficial tumour

superficial parotidectomy above plane of CN VII ± radiation
incisional biopsy contraindicated

• deep lesion
near-total parotidectomy sparing as much of CN V11 as possible
if CN VII involved, then it is removed and cable grafted

• complications of parotid surgery
• hematoma, infection, salivary fistula, temporary or permanent facial paresis, Frey's syndrome

(gustatory sweating), sialocele, numbness of the overlying skin
• postoperative radiotherapy, if high risk of locoregional recurrence
• chemotherapy is largely reserved for palliative cases

DDx Parotid Tumour
Benign
• Pleomorphic adenoma
• Warthin's tumour|M>F)
• Benign lymphoepithelial cysts (viral

etiology, e.g. HIV)
• Oncocytoma
Malignant
• Mucoepidermoid carcinoma
• Adenoid cystic carcinoma
• Acinic cell carcinoma

Frey's syndrome is a postoperative
complication characterized by gustatory
sweating. It is thought that damaged
parasympathetic nerve fibres of the
auriculotemporal nerve regenerates
abnormally to innervate the cutaneous
sweat glands

Prognosis
• benign: excellent, <5% of pleomorphic adenomas recur
• malignant: dependent on stage and type of malignancy (see Table 17, OT37 )

Neck Masses

Approach to a Neck Mass
• ensure that the neck mass is not a normal neck structure (e.g. hyoid, transverse process of Cl vertebra,

prominent carotid bulb)
• any neck mass persisting for >2 wk should be investigated for possible neoplastic causes

Table 15. Prevalence of Acquired Causes of Neck Lumps According to Age
Possible Causes of Neck LumpAge|yr)

2.Congenllal/Develepmentii!
2.Inflammatory

3.Neoplosllc
3,Congenital

•40 1. Inllammalory
1. Neoplastic>40

Differential Diagnosis
• congenital

• lateral (branchial cleft cyst, laryngocele, plunging ranula, lymphatic/venous/venolymphatic
malformation)

• midline (thyroglossal duct cyst, dermoid cyst, teratoma, thyroid/thymus anomaly, vascular
malformation)

• infectious/inflammatory
• reactive lymphadenopathy (2° to tonsillitis, pharyngitis)
• infectious mononucleosis

Kawasaki, Kikuchi-Fujimoto, Kimura, Cat-scratch, Castleman, Rosai-Dorfman disease
• HIV
• sialolithiasis, sialadenitis

thyroiditis
• granulomatous disease

mycobacterial infections
• sarcoidosis

• neoplastic
lymphoma
salivary gland tumours
thyroid tumours
metastatic malignancy (“unknown primary")
lipoma, fibroma, hemangioma, nerve or nerve sheath tumour

n
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Evaluation
Investigations
• history and physical (including nasopharynx and larynx)
• all other investigations and imaging are dependent upon clinical suspicion following history and

physical
congenital:CT with contrast, excisional biopsy
inflammatory/infectious:W BC (infection vs. lymphoma), trial of antibiotics, chest radiograph,
Mantoux TB test,CT with contrast, FNA
neoplasms: thyroid function tests and scans, CT with contrast, FNA (histologic examination),
panendoscopy (identification of possible primary tumour)

panendoscopy: nasopharyngoscopy, laryngoscopy, esophagoscopy, bronchoscopy with
washings,and biopsy' of suspicious lesions
primary identified 95% of time -> stage and treat
primary occult identified 5% of time:excisional biopsy of node for histologic diagnosis ->
manage with radiotherapy and/or neck dissection (SCC)

Inflammatory vs. Malignant Neck
Masses

Inflammatory Neoplastic

History
Painful Y YiN

H£N infection Y H
Fever Y

Weight loss N
Ct risk factors H

Y
Y

Younger OlderAge
Physical
lender Y H

Rubbery Y
Rock hard N

H
YCongenital Neck Masses r (bedMobile Y

Branchial Cleft Cysts/Sinuses/Fistulae
Embryology
• at 4th wk of embryonic development, there are 4 pairs of branchial arches and 2 rudimentary arches,

which are separated internally by pouches and externally by clefts
• branchial anomalies form when pouches and clefts persist and fall into 3 types:

1.branchial fistula: persistent communication between skin and G1 tract
2.branchial sinus:blind-ended tract opening to skin
3.branchial cyst: persistent cervical sinus with no external opening

Clinical Features
• 2nd branchial cleft malformations most common

• sinuses and fistulae present in infancy as a small opening anterior to the SCM muscle
cysts present as a smooth, painless, slowly enlarging lateral neck mass, often following a URT'I

• 1st branchial cleft malformations present as sinus/fistula or cyst in preauricular area (Type I) or on
face over angle of mandible (T ype 11)

• 3rd branchial cleft malformations present as recurrent thyroiditis or thyroid abscess and have a
tract which usually leads to the left pyriform sinus. Air on CT scan in or near the thyroid gland is
pathognomonic for this anomaly

• there is controversy whether 4th branchial cleft anomalies exist, as they may be remnants of the
thyrothymic axis

Treatment
• surgical removal of cyst or fistula tract
• if infected:allow infection to settle before removal (antibiotics may be required)

+
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External carotid a.
Internal carotid a.

;

Middle constrictor m.

Hyoid
Thyrohyoid membraneType I anomaly

Thyroid cartilage
Type II anomaly

Common carotid a.

B. Second Branchial AnomalyA. First Branchial Anomaly

Thyroid cartilage

Cricoid cartilage
Internal carotid a .
External carotid a ^Hyoid

XII
Left common carotid a.
Right common carotid a.A-

iThyroid cartilage

Cricoid cartilage
Left subclavian a.

P Brachiocephalic trunk

IArch of aorta

£
sC. Third Branchial Anomaly D. Fourth Branchial Anomaly

Figure 19.Branchial cleft anomalies

Thyroglossal Duct Cysts
Embryology
• vestigial remnant of tract made by thyroid gland as it travels from its origin as a ventral midline

diverticulum at the base of the tongue, caudal to the junction of 3rd and 4th branchial arches
(foramen cecum), and migrates to the inferior aspect of the neck (see Figure 19)

Clinical Features
• most common congenital cervical anomaly
• usually presents in childhood or from ages 20-40 as a midline cyst that enlarges with URT1 and

elevates with swallowing and tongue protrusion
• location can he suprahyoid or infrahyoid
• may have fibrous cord, dysphagia, globus sensation

Thyroglossal duct cysts are the most
common congenital neck mass found
in children

Treatment
• preoperative antibiotics to reduce inflammation (infection before surgery is a well-described cause of

recurrence)
• small potential for neoplastic transformation, so complete excision of cyst and tissue around tract

up to foramen cecum at base of tongue, with removal of central portion of hyoid bone (Sistrunk
procedure) recommended

rT
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Lymphatic, Venous, or Mixed Venolymphatic Malformations
Definition
• lymphatic malformation arising from vestigial lymph channels of neck

Clinical Features
• commonly identified in many fetuses, but regress before birth and never cause a clinical problem
• usually present by age 2
• macrocystic: soft, painless compressible mass (lymphatic dilation) with skin discolouration
• microcystic: soft , noncompressible masses with mucosal or skin vesicles
• may have dysphagia, dyspnea, possible pain with acute infection
• infection or trauma causes a sudden increase in size

Treatment
• can regress spontaneously after bacterial infection, therefore do not plan surgical intervention until

several mo after infection
• macrocystic lesions can be treated by surgical excision or sclerotherapy (doxycydine)
• microcystic lesions are difficult to treat, but can be debulked if it will not cause loss of function of

normal structures,or injected with sclerotherapy (bleomycin) in surrounding tissues All patients presenting with a H&N mass
should be asked if they are experiencing
the following obstructive, referred, or
local symptoms
Oropharyngeal; Odynophagia,

dysphagia, non-healing oral ulcers
Otologic Otalgia. HL
Laryngeal; Dyspnea or stridor (positional
vs. non-positional). hoarseness,
dysphonia positional vs. non-positional
Nasopharyngeal:Recurrent epistaxis,
unilateral nasal obstruction, persistent
ihinorrhea or sinusitis
Hemoptysis, hematemesis

Neoplasms of the Head and Neck
Pre-Malignant Disease

• lichen planus
lacy white lines of oral mucosa +/- erythema
exact cause unknown, thought to be immune-mediated
treatment: topical corticosteroids (first-line), topical calcineurin inhibitors (second-line)
risk of malignant transformation 5-10%, follow-up every 6-12 mo

• leukoplakia
white keratotic plaque/patch of oral mucosa that cannot be rubbed off
treatment; surgery, cryosurgery, laser ablation, retinoids
risk of malignant transformation 5-20%, follow-up every 3-12 mo

• ervthroplakia
• red mucosal plaque adjacent to normal mucosa
• commonly associated with epithelial dysplasia

associated with carcinoma in situ or invasive tumour in 40% of cases
• treatment: similar to leukoplakia

• dysplasia (a feature of pre-malignant lesions)
• histopathologic presence of mitoses and prominent nucleoli

involvement of entire mucosal thickness = carcinoma in situ
• associated progression to invasive cancer 15-30%

Investigations
• initial metastatic screen includes chest x- ray
• scans of liver, brain, and bone only if clinically indicated
• CT scan superior to MK1 for the detection of pathologic nodal disease and bone cortex invasion
• MKI superior for discriminating tumour from mucus and detecting bone marrow invasion. ± PET scans
• endoscopy with biopsy

Treatment
• treatment depends on:

• histologic grade of tumour, stage
physical and psychological health of patient
facilities available, expertise and experience of the medical and surgical oncology team

• in general:
1° surgery for malignant oral cavity tumours with radiotherapy reserved for salvage or poor
prognostic indicators
1° radiotherapy for nasopharynx,oropharynx, hypopharynx, and larynx malignancies with
surgery reserved for salvage, although laser endoscopic surgery for early stage larynx cancer is an
option and 1° surgery for advanced (T4) pharyngeal and laryngeal cancer is the standard of care
there is a growing interesting in studying 1° surgery (transoral surgery (TOS)) for OPC
palliative chemotherapy for metastatic or incurable disease
concomitant chemotherapy increases survival in advanced disease
chemotherapy has a role as induction therapy prior to surgery and radiation
panendoscopy (bronchoscopy, esophagoscopy, laryngoscopy and pharyngoscopy) to detect 1°
disease when lymph node metastasis is identified
anti-epidermal growth factor receptor treatment (cetuximab, panitumumab) has a role as
concurrent therapy with radiation for SCC of the H&N (for advanced local and regional disease)

Detection of cervical lymph nodes on
physical exam
False negative rate:15-30%
False positive rate; 30-40%

Pathological lymphadenopathy defined
radiographically as
A jugulodigaslric node >1.5cm in
diameter, or a retropharyngeal node >1
cm in diameter
A node of any sire which contains
central necrosis

o
Common sites of distant metastases for
H& N neoplasms
(most common to least common) lungs >
(ver > bones

Risk Factors for H&N Cancer
• Smoking
• EtOH (synergistic with smoking)
• Radiation
• Occupational/environmental

exposures
• Oral HPV infection (independent of

smoking and EtOH exposure). Family history of cancer. Previous cancer

n
LJ

+
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Prognosis
• synchronous tumours occur in 0.8-18% of patients
• late development of second primary is most common cause of post-treatment failure after 36 mo

Table 16. Quick Look-Up Summary of H&N Malignancies - Etiology and Epidemiology
Etiology Epidemiology Risk Factors
Oral Cavity
95% SCC
Others:sarcoma,melanoma,
minor salivary gland tumour

HPV ndSnrvival ot Patients with OPC
KLItl 2010:363(1)^4-35
ItProds te- jsoedvearaysaof oatesiswith
stage 111or IK o-optaryogea SCCer:ed is aKI
comja-ng acctoaSd ot standard‘rectoatos
radolherapy.eacS ctracedwiSCBfhato ttfraoy.
Results:;;- ar 3 ytoxeraCsumalrate-bob!
treaties aras.Pabeds HPV-josibietreour
hadSetter -ass of ore-a il ssnua I at 3 yr (823%is.
57.1%) a-d a 51' rad.ct xnrisk of death (Hazard
Katie 0.42.55%0017-0.561after a^ssteg So- age.
rate,honour andnodal stage.toSacco eiposu-e.
a-rdteatseut.
Siaaarj:I-etBMrHFIfstatzsmpatertsat;
t>-orarpgaa SCC is a strj-g aod dependent
prognosticFactor for s»mal.

Mean age:50-60 yr Smoking.'EtOH
Poor oralhygiene
leukoplakia,erythroplakia
Lichen planus,chronic inflammation
Sun eiposure -lip
HPV infection
Plummer-Vinson syndrome
GeneticfEtlmic

M>f
Most common site of HtH cancers
50%on anterior 213 of tongue

Nose and Paranasal Sinus
75-80% SCC
Adenocarcinoma (2nd most common) and
mucoepidermoid
99% in maxillary/ethmoid sinus
10% of nose and paranasal sinus tumours arise
from minor salivary glands

Mean age:50-70 yr
Rare tumours

* incidence in last 5-10 yr

Woodi'shoe/teitile industry
Hardwood dust (nasal'ethmoid sinus)
Nickel,chromium(maxillary sinus)
Air pollution
Chronic rhinosinusitis

Carcinoma of the Pharynx -Subtypes (Nasopharynx.Oropharynx.Hypopharynx.and Larynx)

Nasopharynx

90% SCC
~10% lymphoma

Mean age:50-59 yr
M:F-2.4:1
Incidence 0.8 per100000
100x increased incidence in Southern Chinese Poor oralhygiene

Genetic -Southern Chinese

EBV
Salted fish
Nickel eiposure

Oropharynx

95% SCC- poorly differentiated
Up to 70% of OPC attributable to HPV

Mean age:50-70 yr
HPV-patients with OPC are approximately10
yryounger
Prevalence of HPV- OPC has increased by 225%
from1988 to 2004
M:F-4:1

Smoking EtOH
HPV 16 infection Summary of Treatment for Head and

Neck Masses
SageIN:single modality
Stage UL1V:dual modality

Hypopharynx

95% SCC
3 sites
1.pyriform sinus (60%)
2.postcricoid (30%)
3.posterior pharyngeal wall (10%)

Mean age:50-70 yr Smoking.'EtOH
M>F
8-10% of all HAN cancer

Larynx

SCC most common
3 sites
1.supraglotlic (30-35%)
2.glottic (60-65%)
3.subglottic (1%)

Mean age:45-75 yr
M:F-10:1
45% of all HAN cancer

Smoking ElOH

Salivary Gland
40% mucoepidermoid
30% adenoidcystic
5% acinic cell
5% malignant mixed
5% lymphoma

Mean age:55-65 yr Radiation eiposure
M-F
3-6% of all HAN cancer
Percentage of malignant tumours ineach
gland:

Parotid15-25%
Submandibular 37-43%
Minor salivary >80%

Thyroid (90% benign -10% malignant)
>80% papillary
5-15% follicular
5% medullary
<5% anaplastic
1-5% Hurthle cell
1-2% metastatic

Children
Adults <30 or >60 yr
Nodules more common in females
Malignancy more common in males

Radiation eiposure
Family history - papillary CA or multiple
endocrine neoplasia (MEN II)
Older age
Male
Papillary - Gardner's syndrome.Cowden
syndrome, FAP

r
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Table 17. Quick Look-Up Summary of H&N Malignancies- Diagnosis and Treatment
Clinical Features Investigations Treatment Prognosis
Oral Cavity

Asymptomatic neck mass(30%)
Non-healing ulcer « bleeding
Oysphagia,sialorrhea,dysphonia
Oral fetor, otalgia, leukoplakia,or
crythroplakia (pre malignant
changes or clinically isolated syndrome)

Biopsy 1“ surgery
local resection
* neck dissection
t reconstruction

2" radiation

Syr overall survival
11/12:75%
13/14:30-35%

Poor prognostic indicators
Depth ol invasion,close surgicalmargins
location (longue worse thanHoot ol moulh)
Cervical nodes

Cl

Nose and Paranasal Sinus
Early Symptoms
Unilateral nasal obstruction
Epistaxis, rhinorrhea
Late Symptoms
V lo invasion ol nose,orbit,
nerves,oral cavity,skin,skull
base,cribriform plate

Cl/MIII
Biopsy

Surgery and radiation
Chcmoradiolherapy

5 yr survival: 30-60%
Poor prognosis 2o lo lale presentation

Nasopharynx

Cervical nodes (60-90%)
Hasal obstruction,epistaxis
Unilateral otitis media t HL
CN III to VI.IX toXII (25%)
Proptosis, voice change,dysphagia

1° radiationt chemoradiation
Surgery for limited or recurrent disease

5 yr survival
11:79%
12:72%
13:50-60%
14:36-42%

Hasopharyngoscopy
Biopsy
CT/MRI

Oropharynx

Odynophagia,otalgia
Ulcerated/enlarged tonsil
Fixed tongueflrismus/dysarthria
Oral fetor,bloody sputum
HP1/- OPC predominantly arises at base of
tongue or tonsillar region
Cervical lymphadenopathy (60%)
Distant mets:lung/bone/liver|7%)

Biopsy
Determine HPV status via RT-PCR:positive if
presence of HPV DNA and p16 over expression

1” radiation,consider therapyde-intensification 5 yr overall survival
for HPV* patients
2" surgery

local resection
tneck dissection
reconstruction

1“ surgery
emerging roleof Iransoral Robotic Surgery

Stratified byTNM stage (I.II.Ill,IV)
HPV negative OPC (70%.58%.50%.30%)
HPV positive OPC (92%.87%,74%.40%)

HPV positive OPC further stratified by stage,
age.and smoking pack years|PY)

groupI(I1-3N0-H2c,s20 PY|:89%
groupII(T1-3N0-N2c.>20 PY):64%
group III (14 or N3.age s70): 57%
group IVA (14 or N3,age >70):40%

Cl

Hypopharynx
Dysphagia,odynophagia
Otalgia,hoarseness
Cervical lymphadenopathy

Pharyngoscopy
Biopsy

1“ radiation
2" surgery

5 yrsuivtval
11:53%
12/13:36-39%
14: 24%

Cl

larynx

Oysphagia. odynophagia,globus
Otalgia,hoarseness
Oyspnea/slridor
Cough/hemoptysis
Cervical nodes (rare with glottic CA|

Early stage:single modality (radiation or
surgery)
lale singe: rnultimodalily (surgery,
radiotherapy, chemotherapy)

5 yr survival
14: >40% (surgery with radiation)

Control rale early lesions:>90% (radiation)
10 to12% of smalllesions fail radiotherapy

laryngoscopy
Biopsy
Ct/MRI

Salivary Gland
Painless mass (occ.pain is possible)
CN VII palsy
Cervical lymphadenopathy
Rapid growth
Invasion of skin
Constitutional signs/symptoms

1° surgery * neck dissection
Postoperative radiotherapy
Chemotherapy if unresectable

FNA Parotid
10 yr survival:85.69.43.and14% for stages
111014

Submandibular
2 yr survival:82%.5 yr:69%

Minor salivary gland
10 yr survival:83.52.25.23% for stages
11to14

MRI/CI/U/S

Thyroid
Thyroid mass,cervical nodes
Vocal cord paralysis,hoarseness
Hyper/hypothyroidism
Dysphagia

FNA Recurrences occur within Syr
Need long-term follow-up:clinical exam,
thyroglobulin

1” surgery
I'trfor intermediate and high-risk well-
differentiated thyroid cancer

U/S

Parathyroid

Symptoms of hypercalcemia
Neck mass
Bone disease,renal disease
Pancreatitis

Sestamibi Wide surgical excision
Postoperative monitoring of serum Ca2’

Recurrence rates
1yr: 27%
5 yr:82%
10 yr:91%

Mean survival:6 -7 yr
r tCT imaging(or Head and Neck Malignancies are done with contrast for the neck and chest. CT head is not routinely order. I.J
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Thyroid Carcinoma

Table 18. Bethesda Classification of Thyroid Cytology
Diagnostic Category Risk of Malignancy

1- 4%Non-diagnostic or unsatisfactory
Benign

follicular lesion of undetermined significance or atypia ofundetermined
significance
Follicular neoplasm or suspicious fora follicular neoplasm

Suspicious for malignancy
Malignant

0-3%
5-15%

15 -30%
60-75%
97-99%

The Bethesda System lot ftopoiting ThyioldCytopathology fTBSRTCIisa repotting system lot thyroid FNA .

Table 19. Thyroid Carcinoma
Papillary Follicular AnaplasticMedullary Lymphoma

Incidence|% of all 90-92%
thyroid cancers)

4-6% 1-2% <1% «1%
Most common is diffuse
Large B Cell Lymphoma
(DLBCL)

Route of Spread
Histology

Hematogenous
Orphan Annie nuclei Capsular/vascular
Psammoma bodies invasion influences
Papillary architecture prognosis

Lymphatic N /A
Amyloid
May secrete
calcitonin,
prostaglandins, ACIH,
serotonin, kallikrein,
or bradykinin

Giant cells
Spindle cells

Other Ps Papillary cancer Fs Follicular cancer Ms Medullary
Far away mcls
Female (3:1)

More common in
elderly
70% in women
20-30% have Hx of

Usually non- Hodgkin's
lymphoma
Rapidly enlarging
thyroid mass

dillerentiatcd thyroid Hi ol Hashimoto's
CA (mostly papillary) thyroiditis
or nodular goitre Increases risk 60i

4:1female
predominance
Dysphagia, dyspnea.

Rule outlymphoma stridor, hoarseness.
neck pain, facial edema,
accompanied by “B"
symptoms'
5 yr survival
Stage IE:55%-80%
Stage HE:20%-50%
Stage IIE7IV: 15% 35%
Non surgical
Combined radiation

thyroidectomy Chemotherapy (CHOP")
Radiotherapy
Chemotherapy and
targeted therapy
Palliative Care

Popular (most
common)
Palpable lymph nodes NOT FKA (cannot be
Positive PA’uptake
Positive prognosis
Postoperative
Pt'scan to guide
treatments

cancer
Multiple endocrine
neoplasia (MEN lla

diagnosed by FNA ) or lib)
Favourable prognosis aMyloid

Median node
dissection mass

Rapidly enlarging
neck

98% at 10 yr 92% at10 yrPrognosis

Early stage: total
or near total
thyroidectomy (-4 cm. thyroidectomy
no high risk features) late stage: total
or total thyroidectomy thyroidectomy

t neck disseebon •
postoperative l,J1
treatment

Early stage: total
or near total

Total thyroidectomy Tracheostomy
Median and /or lateral local tumour: total
compartment node
neck dissection
(based on serum
calcitonin)
Modified neck
dissection
Postoperative
thyroiine.
radiotherapy
Tracheostomy
Screen relatives
Targeted therapy for
metastatic palliative
cases

Treatment

Mem)
late stage: total
thyroidectomy
meek dissection *
postoperative 1131
treatment

'B symptoms * lever,night sweats, chills,weight loss >10% in 6mo
"CHOP 8 cyclophosphamide,adrlamycin,vincristine,prednisone

Approach to Thyroid Nodule
• all patients with thyroid nodules require evaluation of scrum TSH and ultrasound of the thyroid

gland, central and lateral neck
• when performing repeat FNA on initially non-diagnostic nodules, U/S-guided FNA should be

employed
• nuclear scanning has minimal value in the investigation of the thyroid nodule
• molecular testing is increasingly used to identify gene mutations associated with thyroid cancers to

determine “high-risk” from “low-risk" thyroid nodules
• Thyroid Imaging, Reporting and Data System (T l-RADS) provides recommendation for FNA or U/S

follow-up
TR1 (0 points): no FNA

r T
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TR 2 (2 points): not suspicious, no FNA
• TR3 (3 points): mildly suspicious, FNA if > 2.5cm, follow-up if >1.5 cm
• TR4 (4-6 points): moderately suspicious, l'NA if >1.5 cm, follow-up if >1 cm
• TR5 (>7 points): highly suspicious, l ' NA if 1 cm, follow-up if 0.5 cm

Indications for Postoperative
Radioactive Iodine Ablation- 1"1

• Adjuvant therapy: decrease recurrent
disease

• Radioactive Iodine (RAI) therapy:
treat persistent cancer

Table 20. American College of Radiology Thyroid-Imaging, Reporting and Data System (TI-RADS)
Composition (Choose Echogenicity (Choose Shape (Choose 1) Margin (Choose 1) Echogenic Foci

(Choose all that
apply)

D D

Cystic or almost completely Anechoic (0 points)
cystic (0 points)
Spongiform (0 points)
Mired cystic and solid
(1 point )
Solid or iilinosl completely
solid (2 points)

Wider-than-tall (0 points) Smooth (0 points)
Hyperechoic or isoechoic Taller-thanwide (3 points) Ill-defined (0 points)

lobulaled or irregular (2
points)
fxlralhyroidal extension
(3 points)

None or large comet-tail
artifacts (0 points)
Microcalcificalions (1
point)
Peripheral calcifications
(2 points)
Punctate echogenic foci
(3 points)

|1 point)
Hypocchoic (2 points)
Very hypoechoic (3 points)

Table 21. Management of the Thyroid Nodule
Treatment Indications
Radioiodine therapy Treatment of hyperthyroidism

Alter surgery as adjuvant treatment of intermediate- high -risk papillary or follicular carcinoma
Chemotherapy and targeted therapy (tyrosine Recurrcnl/tesidual medullary CA, anaplastic CA, or thyroid lymphoma
kinase inhibitors)
Surgical excision Nodule that is suspicious on FNA cytology

Malignancy other than anaplastic CA. or thyroid lymphoma
Mass that is benign on FNA but increasing in sice on serial imaging and/or >3-4 cm in sice
Hyperthyroidism not amenable to medical therapy

Paediatric Otolaryngology

Acute Otitis Media
Definition
• both presence of MEE/M FI and acute onset of MEE/MEl symptoms

Epidemiology
• most frequent diagnosis in sick children visiting clinicians’ offices and most common reason for

antibiotic administration
• peak incidence between 6-15 mo:-85% of children have >1 episode by 3 yr old
• seasonal variability: peaks in winter

Etiology
• primary defect causing AOM: Eustachian tube dysfunction/obstruction > stasis/colonization by

pathogens
• bacterial: S. pneumoniae, non-typeable H. influenzae, M.catarrhalis,group A Streptococcus, S. aureus
• viral: RSV, influenza, parainfluenza, adenovirus
• commonly due to bacterial/viral co-infection

Predisposing Factors
• Eustachian tube dysfunction/obstruction

• swelling of tubal mucosa. URTT
allergic rhinitis
chronic rhinosinusitis

obstruction/infiltration of Eustachian tube ostium
tumour: nasopharyngeal carcinoma (adults)
adenoid hypertrophy (by maintaining a source of infection rather than obstruction)
barotrauma (sudden changes in air pressure)

• inadequate tensor palati function: cleft palate (even after repair)
• abnormal Eustachian tube

Down syndrome (horizontal position of Eustachian tube), Crouzon syndrome, cleft palate,
and Apert syndrome

• aberrant function of:
cilia of Eustachian tube: Kartagener’s syndrome
mucus secreting cells

• capillary network that provides humoral factors, PM Ns, phagocytic cells
• immunosuppression /deficiency due to chemotherapy, steroids, DM, hypogammaglobulinemia, cystic

fibrosis

r n
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Risk Factors
• non-modifiable: young age, family history of OM, prematurity, orofacial abnormalities,

immunodeficiencies, Down syndrome, race, and ethnicity
• modifiable: lack of breastfeeding, daycare attendance, household crowding, exposure to cigarette

smoke or air pollution, pacifier use

Clinical Assessment of SOM in Paediatrics
JAMA 2010:304:2161 69
In assessment ot AOM in pedulrks, tar pain is Die
most useful symptom with an It between 3.0-7.3.
Useful otoscopic signs includeerythematous (It 8.4.
95% Cl Ml), ttoudy (It 34.95% Cl 28-42).bulging (It
51,95% Cl 38-73).and immobile tympanic membrane
ltd 31, 95% Q 26-37) on pneumatic otoscopy.

Protective Factors
• breastfeeding
• xylitol

Pathogenesis
• obstruction of Eustachian tube -> air absorbed in middle ear -> negative pressure (an irritant to middle

ear mucosa) -> edema of mucosa with exudate/clTusion -> infection of exudate from nasopharyngeal
secretions Antibiotics lot AON la Children

Cochrane D6 Systtev 2013:1X0000219
Study:Meta -analysis ol Kardonired Controlled trials
(dCIs) on children (1-15 mo)with acuteotitis media
comparing any antibiotic regime to placebo and
expectant obseruatioo.
Data Sources:Cochrane Central Register ol
Controled trials (2012 issue10).MEDLINE (1966 to
October 20)2). 010ME0 UNE (1958 to1965|. EMBASE
(January 1990 to November 2012).Cu nent Contents
11966 to November 2012).CINAHl (2000 lo November
20121and UlACS (2008 to November 2012) without
language restrictions.
Main Outcomes:t) Pam at 24 h,2-3 d, and 4-7 d; 2|
Abnormal tympanometry Endings:3|1M perforation;
4) Contralateral otitis;5|AOM recurrences;6)Serious
com plicationsfrom AOM;7) Adverseeltects from
antibiotics.
Results: treatment with antibiotics had no significant
Impact on pain at 24 h. However, pa n at 2-3 il and 4 -7
d was lower in the antibiotic groups with a HHI of 20.
Antibiotics had no significant effect on tympanometry
Endings, number of AOM recurrences, or severity ol
complications.Antibiotic treatment led toa significant
reduction in IM perforations ( NHI 33) and halved
contralateral AOM (NNT tl).Adverse events (vomiting,
diarrhea,or rash)occotred moreolte n in children
taking antibiotics.
Conclusion: Hit role of antibiotics is largely
restricted lo pain control at 2-7 d. but mast (82%)
settle without antibiotics. Ihts can also be achieved
by analgesics. However,antibiotic treatment can
reduce nsk of IM perforation and contralateral AOM
episodes. These benefits must be weighed against
risks of adverse eventsfrom antibiotics.

Clinical Features
• triad of otalgia, fever (especially in younger children), and CHL
• rarely tinnitus, vertigo, and/or facial nerve paralysis
• otorrhea if TM perforated
• infants/toddlers

ear-tugging ( this alone is not a good indicator of pathology)
HL, balance disturbances ( rare)

• irritable, poor sleeping
vomiting and diarrhea
anorexia

• otoscopy of TM
hyperemia
bulging, pus may be seen behind TM
loss of landmarks: handle and long process of malleus not visible

Diagnosis
• history

acute onset of otalgia or ear tugging in a preverbal child,otorrhea, decreased hearing
unexplained irritability, fever, upper respiratory symptoms, poor sleeping, anorexia, N/V, and
diarrhea

• physical
febrile
MEE on otoscopy: immobile TM,acute otorrhea, loss of bony landmarks, opacification of TM,
air-fluid level behind I'M
MEI on otoscopy:bulging TM with marked discolouration (hemorrhagic, red,grey, or yellow)

Management
• supportive care and symptom management: maintain hydration, analgesic, and antipyretic

(acetaminophen, ibuprofen)
• watchful waiting: in a generally healthy child >6 mo of age with unilateral, non-severe, suspected

AOM
without MEE or with MEE but non-bulging or mildly erythematous TM

• consider viral etiology
• reassess in 24-48 h if not clinically improved (or earlier if worsening)

mildly ill (alert, responsive, no rigors, mild otalgia, fever <39°C, <48 h Alness) with MEE present
AND bulgingTM

• observe and follow-up in 24-48 h - if not improved or worsening, treat with antimicrobials
• antimicrobial indications: infants <6 mo of age or in a generally healthy child >6 mo of age with

suspected AOM and the following features
moderately or severely ill ( irritable, difficulty sleeping, poor antipyretic response, severe otalgia )
OR fever >39°C OR >48 h of symptoms
immunocompromised, craniofacial abnormalities
perforated TM with purulent drainage

• referral to otolaryngology for myringotomy and tympanostomy tubes may be warranted for recurrent
infections

Treatment
• antimicrobial agents for AOM

5 d course of appropriate dose antimicrobial recommended for most 22 yr with uncomplicated
AOM; 10 d course for 6-24 mo, perforated TM, or recurrent AOM
1st line treatment (no penicillin allergy)
t high-dose amoxicillin:80-90 mg/kg/d divided BID

r n
LJ

+

Activate Windows
-SerttrSettings to activate Wtndowsr



0TI1 Otolaryngology Toronto Notes 2023

• 2nd line treatment
azithromycin: 10 mg/kg (first line for penicillin allergy)
clarithromycin: 15 mg/kg/d divided BID (first line for penicillin allergy)
cefprozil: 30 mg/kg/d divided BID
cefuroxime axetil: 30 mg/kg/d divided B1D-TID
ceftriaxone: 50 mg/kg IM (or IV ) x 3 doses

• if initial therapy fails (i.e. no symptomatic improvement after 2-3 d )
high-dose amoxicillin-davulanate: 45-60 mg/kg/d (7:1 formulation, 400 mg/5 ml.
suspension ) for 10 d for child weighing 235 kg or 500 mg tablets 'l lD for 10 d for child
weighing >35 kg
myringotomy and tympanostomy, if >4 AOM episodes (with middle ear effusion ) within 12 Indications for Myringotomy and

Tympanostomy Tubes in Recurrent
ADM and OME’

• Chronic bilateral OME and
documented hearing difficulties
>3 mo

• Unilateral or bilateral OME >3 mo and
symptoms likely attributable to OME
(c.g. balance problems, poor school
performance, car discomfort, etc.)

• At-risk children (permanent HI,
spcechdanguage delay, autism-
spectrum disorder, craniofacial
disorders, blindness, cleft palate,
developmental delay) with unilateral
or bilateral OME with type B
tympanogram or persistent effusion
>3 mo

• Recurrent AOM (>3 episodes in 6
mo or >4 in 12 mo) with unilateral or
bilateral MEE

XMulprarbuguMnrt: lyinpinioilomv lube,In
(War.Olotoiyng Head H«k 201J:1«:StS3$

mo

Complications
• extracranial

HI. and speech delay (secondary to persistent MEE), TM perforation, extension of suppurative
process to adjacent structures (mastoiditis, petrositis, labyrinthitis), cholesteatoma, facial nerve
palsy, middle ear atelectasis, ossicular necrosis, vestibular dysfunction

• intracranial
• meningitis, epidural /brain abscess, subdural empyema, lateral and cavernous sinus thrombosis,

sigmoid sinus thrombophlebitis, carotid artery thrombosis, facial nerve paralysis

postauricular abscess, Bezold’s abscess
• other

Otitis Media with Effusion
Definition
• presence of fluid in the middle ear without signs or symptoms of ear infection

Epidemiology
• most common cause of paediatric HL
• not exclusively a paediatric disease
• frequently follows AOM in children
• MEE have been shown to persist following an episode of AOM for 1 mo in 40% of children, 2 mo in

20%, and >3 mo in 10% (i.e. 90% of children clear the fluid within 3 mo - observe for 3 mo before-considering myringotomy and tubes)

Effectiveness of Tympanostomy Tubesfor Otitis
Media:A Meta-Analysis
Paedatncs 2017;139|6|:e20170125
Study: Systematic review evaluating the
effectivenessof lym pa nostomy tubes liuhildrr
with chronic OM with effusion and lecuuent AOM
compared to watchful waiting.
Oata Sources MEDLINE, Cochrane Central Reg ster of
Controlled Inals. EMBASE. CINAHl.
Results: Children treated with tymparostoeny tubes
compared with watchful waiting had a net decrease
(improvement) in mean hearing threshold of 9.1 d3et
T3moand 0.0 by12-24 nD. Children with recurrent
MM may have fewer episodes after tympanostomy

Risk Factors
• same as AOM

Clinical Features
• CHL ± tinnitus

confirm with audiogram and tympanogram (flat) (see Figure 16B, 0770 and Figure 17, 0777)
• fullness - blocked ear
• ± pain, low grade fever
• otoscopy of tympanic membrane

discolouration - amber or dull grey with “glue" ear
meniscus fluid level behind 'EM
air bubbles

• retraction pockets/ I'M atelectasis
most reliable finding with pneumatic otoscopy is immobility

tut*.
Conclusions Tympanostomy tubes improve heinng
it 1-3 mo compartd with watchful willing, with
noeidenceof benefit by 12-24 mo. Moreevidenc*
is netded foi recurrent ROM. Ihe benefits ol
tympanostomy tubes must be weighed agiinst i
variety ol associated adverse events.

Pharyngeal tonsil
(adenoid)

Upper midline
in nasopharynx

Treatment
• expectant:90% resolve by 3 mo

• watchful waiting for 3 mo from onset or 3 mo from diagnosis if onset unknown
• document HL with audiogram
• recommend against intranasal or systemic steroids, systemic antibiotics, antihistamines,

decongestants for OME treatment
• surgery: myringotomy ± ventilation tubes to equalize pressure and drain ear (tympanostomy tubes

recommended) ± adenoidectomy ( not recommended in <4 vr unless nasal obstruction, chronic
adenoiditis; recommended in >4 yr)

\

A!
a Tubali-tonsil 1x21
'Around openings
if Euslachion tubus

4
!*') —— Palatine
WM tonsil 1x21
law ' / Both sides 0

of oropharynx 5
CD

Lingual tonsil
Under mucosa of

^
posterior 1/3 of tongue

Figure 20. Waldeyer's ring
An interrupted circle of protective
lymphoid tissue at the upper ends of _j_
the respiratory and alimentary tracts

Complications of OME
• HL, speech delay, learning problems in young children
• chronic mastoiditis
• ossicular erosion
• cholesteatoma, especially when retraction pockets involve pars flaccida
• retraction of tympanic membrane, atelectasis, ossicular fixation

r -i
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Adenoid Hypertrophy
Definition
• size peaks at age 5 and resolves by age 12
• increase in size with repeated URTT and allergies

Clinical Features
• nasal obstruction

adenoid facies (open mouth, high arched palate, narrow midface, malocclusion)
history of hypernasal voice and snoring
long-term mouth breather; minimal air escape through nose

• choanal obstruction
chronic rhinosinusitis/rhinitis
OSA

• chronic inflammation
nasal discharge, post-nasal drip, and cough

• cervical lymphadenopathy

Diagnosis
• enlarged adenoids on nasopharyngeal exam (usually with flexible nasopharyngoscope)
• enlarged adenoid shadow on lateral soft tissue x-ray (palate elevation can make adenoid look larger)

Treatment
• self-resolving due to age-related adenoid atrophy
• antibiotics, if infectious

uncomplicated:amoxicillin, clindamycin or azithromycin (penicillin allergies)
chronic or recurrent:amoxicillin-clavulanate. adenoidectomy

Complications
• Eustachian tube obstruction leading to serous otitis media
• interference with nasal breathing, necessitating mouth breathing
• malocclusion
• sleep apnea/respiratory disturbance
• orofacial developmental abnormalities

Adenoidectomy
Indications for Adenoidectomy
• chronic upper airway obstruction with sleep disturbance/apnea ± cor pulmonale
« chronic nasopharyngitis resistant to medical treatment
• chronic serous OM and chronic suppurative OM (with second set of tubes)
• recurrent AOM resistant to antibiotics
• suspicion of nasopharyngeal malignancy
• persistent rhinorrhea secondary to nasal obstruction
• persistent adenoiditis after two courses of antibiotics
• hyponasal speech
• dental malocclusion or orofacial growth disturbance documented by orthodontist or dentist

Contraindications
• uncontrollable coagulopathy
• recent pharyngeal infection
• conditions that predispose to velopharyngeal insufficiency (cleft palate, impaired palatal function,or

enlarged pharynx)

Complications
• bleeding, infection
• velopharyngeal insufficiency' (hypernasal voice or nasal regurgitation)
• scarring of Eustachian tube orifice

Sleep-Disordered Breathing in Children
Definition
• spectrum of sleep-related breathing abnormalities ranging from snoring to OSA

Epidemiology
• peak incidence between 2-8 yr when tonsils and adenoids are the largest relative to the pharyngeal

airway
+
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Etiology
• due to a combination of anatomic and neuromuscular factors

• adenotonsillar hypertrophy
• craniofacial abnormalities

neuromuscular hypotonia (e.g. cerebral palsy, Down syndrome)
• obesity

Clinical Features
• nighttime symptoms: heavy snoring, pauses or apnea, sleeping with neck hyperextended, enuresis
• daytime symptoms: mouth breathing, excessive daytime sleepiness, behavioural/learning problems,

symptoms of ADHD (e.g. inattention, hyperactivity), morning headache, failure to thrive

Investigations
• flexible nasopharyngoscopy for assessment of nasopharynx and adenoids
• polysomnography (apnea-hypopnea index >l/h considered abnormal)

children: mild OSA 1 - <5/h; moderate OSA >5 - <10/h; severe OSA >10/h
adults: mild OSA 5.1-15/h; moderate OSA 15.1-30/h; severe OSA >30.1/h

Treatment
• nonsurgical:CPAP, BiPAP, sleep hygiene, weight loss in overweight/obese child with OSA
• medication: topical nasal steroids and leukotriene-receptor antagonists for mild OSA or residual

sleep-disordered breathing post-adenotonsillectomy
• surgical: bilateral tonsillectomy and adenoidectomy (T&A) is surgery of choice

if persistent OSA following tonsillectomy and adenoidectomy, consider adenoid regrowth
if these fail and patient not tolerant of positive airway pressure therapy, consider lingual
tonsillectomy, midline posterior glossectomy, tongue suspension or other surgeries targeting
areas of resistance as required; surgery may be guided by Drug-Induced Sleep Endoscopy or
cineradiography-MRI to localize site of resistance

Peritonsillar Abscess (Quinsy)
Definition
• cellulitis of space behind tonsillar capsule extending onto soft palate, leading to abscess

Etiology
• bacterial: group A Streptococcus (GAS) (50% of cases), S. pyogenes, S. aureus, H. influenzae,and

anaerobes

Epidemiology
• can develop from acute tonsillitis with infection spreading into plane of tonsillar bed (see Paediatrics,

P64 )
• unilateral
• most common in 15-30 yr age group

Clinical Features
• trismus (due to irritation and reflex spasm of the medial pterygoid) is the most reliable indicator of

peritonsillar abscess
• fever and dehydration
• sore throat, dysphagia, odynophagia, and drooling
• extensive peritonsillar swelling but tonsil may appear normal
• edema of soft palate
• uvular deviation
• dysphonia (edema -> failure to elevate palate) 2" to CN X involvement
• unilateral referred otalgia
• cervical lymphadenitis

Quinsy Triad
• Trismus
• Uvular deviation
• Dysphonia (“hot potato voice")

Complications
• aspiration pneumonia 2° to spontaneous rupture of abscess
• airway obstruction
• lateral dissection into parapharyngeal and/or carotid space
• bacteremia
• retropharyngeal abscess

L JTreatment
• secure airway
• surgical drainage (incision or needle aspiration) with C&S
• warm saline irrigation
• IV penicillin G x 10 d if cultures positive for GAS
• add PO/1V metronidazole or clindamycin x 10 d if culture positive for Bacteroides
• consider tonsillectomy after second episode

+
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Other Sources of Parapharyngeal Space Infections
• pharyngitis
• acute suppurative parotitis (see Salivary Glands,OT30). AOM
• mastoiditis (Bczold's abscess)
• odontogenic infection

Tonsillectomy
Absolute Indications
• most common indication: sleep-disordered breathing
• second most common indication: recurrent tonsillitis
• tonsillar hypertrophy causing upper airway obstruction, OSA, severe dysphagia, or cardiopulmonary

complications such as cor pulmonale
• suspicion of malignancy (e.g. lymphoma,SCC)
• orofacial/dental deformity
• hemorrhagic tonsillitis

Relative Indications (To Reduce Disease Burden)
• recurrent tonsillitis with a frequency of at least 7 episodes in the past yr, at least 5 episodes per yr for

2 yr, or at least 3 episodes per yr for 3 yr with documentation in the medical record for each episode
of sore throat, and I or more of the following: temperature >38.3*C, cervical adenopathy, tonsillar
exudate, or positive test for group A P-hemolytic Streptococcus (Paradise Criteria)

• chronic tonsillitis with halitosis (bad breath) or sore throat ± tonsiliths/tonsilloliths (clusters of
material that form in the crevices of the tonsils)

• complications of tonsillitis: quinsy/peritonsillar abscess, parapharyngeal abscess, retropharyngeal
abscess

• failure to thrive

Relative Contraindications
• velopharyngeal insufficiency: overt or submucous/covert cleft of palate, impaired palatal function due

to neurological or neuromuscular abnormalities
• hematologic:coagulopathy, anemia
• infectious: active local infection without urgent obstructive symptoms

Complications
• hemorrhage: primary (within 24 h); secondary (within first 7-10 d)
• odynophagia and/or otalgia; dehydration 2* to odynophagia
• infection
• atlantoaxial subluxation (Grisel’s syndrome) - rare

Airway Problems in Children
DIFFERENTIAL DIAGNOSIS BY AGE GROUP

Neonates (Obligate Nose Breathers)
• extralaryngeal

pyriform aperture stenosis
septal deviation
choanal atresia (e.g.CHARGE syndrome)
nasopharyngeal dermoid, glioma, encephalocoele
glossoptosis: Pierre-Robin sequence, Down syndrome, lymphatic malformation, hemangioma

• laryngeal
laryngomalacia: most common cause of stridor in children
saccular cyst/laryngocele
vocal cord palsy (due to trauma or Arnold-Chiari malformation)
glottic web
laryngeal cleft
laryngeal papillomatosis
subglottic stenosis

• tracheal. TEF
compression by vascular structure (e.g. left pulmonary artery sling, vascular ring)
tracheomalacia (anterior displacement of trachealis muscle)
complete tracheal rings

LJ
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2-3 Months
• congenital

laryngomalacia
• vascular: subglottic hemangioma (more common), innominate artery compression, double aortic

arch
• laryngeal papilloma

• acquired
subglottic stenosis: post-intubation
tracheal granulation: post-intubation
tracheomalacia:post-tracheotomy and TE1; repair

Infants- Sudden Onset
• foreign body aspiration
• croup
• bacterial tracheitis
• caustic ingestion
• epiglottitis

Children and Adults
• infection

• Ludwig’s angina
• peritonsillar/parapharyngeal abscess

retropharyngeal abscess
• neoplastic

• SCC (larynx, hypopharynx (adults))
• retropharyngeal: lymphoma, neuroblastoma

nasopharyngeal: carcinoma, rhabdomyosarcoma
• allergic

angioneurotic edema
• polyps (suspect cystic fibrosis in children)

• trauma
laryngeal fracture, facial fracture

• burns and lacerations
post-intubation
caustic ingestion

• congenital
lingual thyroglossal duct cyst

• lingual tonsil hypertrophy
• lingual thyroid

Signs of Airway Obstruction
Stridor
• note quality, timing (suggests site of stenosis)

inspiratory: vocal cords or above
biphasic:subglottis and extrathoracic trachea
expiratory': distal tracheobronchial tree

• body position important
lying prone: double aortic arch
lying supine: laryngomalacia, glossoptosis

Respiratory Distress
• nasal flaring
• tracheal tug
• supraclavicular and intercostal indrawing
• sternal retractions
• use of accessory muscles of respiration
• tachypnea
• cyanosis
• altered LOC

Feeding Difficulty and Aspiration
• supraglottic lesion
• laryngomalacia
• vocal cord paralysis
• laryngeal deft > aspiration pneumonia
• TEF

r i
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Acute Laryngotracheobronchitis (Croup)
Definition
• inflammation of tissues in subglottic space ± tracheobronchial tree
• swelling of mucosal lining associated with thick, viscous, mucopurulent exudate which compromises

upper airway (subglottic space is narrowest portion of upper airway)
• normal function of ciliated mucous membrane impaired

Etiology
• viral: parainfluenzae1 (most common), 11,111, influenza A and B, RSV

Clinical Features
• age: 6 mo-3 yr
• preceded by URT'I symptoms
• generally occurs at night
• biphasic stridor and croupy cough (loud, sea-lion bark)
• appear less toxic than epiglottitis
• supraglottic area normal
• rule out foreign body and subglottic stenosis
• “steeple-sign" on AP x-ray of neck
• if recurrent croup, think subglottic stenosis

Signs of Croup

The 3Ss
St ridor
Subglottic swelling
Seal bark cough

Treatment
• racemic epinephrine via metered-dose inhaler ql -2 h PRN (if severe croup, >2 Westley Croup Score)
• systemic corticosteroids (e.g. dexamethasone 0.5 mg/kg, prednisone)
• adequate hydration
• close observation for 3-4 h
• positive pressure ventilation, nasal trumpet, laryngeal mask airway, intubation if severe (use smaller

endotracheal tube than expected for age)
• hospitalize if poor response to steroids after 4 h and persistent stridor at rest
• consider alternate diagnosis if poor response to therapy (e.g.bacterial tracheitis)
• if recurrent episodes of croup-like symptoms, consider bronchoscopy for definitive diagnosis

Acute Epiglottitis

<8>Definition
• acute inflammation causing swelling of supraglottic structures of the larynx without involvement of

vocal cords Acute epiglottitis is a medical emergency

Etiology
• H. influenzae type B
• relatively uncommon condition due to H. influenzae type B vaccine
• common causes now include S', pneumoniae and S. aureus

When managing epiglottitis, it is
important not to agitate the child,as this
may precipitate complete obstructionClinical Features

• any age, most commonly 1-4 yr
• rapid onset
• toxic-looking, fever, anorexia, restlessness
• cyanotic/pale, inspiratory stridor, slow breathing, lungs clear with decreased air entry
• prefers sitting up ("tripod" posture), open mouth, drooling, tongue protruding, sore throat, dysphagia Thumb sign: cherry-shaped epiglottic

swelling with loss of the normal air
space of the vallecula seen on lateral
neck radiographInvestigations and Management

• examining the throat may lead to potential laryngospasm and airway compromise; ensure an
anesthesiologist/otolaryngologist is present and make preparations for intubation or tracheotomy
prior to any manipulation

• WBC (elevated), blood, and pharyngeal cultures after intubation
• lateral neck radiograph (only done if patient stable) shows "thumb sign"

Treatment
• secure airway
• IV access with hydration
• antibiotics: IV cefuroxime, cefotaxime,or ceftriaxone (10-14 d course should be completed)
• moist air
• extubate when leak around tube occurs and afebrile
• watch for meningitis

n
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Subglottic Stenosis
Congenital
• diameter of subglottis <4 mm in neonate (due to thickening of soft tissue of subglottic space or

maldevelopment of cricoid cartilage), or smaller than average size for age as determined by Myer-
Cotton grading system

Acquired
• following prolonged, repeated, or traumatic intubation

most commonly due to endotracheal intubation; nasal intubation is less traumatic and preferred
in long- term intubation, as it puts less pressure on the subglottis (tube sits at different orientation)
and there is less movement
subglottic stenosis is related to duration of intubation and endotracheal tube size resulting in
pressure necrosis and subsequent scar formation

• can also be due to foreign body, infection (e.g. TB, diphtheria, syphilis), or chemical irritation

Clinical Features
• biphasic stridor
• respiratory distress
• recurrent/prolonged croup

Diagnosis
• rigid laryngoscopy and bronchoscopy

Treatment
• if soft stenosis:diside tissue with knife or laser,dilate with balloon ± steroids
• if firm stenosis: laryngotracheoplasty

Laryngomalacia
Definition
• short aryepiglottic folds, omega-shaped epiglottis, redundant mucosa over arytenoids
• caused by indrawing of supraglottis on inspiration, leading to breathing against closed glottis, causing

laryngopharyngeal reflux of acid

Clinical Features
• high-pitched inspiratory stridor at 1-2 wk
• stridor is constant or intermittent and more pronounced when supine or following URTI
• usually mild, but can be associated with cyanosis or feeding difficulties when severe, leading to failure

to thrive

Laryngomalada is the most common
cause of stridor in infants

Treatment
• observation ± proton pump inhibitor (to break the acid reflux cycle that leads to edema and worse

airway obstruction) is usually sufficient, as symptoms spontaneously subside by 12-18 mo in >90% of
cases

• if severe, division of the aryepiglottic folds (supraglottoplasty) provides relief

Foreign Body
Ingested
• usually stuck at cricopharyngcus muscle
• coins, toys, batteries (emergency)
• presents with drooling, dysphagia, stridor if very large

Aspirated
• usually stuck at right main bronchus
• peanuts, carrot, apple core, popcorn, balloons
• presentation

stridor if lodged in trachea (beware of the silent child as there may be complete obstruction )
unilateral “asthma” if bronchial, therefore often misdiagnosed as asthma
if completely occluded airway:cough, lobar pneumonia, atelectasis, mediastinal shift,
pneumothorax, death

Diagnosis and Treatment
• sudden onset, not necessarily febrile or elevated WBC
• any patient with suspected foreign body should be kept NPO immediately
• older patient: inspiratory-expiratory'chest x-ray (if patient is stable)
• younger patient: right and left decubitus chest x-rays.Lack of lung deflation while resting on

dependent side suggests foreign body blocking bronchus
• bronchoscopy or esophagoscopy with removal

Foreign body inhalation is the most
common cause of accidental death In
children

Button batteries MUST be ruled out as a
foreign body (vs. coins) as they are lethal
and can erode through the esophagus.
Batteries have a halo sign around the
rim on AP x-ray and a step deformity on
lateral x-ray r -i
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Deep Neck Space Infection
Definition
• most commonly arise from an infection of mandibular teeth, tonsils, parotid gland, deep cervical

lymph nodes, middle ear, or the sinuses
• often a rapid onset and may progress to fatal complications

Etiology
• usually mixed aerobes and anaerobes that represent the flora of the oral cavity, upper respiratory

tract, and certain parts of the ears and eyes

Clinical Features
• sore throat or pain and trismus
• dysphagia and odynophagia
• stridor and dyspnea
• late findings may include dysphonia and hoarseness
• swelling of the face and neck, erythema
• asymmetry of the oropharynx with purulent oral discharge
• fever, lymphadenopathy

Diagnosis
• CBC with differential
• lateral cervical view plain radiograph
• cr
• MRI

These investigations should be obtained
carefully and the surgeon should
consider accompanying the patient,
as the worst place to lose an airway is
during imaging

Ludwig's angina is the prototypical
infection of the submandibular and
sublingual space

Treatment
• secure the airway
• surgical drainage
• maximum doses of IV systemic antimicrobials regimens according to the site of infection

Common Medications
Table 22. Antibiotics
Generic Name (Brand
Name)

IndicationsDose Notes

amoxicillin (Amoxil ' . Amoxl®,
Amox 5)

Adult 500 mg PO TID
Children:75-90 mg/kg/d in
2 divided doses
3 g TO qG h

Streptococcus. Pneumococcus. H. May cause rash in patients with
influenzae.Proteus coverage infectious mononucleosis

Gram-posilivcand negative
aerobes and anaerobes plus
Pseudomonos coverage
Pseudomonas,Streptococcus.
methicillin-resistanl
Staphylococcus aureus ( MBSA),
and most Gram- negative:no
anaerobic coverage
Alternative to penicillin

piperacillin with tarobadam
Itosyn®)

May cause pseudomembranous
colitis

ciprofloxacin (CiproCiloxan 500 mg P0 BID Animal studies suggest that
systemic quinolones may cause
cartilage necrosis in children

erythromycin (Erythrocin
EryPed®,Station3,Mat®,
Erybid ' , Hovorythro Encap ' )

500 mgPOQID Ototoxic

Table 23. Otic Drops
Generic Name (Brand
Name)

IndicationsDose Notes

for 0E and complications of 0M
Pseudomonos,streptococci,
MUSA, and most
Gram-negative:no anaerobic
coverage
forOE
Used for inflammatory conditions
which are currently infected or at
risk of bacterial infections
ForOM

ciprofloxacin (Ciprodcx ) 4 gtl In allotted car BID

5 git in affected ear IID May cause HI il placed in inner earneomycin, polymyxin 8 sulfate,

and hydrocortisone (Cortisporin
Otic ) r i

L J

5-10 git in affected ear TIDhydrocortisone and acetic acid
(YoSol HC ’ )
tobramycin and dciamethasone
(TobraDex - )
Locacorten-Vioform Ear Drops '

Bactericidal by lowering pH

5-10 gllinaflected ear BID For chronic suppurative 0M Bisk ol vestibular or cochlear
toxicity +

2-3 gtt in affected ear BID ForOE,Otomycosis
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Table 24. Nasal Sprays
Generic Name (Brand Name) Indications Notes

Steroid
flunisolide (Rhinalar -

budesonide (Rhinocort ),
triamcinolone (Nasacort ' )
beclomelliasonc (Beconase ’ ).
mometasone furoate, monohydratc
(Nasonex ' >.
fluticasone luroale (Ayarnys ’.Flonase').
ciclesonide (Omnaris }

Allergic rhinitis
Chronic sinusitis

Requires up to 4 wk olconsistent use to have
effect
longtermusc
Dries nasal mucosa:may cause minor bleeding
Patient should stoprf cpistams
May sling
Flonase’and Nasonei' not absorbed
syslemically

Antihistamine
levocabastine (Livostin:) Allergic rhinitis Immediate effect

Discontinue if no effect by day 3
Use during allergy season

Occongcslant
xylomelazoline (Otrivin ' ).
oxymelaaoline (Orislan ®).
phenylephrine (Neosynephrlnc )

Careful if patient has H1N
Short- term use ('5 d)
IIlong term use.cancausc decongestant
addiction (i.e.rhinitis medicamentosa)

Acute sinusitis
Rhinitis

Antibiotic!Decongestant
framycetin,gramicidin,
phenylephrine (Soframycin 5)

Acute sinusitis

Anticholinergic
ipratropium bromide (Atrovent ") Careful not to spray into eyes as it can cause

burning or precipitation olnarrow angle
glaucoma
Increased ralcof epislaiis when combined
with topicalnasal steroids

Vasomotor rhinitis

lubricants
saline.NeilMedRhinaris ®,
Secaris!.Polysporin’.Vaseline!

Dry nasal mucosa Use PRO
Rhinaris: and Secaris ' may cause stinging

Combination
arelastine hydrochloride (antihistamine) and Allergic rhinitis
fluticasone propionate (steroid) (Dymista ')
Source:Dr.MM Carr
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Landmark Otolaryngology - Head and Neck Surgery Trials
Trial Name Reference Clinical Trial Details
Acute Otitis Media

NEJM 2016:375:2446-2466 Title:Shortened Antimicrobial Treatment for Acute Otitis Media in Young Children
Purpose:To study the potential of limiting the duration of antimicrobial treatment among children with acute otitis media to
prevent antimicrobial resistance.
Methods:Children with acute otitis media were assigned to 2 gioups.1group received amoxicillin-clavulanale for 10 d. the other
group received a reduced duration of 5 d. Rate of clinical response,recurrence, and nasopharyngeal colonisation were measured.
Results:Children treated with amoxicillin -clavulanale for 5 d had higher rates of clinical failure than those treated lor the full
duration.Mean symptoms scores over Irom d 6 14 were 1.61 in the 5 d group and 1.34 in the 10 d group.
Conclusions:10 d of amoxlcillln-clavulanate had more favourable outcomes and no increase in adverse events or antimicrobial
resistance compared to a 5 d course in children ages 6mo-2 yr.
Title:Meet ol Antimicrobial Treatment of Acute Otitis Media on the Daily Disappearance on Middle Tar Illusion
Purpose: To study the effect of antimicrobial treatment on the duration olmiddle ear effusion|MTE) and hearing impairment.
Methods:Children were assigned to either have 40mg/kg of amoxicillin-clavulanale or a placebo miiture for 7 d.The primary
outcome measure was time till disappearance of MET.
Results:MEE disappeared 2 wk earlier in the antimicrobial group,than in the placebo group (2.7 wk vs.4.7 wk,respectively).
Conclusions:Treatment with amoxicillin-clavulanale reduced the duration of middle ear effusion compared to placebo in children
vrith acute otitis media.

Shortened Antimicrobial Treatment
for AcuteOtitis Media in Young
Children

Effect of Antimicrobial Treatment
ol Acute Otitis Media on the Daily
Disappearance on Middle Ear
Effusion

JAMAPediatr.
2014;168(7):635- 641

Head and Heck Malignancy
NEJM 2015:373(6):521-9 Title:Elective versus Therapeutic Neck Dissectionn Node-Negative Oral Cancer

Purpose: To evaluate survival after elective neck dissection vs. therapeutic neck dissection in patients with lateraliied stage 11 or
12 oval squamous- cell carcinomas.
Methods: Aprospedive,randomited, controlled trial that evaluated survival after elective node dissection vs. therapeutic node
dissection.Overall survival and disease- free survival were used asprimary and secondary endpoints, respectively.
Results:At 3 yr.elective node dissection resulted inmore survival (80%).than therapeutic neck dissection (67.5%).As well,at 3
yt. elective node dissection patients had a higher rate of disease free survival compared lo those in the therapeutic surgery group
(69.5% vs.45.9%).
Conclusions: Among patients with early-stage OSCC.elective neck dissection resulted inhigher rates of overall and disease- free
survival.

NEJM 2016; 374:1444-1454 Title:PET-CT Surveillance versus Neck Oissection in Advanced Head and Neck Cancer
Purpose:To compare the usefulness of planned neck dissection versus PET-CT-guided surveillance in patients withnodal stage N2
or N3 SCC.
Methods:Patients with N2 or N3 neck disease were randomly assigned to either a neck dissection(planned surgery group) or PET-
CT 12 weeks after chemoradiotherapy completion (surveillance group).The primary endpoint was overallsurvival.
Results: The 2 yr survival rate was 84.9% (95% Cl.80.7 to 89.1) in the surveillance group and 81.5% (95% Cl.76.9 to 86.3) in the
surgery group. The hazard ratio slightly favored PET-CT- guided surveillance and indicated noninferiority (upper boundary of the
95% Cl lor the hazard ratio. - 1.50; P‘0.004).
Conclusions: PET- CT-guided surveillance is noninferior to planned neck dissection for overall survival in N2 or N3 SCC of Ihe head
and neck.

NEJM 2016: 375:1856 -1867 Title:Nivolumab for Recurrent Squamous-Cell Carcinoma ol the Head and Neck
Purpose: To compare the overall survival of patients with plalinum-refiaclory SCC of the head and neck treated with nivolumab
versus standard therapy.
Methods:Patients with recurrent SCC of the head and neck and disease progression within 6 mo after platinum-based
chemotherapy received either nivolumab or standard systemic therapy (methotrexate,docetaxel.or celuximab).The primary
endpoint was overall survival.
Results:Median overall survival was 7.5 mo (95%Cl.5.5 to 9.1) in the nivolumab group compared to 5.1mo (95% Cl,4.0 to 6.0) in
the standard therapy group.Survival is significantly longer with nivolumab (hazard ratio for death.0.70:97.73% Cl.0.51 to 0.96:
P-0.01).
Conclusions:Treatment with nivolumab resulted in longer overall survival than treatment with standard therapy in platinum-
refractory.recurrent squamous-cell carcinoma of the head and neck.

Elective versus Therapeutic Neck
Dissection in Node -Negative Oral
Cancer

PET-NECK

CheckMale141

Sleep-Disordered Breathing
Title:Effectiveness ol Adenotonsillectomy vs.Watchful Wailing in Young Children Willi Mild to Moderate Obstructive Sleep Apnea:
A Randomized Clinical Trial
Purpose: To determine whether adcnolonsillcclomy is more effective than watchful wailing for treatinghealthy children with mild
lo moderate 0SA.
Methods: 60 children ages 2 to 4 with mild lo moderate 0SA were randomized to cither adonotonsilledomy or watchlul walling.
Ihe primary outcome was Ihe difference inmean obstructive apnea hypopnea index (0AHI) score change between the two gioups.
Results:Both gioups had a reduced mean 0AHI score with a small intergroup difference (-1.0:95% Cl.-2.4 to 0.5).Children with
moderate 0SA showed a meaningful intergroup difference in mean 0AHI score change, favouring adenotonsilledomy (-3.1;95% Cl,
-5.71o-0.5).
Conclusions:Otherwise healthy children ages 2-4 withmild 0SA may benefit from watchful waiting,while children with moderate
OSA should beconsidered for surgical treatment.
Title:A Randomized Trial of Adenotonsilledomyfor Childhood Sleep Apnea
Purpose: To investigate the benefits of adenotonsilledomy vs.supportive care on children withobstructive sleep apnea.
Methods:Children ages 5-9 yr, with obstructive sleep apnea syndrome were randomized to adenotonsilledomy or a strategy of
watchful waiting.Polysomnogiaphic,cognitive,behavioural,and health outcomes were assessed at baseline and again at 7 mo.
Results: Attention and executive function scores from baseline did not change significantly in theadcnolonsilledomy group vs.
the watchful waiting group (7.1x13.9 vs.5.1r13.4. respectively).Signilican!differences frombaseline in behavioural,and quality
of life were found in Ihe adenotonsilledomy group. Normalization olpolysomnogruphic findings were foundin more of Ihe
adenotonsilledomy than Ihe watchful waiting group (79% vs. 46%).
Conclusions: Surgical treatment for obstructive slcepapnea in children ages 5-9 did not significantly improve attention or
executive function but did improve behaviour, quality of life,and polysomnogiaphic findings compared to watchlul waiting.

KATE JAMA Otolaryngol
Head Neck Surg.
2020;146|7|:647 654

NEJM 2019:20|9):1273-CHAT
1285
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Paediatric Quick Reference Values
Primary Care
Visit Overview
Routine Immunization
Growth and Development
Nutrition
Circumcision
Common Complaints
Breath Holding Spells
Crying/Fussing Child
Infantile Colic
Dentition and Caries
Enuresis
Encopresis
Toilet Training
Failure to Thrive
Obesity
Poison Prevention
Rashes
Sleep Disturbances
Sudden Infant Death Syndrome
Adolescent Medicine
Child Abuse and Neglect
Physical Abuse
Sexual Abuse
Neglect
Cardiology
Congenital Heart Disease
Acyanotic Congenital Heart Disease
Cyanotic Congenital Heart Disease
Congestive Heart Failure
Dysrhythmias
Heart Murmurs
Infective Endocarditis
Development
Global Developmental Delay
Intellectual Disability
Language Delay
Specific Learning Disorder
Fetal Alcohol Spectrum Disorder
Attention Deficit Hyperactivity Disorder
Autism Spectrum Disorder
Motor Delay
Endocrinology
Antidiuretic Hormone
Diabetes Mellitus
Growth
Hypercalcemia/Hypocalcemia/Rickets
Hyperthyroidism and Hypothyroidism
Disorders of Sexual Development

Fluids and Electrolytes
Approach to Infant/Child with Dehydration
Gastroenterology
Vomiting
Gastroesophageal Reflux
Tracheoesophageal Fistula
Pyloric Stenosis
Duodenal Atresia
Malrotation of the Intestine
Diarrhea

P3 Gastroenteritis
Toddler's Diarrhea
Lactase Deficiency (Lactose Intolerance)
Irritable Bowel Syndrome
Celiac Disease
Cow's Milk Allergy
Inflammatory Bowel Disease
Cystic Fibrosis
Constipation
Abdominal Pain
Chronic Abdominal Pain
Abdominal Mass
Upper Gastrointestinal 8leeding
Lower Gastrointestinal Bleeding
Genetics,Dysmorphisms,and Metabolism
Hematology
Approach to Anemia
Physiologic Anemia
Iron Deficiency Anemia
Vitamin K Deficiency
Anemia of Chronic Disease
Sickle Cell Disease
Thalassemia
Hereditary Spherocytosis
Glucose-6-Phosphate Dehydrogenase Deficiency
Bleeding Disorders
Immune Thrombocytopenic Purpura
Hemophilia
von Willebrand's Disease
Oncology
Lymphadenopathy
Leukemia
Lymphoma
Brain Tumours
Wilms' Tumour (Nephroblastoma)
Neuroblastoma
Bone Tumours
Cancer Predisposition Syndromes
Infectious Diseases
Fever
Acute Otitis Media
Otitis Media with Effusion
Gastroenteritis
HIV Infection
Infectious Paediatric Exanthems
Infectious Mononucleosis
Infectious Pharyngitis/Tonsillitis
Meningitis
Mumps
Pertussis
Pneumonia
Periorbital (Preseptal) and Orbital Cellulitis
Sexually Transmitted Infections
Sinusitis
Urinary Tract Infection

Neonatology.
Gestational Age and Size
Routine Neonatal Care
Neonatal Resuscitation
Common Conditions of Neonates
Apnea
Bleeding Disorders in Neonates
Bronchopulmonary Dysplasia
Cyanosis
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P4

P10

P50
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P26

P58
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P38
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Diaphragmatic Hernia
Hypoglycemia
Neonatal Hyperbilirubinemia
Necrotizing Enterocolitis
Persistent Pulmonary Hypertension of the Newborn
Respiratory Distress in the Newborn
Retinopathy of Prematurity
Sepsis in the Neonate
Skin Conditions of the Neonate

Nephrology
Common Paediatric Renal Diseases
Hemolytic Uremic Syndrome
Nephritic Syndrome
Nephrotic Syndrome
Hypertension in Childhood
Neurology
Cerebral Palsy
Febrile Seizures
Hypotonia
Neurocutaneous Syndromes
Recurrent Headache
Seizure Disorders
Respirology
Asthma
Bronchiolitis
Cystic Fibrosis
Pneumonia
Respiratory Distress
Rheumatology
Growing Pains
Juvenile Idiopathic Arthritis
Limb Pain
Lyme Arthritis
Reactive Arthritis
Septic Arthritis and Osteomyelitis
Systemic Lupus Erythematosus
Transient Synovitis of the Hip
Vasculitides
Common Medications
Landmark Paediatric Trials
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Acronyms
AAP American Academy o( Pediatrics 01
ABG arterial blood gas
ACE angiotensin converting enzyme
ACEI angiotensin converting enzyme OKA

inhibitor
ADH antidiuretic hormone
AGA appropriate for gestational age OS
ALL acute lymphoblastic leukemia OSD
ALPS autoimmune lymphoprolilerativc EBV

syndrome
AML acute myelogenous leukemia
ANA antinuclear antibody
AOM acute otitis media
ARB angiotensin receptor blocker
ARBO alcohol-related birth defects FIT
ARNO alcohol-related

ncurodevclopmcntal disorder
ASD atrial septal delect
ASOT antistreptolysin-o titre
AIN acute tubular necrosis
AVM arteriovenous malformation GN
BRUE
CAH congenital adrenal hyperplasia
CAS Children's Aid Society
COGP constitutional delay of growth

and puberty
CF cystic fibrosis
CFIR cystic fibrosis transmembrane

conductance regulator
CHO congenital heart defect
CML chronic myelogenous leukemia
CMV cytomegalovirus
CP cerebral palsy
CPAP continuous positive airway

pressure
CPS Canadian Paediatric Society
DAT direct antiglobulin test
DDAVP 1-desamino-8-Darginine

vasopressin

diabetes insipidus
QIC disseminated intravascular

coagulation
diabetic ketoacidosis

DMARD disease modifying antirheumatic
drug
Down syndrome
disorder of sexual differentiation IVIg
Epstcin- Barr virus

Echo echocardiogram
FAS fetal alcohol syndrome
FASD fetal alcohol spectrum disorder LGA
FISH fluorescent in situ hybridization LLSB
FSS familial short stature

inflammatory bowel disease
ideal body weight
intracranial hemorrhage
immune thrombocytopenic

I6D
IBW PPHN persistent pulmonary

hypertension of newborn
PPV positive pressure ventilation
PUVA psoralen * UVA
RAD right axis deviation
RAS renal artery stenosis
RBB8 right bundle branch block
RDS respiratory distress syndrome
RF rheumatoid factor

Rhesus factor
RL Ringer’s lactate
RSV respiratory syncytial virus
RUS8 right upper sternal border
RVH right ventricular hypertrophy
RVOTO right ventricular outflow tract

obstruction

ICH
IIP

purpura
intrauterine growth restriction
intraventricular hemorrhage
intravenous immunoglobulin
juvenile idiopathic arthritis
left atrial hypertrophy
low birth weight
large for gestational age
lower left sternal border
lower motor neuron
level of consciousness

IUGR
IVH

JIA
LAH
LBW Rh

LMN
LOCfailure to thrive

gestational age
GAS group A Streptococcus
G8M glomerular basement membrane LV
GBS group B Streptococcus
GERD gastroesophageal reflux disease MAS

glomerulonephritis
brief resolved unexplained events GSO glycogen storage disease

GTPAL Gravidity Term Preterm Abortion MOD
Living

HBsAg hepatitis B surface antigen
HDN8 hemorrhagic disease of the

newborn

GA LP lumbar puncture
lower respiratory tract infection
left ventricle
left ventricular hypertrophy

LRII
SEM systolic ejection murmur
SGA small for gestational age

meconium aspiration syndrome SIAOH syndrome of inappropriate
MCAD medium-chain acyl-CoA

dehydrogenase
minimal change disease
metered dose inhaler

MEE middle ear effusion
MSUO maple syrup urine disease
NCS nerve conduction study

necrotizing enterocolitis
neurofibromatosis

NICU neonatal intensive care unit
normal saline

LVH

antidiuretic hormone
SIDS sudden infant death syndrome
STEC Shiga toxin-producing E. coli
SVT supraventricular tachycardia
TEF tracheoesophageal fistula

tympanic membrane
total parenteral nutrition
transient tachypnea of the
newborn

UMN upper motor neuron
URTI upper respiratory tract infection
UVA ultraviolet A
VCUG voiding cystourethrogram
VKDB vitamin K deficiency bleeding
VSD ventricular septal defect
VUR vesicoureteral reflux
WPW Wolff-Parkinson-White

r . ’ Li

1M
TPN

HEEADSSSHome Education/Employment NEC
Eating Activities Drugs Sexuality NF
Suicide/depression Safety/
violence
Haemophilus influenzae type b OOP

HIDA hepatobiliary iminodiacetic acid OME
HIE hypoxic ischemic encephalopathy ORT
HPA human platelet antigen
HRV human rotavirus
HSP Henoch-Schonlein purpura
HSV herpes simplex virus
HUS hemolytic uremic syndrome

TIN

NS
oral contraceptive pill
otitis media with effusion
oral rehydration therapy
obstructive sleep apnea
premature atrial contraction
polycystic ovarian syndrome
patent ductus arteriosus
phenylketonuria

Hib

OSA
PAC
PCOS
PDA
PKU

Paediatric Quick Reference Values
Table 1. Normal HR and RR at Various Ages

Pulse (bpm) Respiratory Rate (br/min)Age (yr) Canadian Immunization Guide
National Advisory Committee on
Immunization.Canadian Immunization
Guide (CIG). Last Modified 2021.Public
Health Agency of Canada, 2006.
Available at https://www.canada.ca/
en/public-health/services/canadian-
immunization-guide.html

Neonale (- 28 d)
Infant (1-12 mo)

Toddler (1-2 yr)
Preschool (3-5 yr)
School-age (6-11yr)
Adolescent (12-15 yr)

100-205
100-190
98-140
80-120

30-53

22-37
20-28

75-118 18-25

60100 12-20

Table 2. Normal sBP at Various Ages
sBP (mmHg)Age

Birth<1kg (12h)
Birth 3 kg (12h)
Neonate (96 h)

Infant (1-12 mo)
Toddler (1-2 yr)
Preschool (3-5 yr)
School-age (6-9 yr)
Preadolescent (10-11yr)
Adolescent (12-15 yr)

39-59
60-76
67-84

72-104
86-106
89-112
97-115
102-120
110131

L J

Table 3. Normal Temperature Ranges
Normal Temperature Range FeverMethod

36.6°Cto 38°C
35.8”C to 38"C
35.5”C 10 37.5’C
36.5"C to 37.5"C

>38“CRectal +
Ear >38“C

>37.5“C
>37.5VC

Oral
Axillary
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Table 4. Temperature Measurement Technique Recommendations
Suggested TechniqueAge

Birth to 2 yr 1.Rectal (definitive)
2. Axillary (screening low risk children)

Over 2yr to 1. Rectal (delinltive)
2.Axillary.Tympanic (or Temporal Artery if in hospital) (screening)

Older than 1.Oral (definitive)
2.Axillary,Tympanic (or Temporal Artery if in hospital) (screening)

5 yr

5 yr

Primary Care

Visit Overview

•schedule of well-child visits
• newborn (within <18-72 h post-discharge), 2, <1, 6, 9, 12, and 18 mo

annually between ages 2-5; every 1-2 yr between ages 6-18
•content

history and physical exam including growth, development, and nutrition
routine immunizations
counselling and anticipatory guidance
see evidence based clinical tools such as Rourke Baby Record and Greig Health Record for more
information

According to the Centers for Disease
Control and Prevention (CDC). the weight
of currently available scientific evidence
does not support the hypothesis that
the Measles, Mumps and Rubella (MMR)
vaccine causes either autism or IBD. The
landmark paper linking autism to the
MMR vaccine (Lancet 1998:351:637-641)
was retracted due to false claims in the
article (Lancet 2010:375:445)Standard Paediatric History

• BINDS: Birth, Immunization, Nutritional, Developmental, Social
• ID: name, age, major chronic medical concerns
•chief complaint (GC )/reason for referral ( RI-'R)
• HPI: child and caregiver

• OPQRSTU
• recent travel, sick contacts

•obstetrical history
• prenatal/pregnancy history

conception
GTPAL
screening: blood group, Rh, DAT, HBsAg, rubella, syphilis, HIV, GBS
genetic screening: maternal serum screening (MSS), first trimester screening (ITS),
integrated prenatal screening (IPS), amniocentesis, special tests
ultrasounds
complications: illnesses, infections, bleeding, gestational diabetes (GDM), gestational
hypertension (GHTN )
medications, vitamins, iron, smoking, drinking, drug use

• labour and delivery or birth history, and why
gestational age at birth, birth weight
labour complications: prolonged rupture of membranes, maternal fever, fetal tachycardia,
meconium

Adverse Reactions Associated with
Any Vaccine

• Local: induration, tenderness,
redness, swelling

• Systemic: fever, rash, irritability
• Allergic:urticaria, rhinitis,

anaphylaxis
Contraindication:

• Moderate/severe illness ± fever
• Allergy to vaccine component
• No need to delay vaccination for

mild URTI

Vaccination in Caseiol Asplenia or Hyposplenia
(such as Sickle Cell Disease)
• Should receive all routine lmiitaaiHUoat,ia(Mia|

the yearly inltuerna vaccine
• No vaccines are contraindicated, though

live vaccines can be contraindicated a
immunodeficiencies such as DiGeorge syndrome
(22q11.2 deletion)

• Susceptible tu infection by encapsulated bactena
(*SHiNE KISS'-S. poemotim.H.mftierae.I.
meomyifidrs,£ coll Klebsiella.SolmseHo.Croup
SSfreyx), so must add:
• Quadrivalent conjugated Meningococcal C

vaccine (Men -C -ACYW) and Meningococcal S
vaccine (4CMenB|at time of d agnosrs if >2
mo (2-4 doses given at least 8 vrk apart) vrith
booster every 5 yr thereafter

• Canonirtroutine Men -goccccal C Co- .gate
at 11 mo if received Men C -ACVWacd expected
to receive a second dose wittier 8 « k

• Pneumococcal polysaccharide vaccme
(Pneu P -23|at >2 yr and single booster >5yr
alter first dose

• Pneumococcal conjugate vaccine (Pneu -C-tt)1-2
doses8wk a pa rl if >12 mo at ti me of diagnosis
• Consider single booster Nib at >5yr

« spontaneous vaginal delivery, interventions required: forceps, vacuum, caesarean delivery
(CD)
medications used during labour
resuscitation: APGARs
length of hospital stay, N1CU stay

•past medical history
• hospitalizations, ED visits, past surgeries, chronic illnesses, accidents or injuries, community

resources/services involved or referrals in place, other specialists involved in care
medications

•allergies
•immunizations (including contraindications, such as previous anaphylaxis, or immunosuppression )
•developmental history

• meeting major milestones
• behavioural concerns

• nutritional history
• breast vs. formula feeding
• milk intake
• solids, variety, etc.

•family history
consanguinity, recurrent pregnancy losses, early childhood deaths

+
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• social history
• who lives at home? Siblings?

does the child attend daycare or school? Primary care givers?
• school adjustment, friends, activities, safety, stability, stressors
• HEhADSSS history for adolescents

ITHELPS - income, transportation, home, education, legal status, personal safety, support

Routine Immunization

Table 5. Publicly Funded Immunization Schedule for Ontario
DTaP- TdaP- Pneu- Rot-5
IPV-Hib IPV C-13

MMR Var MMRV Men-C- HepB HPV-9 Tdap Inf
ACYW

Men'
Injection site
Infants (<12 mo):anterolateral thigh

C-C
2 mo

4 mo
AO-MM ^IM
m-4|M-MM
AO

6 mo
12 mo
15 mo
18 mo
4-6 yr’

Grade 7

^IM AO A Systematic Review of the Effect of Rotavirus
Vaccination onDiarrhea OotcomesAmong
Oiildren Younger Than 5 Years
Pediatr Infect Dis J 2016:35(9)592-998
Purpose: To review evidence of rotavirus vaccine
efficacy and effectiveness by tMenm.m Development
Goal Region.
Method : RCIs and observaf studies on rotavirus
vaccine In children < 5 yfo were included m this review.
Primary oulcomes included rotavirus diarrhea or
diarrhea olunspecified ehofogy.Secondary outcomes
included diarrhea episodes of any severity,and
seveie diarihea episodes,hospitalization,and death.
Results: 48 studies were eligible for or elusion
in this review.Rotavirus vaccine was found to he
effective and efficacious. Across all millennium
development regions rotavirus vaccine prevented
rotaviiusdiarihea.seveie rotavirus diarrhea, and
rotavirus hospitalization, the vaccine also reduced
seveie diarihea and diarrhea related hospitalization
in general.

v'lM ÎM -/SC
AC

^IM
AC•AM

^IM VIM 3
doses
(0.1.6

VIM 2
doses
(0.6

mo) mo)
VIM14-16 yr

Every autumn
(beginning at
age 6 mo)

VIM

IM- intramuscutar:PO = per oral:SC = subcutaneous
•Preferably given at 4 yt of age
DTaP'IPV-Hib * diphtheria,tetanus,acellular pertussis, inoctivated polio,Haemophilus inlluenxue type b vaccine(ie.Pcdiacc! ) TdaP-IPV
diphtheria, tetanus, acellular pertussis. Inactivated polio vaccine (l.c. Adacel Polio):HepB •hepatitis B vaccine:HPV-4•human papillomavirus
vaccine:Ini•Intluenza vaccine:MMR - measles,mumps, tubellu vaccine:Mun-C-C •meningococcal c conjugate vaccine:Mon-C-ACYW •
meningococcal vaccine;MMRV - measles,mumps, rubella,vailcella vaccine;Pneu- C -13 « pneumococcal13-valent conjugate vaccine;Rul-5 •
rotavirus oral vaccine:Var - varicella vaccine

Table 6. Adverse Reactions and Contraindications of Routine Immunizations
Vaccine Adverse Reaction Contraindication

Prolonged crying
Hypotonic unresponsive state (rare)
Seizure on day ol vaccine (race)

Cough
Diarrhea,vomiting
fever
Intussusception

Measles-like cash (7-14 d)
Lymphadenopathy,arthralgia,arthritis
Parotitis (care)
Especially painful injection
transient thrombocytopenia (1430000)
Mild varicella-like papules or vesicles:
2 wk may gel local or generalized rash

Evolving unstable neurologic disease
Hypoiesponsivelhypotonic following previous vaccine
Anaphylactic reaction to neomycin or streptomycin

History ol intussusception
Immunocompromised
Abdominal disorder (e.g. Meckel's diverticulum)

TdaP-IPV

RolS

MMR Pregnancy
Immunocompromised infants (except healthy HIV positive children)
Anaphylactic ceaction to gelatin

Pregnant or planning lo gel pregnant within 3 mo
Anaphylactic leadion to gelatin

Anaphylactic reaction to Baker's yeast
Same as MMR and Var vaccines
1st trimester pregnancy
<6 mo of age
Immunocompromised
Egg-allergic individuals - Live attenuated influenza vaccine isnot
recommended lor those wilh an egg allergy. In these individuals.
Irivalenl or quadrivalent vaccine can be givenin an environment
where anaphylaxis can be managed

Var

HepB
Same as MMR and Var vaccinesMMRV

DTaP
Ini Malaise,myalgia

febrile seizure when given withPneu-C-13 or DTaP
Hypersensitivity reaction

HPV-9
Men -B'

Prerilus
Anaphylactic reaction to Men-B vaccine or its components in the past

Anaphylactic reaction to Men-8 vaccine or its components in the past
ri

Men-C-ACYW Syncope (rare) L J

* Currently onlypublicly funded lor select groups(asplenia. antibodyVcomplement deficiencies, cochlear implant recipients.HIV,close contacts
with infected individuals)
DTaP 3diphtheria,tetanus,acellular pertussis vaccine: TdaP-IPV 3 diphtheria, tetanus,acellular pertussis, inactivated polio vaccine (i.e.Adacel -
Polio);HepB 3 hepatitis B vaccine:HPV-4 3 humanpapillomavirus vaccine;Ini 3 intluenza vaccine:MMR 3 measles,mumps,rubella vaccine:
Mun-B 3 multicomponent meningococcal B vaccine: Men-C-C > meningococcal c conjugate vaccine:Men-C-ACYW 3 meningococcal vaccine.
MMRV - measles,mumps,lubella,vailcella vaccine:Rot-5 3 iotavirus oral vaccine:Var •varicella vaccine +
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• adverse effects following immunization: must be reported to the local or regional health unit when
the event: has a temporal association with a vaccine, has no other clear cause at the time of reporting,
meets one or more of the seriousness criteria, is unexpected

• temperature regulation in vaccine storage: cold chain generally + 2 to +8#C

Modifications to the Routine Vaccination Schedule
• catch-up immunization schedules for children not previously immunized
• additional immunizations for children at-risk due to underlying medical conditions
• update Dec 2020:current Ontario catch-up program for HPV vaccine - 2-3 doses for Grades 8-11

(males) and Grades8-12 (females)

Immunization of Immunocompromised Patients
• susceptibility to infection and vaccine response varies
• individualized vaccine schedule based on patient’s immune status
• inactivated vaccines: may be administered if indicated; responses may be reduced or absent and

duration of immunity may be reduced (compared to healthy individuals); dose increase or extra
booster doses may be indicated

• live attenuated vaccines:
avoid if severely immunocompromised or if uncertain of immune status
can be given to those with isolated IgA, IgG subclass or complement deficiency,or asplenia
live viral vaccines are okay for most children with phagocyte or neutrophil disorders, but live
bacterial vaccines are contraindicated

• additional vaccines: may need vaccines that are not usually recommended for otherwise healthy
children or not usually administered beyond a certain age

• timing: vaccines should be administered when maximum immune response is expected (i.e. when not
immunosuppressed medically, pharmacologically, or immediately post transplant)

• response:as immune response may be inadequate, consider post-immunization antibody titres if
appropriate; positive serologic test may be due to immunoglobulin therapy or maternal antibody
(infants <18 mo)

Vaccine-Hesitant Parents
• healthcare professional vaccine advice plays a key role in parental decision-making

do not dismiss vaccine-hesitant families from your practice
• use a presumptive approach (for giving the vaccine) and motivational interviewing

use open-ended questions and listen to parent concerns and opinions - do not assume the health
concerns of the parent

• address concerns non-judgmentally and non-confrontationally; validate why parents may hold
their belief
use compelling stories of vaccine-preventable disease

• communicate clearly to discuss disease risks and vaccine benefits and risks
• address immunization pain
• community protection (herd immunity)

• “wait and see" approach to vaccinate in an outbreak scenario is not advisable
promote altruism - not receiving immunization can have consequences for others

• parents who refuse to immunize their children need to be informed of associated risks of diseases and
responsibilities - considerations include:

protection of child from acquiring illnesses (e.g. vaccine, avoid sick contacts)
not vaccinating risks the health of others (weakened immune system, chronic conditions,
newborns, elderly)
inform healthcare professionals of lack of vaccination when child is sick
if a vaccine-preventable disease is in your community: get vaccine, may be required to stay away
front school, consider disease-specific risks, learn what symptoms to look out for
tetanus (>10% mortality) does not have community protection
travel - vaccines specific to geographical regions, refused permission to travel

Growth and Development
Growth'
• growth is not linear

most rapid growth during first 2 yr and at puberty
• measurement of growth

• WHO Growth Charts used to monitor growth in infants and children
premature infants (<37 wk) use lenton Curve to assess for small for gestational age (SGA) vs.
large for gestational age (LGA); corrected GA until 2 yr
body proportion = upper/lower segment ratio (use symphysis pubis as midpoint)

newborn = 1.7, adult male = 0.9, adult female = 1.0

«. J

+
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Average Growth Parameters

Table 7. Parameters of Average Growth at Birth
Growth CommentsNormal

3.25 kg|7 lbs)* Gain 20 -30 g/d [term neonate)
2 x birth wt by 4- S mo
3 * birth wl by 1yr
4 x birth wt by 2 yr
25 cm in 1st yr

12 cm in 2nd yr
8 cm in 3rd yr. then 4 -7 tm/yr until
puberty
8-12 cm/yt in adolescence
1/2 adult height at 2 yr
2 cm/mo for 1st 3 mo
1cm/mo at 3-6 mo
0.5 cm/mo at 6-12 mo

Weight loss (up to 10% of birth
weight) in first 7 d ol life is normal
Neonate should regain birlh
weight by-10-14 d
Measure supine length until 2 yr,
then measure standing height

Birth Weight

50 cm (20 in)*Length/Height

Head Circumference 35 cm(14 in)* Measure around occipital,
parietal, and Irontal prominences
to obtain the greatest
circumference

* note these ate averages, and may differ based on ethnicity and gestational age

Reflexes

Table 8. Developmental or Primitive Reflexes
Reflex Maneuver to Elicit Reflex Appropriate Reflex

Response
Age of Disappearance

Abnormal Reflex Response (primitive
reflex response present in infancy;
tendon reflex response always present)

• Primitive reflex responses are
abnormal if: absent during neonatal
period; asymmetric;or persistent
after 4-6 mo (e.g. cerebral palsy)

• Tendon reflex responses:asymmetry
suggests focal motor lesions (e.g.
brachial plexus injury) and absence
or hyper-reflexia may suggest CNS
abnormality

• Upgoing plantar reflex (Babinski's
sign) normal in infants up to 2 yr

Abduction and extension of the 3-6 mo
arms, opening of Ihe hands,
followed by flexion and adduction
olarms

Infant placed semi-upright, head
supported by examiner's hand,
sudden withdrawal olsupportcd
head with immediate return ol
support
Infant held in ventral suspension
and one side ol back is stroked
along paravertebral line
Placement of examiner's finger in
infant's palm
(urn infant 's head to one side

More

Galant Pelvis will move in Ihe direction of 2-3 mo
stimulated side

Flexion of infant's ftngers 3- 4 moGrasp

'Fencing" posture (extension of 4-61110
ipsilateral arm and leg. flexion of
contralateral arm andleg)

Flexion followed by extension
of ipsilateral limb up onto table
(resembles primitive walking)
Infant turns head and opens 2-3mo
mouth to suck on same side that
cheek was stroked

Ipsilateral arm extension, present Does not disappear
by 6- 8 mo

ATNR

2-3 moStepping Dorsal surface of infant's fool
placed touching edge of table

Rooting Stroke infant’s cheek

lateral Propping lilt infant to side white in sitting
position

ATNR = asymmetric tonic neck reflex

ri
L J

+
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Developmental Milestones

Table 9. Developmental Milestones Developmental Red Flags
• Gross motor:not walking at 18 mo;

rolling too early at <3 mo
• Fine motor:hand preference at

<18 mo
• Speech:<6 words at 18 mo
• Social:not smiling at 4 mo:not

pointing at15-18 mo
• See the Nipissing District

Developmental Screen for a checklist
of important 18 mo milestones:www.
ndds.ca

• Regression (i.o. loss of a previously
acquired skill) is a red flag at any age

Fine Motor Speech and
Language

Cognitive/
Problem Solving

Social/EmotionalAge" Gross Motor

Primitive reflexes:
step,place.Moro.
Babinski, ATNR;Hexed
posture

Primitive reflex: grasp Primitive reflexes:
root,suck:orients to

Fixes and follows slow Bonding between
horizontal arc;prefers parent and child

Newborn

sound:variable cries contrast,colours,
faces,high-pitched
voices:visual focal
length -10"

2 mo Raises head 45' when Hands open hall the
time,balsa!objects

Rolls prone to supine. Palmar grasp,reaches Squeals, laughs
sits with support. and obtains items,
raises head up 90' brings objects to
and lifts chest when midline
prone

Tripod sit,rolls
both ways, postural
reflexes

Turns lo voice,cooing Prefers familiar
caregiver

Social smile
prone

Purposeful sensory Explores parent's face
exploration olobjects
(eyes,hands,mouth),
anticipates routines

4 mo

6 mo Transfers objects
from hand tohand,
raking grasp

Babbles (nonspecific) Stranger anxiety.
looks for dropped
object

Expresses emotions:
happy,sad.mad:
memory for ~24hr

Sils well without
support,crawls (not pokes objects
all),pulls lo stand

Walks a few steps,
wide gait

9 mo Inferior pincer grasp, " Mama, dada" Plays games (e.g. Separation anxiety
Gestures "bye bye”, peek - a-boo)
“up”,gesture games Object permanence
1word with meaning Uses objects
firesides mama, functionally,cause
dada).responds to and effect, trial and memory
own name,follows error,imitates
1-step command with
gesture
4-5 words, follows Looks for moved Shared attention:
1-step command hidden object if saw it points at interesting
without gesture.1 being moved
body part

15-25 words
3 body parts

12 mo Fine pincer
(fingertips),finger-
feeds cheerios.
voluntary release

Points at wanted
items,narrative

Slacks 2 blocks,uses
spoon

15 mo Walks without
support,crawls up
stairsfsteps items to show to

parent

18 mo Runs.stoops and
recovers

Tower of 4 blocks,
scribbling, fisted
pencil grasp,removes
clothing

Tower of 6 blocks,
handedness
established, uses
utensil

Symbolic play with Parallel play
doll or bear

24 mo 2-3 word phrases. New problem-solving testing limits,
uses "I.me.you." strategies without
50% intelligible. rehearsal
understands 2-step
commands.50*
words
3-step commands. Identifies shapes.
3- 4 word phrases. counts to3.simple
"W” questions time concepts
(“why?").200 words.
75% intelligible

Hops on Hoot, climbs Uses scissors,buttons Speech 100%
down stairs1fool clothes
per step

Skips, rides bicycle Prints name,ties
shoelaces,tripod tense
pencil grasp

Jumps on two feet,
up and down slalrs
'marking time'

tantrums,negativism
(“no!"), possessive
(••mine!")

3 yr Rides tricycle,climbs Toilet trained,
up stairs alternating undresses,draws

circle andcrossf*)

Cooperative play,role
play (pretend play),
separates easily,
sharing

feet

Identifies 4 colours,
intelligible,uses past counts to 4
tense, tells a story
Fluent speech,future Counts to 10

accurately,recites
ABCs

Has a preferred
friend, elaborate
fantasy play
Has groupol friends

4 yr

Syr

'll premature,use corrected GA until 2 yr

Nutrition
See Landmark Paediatric Inals table for more
information on LEAP trial,which details the benefits
of early introduction of peanuts in decreasing
prevalence of peanut a lergies inchildren deemed
at risk.

Dietary Requirements
<10 kg 10 -20 kg

1000 cal * SO kcaifkg/d for each
kg >10

>20 kg
1500 cal * 20 keal/kg/d for each
kg -20

Weight
Heeds 100 keal/kg/d

r i
Dietary Recommendations
• 0-6 mo: breast milk or formula

exclusive breastfeeding during first 6 mo is recommended unless contraindicated; breastfeeding
can continue beyond 2 yr as long as mother and child want
breastfed infants require supplements: vitamin D (400 lU/d or 800 lU/d if infant or maternal risk
factors present)

• if not consuming iron-fortified cereals, meats, meat alternatives after 6 mo, at risk of iron
deficiency: give iron (after at least 4 mo and before 6 mo)

iJDietary Exposures aud Allergy Preventionin
High-Risk Infants
Paedratr Child Health 2013:I8|10|:545-549
there is no evdence that restriction of highly
a ergenic foods is benefibal in thehist yr of life.
Later introduction of peanut,fish,or egg does not
prevent, and may increase the risk of developing
food allergy.There is also no evidence that dietary
restrictions during pregnancy or breastfeeding are
protective to the child.

+
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• >6 mo: solid food introduction - do not delay beyond 9 mo
• 2-3 new foods per wk, wait at least 2 d in between each food to allow time for adverse reaction

identification
common allergens: eggs, milk, mustard, peanuts, seafood, sesame, soy, tree nut, wheat

• early introduction of highly allergenic foods is recommended
offer lumpy, soft-cooked, pureed, mashed textured foods

• encourage self-feeding and introduce open cup (should be done by 18 mo)
• 9-24 mo: switch to homogenized (3.25%) cow’s milk, offer 16 oz/d if non-breastfeeding

• offer vegetables, fruit, grains, and full-fat milk in any order after iron-rich foods are given
provide up to 3 large feedings (meals) with 1-2 smaller feedings (snacks), depending on child's
hunger/satiety cues

• foods to avoid
honey until past 12 mo (risk of botulism)
added sugar, salt
excessive milk (i.e. maximum 500 mL or 16 oz/d after 1 yr) - associated with iron deficiency
anemia
limit juice intake (not nutritious, too much sugar), maximum 4 -6 oz (1/2 cup) daily
anything that is a choking hazard (chunks, round foods like grapes)

• 2-6 yr: switch to 2% milk (500 mL/d )
• can maintain breastfeeding during this time complementary to solids

Breastfeeding
• content of breast milk

colostrum (first few days postpartum ): clear, rich in nutrients (i.e. high protein, low fat ),
immunoglobulin
mature milk: 70:30 whey:casein ratio, fat from dietary butterfat, carbohydrate from lactose

• advantages
easily digested, low renal solute load

• immunologic
reduction of acute illnesses (i.e. diarrhea, respiratory tract illnesses, acute otitis media) and
may have longer term benefits

contains IgA, macrophages, active lymphocytes, lysozymes, lactoferrin (which inhibits E. coli
growth in intestine)
lower pH promotes growth of Lactobacillus in (il tract

• parent-child bonding
economical, convenient

• maternal contraindications
absolute contraindications: HIV, HT'LV type 1 and II, infant galactosemia
relative contraindications: chemotherapy, radioactive compounds, or certain medications known
to cross to breast milk with neonatal effects
active untreated TB (2 wk), active HSV-2 lesions on breast (can still feed expressed breast milk
from unaffected breast)
OCPs are not a contraindication to breastfeeding (estrogen may decrease lactation, but is not
dangerous to infant)

• if poor weight gain: consider dehydration or 1 1 1 and may consider formula supplementation if
insufficient milk production or intake

• oral candidiasis (thrush): treat baby with antifungal such as nystatin and ensure all nipples, bottles,
pacifiers are sanitized to avoid re-infection;can occur in breast or bottle-fed infants

Medications that Cross into Breast Milk
Antimetabolites
Chloramphenicol
Diazepam
Ergots
Gold
Metronidazole
Tetracycline
Lithium
Cyclophosphamide

Signs of Inadequate Intake
• <6 wet diapers/d after first wk
• <7 feedsfd
• Sleepy or lethargic, sleeping

throughout the night <6 wk
• Weight loss >10% of birth weight

(past10-14 d of life)
• Jaundice

Signs of Adequate Intake
• 1wet diaper/d of age for first wk. 1-2 black or dark green stools

(meconium)/don Day1and 2
• 3- brown/grectVyellow stools/d on

Day 3 and 4. 3+ yellow,seedy stools/d on Day 5+

Table 10. Common Formulas Compared to Breast Milk
Type of Nutrition Indications Content (as compared to breast milk)

Prematurity
Transition to breastfeeding
Contraindication to breastfeeding

tow birth weight
Prematurity

Lower whey:casein ratio
Plant fats instead of dietary butterfat

Cow’s Milk-Based
(Enfamil* Similar )

Fortified Formula Higher calotiesand vitamins A. C. D. K
May only be used in hospital due to risk ol
fat -soluble vitamin toxicity
Corn syrup solids or sucrose in place of lactoseGalactosemia

Desire for vegetarianfvegan diet*

Delayed gastric emptying
Risk of cow's milk protein allergy

Malabsorption
Food allergy including cow's milk protein
allergy

Soy Protein
(Isomil •; Prosobee •)

Partially Hydrolyzed Proteins
(Good Starr )
Protein Hydrolysate
(llutramigen ', Alimentum ' ,
Pregestimil », Portagen ' )

Protein is100% whey with no casein

Protein is100% casein with no whey
Corn syrup solids, sucrose, or tapioca starch
instead of lactose
Expensive

Free amino acids (no protein)
Corn syrup solids Instead of lactose
Very expensive

Various different compositions for children
with galactosemia, propionic acidemia,etc.

ri
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Food allergy
Short gut

Amino Acid
(lleocate . PurAmino ')

+
Metabolic Inborn errors of metabolism

’10-35% of children with cow's milk protein allerg/ also have reactions to soy-based formula
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Injury Prevention Counselling
• injuries are the leading cause of death in children >1 yr
• main causes: motor vehicle crashes,burns, drowning, falls, choking, infanticide

Table 11. Injury Prevention Counselling
0-6 mo 6-12 mo 1-2 yr 25 yr
Do not leave atone on bed.on Install stair barriers
changing table,or in tub
Keep crib rails up
Check water temperature before

Hever leave unattended
Discourage use of walkers Keep pot handles turned to back
Avoid play areaswith sharp-edged of stove
tables and corners

Bicycle helmet
Never leave unsupervised at
home, driveway,or pool

Caution with whole grapes, nuts, teach bike safety, stranger safely,
raw carrots, holdogs, etc. due to and street safety

Swimming lessons(>4 yr),
sunscreen (from 6 mo),fences
around pools
Appropriate car seats
Ensure large devices (such as TVs)
secured to walls

Cover electrical outletsbathing
Do not hold hot liquid and infant at Unplug appliances when not in use choking hatard

No running whileeating
Appropriate car seats

the same time Keep small objects, plastic
bags, cleaning products, and
medications out of reach

Check milk temperature before
feeding
Appropriate car seats are required Supervise during feeding

Appropriate car scatsbefore leaving hospital
Avoid co-slecping with Infant
Note:This list is not exhaustive. For more details,see Rourke Baby Record (http://www.rourkebabyrecord.ca/downloads)

Circumcision
• elective procedure

CPS affirms that circumcision is not medically indicated, and does not recommend routine
circumcision for every newborn male
often done for religious or cultural reasons

• benefits: prevention of phimosis and slightly reduced incidence of UTI,S'l'l, balanitis, cancer of the
penis

• complications (<1%):local infection, bleeding, urethral injury, meatal stenosis
• complication rate increased in children compared with infants

• contraindications: presence of genital abnormalities (e.g. hypospadias) or known bleeding disorder

Paediatr Child Health 2015;20(6):311-320
The Canadian Paediatric Society and American
A udemy of Pediatrics have both petviousty indicated
that cltcumelslon of newborn males Is not a med itally
indicated procedure.Some evidence has subsequently
suggested decreased urinary tract infectiousand
incidence of some sexually transmitted infections,
including HIV,with circumcision. While such a
benefit may be present in some boys and high -risk
populations where the procedure may be considered
n the context of reduction or treatment, the Canadian
Paediatric Society continues to not recommend
routine circumcision for every newborn male.Common Complaints

Breath Holding Spells
• clinical features

cyanotic type (more common ), usually associated with anger/frustration
pallid type, usually associated with pain/surprise

• epidemiology: 0.1-5% of healthy children 6 mo-4 yr, usually start during first yr of life
• etiology

cyanotic type:child is provoked (usually by anger or upsetting event) -> holds breath and
becomes silent > spontaneously resolves or loses consciousness
pallid type: child falls or is frightened > heart rate is reduced by vagal stimulation -> cerebral
hypoperfusion -> loses consciousness

• management
usually resolves spontaneously and rarely progresses to seizure; median age of remission is 4 yr,
and almost all children stop by 8 yr

• help child control response to frustration and avoid drawing attention to spell
may be associated with iron deficiency anemia, improves with supplemental iron
if episodes prolonged/frequent, triggered by non-traumatic stimuli, or if there is a family history
of syncope or sudden death -» in-depth cardiac evaluation indicated - check for prolonged QT
syndrome

Crying/Fussing Child
• common etiologies: functional (e.g. hungry', irritable), colic, trauma, illness
• history

description of baseline feeding, sleeping, crying patterns
« infectious symptoms: fever, tachypnea, rhinorrhea, ill contacts

feeding intolerance:gastroesophageal reflux with esophagitis, N/V, diarrhea, constipation
• physical injury (unintentional or non-accidental)

recent immunizations (vaccine reaction) or medications (drug reactions), including maternal
drugs taken during pregnancy (neonatal withdrawal syndrome) and drugs that may be
transferred via breast milk

LJ

+

Activate Windows
Go to Settings to activate Windows.



PU Paediatrics Toronto Notes 2023

inconsistent history, pattern of numerous emergency department visits, difficult social living
conditions (e.g. parental substance use, precarious living circumstances) can raise concerns for
maltreatment
consider broad array of possible underlying causes such as meningitis, sepsis, respiratory distress,
constipation, etc.

Infantile Colic
• clinical features: unexplained paroxysms of irritability and crying for >3 h/d, >3 d/wk for >3 wk in an

otherwise healthy, well-fed baby (rule of 3s - Wessel criteria)
• epidemiology: 10% of infants; usual onset 10 d to 3 mo of age with peak at 6-8 wk
• etiology: unknown, 'theories: alterations in fecal microflora, cow's milk intolerance, Gl immaturity or

inflammation, poor feeding, maternal smoking
• diagnosis: diagnosis of exclusion after thorough history and physical exam to rule out identifiable

causes such as otitis media, cow’s milk intolerance,Gl problem,fracture
• management

parental relief, rest, and reassurance
change breastfeeding or bottle-feeding technique
hold baby, soother, car ride, music, vacuum, check diaper
limited evidence for probiotics; further research required

» breast-fed infants: time-limited trial (typically 1-2 wk) ofa hypoallergenic maternal diet ( i.e. no
cow’s milk, eggs, nuts, wheat) while monitoring baby’s behaviour
formula-fed infants: time-limited trial (typically 1-2 wk) of hydrolyzed formula
prognosis:all resolve, most in the first 3-6 mo of life, no long-term adverse effects

Dentition and Caries
Dentition
• primary dentition (20 teeth)

first tooth at 5-9 mo (lower incisor), then 1/mo
6-8 central teeth by 1 yr
assessment by dentist 6 mo after eruption of first tooth and certainly by 1 yr of age (Grade B
recommendation)

• secondary dentition (32 teeth)
first adult tooth is 1st molar at 6 yr, then lower incisors

Caries
• early childhood caries: presence of one or more decayed, missing (due to caries), or filled tooth

surfaces in any primary tooth in a preschool-aged child
• etiology:multifactoriai with biomedical factors (e.g. diet, bacteria, host) and social determinants of

health
inappropriate feeding practices (e.g. frequent, prolonged bottle feeding, putting to bed with
bottle, prolonged breastfeeding, and excessive juice consumption) are important factors

• prevention
no bottle at bedtime, clean teeth after last feed
minimize juice and sweetened pacifier
dean gums with damp washcloth or soft-bristle toothbrush (no toothpaste) when no teeth present
<3 yr:daily brushing with fluoridated toothpaste (size of a grain of rice) as soon as teeth are
present
3-6 yr: assisted to brush teeth using pea sized amount of fluoridated toothpaste
ensure every child visits dentist by I yr
1 yr and beyond: involve dental public health programs (e.g. Healthy Smiles) to support access for
children in low-income households

Enuresis
Definition
• involuntary urinary incontinence by day and/or night in child >5 yr

General Approach
• should be evaluated if: dysuria; change in colour, odour, or stream; secondary or diurnal;change in

gait;or stool incontinence are present

Primary Nocturnal Enuresis
• clinical features: enuresis when bladder control has never been attained
• epidemiology: 10% of children age 6,3% of children age 12,1% of children age 18, family history

important
• etiology: developmental disorder or maturational lag in bladder control while asleep

Treatment for primary nocturnal enuresis
should not be considered until 7 yr due
to high rate of spontaneous cure

r t
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•management
• time, reassurance (~20% resolve spontaneously each yr), and avoidance of punishment or

humiliation to maintain self-esteem
behaviour modification (limiting fluids and avoid caffeine-containing food before bedtime, void
prior to sleep, ensure access to toilet, take out of diapers)
conditioning: “wet" alarm wakes child upon voiding (70% success rate)

• medications (for children >7 yr, considered second line, short-term therapy, may be used for
sleepovers/camp):desmopressin (DDAVP) oral tablets (similar success rate as “wet" alarm
therapy but higher relapse rate), imipramine (Tofranil") (rarely used; lethal if overdose; side
effects: cardiac toxicity, anticholinergic effects)

Management andtreatment of Nocturnal
Enuresis - An Updated Standardization Document
f rom theInternationalChildren's Continence
Society
J Pcdiati Urol 2020.10 19
Additional Investigationsere not warranted In
aneisuretic child crithoutcer tain waningsigns.
Key comorbidities to consider include psychiatric
disorders, constipation, urinary tract infections, and
snoring nr sleep apneas, floating constipation and
daytime incontinence tan lead to symptom resolution.
Irealingconcomitant sleepdisorder may alsu lead
to symptom resolution and is indicated. If enuresn
is non-monosymptomatic. treatment should begin
with advice on eveningdrinklng and voiding habits.
In monosymptomatic enuresis, treatment should
begin with either desmopressin oi an enuresisalaim.
Second line treatment includes anticholinergic
medications.Antidepressants may beconsidered
in rehactoiy enuresis though eipert opinion should
besought.

Secondary Enuresis
•clinical features:enuresis develops after child has sustained period of bladder control (>6 mo)
•etiology: inorganic regression due to stress or anxiety (e.g. birth of sibling, significant loss, family

discard, sexual abuse), secondary to organic disease (UTI, DM, Dl, sleep apnea, neurogenic bladder,
CP,seizures, pinworms)

•management; treat underlying cause, specialist referral as appropriate

Diurnal Enuresis
•clinical features:daytime wetting (60-80% also wet at night)
•etiology: micturition deferral (holding urine until last minute) due to psychosocial stressor (e.g.shy),

structural anomalies (e.g. ectopic ureteral site, neurogenic bladder). UT I. constipation, CNS disorders,
DM

•management: treat underlying cause, behavioural (scheduled toileting, double voiding,good bowel
program, sitting backwards on toilet, charting/incentive system, relaxation/biofeedback), good
constipation management, pharmacotherapy

Encopresis
•clinical features: fecal incontinence in a child >4 y r, at least once per mo for 3 mo
•prevalence: 1-1.5% of school-aged children (rare in adolescence); M:l-'=6:1 in school-aged children
•causes: chronic constipation (retentive encopresis), Hirschsprung disease, hypothyroidism,

hypercalcemia, spinal cord lesions, CP, hypotonia, anorectal malformations, bowel obstruction

Retentive Encopresis
•definition:child holds bowel movement, develops constipation, leading to fecal impaction and

seepage of soft or liquid stool (overflow incontinence)
•etiology

physical:painful stooling often secondary to constipation
emotional: disturbed parent-child relationship, coercive toilet training, social stressors

•clinical features
history

crosses legs or stands on toes to resist urge to defecate
distressed by symptoms, soiling of clothes
toilet training coercive or lacking in motivation
may show oppositional behaviour
abdominal pain

physical exam
digital rectal exam or abdominal x- ray: large fecal mass in rectal vault
anal fissures (result from passage of hard stools)
palpable stool in LLQ abdomen (50% of children with fecal incontinence)
staining of underwear with stool

•management
complete clean-out of bowel: PEG 3350 given orally is most effective and first line; enemas and
suppositories may be second line therapies, but these are invasive, often less effective, and not
recommended as first line
maintenance of regular bowel movements (see Constipation, P46)
assessment and guidance regarding psychosocial stressors
behavioural modification

•complications: recurrence, toxic ntegacolon (requires >3-12 mo to treat), bowel perforation

r T
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Toilet Training
• 90% of children attain bowel control before bladder control
• generally, females train earlier than males
• 25% by 2 yr (in North America), 98% by 3 yr have daytime bladder control
• signs of toilet readiness (usually 18-24 mo)

ambulating independently, stable on potty, desire to be independent or to please caregivers (i.e.
motivation), sufficient expressive and receptive language skills (2-step command level), can stay
dry for several hours (large enough bladder), can recognize need to go, able to remove clothing

• stepwise approach used to familiarize child with the potty chair and create a connection between
elimination and the potty chair;praise with use of potty chair

sFailure to Thrive
• definition

• weight <3rd percentile, falls across two major percentile curves on growth chart, or <80% of
expected weight for height and age
inadequate caloric intake most common factor in poor weight gain
may have other nutritional deficiencies (e.g. protein, iron, vitamin D)

• factors affecting physical growth: genetics, intrauterine factors, nutrition, endocrine hormones,
chronic infections/diseases, psychosocial factors

• clinical features
• history

nutritional intake
current symptoms
past illnesses
family history:growth, puberty, parental height and weight (including mid-parental height)
psychosocial history

• physical exam
growth parameters, plotted
<2 yr: height, weight, head circumference
>2 yr: height, weight, BMI
vital signs
complete head to toe exam
dysmorphic features or evidence of chronic disease
upper to lower segment ratio
sexual maturity staging
signs of maltreatment or neglect

• investigations (as indicated by clinical features)
CBC, blood smear, electrolytes, Tt, TSH. urea, ferritin, Ca , celiac screen, and vitamins A, D, H
bone age x-ray
chromosomes/karyotype
chronic illness: chest (CXR, sweat Cl -), cardiac (CXR, ECG, echo), Gl (celiac screen, inflammatory
markers, malabsorption ), renal (urinalysis), liver (enzymes, albumin)

Mid-Parental Height
• Boys target height - (father height

mother height *13) /2
• Girls target height - (father height*

mother height -13) /2
Note: height should be taken in cm

Clinical Signs of FTT

SMALL KID
Subcutaneous fat loss
Muscle atrophy
Alopecia
Lethargy
Lagging behind normal
Kwashiorkor
Infection (recurrent)
Dermatitis

Upper to Lower Segment Ratio
• Increased in achondroplasia, short

limb syndromes, hypothyroidism,
storage diseases

• Decreased In Marfan’s. Klinefelter’s,
Kallman’s syndromes, and
testosterone deficiency

• Calculation:upper segment/lower
segment

• Upper segment: top of head to pubic
symphysis

• Lower segment: pubic symphysis
to floor

Table 12. Failure to Thrive Patterns
Growth Parameters Suggestive Abnormality
Decreased Wt Normal Ht Normal HC Caloric insufficiency

Decreased intake
Structural dystrophies
Endocrine disorder

DecreasedWl Decreased HI Normal HC

DecreasedWt Decreased Ht Decreased HC Intrauterine insult
BA - bene age:CA » chronological age: HC * head circumference:Ht * height:Wl * weight

Etiology
• an interplay between pathophysiology and psychosocial influences
• investigations should assess:

1.complex factors in the parent-child relationship
dietary intake, knowledge about feeding, improper mixing of formula
feeding environment
parent-child interaction, attachment
child behaviours, hunger/satiety cues
postpartum depression
social factors: stress, poverty, neglect, child /domestic abuse, parental substance misuse,
restricted diets

2.inadequate caloric intake: inadequate milk supply/latching, mechanical feeding difficulty (cleft
palate), oromotor dysfunction, toxin-induced anorexia

3.inadequate absorption: biliary atresia, celiac, 1BD,CP, inborn errors of metabolism, milk protein
allergy, pancreatic cholestatic conditions

r1
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4.increased metabolism: chronic infection, CP, lung disease from prematurity, hyperthyroidism,
asthma,1BD, malignancy, renal failure

5.increased losses
6.increased utilization (e.g.chromosomal disorders)
7. prenatal factors: placental insufficiency, intrauterine infections,genetic, maternal

Management
•most as outpatient using multidisciplinary approach: primary care physician, occupational therapist,

dietitian, psychologist, social work, CAS
•medical: oromotor problems, iron deficiency anemia, gastroesophageal reflux
•nutritional:educate about age-appropriate foods, calorie boosting, mealtime schedules, and

environment;goal to reach 90-110% 1BW, correct nutritional deficiencies, and promote catch-up
growth/development

•behavioural:positive reinforcement, mealtime environment, no distractions (e.g. toys, books, or TV)
during mealtime

Energy Requirements
•see S'utrition, P8

Obesity Periaatal aid EartjCttdkood Factors for
Overweight aad Obesity iw Young Canadian
C-
CJ Public Heads 2013304(lteS9 H
Purpose: Id assess pcSutal eartj-lrfe factors and
their atenbtetiocsfcpjw ~ obesity among young
C a -ac:a t* :r
Methods Oatafromasa'jouDyreiitesentatne
sample of clddren ages6 Tt a the Canadian Health
MeasuresSurrey were anatyted. the associations
of permatal acd ea'y ctTdhood heterosis and
socioecooosic facarswitb oeecwtrgbt or obesity
were erabated sagsuA-enete logtsbc regression
models.
Jesuits:0*'55a term-bom ctidren.21% were
orerweigbt and another 13% were obese.Maternal
smoking faring pregsanq was posiStely associated
will obesity.Tbs assotiatba wasseriated by
bvth weight and onceoufrolei thestrength of
the association between saoksg and ch ild obesity
increased by12%.Srtd weigti per 100 g (1.05;
1.005-1.09) was sjgn bcanyassociated with obesity.
Eidushe treastfeedwgfor S mo.adequate sleep
hon.and Seng ptyscaly actne were found to be
protect*,fceasr'eedtag.whether eidusnreor not,
sigmSundj redsced obesity risk among children
w:set:re s -t ie - - . e; .•
Coodasm: ffesstndy rdeafied mgitp'e perinatal
and chid hood factors associated wits obesity in
yoong Canadian children, ESectnre preientun
slraages targeting fotr oodAaKe onatemal and
chid risk factors may rednee cbidhood obesity by op
to 54% la Canada.

• definition

Age Overweight Obese
0-2 yr eight for length >97th percentile

BMI >97Ui percentile

BUI >1511!percentile

Weight lor length >995th percentile

BMI >99.9th percentile

BMI >97th percentile
2-5yr
5-19 yr

• risk factors:genetic predisposition (e.g. both parents obese-80% chance of obese child), psychosocial/
environmental contributors

• etiology
increased intake (dietary, social/behavioural, and iatrogenic such as drugs and hormones)

• decreased energy expenditure
• organic causes are rare (<5%):neuroendocrine (e.g. hypothyroidism,Cushing, PCOS), genetic

(e.g.Prader-Willi,Carpenter,Turner Syndromes)
plications:association with HTN, dyslipidemia, slipped capital femoral epiphysis, T2DM,

asthma,OSA, gynecomastia, polycystic ovarian disease, early menarche, irregular menses,
psychological trauma (e.g.bullying, decreased self-esteem, unhealthy coping mechanisms,
depression)

• childhood obesity often persists into adulthood
• investigations:BP, pulse, screen for: dyslipidemia, fatty liver disease ( ALT),T2DM (based on risk

factors)

• com

• management
encouragement and reassurance; engagement of entire familv

• diet:qualitative changes (do not encourage weight loss, but allow for linear growth to catch up
with weight), special diets used by adults and very low calorie diets are not encouraged

• behaviour modification: increase activity, change eating habits/meal patterns, limit juice/sugary
drinks, ensure adequate sleep

• education:multidisciplinary approach, dietitian, counselling
• surgery and pharmacotherapy are rarely used in children

increase physical activity (1 h/d), reduce screen time (<2 h/d)
small changes in energy expenditure and intake (lose 1 lb/mo)

• long term goal:maintain BMI <85th percentile

Screen Time Guidelines (Canadian
Society foe Exerdse Physiology)

• Screen time is not recommended for
children under 2 yr

. <1 h/d screen time is appropriate for
children 2-5 yr. <2 h/d screen time is appropriate for
children 5-17 yr

Poison Prevention
• keep all types of medicines, vitamins, and chemicals locked up in a secure container, out of sight, and

out of reach
• potentially dangerous: medications, illicit drugs, drain cleaners, furniture polish, insecticides,

cosmetics, nail polish remover, automotive products
• do not store any chemicals in juice, soft drink, or water bottles
• keep alcoholic beverages out of reach:3oz hard liquor can kill a 2 y/o
• always read labels before administering medicine to ensure correct medication drug and dose and/or

speak with a pharmacist or healthcare provider
r q
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Rashes

Table 13. Common Paediatric Rashes
Type of Rash Differential Appearance Management
Diaper Dermatitis Shiny, red macules/palches, no

skin fold involvement
Irritant contad deimatitis f llininale direct skin contact with urine

and feces, allow peiiods ol rest without
a diaper. Irequentdiaper changes,
topical barriers Ipelrolalum. zinc oxide
or pastel, short - term low potency topical
corlicostcroids (severe cases)

Short - term, mostuiiscrs. topical
antifungal (kctoconaiolc), low potency
topical corticosteroids

Seborrheic dermatitis Yellow,greasy macules/plaques
on erythema, scales

Candidal dermatitis frylhematous macerated papules! Antrlungal agents le g. dotrimarole.
plaques, satellite lesions,
involvement of skin folds

nystatin)

Other Dermatitis Atopx dermatitis Erythematous, papules/
plaques, oonng.excoriation,
lichenification.classic areas ol
involvement

Annular erythematous plaques,
oozing, crusting

Eliminatecxaccrbating factors,
maintain skin hydration (daily baths and
moisturisers), corticosteroids, topical
calcineurin inhibitor (2nd line)

Avoid irritant if identified, potent topical
steroid in emollient base,short-term
systemic steroids t antibiotics (severe)

Mild:soothing lotion (e.g.calamine lotion)
Moderate:low-to- intermediate potency
topical corticosteroids
Severe:systemic corticosteroids and
antihistamine

Avoid skin contact

Nummular dermatibs

Red papules/plaques/vesicles/
bullae, only in area ol allergen

Allergic contact dermatitis

Irritant contact dermatitis
Dyshidrotic dermatibs

Morphology depends on irritant
Papulovesicular, cracking/ Mild/moderate:medium/potent topical
Assuring, hands and feet (“tapioca corticosteroids
pudding") Severe:systemic corticosteroids, local

PUVA or UVA treatments
Infectious Scabies Polymorphic (red excoriated Permethrin ( Nix5) 5% cream for patient

papules/nodules, burrows), in web and family (2 applications,1wk apart)
spaces/folds, very pruritic
Often affects multiple lamily
members
Honey-coloured crusts or
superficial bullae

Mild: topical anlibiolics (e.g. fucidic acid or
mupirocin cream)
Severe: oral antibiotics (e.g. cephalexin /
erythromycin )

Round erythematous plaques, topical antifungal for skin, systemic
central clearing and scaly border anlilungals for nalls/head

Impetigo

Tinea corporis

Paediatric Exanthcms (see fn/ec/rous Pocdiotiic Iwnthems,

Acne (see Oermaloloqy.014)

Neonatal skin conditions|see Skin Conditiom ollhe Heonolc. P82)

Sleep Disturbances
Types of Sleep Disturbances
• BEARS screening tool
• insufficient sleep quantity

• difficulty falling asleep (e.g. limit setting sleep disorder)
preschool and older children
bedtime resistance
due to caregiver’s inability to set consistent bedtime rules and routines
often exacerbated by child’s oppositional behaviours

• poor sleep quality
frequent arousals (e.g. sleep-onset association disorder)

infants and toddlers
child learns to fall asleep only under certain conditions or associations (e.g. with parent, held,
rocked or fed, with light on, in front of television), and loses ability to self-soothe

Daily Sleep Requirement

6 co 16 h

6 mo H.5 h

12 13.5 h

2p 13 h

11.5 h< P
6 y> 9.5 h

12 yr 8.5 h

BP 8 h
nNap Patterns

2'dat1yi

Vd at 2 yr (2-3 h long)

0.5 d at 5 yr (1.7 h longl

. OSA
• definition: partial or intermittent complete airway obstruction during sleep causing disrupted

ventilation and sleep pattern
diagnostic criteria: clinical suspicion ( based on features like snoring, daytime sleepiness, and
witnessed apneas, and /or risk factors like neuromuscular disorders and Down syndrome); a
polysomnography is the gold standard for definite diagnosis
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epidemiology: 1-5% of preschool aged children, more common in Black children
• clinical features: snoring/gasping/noisy breathing during sleep and irritable/tired/hyperactive

during the day
complications:cardiovascular (HTN/LV remodelling due to sympathetic activation), growth,
cognitive, and behavioural problems
etiology: adenotonsillar hypertrophy, craniofacial abnormalities, obesity
investigations: polysomnography can be done, but is not required (expensive, inaccessible);
treatment can be initiated based on clinical judgement

• management: adcnotonsillectomy and weight management are first-line tx, follow-up for residual
OSA. Watchful waiting acceptable in mild-moderate cases

adcnotonsillectomy does not improve executive function/attention, but improves behaviour,
QOL, polysomnographic findings
use (.'PAP if adcnotonsillectomy is contraindicated (deft palate/bleeding disorder/acute
tonsillitis), OSA with minimal adenotonsillar tissue, residual OSA
avoid pollutants/tobacco smoke, allergens
avoid use of corticosteroids and antibiotics

•parasomnias
episodic nocturnal behaviours (c.g. sleepwalking, sleep terrors, nightmares)
often involves cognitive disorientation and autonomic/skeletal muscle disturbance

Management of Sleep Disturbances
•set strict bedtimes and “wind-down" routines
•do not send child to bed hungry
•positive reinforcement for: limit setting sleep disorder
•always sleep in own bed, in a dark, quiet, and comfortable room
•avoid screens before bedtime and avoid caffeine-containing food
•do not use bedroom for timeouts
•systematic ignoring and gradual extinction for:sleep-onset association disorder

Nightmares
•epidemiology: common in boys, 4-7 yr
•associated with RKM sleep (generally last one third of sleep)
•clinical features: upon awakening, child is alert and clearly recalls frightening dream ± associated

with daytime stress/anxiety
•management: reassurance

Night Terrors
•epidemiology: 15% of children have occasional episodes
•usually in first one third of night; arousal from deep (slow wave) sleep
•clinical features:abrupt sitting up, eyes open, screaming/vocalization, occurs in early hours of

sleep, stage 4 of sleep; signs of autonomic arousal with no memory of event, disoriented if awakened,
inconsolable, stress/anxiety can aggravate them

•management: reassurance from parents,ensure child is safe (e.g. if sleepwalks), parents can try to
identify pattern and wake up child 15 min before to disrupt pattern, often remits spontaneously before
puberty

Brief Resolved Unexplained Events
(BRUE)
These arc sudden, brief (<1min) and
now resolved episodes in an infant
with one or more of the following:
cyanosis or pallor; absent, decreased or
irregular breathing:change in tone; and/
or altered level of consciousness. The
observer fears the child may be dying.
The child should be asymptomatic on
presentation and there is no c xplanation
after a history and physical for the
cause. There is no clear connection
between most BRUEs and SIDS.
Evaluating for a cause of the BRUE (e g.
infection, cardiac, neurologic, child

Diels abuse. metabolic disease, toxins, etc.)
KISK rciCIOrS quide<J by history, physical exam,
• prematurity (<37 wk), early bed sharing (<12 wk), alcohol use during pregnancy, soft bedding, low amJ o( observation. Etiology:

birthweight. Indigenous background, male, no prenatal care, smoking in household, prone sleep inherently unknown, but affected
position, poverty Wants ®PPe» to have (1) underlying

• risk of SIDS is increased 5-6x in siblings of infants who have died of SIDS genetic or anatomic (e.g. brainstem

• bed sharing: sleeping on a sofa, adult sleeping with an infant after consumption of alcohol/street drugs ujOTerevent (e g maternal smokingor extreme fatigue, sleeping on a surface with a fixed wall (couch/sofa), infant sleeping with someone airflow obstruction). A BRUE appears to
other than primary caregiver happen when (1) and (2) occur during a

vulnerable stage of development

Sudden Infant Death Syndrome
Definition
• sudden and unexpected death of an infant <12 mo in which the cause of death cannot be found by

history, examination, or a thorough postmortem and death scene investigation

Epidemiology
• 0.5 in 1000 ( leading cause of death between 1 -12 mo); M:l'*3:2
• more common in children placed in prone position
• in full term infants, peak incidence is 2-4 mo, 95% of cases occur by 6 mo
• increase in deaths during peak KSV season
• most deaths occur between midnight and 8 AM

r i
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Prevention
• “Back to Sleep, Front to Play” (place infant on back when sleeping, daily supervised play/“tummy

time” in prone position)
• avoid sharing bed with infant
• avoid tobacco smoke exposure
• avoid overheating and overdressing
• appropriate infant bedding (firm mattress, avoid loose bedding, pillows, stuffed animals, and crib

bumper pads)
• exclusive breastfeeding in first mo and no smoking
• pacifiers appear to have a protective effect; do not reinsert if falls out during sleep
• infant monitors do not reduce incidence

Adolescent Medicine
Adolescent Psychosocial Assessment

Adolescent History (HEEADSSS)
• review confidentiality and its limits with adolescent prior to taking history
• tailor your history according to the clinical context

Home: W ho do you live with? What kind of place do you live in? Do you get along with your parents
and/or siblings? Is your home a safe place for you?

HEEADSSS
Home
Education/Employment
Eating
Activities
Drugs
Sexuality
Suicide and depression
Safcty/violcnce

Education /Kniploymcnt: What grade are you in? What are your favourite subjects? Tell me about your
grades. How often do you miss scnool/dass? Do you work (if so, how much)? Do you get along with
teachers/employers?

Eating: Tell me about your meals/snacks In a typical day. Have you ever gone on a diet? What are your
favourite and least favourite foods? (see Psychiatry. Hating Disorders, PS39)

Activities: What do you do after school? On the weekends? How much time do you spend on the
computer/watching TV every day? Do you use social media (i.e. I'acebook, T witter, instagram, etc.)?
What do you do with your friends outside of school?

Past yr drug use (%) in Ontario
adolescents (2019): alcohol (41.7%).
cannabis (22.0%). tobacco cigarettes
(5.0%).electronic cigarettes (22.7%)

Drugs: Which seems to be more popular at your school, alcohol or drugs? How often do you drink/
smoke cannabis or cigarettes/take other drugs? Have you ever passed out or not been able to remember
what happened? Has anything bad ever happened to you while you were drunk or stoned?
• can organize as a CRAFFT screen Ask Part A, questions 1-3. if yes to any, then ask 6 CRAFFT

questions. If no, then move on to Part B, question i
Part A:during the last 12 mo, did you:

1. Drink any alcohol?
2. Smoke any cannabis, vape, or inhale any other substance?
3. Use anything else to get high?

CRAFFT Screen
The CRAFFT is a well-validated
substance use screening tool lot
adolescents12-21 yr.See the CRAFFT
website:crafft.org

Consent and Close Age Exceptions
• The age of consent is 16
• A youth 16 or 17 y/o cannot consent

if: the partner is in a position of
trust/authority (e.g.coach, teacher),
young person is dependent on the
partner (e.g. for care or support),
the relationship is exploitative (e.g.
prostitution or pornography)

• A 14 or15 y/o can consent as long as
the partner is less than 5 yr older and
as long as there is no relationship
of trust authority, dependency, or
exploitation

• A12 or13 y/o can consent as long as
the partner is less than 2 yr older and
as long as there is no relationship
of trust authority, dependency, or
exploitation

• Part B:
1. Have you ever ridden in a car driven by someone (including yourself ) who was high or

had been using drugs/alcohol?
2. Do you ever use drugs/alcohol to relax, feel better about yourself, or fit in?
3. Do you ever use drugs/alcohol when you are alone?
4. Do you ever forget things you did while using drugs/alcohol?
5. Do your family/ffiends ever tell you that you should cut down on your drinking or drug use?
6. Have you ever gotten into trouble while you were using drugs/alcohol?

• see Psychiatry, Substance-Related and Addictive Disorders, PS26

Sexuality: What are your preferred pronouns? Do you have a crush on anyone? Do you have a partner?
What does‘sex’ mean to you? Have you ever had sex? Whether the answer is yes or no, the next question
is:What activities would you include in the term ‘having sex'? What do you do to prevent getting a STI/
getting pregnant/getting someone pregnant? Has anyone ever given you money, drugs, or other stuff in
exchange for sex? (seeGvnaecologv, Sexually Transmitted Infections,GY28)

Suicidality/Depression: How would you describe your mood most days? On a scale of 1 to 10, where
1 is so sad that you might kill yourself and 10 is the happiest you could be, where are you most days?
Have you lost interest in activities that you used to enjoy? Do you often have trouble sleeping (is there a
difference between school days and the weekend?)? Have you ever thought seriously about suicide? Did
you make apian? (seePsychiatry. Depression/Suicide,PS12, PS5)

Safety/Violence: Do you ever get into a car with a driver who has been drinking or taking drugs? Do
you always wear a seatbelt/bicycle helmet? Are you being bullied at school? Has anyone ever touched you
in an unwanted way?

See Disorders of Sexual Development, P35

Half of police-reported sexual offences
are against children and youth

n
i j

4.9% of Canadian youth (ages12-17)
have a mood disorder
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Table 14. Developmental Stages of Adolescence
Early Adolescence (10-13 yr) Middle Adolescence (14-16 Late Adolescence (17-19 y»J

yr)

Cognitive and Moral Concrete
Unable to perceive long-term
outcome olcurrent decision-
making

Future oriented with sense ol
perspective
Idealism
Ability to think things through
independently
More stable body image
Attractiveness may still be ol
concern
Firmer identity

Emotional and physical separation
from family

Struggle for acceptance of greater Increased autonomy
autonomy

Emergence of abstract thought
Questioning more

SeIf -Concept/Identity Formation Preoccupied with changing body
Self-consciousness about
appearance and attractiveness

Concern withattractiveness
“Stereotypical adolescent'

Family Increasedneed lor privacy Conflicts over control and
nieoersence

Peers Seeks same-sex peer affiliation to Intense peer group involvement
counter instability

Peer group and values recede ia
importance
Mmacy/possible commitment
takes precedence

Consolidation of sexual identity
Focus on intimacy andformation
of stable relationships

Sexual Preoccupationwith peers Testing ability toattractpartner
Initiation of relationships and
sexual activity
Questions of seiual orientation

Child Abuse and Neglect
Definition
• an act of commission (physical,sexual, or psychological abuse) or omission (neglect) by a caregiver

that results in harm to a child or potential for harm

Legal Duty to Report
• upon reasonable grounds to suspect abuse and/or neglect, physicians are required by legislation to

contact the CAS to personally disclose all information relevant to the child’s safety concern
• duty to report overrides patient confidentiality; physician is protected against liability

Ongoing Duty to Report
• if there are additional reasonable grounds to suspect abuse and/or neglect, a further report to the CAS

must be made

Risk Factors
• environmental factors: social isolation, poverty, domestic violence
• caregiver factors: personal history of abuse, psychiatric illness, postpartum depression,substance

misuse, single parent family, poor social and vocational skills, below average intelligence
• child factors:difficult temperament,disability, special needs (e.g.developmental delay), premature

Management of Physical Abuse, Child Abuse, and Neglect
• do not take an abuse history from a young child; this must be done by trained personnel (e.g.during a

forensic interview)
• report all suspicions to CAS; request emergency visit if imminent risk to child or any siblings in the

home
• acute medical care:hospitalize for medical evaluation or treatment of injuries if indicated. arrange consultation from social work and appropriate follow-up

Physical Abuse
History. history that is not compatible with physical findings or with child's developmental capabilities
• history not reproducible or changes dramatically over time
• delay in seeking medical attention that is unexplained by other factors
• assess previous trauma or hospitalizations
• ask f'Hx: bleeding disorder, bone disorder, metabolic conditions
• ask developmental history

Physical Exam
• physical findings not explained by underlying medical condition
• growth parameters including past recorded parameters (weight, height, head circumference)
• multiple injuries not explained by accidental injury or child’s development level
• patterned skin injuries: linear, shapes, etc. that do not match provided history +
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•injury location:
bruises:on areas with abundant soft-tissue cushioning, such as abdomen, buttocks, genitalia,
fleshy part of cheek or on ears, neck or feet, bruises that do not fit described cause
fractures: posterior rib/metaphyseal /scapular/vertebral/sternal fractures

• immersion burns (e.g. hot water )
•altered mental status: head injury, poisoning
•eyes - retinal hemorrhages
•scalp - patchy hair loss from traumatic alopecia or severe malnutrition
•oral exam - check the frenula for tears
•head trauma is the leading cause of death in child maltreatment (e.g, acceleration-deceleration forces

(shaking), direct force application (blow or impact ))
•consider " red herrings" (e.g. slate grey macule/congenital dermal melanocytosls vs, bruises)

Investigations
•document all injuries on a body diagram: type, location, size, shape, colour, pattern

photography of skin injuries is ideal (police or hospital photography preferred; do not use
physicians personal camera)

•rule out medical causes of bruising/fracture with appropriate investigations (e.g. blood disorders or
rickets):

• if fractures evident:CV\ Mg-,’, PO^ , ALP, PTH, Vitamin D, albumin
• if bruising present:CBC, INR, PIT,von Willebrand factor, factors Vlll/ IX

•screen for abdominal trauma
• transaminases and amylase if elevated: abdominal CT recommended

renal function - electrolytes, urinalysis
toxicology screen - overdose or poisoning

•skeletal survey in children <2 yr; select imaging based on history in children >5 yr
• neuroimaging:CT and/or MR1 - dilated eye examination by paediatric ophthalmologist to rule

out retinal hemorrhage if subdural hemorrhage detected on head imaging

Sexual Abuse
Epidemiology
• peak at 2-6 yr and 12-16 yr, most do not report until adulthood
• as adults: more likely to develop obesity, sexual problems, IBS, fibromyalgia,STI, substance use

disorder
• more likely to experience intimate partner violence and sexual assault

in decreasing order: family member, non-relative known to victim, stranger

History
• psychosocial: specific or generalized fears, depression, nightmares, social withdrawal, lack of trust,

low self-esteem, school failure, sexually aggressive behaviour, advanced sexual knowledge, sexual
preoccupation or play

Physical Exam
• recurrent UTls, pregnancy, STIs, vaginitis, vaginal bleeding, pain, genital injury, enuresis

anogenital exam performed along with head - to-toe physical for physical trauma
• instrumentation not required for anogenital exam, speculum contraindicated in prepubertal girls

most victims have normal anogenital exam - cannot rule out sexual abuse if exam is negative

Investigations
• depend on presentation, age, sex, and pubertal development of child

sexual assault examination kit within 24 h if prepubertal, within 72 h if pubertal
• rule out STI, UTI, pregnancy (consider STI prophylaxis or emergency contraception)

rule out other injuries (vaginal/anal /oral penetration, fractures, head trauma)
rule out drug and alcohol screen (e.g. Rohypnol, "Liquid G,‘etc.)

Medical Assessment of Bruising in
Suspected Child Maltreatment Cases
feediatr Child Health 2013;18(8):433-437
CPS Position Statement:While bruises
are most often due to minor accidental
injury, they may also signal underlying
medical illness or inflicted injury.
Knowing when to assess bruises in
the context of maltreatment can be
challenging. The following are red flags
for inflicted injury in such bruising cases:

• Babies not yet cruising
• Present on ears. neck, feet, buttocks,

or torso
• Not on the front of the body and/or

overlying bone
• Unusually large or numerous
• Clustered or patterned
• Not fitting with the described causal

mechanism

Neglect
Definition
• omissions in care by parents or caregiver that leads to actual or potential harm

History
• from child and each caregiver separately (if possible)

Physical Exam
• head to toe (do not force), growth parameters, nutrition status
• dental care
• emotional state

Investigations
• blood tests to rule out medical conditions or nutritional deficiencies (e.g. thrombocytopenia or

coagulopathy)

Presentation of Neglect
• FIT.developmental delay
• Inadequate or dirty clothing, poor

hygiene
• Child exhibits poor attachment to

parents, no stranger anxiety

r n
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Cardiology

Congenital Heart Disease
PRENATAL CIRCULATION

oxygenalod blood dooxygonatod blood
Iran placenta returns via SVC to R atrium -Aorta

Ductus Arteriosusvf / jSuperior Vena CavaiI
1/3 of blood ordering

R atrium does not (low
through foramon ovala and

ductus venosus Hows to tho R ventricle

umbilical vein

I
Foramen Ovale

i I Pulmonary Trunk
IVC pulmonary atterios

II Inferior Vena Cav&R atrium ductus arteriosus —Descending Aorta
Fetal circulation is designed so that
oxygenated blood is preferentially
delivered to the brain and myocardium

shunted through
foramen ovale

aorta
Liver

i Ductus Venosussystemic circulation
L atrium II placenta for reoxygenation

L ventricle

I
aorta

I
brairVmyocardiunV
upper extremities Placenta Umbilical Arteries

© Bonnie Tang 2012

Figure 1. Prenatal circulation

Before Birth
• shunting deoxygenated blood

ductus arteriosus:connection between pulmonary artery and aorta
• shunting oxygenated blood

• foramen ovale:connection between right and left atria
• ductus venosus: connection between umbilical vein and inferior vena cava

At Birth
• with first breath, lungs open up > pulmonary resistance decreases > pulmonic blood flow increases
• separation of low resistance placenta > systemic circulation becomes a high resistance system >

ductus venosus closure
• increased pulmonic flow > increased left atrial pressures > foramen ovale closure
• increased oxygen concentration in blood after first breath > decreased prostaglandins > ductus

arteriosus closure
• closure of fetal shunts and changes in vascular resistance > infant circulation assumes normal adult

flow

Epidemiology
• 8 in 1000 live births have CHI), which may present as a heart murmur, heart failure, or cyanosis; VSD

is the most common lesion

Investigations. echo, ECG, CXR
• pre- and postductal oxygen saturations, 4 limb BPs, hyperoxia test

rn
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CYANOTIC VS. ACYANOTIC CONGENITAL HEART DISEASE
• cyanosis:blue mucous membranes, nail beds,and skin secondary to an absolute concentration of

deoxygenated hemoglobin of at least 30 g/dL
• acyanotic heart disease (i.e. L to R shunt, obstruction occurring beyond lungs): blood passes through

pulmonic circulation -> oxygenation takes place -» low levels of deoxygenated blood in systemic
circulation -> no cyanosis

• cyanotic heart disease (i.e. R to L shunt):blood bypasses the lungs -> no oxygenation occurs -» high
levels of deoxygenated hemoglobin enters the systemic circulation -» cyanosis

Congenital Heart Disease
I

i Characteristic CXR Findings in CHD
• Boot-shaped heart: tetralogy of

Fallot, tricuspid atresia
• Egg-shaped heart transposition of

great arteries
• “Snowman” heart total anomalous

pulmonary venous return

Cyanotic (5 “T" lesions)Acyanotic
I I

I 1 1
ObstructiveL -» R shunt R -» L shunt

T 1 I I
ASD Coarctation of the aorta Tetralogy of Fallot Transposition of the great arteries

Ebstein's anomalyVSO Aortic stenosis
Pulmonic stenosis

Truncus arteriosus
PDA

Atrioventricular
septal defect
(endocardial

cushion defect)

Total anomalous
pulmonary venous return

Tricuspid atresia
Hypoplastic left
heart syndrome

Figure 2. Common congenital heart diseases

Acyanotic Congenital Heart Disease
1. LEFT-TO-RIGHT SHUNT LESIONS
• extra blood is displaced through a communication from the left to the right side of the heart ->

increased pulmonary blood flow -> increased pulmonary pressures
• shunt volume is dependent upon three factors: (1) size of defect, (2) pressure gradient between

chambers or vessels, and (3) peripheral outflow resistance
• untreated shunts can result in pulmonary vascular disease, left ventricular dilatation and dysfunction,

right ventricular HTN and RVH, and ultimately R to L shunts

Atrial Septal Defect
• 3 types:ostium primtim (common in DS, defect located at mitral or tricuspid valves), ostium secundum

(most common type,50-70%,defect located at septum between left and right atria), sinus venosus
(defect located at entry of superior vena cava into right atrium)

• epidemiology: 6-8% of congenital heart lesions, common in patients with certain congenital
disorders (e.g. DS, FAS)

• natural history
80-100% spontaneous closure rate if ASD diameter <8 mm
if remains patent,CHI' and pulmonary HTN can develop in adult life

• clinical features
history: often asymptomatic in childhood

• physical exam:grade 2-3/6 pulmonic outflow murmur, widely split, and fixed S2
children with large ASDs may have signs of heart failure (tachypnea, FIT, hepatomegaly,
pulmonary rales/retractions)

• investigations
• ECG: RAD, mild RVH, RBBB (normal ECG does not rule out)
• CXR: increased pulmonary vasculature, cardiac enlargement (normal ECG does not rule out)
• echo:diagnostic

• management
elective surgical or catheter closure between 2-5 yr, though majority require no surgery
size <8 mm will likely spontaneously close

Ventricular Septal Defect
• most common congenital heart defect (30-50%)
• small VSD (majority)

clinical features
history: asymptomatic, normal growth, and development
physical exam:early systolic to holosystolic murmur, best heard at LLSB, thrill

• investigations: echo to confirm diagnosis (ECG and CXR are normal)
• management: most dose spontaneously

• moderate-to-large VSD
epidemiology: CHI' by 2 mo; late secondary pulmonary HTN if left untreated

Moderate-to-large VSO
Size of VSD is inversely related to sound
of murmur (loud murmur - smaller hole)
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• clinical features
history: delayed growth, decreased exercise tolerance, recurrent U RT'Is or “asthma" episodes
physical exam:holosystolic murmur at LLSB, mid-diastolic rumble at apex, size of VSD is
inversely related to intensity of murmur, loss of splitting of second heart sound and a loud P2
suggests pulmonary hypertension

investigations
ECG:LVH, LAH, RVH (normal ECG does not rule out)
CXR: increased pulmonary vasculature, cardiomegaly, CHI-' (normal CXR does not rule out)
echo:diagnostic

management: treatment of CHI-' and surgical closure by 1 yr, if surgery required

Patent Ductus Arteriosus
•patent vessel between descending aorta and left pulmonary artery ( normally, functional closure

within first 15 h of life, anatomical closure within first days oflife)
•epidemiology

• 5-10% of all congenital heart defects
delayed closure of ductus is common in premature infants (1/3 of infants <1750 g); this is
different from PDA in term infants

•natural history:PDA is usually associated with immaturity in premature infants, but is typically
associated with a functional defect in term infants.As such,spontaneous closure is less common in
term infants

•clinical features
history: asymptomatic, or have apneic or bradycardic spells, poor feeding, accessory muscle use,
CHI-'

• physical exam: tachycardia ± gallop rhythm, bounding pulses, hyperactive precordium, wide
pulse pressure, continuous “machinery" murmur best heard at left infradavicular area

•investigations
• ECG: may show left atrial enlargement, LVH, RVH
• echo is diagnostic

CXR: may show normal to mildly enlarged heart, increased pulmonary vasculature, prominent
pulmonary artery

•management
• indomethacin (Indocid*): antagonizes prostaglandin E2, which maintains ductus arteriosus

patency;only effective in premature infants
catheter or surgical closure if PDA causes respirator)' compromise, FIT,or persists beyond 3rd
mo oflife

2. OBSTRUCTIVE LESIONS
•present with decreased urine output, pallor, cool extremities and poor pulses, shock, or sudden

collapse

Coarctation of the Aorta
•definition: narrowing of aorta (almost always at the level of the ductus arteriosus)
•epidemiology: commonly associated with bicuspid aortic valve (50%); Turner syndrome (35%)
•clinical features

history:often asymptomatic
physical exam

blood pressure discrepancy between upper and lower extremities (increased suspicion/
severity if >20 mmHg difference)
diminished or delayed femoral pulses relative to brachial pulses (i.e. brachial-femoral delay)
possible systolic murmur with late peak at apex, left axilla, and left back
if severe, presents with shock in the neonatal period when the ductus arteriosus closes

•investigations: EGG shows RVH early in infancy, LVH later in childhood; echo or MRI for diagnosis
•prognosis: can be complicated by HTN; if associated with other lesions (e.g. PDA, VSD) can lead to

CHE
•management: give prostaglandins to keep ductus arteriosus patent for stabilization and perform

surgical correction in neonates; for older infants and children balloon arterioplasty may be an
alternative to surgical correction

Aortic Stenosis
•4 types:valvular (75%), subvalvular (20%), supravalvular, and idiopathic hypertrophic subaortic

stenosis (5%)
•clinical features

history:often asymptomatic, but may be associated with CHE, exertional chest pain, syncope, or
sudden death
physical exam: SEM at RUSB with aortic ejection click at the apex (only for valvular stenosis)

•investigations: echo for diagnosis
•management: valvular stenosis is usually treated with balloon valvuloplasty, patients with

subvalvular or supravalvular stenosis require surgical repair, exercise restriction required

Figure 3. Patent ductus arteriosus

Ijl

Figure 4. Coarctation of the aorta

r i
L

+

Activate Windows
Go to Settings to activate"Wincfows;



P23 Paediatrics Toronto Notes 2023

Pulmonary Stenosis
• 3 types:valvular (90%), subvalvular, or supravalvular
• definition of critical pulmonary stenosis: inadequate pulmonary blood flow, dependent on ductus

arteriosus for oxygenation, progressive hypoxia and cyanosis
• natural history: may be part of other congenital heart lesions (e.g. Tetralogy of E'allot) or in

association with syndromes (e.g. congenital rubella, Noonan syndrome)
• clinical features

history: spectrum from asymptomatic to CHT
physical exam: wide split S2 on expiration, SEM at LUSB, pulmonary ejection dick (for valvular
lesions)

• investigations- ECG findings: RVH
CXR:post-stenotic dilation of the main pulmonary artery (due to high velocity jet past stenotic
valve)
echo:diagnostic

• management: surgical repair if critically ill or if symptomatic in older infants/children

(§)Cyanotic Congenital Heart Disease
Causes of Cyanotic Heart Disease- 5Ts

•systemic venous return re-enters systemic circulation directly
•most prominent feature is cyanosis (0 2 saturation <75%)
•hyperoxic test differentiates between cardiac and other causes of cyanosis

obtain preductal, right radial ABG in room air, then repeat after the child inspires 100% O 2
if PaOa improves to >150 mmHg, cyanosis less likely cardiac in origin

•pre-ductal and post-ductal pulse oximetry
• >5% difference suggests R to L shunt

Truncus arteriosus
Transposition of the great vessels
Tricuspid atresia
Tetralogy of Fallot
Total anomalous pulmonary venous
return

1. RIGHT-TO-LEFT SHUNT LESIONS

Tetralogy of Fallot
•epidemiology: 10% of all CHD, most common cyanotic heart defect diagnosed beyond infancy with

peak incidence at 2-4 mo
•pathophysiology

• embryological defect due to anterior and superior deviation of the outlet septum leading to: VSD,
RVOTO (i.e. pulmonary stenosis ± subpulmonary valve stenosis), overriding aorta, and RVH

* infants may initially have a L -> R shunt (therefore no cyanosis); however, RVOTO is
progressive, leading to increasing R -> L shunting with hypoxemia and cyanosis
degree of RVOTO determines the direction and degree of shunt and, therefore, the extent of
clinical cyanosis and degree of RVH

Tetralogy of Fallot
1. VSD
2.RVOTO
3.Aortic root “overriding" VSD
4. RVH

•clinical features
history: hypoxic “tet” spells

during exertional states (crying, exercise) the increasing pulmonary vascular resistance and
decrease in systemic resistance causes an increase in right-to-left shunting
clinical features include paroxysms of rapid and deep breathing, irritability and crying,
increasing cyanosis, decreased intensity of murmur (decreased flow across RVOTO), patient
squatting for relief (increased peripheral resistance,decreased R to L shunting)
if severe, can lead to decreased level of consciousness, seizures, death

physical exam
single loud S2 due to severe pulmonary stenosis ( i.e. RVOTO), SEM at LLSB

•investigations. ECG: RAD, RVH
CXR:boot-shaped heart, decreased pulmonary vasculature, right aortic arch (in 25%)
echo:diagnostic

•management of spells: OT, knee-chest position, fluid bolus, morphine sulfate, propranolol,
phenylephrine

•treatment: surgical repair at 4-6 mo of age; earlier if marked cyanosis or “tet"spells

Figure 5.Tetralogy of Fallot

Pulmonary valve2. OTHER CYANOTIC CONGENITAL HEART DISEASES

Transposition of the Great Arteries
•epidemiology: 3-5% of all congenital cardiac lesions, most common cyanotic CHD in neonates
•pathophysiology: parallel pulmonary and systemic circulations

systemic:body -» RA -> RV -> aorta -> body
pulmonary: lungs -> LA -> LV pulmonary artery -> lungs
survival is dependent on mixing through PDA, ASD,or VSD

•physical exam
» neonates: ductus arteriosus closure causes rapidly progressive severe hypoxemia unresponsive to

oxygen therapy, acidosis, and death
VSD present: cyanosis is not prominent; CHE within first weeks of life
VSD absent: no murmur

Aortic valv

r "i
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© Cassandra Collin 2014 oftor KM +Figure 6.Transposition of the great

arteries
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• investigations
ECG: RAD, RVH,or may be normal
CXR:egg-shaped heart with narrow mediastinum (“egg on a string”)
echo:diagnostic

• management
• symptomatic neonates:prostaglandin E1 infusion to keep ductus open until balloon atrial

septostomy
surgical repair:arterial switch performed in the first 2 wk in those without a VSD while LV
muscle is still strong

Total Anomalous Pulmonary Venous Return
• epidemiology: 1-2% ofCHD
• pathophysiology

• all pulmonary veins drain into right-sided circulation (systemic veins, RA)
no direct oxygenated pulmonary venous return to left atrium
often associated with obstruction at connection sites
ASD must be present for oxygenated blood to shunt into the LA and systemic circulation

• management:surgical repair in all cases and required urgently for severe cyanosis

Truncus Arteriosus
• pathophysiology

single great vessel gives rise to the aorta, pulmonary', and coronary arteries
truncal valve overlies a large VSD
potential for coronary ischemia with fall in pulmonary vascular resistance

• management: surgical repair within first 6 wk of life

Hypoplastic Left Heart Syndrome
• epidemiology: 1 -3% of CHD; most common cause of death from CHD in first mo of life
• pathophysiology: LV hypoplasia may include atretic or stenotic mitral and/or aortic valve, small

ascending aorta,and coarctation of the aorta with resultant systemic hypoperfusion
• systemic circulation is dependent on ductus patency'; upon closure of the ductus, infant presents with

circulatory shock and metabolic acidosis
• management

intubate and correct metabolic acidosis
IV infusion of prostaglandin El to keep ductus open
surgical palliation (overall survival 50% to late childhood) or heart transplant

Ebstein's Anomaly
• Septal and posterior leaflets of

tricuspid valve are malformed and
displaced into the RV

• Potential for RV dysfunction, tricuspid
stenosis, tricuspid regurgitation, or
functional pulmonary atresia if RV
unable to open pulmonic valves. Accessory conduction pathways (e.g.
WPW) arc often present

Etiology. Unknown, heterogeneous genetic
predisposition, associated with
maternal lithium and benzodiazepine
use in 1st trimester

Treatment
• Newborns:consider closure of

tricuspid valve + aortopulmonary
shunt,or transplantation

• Older children:tricuspid valve repair
or valve replacement + ASD closure

4 Features of Hypoplastic Left Heart
Syndrome
• Hypoplastic LV
• Narrow mitral/aortic valves
• Small ascending aorta
• Coa rotation of the aorta

Congestive Heart Failure
•see Cardiology and Cardiac Surgery. C40

Etiology
•CHD
•cardiomyopathy (primary or secondary)
•high output circulatory states (e.g. anemia, AVMs, cor pulmonale, hyperthyroidism)
•non-cardiac (e.g. sepsis, renal failure)
•pressure overload (e.g.aortic stenosis/coarctation, pulmonary stenosis, HTN )
•volume overload (e.g. L to R shunt, valve insufficiency)

Clinical Features
•infant: weak cry, irritability, feeding difficulties, early fatigability, diaphoresis while sleeping or eating,

respiratory distress, lethargy, FIT
•child: decreased exercise tolerance, fatigue, decreased appetite, respiratory distress, frequent URTls,

or “asthma" episodes
•orthopnea, paroxysmal nocturnal dyspnea, pedal/dependent edema are all uncommon in children
•physical findings:4 key features (tachycardia, tachypnea, cardiomegaly, hepatomegaly).Additionally,

FI T, alterations in peripheral pulses, four limb blood pressures (in some CHDs), dysmorphic features
associated with congenital syndromes, gallop rhythm

Investigations
•CXR: cardiomegaly, pulmonary venous congestion
•E(Xi: sinus tachycardia, signs of underlying cause (heart block, atrial enlargement, hypertrophy,

ischemia/infarct )
•echo: structural and functional assessment
•blood work: CBC, electrolytes, BUN, Cr, LET'S

Management
•general:sitting up,0 2, sodium and water restriction, increased caloric intake
•pharmacologic:diuretics, afterload reduction (e.g. ACEI), (5-blockers; digoxin rarely used
•curative:correction of underlying cause

4 Key Features of CHF

2 Tachys and 2 Megalys
• Tachycardia. Tachypnea
• Cardiomegaly
• Hepatomegaly

i. j
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Dysrhythmias
•can be transient or permanent, congenital (structurally normal or abnormal), or acquired (toxin,

infection, infarction)

Sinus Arrhythmia
•phasic variations with respiration (present in almost all normal children)

Sinus Tachycardia
•rate of impulses arising from sinus node is elevated (>150 bprn in infants, >100 bpm in older children)
•characterized by:beat-to-beat heart rate variability with changes in activity, P waves present/normal,

PR constant,QRS narrow
•etiology: H'l'N, fever, anxiety, sepsis, anemia/hypoxia, pain, PE, drugs, etc.
•differentiate from SVT by slowing the sinus rate (vagal massage, (5-blockers) to identify sinus P waves

Premature Atrial Contractions
•may be normal variant or can be caused by electrolyte disturbances, hyperthyroidism, cardiac

surgery, digitalis toxicity

Premature Ventricular Contractions
•common in adolescents
•benign if single, uniform, disappear with exercise, and no associated structural lesions
•if not benign, may degenerate into more severe dysrhythmias

Supraventricular Tachycardia
•abnormally rapid heart rhythm originating above the ventricles - most frequent sustained

dysrhythmia in children
• no beat-to-beat HR variability, >220 bpm (infants) or >180 bpm (children), P waves absent/abnormal,

PR indeterminable, QRS usually narrow
•pre-excitation syndromes (subset of SVT): WPW syndrome, congenital defect (see Cardiology and

Paediatric vs.Adult ECG
Paediatric ECG findings that may be
normal:. HR >100 bpm. Shorter PR and OT intervals and ORS

duration
• Inferior and lateral small 0 waves
• RV larger than LV in neonates, so

normal to have:. RAD
• Large precordial R waves
• Upright T waves
• Inverted T waves in the anterior

precordial leads from early
infancy to teen years

Complete Heart Block
•congenital heart block can be caused by maternal anti-Ro or anti-La (e.g. mother with SLE)
•often diagnosed in utero (may lead to development of fetal hydrops)
•clinical symptoms related to level of block (the lower the block, the slower the heart rate and greater

the symptoms of inadequate cardiac output)
•symptomatic patients need a pacemaker

sHeart Murmurs
• 50-80% of children have audible heart murmurs at some point in their childhood
• most childhood murmurs are functional (e.g. "innocent") without associated structural abnormalities

and have normal ECti and radiologic findings
• in general, murmurs can become audible or accentuated in high output states (e.g. fever, anemia)

Table 15.Differentiating Heart Murmurs
Innocent Pathological

History and Physical Symptoms and signs ol cardiac disease (FIT.exercise
intolerance)

All diastolic, pansystolic, or continuous (except venous hum)
>316 (palpable thrill):harsh
May have lixed split or single S2
May be present
Unchanged

Asymptomatic

Timing
Cradc/Ouality

Splitting
Extra Sounds/Clicks
Change of Position

SEM
<316:sofllblowing/ vibralory

Physiologic S2
None
Murmur varies
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Table 16. Five Innocent Heart Murmurs
Location Timing Description Age Differential

Diagnosis
Type Etiology

left upper sternal Systolic ejectionPeripheral
Pulmonic
Stenosis

Flo*into
pulmonary branch border
arteries from

Neonates, low-
pitched.radiates
lo axilla andback

Neonates,usually PDA
disappears by Pulmonary
3-6mo stenosis

main,larger,
artery

Still's Murmur Left lower sternal
border

Systolic ejection 3-6 yr Subaortic stenosis
Small VSD

Flo*across the
pulmonic \raIre
leaflets

High-pitched,
vibratory.LLSB or
apex.SEM

Infradavicular
hum.continuous.

Venous Hum Altered flow in
reins

Infradavicular
(«>L)

Continuous 3-6yr PDA

RH
Flo* through the
pulmonic valve

Leftupperstemal
border

Systolic ejection Soft,blowing.
LUSB.SEM

8-14 yr ASDPulmonary Flow
Pulmonary
stenosis

Systolic ejectionSupraclavicular
ArterialBruit

Iurbulenlflow
in the carotid
arteries

Supradavicular Low intensity,
above davides

Any age Aortic stenosis
Bicuspid aortic
valve

Infective Endocarditis
• see Infectious Pise.tses. 11)15

Development

Global Developmental Delay
•also known as Early Developmental Impairment

Definition
•significant delay (at least 2 SDs below the mean with standardized tests) in at least 2 developmental

domains (gross motor, fine motor, speech/language, cognitive, social/personal, activities of daily-
living) in a child <5 vr

•may predict a diagnosis of intellectual disability in the future
•after age 5, intellectual and physical disabilities are described (no longer a development ‘delay’ as

catch up is not expected)

Epidemiology
•5-10% prevalence; 50-70°o of cases have a defined etiology

Etiology
Broad Category Possible Causes Upper Limit of Diagnostic Yield*

Prenatal Biological Factors Genetic abnormalities
Central nervous system deformities
Metabolic issues

Teratogens/toxins (substances of abuse,
medications,etc.)
Infections

4n

Prenatal EnvironmentalFactors 28 s

Perinatal Asphyxia and neonatal encephalopathy
Premature birth
Low birth weight
Neonatal complications

Neglect/unhealthy psychosocial environment 55%
Infections
Trauma
Severe jaundice (kernicterus)
Toxins

21%

Postnatal

•Percentage of total rases of GOO or 10 with an identified etiologic diagnosis who fall into this specific category
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Clinical Features
• key questions in addition to standard paediatric history:

detailed developmental milestones: rate of acquisition, regression of skills
detailed prenatal, birth, postnatal history
detailed three-generation family history
detailed psychosocial history, including exposure to environmental toxins
associated problems: feeding,seizures, behaviour, sleep

• physical exam
micro/macrocephaly, dysmorphic features head-to-toe, hepatosplenomegaly, height, and weight

• neurodevelopmental exam (neurological exam, congenital abnormalities, cutaneous findings,
dysmorphic features, current developmental level)

• investigations (guided by history, physical examination, and CPS stepwise algorithm)
refer for formal vision and hearing tests, which may guide further management
first line:chromosomal microarray and Fragile X DNA testing
“Tier 1” lab investigations (defined by CPS) for inborn errors of metabolism:
blood: CBC, glucose, blood gas, urea, creatinine, electrolytes with anion gap, AST, ALT,TSH,
CK, ammonia, lactate, amino acids, acylcamitine profile,carnitine, homocysteine,copper,
ceruloplasmin, biotinidase
urine:organic acids, creatine metabolites, purines, pyrimidines, glycoaminoglycans
additional investigations:TSH, ferritin, Bn, lead, congenital infections
brain imaging:microcephaly, macrocephaly, seizures, or abnormal neurological findings
consider consultation with genetics or endocrinology

Management
• dependent on specific area of delay
« therapy services (e.g. speech and language therapy for communication delay, OT and/or PT for motor

delay), early intervention services (e.g. infant development services, Ontario Early Years Centres);
access to daycare can support developmental units

Intellectual Disability
Definition

« characterized by three domains: deficits in intellectual function (confirmed by clinical assessment and
standardized intelligence testing, historically defined as Intelligence Quotient (IQ) <70),deficits in
adaptive function, and symptom onset during developmental period

• severity levels (mild, moderate, severe, profound) are based on adaptive function, not IQ

Epidemiology
• 1-3% of general population; M:F=1.5:1

Clinical Features
• history

» earlier age of onset correlates with greater severity of ID
» well below average general intellectual functioning

significant deficits in adaptive functioning in at least 2 of: communication, self-care, home-living,
social skills, self-direction, academic skills, work, leisure, health, safety

• physical exam
check growth, dysmorphic features, complete physical exam, detailed observation of behaviour/
phenotype (i.e.social skills)

• investigations
standardized psychoeducational assessment (includes cognitive and adaptive functioning
measures)
vision, hearing, and/or neurologic assessment
genetic and metabolic testing as indicated

Management
• main objective:enhance adaptive functioning level
• requires an interprofessional team with strong case coordination
• emphasize community-based treatment and early intervention
• behaviour management services, therapy services (e.g.OT,SLP), medications for associated

conditions
• medications for associated conditions
• education:life skills, vocational training, communication skills, family education
• psychosocial support for individual and family; respite care, individual/family therapy

Prognosis
• higher rates of sensory deficits, motor impairment, behavioural/emotional disorders, seizures,

psychiatric illness

1
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Language Delay
Definition
• no universally accepted definition, but most often identified around 18 mo of age with enhanced well

baby visit
• if formally tested, at least one standard deviation below mean of age on standardized testing
• can be expressive (abilitv to produce or use language), receptive (ability to understand language), or

both

Epidemiology
• M>F
• —10-15% of 2 y/o children have a language delay, but only 4-5% remain delayed after age 3
• -6-8% of school-aged children have specific language impairment (many of whom were not identified

before school entry)

Etiology
• intellectual disability
• selective mutism
• language specific learning disorder
• isolated language delay
• developmental disorders:cerebral palsy, autism spectrum disorder, constitutional language delay
• genetic/metabolic: DS, Fragile X syndrome, Williams syndrome, hypothyroidism, PKU, etc.
• mechanical problems:deft palate, cranial nerve palsy, hearing impairment
• medical conditions:seizure disorder (includes acquired epileptic aphasia), degenerative neurologic

disorders (i.e. Rett syndrome, Leigh encephalopathy), CP, TORCH infection, iron deficiency, lead
poisoning, etc.

• psychosocial: neglect or abuse

Clinical Features
• historv

concerns about hearing, delay in language development or regression in previously normal
language development
delayed language milestones, presence of red flags, regression (see Table 9,Developmental
Milestones, PS )
must determine if language delay is expressive, receptive, or mixed

• assess social communication skills, including use of gestures
determine differences in behaviour at home, school, other social environments
risk factors:family history of speech and language delay, male, prematurity', low birth weight,
hearing loss

• physical exam
guided by history:look for abnormal growth, dysmorphisms, unusual social interactions (lack of
eye contact, not pointing)

• include full exam of the external/internal ear (e.g. TM scarring), oral pharynx (e.g.deft palate),
and neurologic system (including tone)

• investigations
• use of language specific screens in primary care setting:The Early Language Milestone,

Communication and Symbolic Behaviour Scales Developmental Profile Infant-Toddler Checklist
Clinical Adaptive Test /Clinical Linguistic and Auditory Milestone Scale (CAT/CLAMS), Modified
Checklist for Autism in Toddlers (M-CHAT), etc.
developmental evaluation and observation during informal interaction
hearing, dental, and vision screening (audiology,dentistry, and optometry referral)
CBC (to rule out anemia), venous blood lead levels, genetic/metabolic workup as indicated

Management
• specific to etiology'
• referral to SLP most important, consider referral to Otolaryngology Head and Neck Surgery (OHNS),

dental professionals, general support services
• consider other interventions specific to etiology
• prevention:parents can read aloud to their child, engage in dialogic reading, avoid baby talk, narrate

daily activities, etc.

Prognosis
• depends on etiology- best prognosis for developmental speech delay
• if language delay persists beyond age 5, more likely to have difficulties in adulthood
• persistent language delay is associated with poor academic performance, behavioural problems, social

isolation

Risk Factors for Sensorineural Hearing
Loss
• Genetic syndromes/family history
• Congenital (TORCH) infections
• Craniofacial abnormalities
• <1500g birth weight
• Hyperbilirubinemia/kemicterus
• Asphyxia/low APGAR scores
• Bacterial meningitis, viral

encephalitis

Primary care physicians should also
suspect a receptive language delay
in any young child with an expressive
language delay

+

Activate Windows
GcrtcrSettmgsto actrvateWfndows;



P29 Paediatrics Toronto Notes 2023

Specific Learning Disorder
Definition
• specific and persistent failure to acquire academic skills despite conventional instruction, adequate

intelligence, and sociocultural opportunity
• a significant discrepancy between a child 's intellectual ability and their academic performance
• types: reading (dyslexia), writing, mathematics (dyscalculia)

Epidemiology
• prevalence: 10% (most commonly dyslexia)
• high incidence of psychiatric comorbidity: anxiety, dysthymia, conduct disorder, major depressive

disorder, oppositional defiant disorder, ADHD

Etiology
• pathogenesis is unknown, likely genetic factors involved
• learning disabilities may be associated with a number of conditions:

• genetic/metabolic (e.g. Turner syndrome, Klinefelter syndrome)
• perinatal: prematurity, low birth weight, birth trauma/hypoxia

postnatal: CNS damage, hypoxia, environmental toxins, FAS, psychosocial deprivation
(understimulation), malnutrition

• poor visual acuity is NOT a cause

Risk Factors
• positive family history, prematurity, developmental and mental health conditions, neurologic

disorders (e.g. seizure disorders, neurofibromatosis), history of CNS infection/irradiation/traumatic
injury, prenatal alcohol exposure, chromosomal disorders

Clinical Features
• history and physical exam

school difficulties (academic achievement, behaviour, attention, social interaction, over-reliance
on teacher)
development of negative self-concept -> reluctance to participate even in areas of strength
social issues:overt hostility towards parents/teachers;difficulties making friends,bullying, and
anxiety
look for dysmorphisms,complete physical exam;signs and symptoms of OSA

• investigations
psychocducational assessment, educational history from school staff

• individual scores on achievement tests in reading, mathematics, or written expression (WISC 111,
VVRAT) >2 SD below that expected for age, education , and IQ
evaluate attention, memory, expressive language, coordination skills

Management
• proside quality instruction for specific learning disability
• advocate for school supports: modifying the curriculum and/or providing accommodations (e.g.

scribe for writing, extra time for tests, photocopied notes, etc.)
• individualized Education Flan (1EP): a written plan that describes the strength and needs of the

student, services established to meet these needs, and how these services should be delivered
• specialized education placements that can provide educational remediation

Prognosis
• limited information available about persistence of learning disabilities over time
• low self-esteem, poor social skills,40% school drop-out rate

EFetal Alcohol Spectrum Disorder
Definition
• term describing the range of effects of prenatal exposure to alcohol, including physical, mental,

behavioural, and learning disabilities
• spectrum from most to least severe: FAS (fetal alcohol syndrome), partial FAS, ARBI) (alcohol related

birth defects), and ARND (alcohol related neurodevelopmental disorder)

Epidemiology
• prevalence of 1-AS and FASD is 0.1% and 1.0%, respectively
• most common preventable cause of intellectual disability
• CDC estimates 10% of women drink alcohol during pregnancy, although abstinence is strongly

recommended

r T
j

Pathogenesis
• specific mechanism of EASD is unknown, but hypotheses include nutritional deficits, toxic effects

of acetaldehyde, alteration of placental transport, abnormal protein synthesis, and altered cerebral
neurotransmission
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Diagnosis
• often misdiagnosed or missed entirely
• multidisciplinary team needed to make diagnosis and involves a complex physical exam and

neurodevelopmental assessment
• criteria for diagnosis of FAS

F'ASD with sentinel facial features: 1. presence of facial features, 2. maternal alcohol consumption
confirmed or unknown,3.evidence of neurodevelopmental impairment OR microcephaly in
infants and young children
F'ASD without sentinel facial features:evidence of neurodevelopmental impairment, maternal
alcohol consumption confirmed

• sentinel facial features: short palpebral fissures (<2 SD below mean), flattened philtrum, thin
upper lip (having all 3 features is highly specific for alcohol exposure
neurodevelopmental dysfunction (need >3): motor skills; neuroanatomy/neurophysiologv;
cognition; language; academic achievement; memory;attention;executive function (impulse
control and hyperactivity); affect regulation; adaptive behaviour, social skills or social
communication, or microcephaly in infant and young children

• diagnosis of AKBD and AKKD require evidence of maternal alcohol consumption during pregnancy
• criteria for diagnosis of AKBD

• congenital anomalies; malformations and dysplasias of the cardiac, skeletal, renal, ocular, and
auditor)'systems

• criteria for diagnosis of ARND
complex pattern of behavioural or cognitive abnormalities inconsistent with developmental level
that cannot be explained by familial background or environment alone
cannot be definitively diagnosed in children <3yr

Management
• early diagnosis is essential to prevent secondary disabilities by early connection to therapies and

supports
• no cure, but individuals with F'ASD and their families should be linked to community resources and

services to improve outcomes
• growth/diet should be monitored closely as nutritional deficiencies are common

Prognosis
• secondary’disabilities include unemployment, mental health problems,difficulties with the law,

inappropriate sexual behaviour,disrupted school experience, peer problems
• prognosis may be improved if diagnosed before age 6,social and educational supports available, and

nurturing living environment

Attention Deficit Hyperactivity Disorder
• see Psychiatry, Neurodevelopmental Disorders,PS4T

Autism Spectrum Disorder
• see Psychiatry. Neurodevelopmental Disorders, Ps-}-

Motor Delay
• see Cerebral Palsy, P87and Medical Genetics. Duehenne Muscular Dystrophy, MGS

Endocrinology

Antidiuretic Hormone
Diabetes Insipidus
• see Endocrinology. E22 and Nephrology. NPI 2

Syndrome of Inappropriate Antidiuretic Hormone
• see Endocrinology. E22 and Nephrology. NPI 1 n

u

+

Activate Windows
^tcrSettingrto-activate-Windowŝ
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Diabetes Mellitus
DIABETES MELLITUS TYPE 1
• see Endocrinology, E7

Epidemiology
• most common form of DM in children, M=T
• variable prevalence internationally, affects 32 in 100000 children in Canada
• can present at any age, but bimodal peaks at 5-9 y/o and at 10-14 y/o

Diagnostic Criteria tor DM (Types1and
2) in Children
1.Symptoms (polyuria, polydipsia,

weight loss,etc.) and hyperglycemia
(Random glucose >11.1 mmol/L)
ORClinical Features

• can present with polyuria (may manifest as nocturia or secondary enuresis), polydipsia, weight loss
(lack of insulin leading to a catabolic state), polyphagia, perineal candidiasis (younger children),
visual disturbances, and DKA (30%, with greater incidence in younger children)

2.Two of the following on one occasion:. Fasting glucose >7.0 mmol/L. 2 h plasma glucose during OGTT >11.1
mmol/L

• HbAlc i6.5%
ORManagement

• patients and families are best managed with a family-centred paediatric multidisciplinary team able
to provide education, ongoing care, and psychosocial support surrounding survival skills, meal plans,
and insulin injections as a cornerstone of treatment
• diet with consistent levels of carbohydrates, avoiding foods with high glycemic index is advised

-60 min aerobic exercise recommended daily, extensive activity may cause prolonged
hypoglycemia or hyperglycemia
administer influenza immunization yearly to avoid complications to management

• blood glucose monitoring is especially important in children as they are more susceptible to
hypoglycemia (lethargy, unusual behaviour, tremor, pallor, tachycardia, diaphoresis, seizure, coma)

administer simple PO carbohydrate (i.e.sweetened fruit juice) for mild hypoglycemia and 1M
glucagon or IV dextrose for severe hypoglycemia

screen for micro- and macrovascular complications (regular ophthalmology assessments,
microalbuminuria, diabetic foot exam), concurrent autoimmune diseases (thyroiditis, celiac disease,
etc.), mental health issues (depression, eating disorders, etc.), HTN, dyslipidemia

Prognosis
• no cure currently
• short- term complications

• hypoglycemia
» due to missed /delayed meals, excess insulin or exercise, illness, alcohol ingestion,

psychosocial factors
can lead to seizures and/or coma as well as permanent neurologic complications

hyperglycemia
due to intercurrent illness, carbohydrate-to-insulin mismatch
risk of end-organ damage

DKA:due to missed insulin doses, infection;most common cause of death
• long-term complications

microvascular: retinopathy, nephropathy, neuropathy
• macrovascular: metabolic syndrome, CVD, CAD, PVD

increased risk of other autoimmune diseases
• hypertension, dyslipidemia

DIABETIC KETOACIDOSIS (DKA)
• approximately 40% of children with new onset diabetes will have DKA,and 0.5-1% of DKA cases are

complicated by cerebral edema
• symptoms: anorexia, nausea/vomiting, abdominal pain
• signs: Kussmaul breathing, tachycardia, reduced skin turgor, drowsiness, lethargy, coma
• warning signs of neurological deterioration: headache, bradycardia, irritability, decreased LOG,

incontinence, specific neurological signs
• management with paediatric-specific protocols:

ABCs, 100% Oa,admit, monitor, correct fluid losses (use isotonic fluids)
• administer insulin

avoid insulin bolus and delay infusion until 1 h after fluid resuscitation
SC insulin if mild DKA; IV infusion if moderate or severe

normalize glucose level gradually
frequently monitor BG, electrolytes, fluid ins/outs, neurological status

• ensure maintenance fluids contain potassium, add glucose to fluids once BG reaches specific threshold
• if cerebral edema is suspected, give mannitol, restrict IV fluids, and move to ICU; imaging only after

patient is stabilized
• see Endocrinology. E9

3. One of the following on two separate
occasions*

• Fasting glucose i7.0 mmol/L
• 2 h plasma glucose during OGTT zll.1

mmol/L. HbAlc >6.5%

'HbAlc Isnot recommended oslire soledegrade totin
children and adolescents
'HbAlchas reducedrelioMy whenhemogM<no<»ll>es
a increasedRBC turnover (i.e.G6P0)present

Blood Glucose Targets
Current Diabetes Canada guidelines
recommend an HbAlc target of <7% for
children with Type 2 diabetes, with a
less stringent target of <7.5% for children
with Type 1 Diabetes to minimize
hypoglycemia.

r t
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DIABETES MELLITUS TYPE 2
• see l-'amilv Medicine, FM25 and Endocrinology. E8- impaired glucose metabolism due to increased peripheral insulin resistance and relative impairment

in insulin secretion

Epidemiology
• rare before age 10, but more common in older children/adolescents (mean age of -14 y/o)
• prevalence is rising mainly due to the increased incidence of childhood obesity
• risk factors: first or second degree relative with type 2 diabetes, high risk ethnic group, obesity,

impaired glucose tolerance, polycystic ovarian syndrome (PCOS), exposure to diabetes in utero,
acanthosis nigricans, hypertension, dvslipidemia, non-alcoholic fatty liver disease, atypical
antipsychotic medications (see Endocrinology, E8)
• risk reduced with breastfeeding

Clinical Features
• clinical features maybe similar to that of T1DM, though most children are asymptomatic (-40%)

may present in DKA or hyperglycemic hyperosmotic nonketotic state
• screening at least every 3 yr recommended in overweight or obese asymptomatic children after

puberty or >10 y/o if >1 risk factors
• screening and diagnostic investigations - fasting plasma glucose recommended, 2 h oral glucose

tolerance test (higher detection in severe obesity, BM1 >99th percentile, and with multiple risk
factors), HbAlc

• consider pancreatic autoantibodies (anti-glutamate decarboxylase,anti-islet and anti-insulin
antibodies) to excludeT1DM as 10-20% of children with clinical T2DM diagnosis may have T1DM

Set landraatk Piedafrt Intis taMe for mote
infonnatioc os tOMT.»4«idetaIs ttt effica ly of
t hree treatmentsased at Kfce«n9 durable glycemic
control inctildm andadolescents with recent-onset
type 2 diabetes.

See Landmark Peedzrt I-als tablefor more
nformaboo on EUIPS.wfnk detais the safety and
e ffectiveness of kraglsWeand metfoemm combined
therapy for yootb nrr:type 2 diabetes.

Management
• initial therapy with insulin used for severe metabolic decompensation at diagnosis (DKA, HbAlc

>9%), can wean off
• initiate lifestyle modification program, including diet, weight loss, physical activity (moderate to

vigorous activity for at least 60 min/d; screen time less than 2 h/d)
• if glycemic targets not achieved within 3-6 mo from diagnosis with lifestyle intervention alone,either

metformin (first line), glimepiride, or insulin should be initiated
metformin can be initiated at diagnosis if HbAlc >7%

• if glycemic target not met with metformin,add liraglutide with/without basal insulin (especially if
severe hyperglycemia- HbAlc >8.5%)

• monitor HbAlc every 3 mo
• advise patient to monitor finger-stick blood glucose levels if on medication with risk of hypoglycemia,

are changing medication regimen, have not met treatment goals, or have intercurrent illness
• screening - same as TIDM plus annual screening for PCOS and nonalcoholic fatty liver disease

(NAFLD)

Prognosis
• includes microvascular and macrovascular complications similar to TIDM

Growth
• see l'aihtre to thrive, P15

SHORT STATURE

Definition
• short stature: height <3rd percentile
• poor grow th evidenced by growth deceleration (height crosses major percentile lines, decreased

growth velocity
Short Stature DOx

Epidemiology
• -2.5% of the population by definition ABCDEFG

Al one (neglected infant)
Bone dysplasias (rickets,
scoliosis, mucopolysaccharidoses,
achondroplasia)
Chromosomal (Turner.Down)
Delayed growth (CDGP)
Endocrine (hypopituitary. low GH,
Cushing, hypothyroid)
Familial (familial short stature)
Gl malabsorption (cetiac.Crohn's)

Etiology. ABCDEFG (see Short Stature DDx Memory Aid)
Pathologic short stature (if reduced growth velocity)
Non-pathologic short stature (if normal growth velocity)

Clinical Features
• history and physical exam

family history of growth and pubertal onset
plot on growth curve (special growth charts available for Turner syndrome, achondroplasia, DS,
and other genetic syndromes)

decreased growth velocity often more worrisome than actual height
assess for dysmorphic features,disproportionate short stature

• assess for headaches, vision changes, stigmata of endocrine abnormalities

n
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risk factors for GH deficiency: previous head trauma, history of intracranial bleed or infection,
head surgery or irradiation, positive family history, breech delivery

•investigations
calculate mid-parental height:children are usually in a percentile between their parents’height

mid-parental height male = (mother + father’s height in cm + 12.5 cm)/2
mid-parental height female = (mother + father’s height in cm -12.5 cm)/2
likely low mid-parental height in familial short stature (HSS)

AP x-ray of left hand and wrist for bone age
Constitutional delay of growth and puberty (CDGP) may be distinguished from KSS based
upon delayed bone age

• further investigations recommended with severe short stature or decreased growth velocity,
guided by history/physical (e.g.endocrine (TSH/T4, GH testing, etc.), chronic illness (e.g.CBC,
creatinine, electrolytes, celiac screen, sweat chloride,etc.), genetic (e.g. microarrav, karyotype if
aneuploidy suspected), etc.

Management
•depends on etiology and severity of problem as perceived by parents/child
•no treatment for non-pathological short stature,except for idiopathic short stature (height <3rd

percentile without any endocrine, metabolic,or other disease etiology)
•GH therapy for GH deficiency: if administered at an early age, can help patients achieve adult height

requirements
GH shown to be deficient by 2 different stimulation tests (with arginine, glucagon, insulin)
growth velocity <3rd percentile or height <3rd percentile
bone age x-rays show unfused epiphyses/delayed bone age

•support and management of resultant self-image issues, social anxiety, etc.
Short Stature

!I
IUGR NolUGR

|1
Primordial

•Height, weight, and head circumference
are affected

• Chromosomal (e.g. Turner, Down syndrome)
• Teratogen,placental insufficiency,
infection

Proportionate Disproportionate
•Skeletal dysplasia

Normal Growth Velocity Slow Growth Velocity

Constitutional Delay of Growth and Puberty
• Delayed puberty
• May have family history of delayed puberty
• May need short-term therapy with androgens/
estrogens
• Delayed bone age
• Often mid-parental height is normal
Familial
• Normal bone age
• Treatment not indicated
•Family Hx of short stature

Endocrine (height affected more than weight)
• GH deficiency
• Hypothyroidism/Hyperthyroidism
• Hypercortisolism
• Hypopituitarism
• Adrenal insufficiency
Chronic disease (weight affected more than height)
• Cyanotic CHD
• Celiac disease. IBD. CF
• Chronic infections
• Chronic renal failure (often height more affected)
Psychosocial neglect (psychosocial dwarfism)
• Usually decreased height and weight (decreased

head circumference if severe)

Figure 7.Approach to the child with short stature

TALL STATURE
•height greater than 2 SDs above the mean for a given age, sex, and race

Etiology
•constitutional/familial
•endocrine:Beckwith-Wiedemann syndrome, hyperthyroidism, hypophyseal gigantism, precocious

puberty
•genetic homoevstinuria, Klinefelter syndrome, Marfan syndrome, Sotos syndrome

nHypercalcemia/Hypocalcemia/Rickets
• see Endocrinology, E43, E44, E48
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Hyperthyroidism and Hypothyroidism
• may be congenital or acquired (for acquired causes, see Endocrinology, E26)

CONGENITAL HYPERTHYROIDISM
• also known as neonatal Graves’disease

Epidemiology
• ~1 in 25000 neonates, M=E

Etiology
• typically caused by transplacental transfer of TSH receptor antibody (TRAb)
• rare causes include mutations in the TSH receptor pathway

Clinical Features
• history and physical exam

maternal history of thyroid pathology and management
low birthweight,1UGR, microcephaly, premature birth, tachycardia, irritability, frontal bossing,
triangular facies, hepatosplenomegaly, goitre, flushing, sweating

Investigations
• TSH receptor antibody levels during the 3rd trimester or in the cord blood
• neonatal TSH,T3, free T4

Management
• methimazole and (3-adrenergic blocker (e.g. propranolol)

Prognosis
• with prompt treatment, hyperthyroidism improves

• however, long-term cognitive and CNS problems can still occur
• risk for development of central hypothyroidism later in life

CONGENITAL HYPOTHYROIDISM

Epidemiology
• incidence: 1 in 2000-4000 newborn births; l::M=2:l
• one of the most common preventable causes of intellectual disability

Etiology
• may be classified as permanent or transient congenital hypothyroidism (CH)

subcategorize into primary (85% thyroid dysgenesis, 15% inborn errors of thyroid gland hor
biosynthesis), secondary/central (pituitary/hypothalamic issue),or peripheral CH (deficits in
thyroid hormone transport, metabolism, or action )

• causes of transient hypothyroidism: maternal antibody-mediated, iodine deficiency (rare in developed
countries), prenatal exposure to antithyroid medications; neonatal iodine deficiency/excess,
congenital liver hemangiomas, certain gene mutations

Clinical Features
• history and physical exam

• usually asymptomatic in neonatal period because maternal T4 crosses the placenta
• prolonged jaundice, feeding difficulty, lethargy, constipation, umbilical hernia, macroglossia,

large fontanelles, puffy face, swollen eyes, hypotonia (signs/symptoms develop over first few mo)
examine for congenital malformations (especially cardiac) and dysmorphic features

• central hypothyroidism associated with hypoglycemia, micropenis, undescended testes, features
of diabetes insipidus
most commonly presents as a positive newborn screen result

• investigations
• all infants should be screened for primary CH
• repeat screening at 2 wk for infants at high-risk: preterm, SGA, infants in N1CU, specimen

collection <24 h of life, multiple births
diagnosis through newborn screening of TSH (most sensitive for primary CH ) or free T4;
abnormal results should be confirmed with serum levels from venipuncture

tT SH, 4free T4 in primary CH
4TSH, 4free T4 in secondary CH

• primary CH (optional): radioisotope scanning/ultrasound of thyroid for severity, serum
thyrogiobulin, maternal antithyroid antibodies, urinary iodine

• secondary CH: MR1, gene analysis, eye exam for optic nerve hypoplasia (assess pituitary)

mi ine
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Management
• thyroxine replacement, hormone normalization should be done within 2 wk to avoid cognitive

impairment
• counsel against using soy based formulas

Prognosis
• excellent outcome if treatment started within 1-2 mo of birth
• if treatment started after 3-6 mo of age, may result in permanent developmental delay and/or

disability (mild to profound), intellectual impairment, poor growth, hearing loss

Disorders of Sexual Development
AMBIGUOUS GENITALIA

Definition
• newborn or child whose sex is difficult to assign based on the appearance of genitalia
• subtype of DSD: a condition in which development of chromosomal, gonadal, or anatomic sex is

atypical
• subtypes:46,XX DSD,46,XY DSD,ovotesticular DSD (true hermaphrodite)

Epidemiology
• incidence of genital abnormalities at birth is as high as 1 in 300
• prevalence of complex anomalies with true sexual ambiguity much lower at ~1 in 5000

Etiology
• 46,XY DSD

• inborn error of testosterone biosynthesis or Leydig cell hypoplasia
5-a-reductase deficiency, androgen receptor deficiency'or insensitivity'
LH/hCG unresponsiveness

• 46,XX DSD
virilizing CAH (most common)
maternal source:virilizing ovarian or adrenal tumours, untreated maternal CAH, placental
aromatase deficiency

• ovotesticular DSD
both ovarian follicles and seminiferous tubules in the same patient with a 46,XX karyotype

• mixed gonadal dysgenesis

Risk Factors
• parental consanguinity, positive family history of ambiguous genitalia, early childhood illness/death,

or primary amenorrhea, maternal medications during pregnancy (e.g.androgens, progesterones,
danazol, phenytoin, aminoglutethimide, endocrine disruptors)

Clinical Features
• history

thorough obstetrical history, including prenatal screens, maternal medications, and maternal
virilization in pregnancy

» family history: autosomal recessive pattern may suggest CAH, X-linked recessive pattern may
suggest androgen insensitivity syndrome

• physical exam
XY:small phallus, hypospadias, bilateral cryptorchidism (undescended testicles)
XX:clitoromegaly, labioscrotal fusion
look for concurrent midline defects,dysmorphic features,and congenital abnormalities

• investigations
karyotype and genetic workup, including FISH for SRY gene, as indicated
blood work:electrolytes and renin (evidence of salt-wasting in CAH);17-OH-progesterone,
androgens, FSH and LH,glucose
imaging: abdominal and pelvic U/S to look for gonads, uterus, and vagina

Management
• avoid announcement of probable sex or use of personal pronouns until all tests are complete
• continuous psychosocial support for parents and child during development
• promote individualized management with respect to sex of rearing, surgical intervention, hormonal

therapy, and preservation of fertility

CONGENITAL ADRENAL HYPERPLASIA

Definition
• autosomal recessive disorder characterized b

cortisol and aldosterone production in the a
• adrenal cortex normally produces balanced levels of aldosterone, cortisol, and androgens

jy a defect in various synthetic enzymes required for
drenal cortex +
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Epidemiology
• occurs in ~1 in 15000 live births
• most common cause of ambiguous genitalia in genotypically normal females (46,XX)

Etiology
• 21-OH deficiency Is responsible for -95% of CAH cases
• results in * cortisol and aldosterone production with shunting toward 11 androgens
• cortisol deficiency leads to elevated ACT'H, which causes adrenal hyperplasia
• rarer causes include deficiencies in 11-OH, cholesterol desmolase, 17-OH, and 3-HSD

Clinical Features
• depends on which enzyme in cortisol synthesis pathway is defective
• presentation of 21-OH deficiency can be divided into:

classic deficiency with salt wasting: inadequate aldosterone resulting in FIT, hyperkalemia,
hyponatremia, hypoglycemia, acidosis (majority of classic CAH types)

• classic deficiency without salt wasting: simple virilization with adequate aldosterone levels
females typically present with genital ambiguity, amenorrhea, precocious puberty, polycystic
ovaries, hirsutism
males typically asymptomatic at birth, may show hyperpigmentation (from overproduction of
melanocyte stimulating hormone), penile enlargement, rapid growth, and accelerated skeletal
maturation; present with signs of virilization later in life

non-classic CAH - mild androgen excess, sometimes asymptomatic, precocious puberty
and/or virilization present later in life, rarely associated with Addisonian crises (may be
indistinguishable from PCOS)

• 21-OH deficiency screening is part of many newborn screening programs across North America (non-
classical variant rarely detected)

• high serum levels of 17-OH progesterone in random blood sample diagnostic for 21-OH deficiency
• assess plasma ACT'H, serum electrolytes, plasma glucose, plasma aldosterone, plasma renin

activity, blood gas
ultrasound - look for enlarged adrenal gland and presence of uterus

Management
• correct any abnormalities in fluids, electrolytes, or serum glucose
• provide glucocorticoids (e.g. hydrocortisone)/mineralocorticoids (fludrocortisone) to reduce ACT'H

levels, extra glucocorticoids in times of stress
• psychosocial support

Prognosis
• complications if untreated include virilization, acne, salt wasting, hypotension

NORMAL PUBERTAL DEVELOPMENT

Physiology
• puberty occurs with the maturation of the HPG axis
• t pulsatile release of GnRH * t release of LH and l-'SH » maturation of gonads, release of sex steroids

* secondary sexual characteristics
• adrenal production of androgens also required

Females
• onset:ages 8-13 (may start as early as 7 in girls of African descent)
• usual sequence

1. thelarche: breast budding
2.pubarche: axillary hair, body odour, mild acne
3.growth spurt
4.menarche: mean age 12.5 yr; indicates that growth spurt is almost complete; menses may be

irregular in duration and length of cycle
• early puberty is common and often constitutional, late puberty is rare (rule out organic causes)

Males
• onset:ages 9-14
• usual sequence

1. testicular enlargement
2. penile enlargement
3.pubarche: axillary and facial hair, body odour, mild acne
4.growth spurt:occurs later in boys

• early puberty is uncommon (rule out organic causes), late puberty is common and often constitutional
• gynecomastia (transient development of breast tissue) is a common self-limited condition seen in 50%

of males during puberty (but any discharge from nipple or fixed mass should be investigated )

Maturity Rating (formerly Tanner Staging)
• scale used in paediatrics that defines physical measurements of development based on external

primary and secondary sex characteristics

n
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FEMALE BREAST

Stage 1: Papilla elevation only Stage 2: Breast and papilla Stage 3: Enlargement of Stage 4; Areola and papilla Stage 5:Mature, nipple projects,
elevated as small mound, breastandareola. no contour form secondary mound no secondary mound
enlargement of areola separation

FEMALE GENITAL

TTTTI
Stage I: No hair, prepubertal Stage 2: Stnall amount of long. Stage 3: Oarker, coarser, Staged: Adult -type It Bir,no

straight or curled, slightly curlier hair distributed eaten sion to medial thighs
pigmented hail along labia majora sparsely over pubs

Stagefi Mature distribution with
spread to medial thighs

MALE GENITAL

7YTIT i\ / ii /
Stagufi Mature distribution with jyStage 1 Nohair, piepubBital Stage 2: Small amount of long, Sl»gu 3 Darker, coarser, curlier Staged: Adult - type hair, no

straight or curled, slightly be•distributed sparsely exten sion to medial thighs
pigmented hair along base of over pubis, Longlhonvtg of Increase in ponloclrcumfernnco
penis Enlargement ol tosles penis, further enlargement Df and length, development of glands,

toslos and scrotum

spread to madial thighs Adult sire a.

further enlorgomont ol teslas and
scrotum,darkening of scrota I skin

end scrotum, taddenng
of scrotal skin

Figure 8. Tanner staging

PRECOCIOUS PUBERTY

Definition
• development of secondary sexual characteristics 2-2.5 SDs before population mean
• <8 yr for females, <9 yr for males

Epidemiology
• 1 in 10000; F>M

Etiology
• usually idiopathic in females (90%), more suggestive of pathology in males (50%)
• central (GnRH dependent)

hypergonadotropic hypergonadism; hormone levels as in normal puberty
premature activation of the HFG axis
differential diagnosis: idiopathic or constitutional (most common in females), obesity, CNS
disturbances (tumours, hamartomas, post-meningitis, increased 1CP, radiotherapy), NF,primary
severe hypothyroidism

• peripheral (GnRH independent)
hvpogonadotropic hypergonadism

• differential diagnosis
males: testicular tumour, gonadotropin/hCG secreting tumour (hepatoblastoma, intracranial
teratoma, germinoma)

females: ovarian cysts/tumours
both: adrenal disorders (CAH, adrenal neoplasm), exogenous steroid administration,
McCune-Albright syndrome, aromatase excess syndrome, rarely primary hypothyroidism
(Van Wyk-Grumbach syndrome)

Clinical Features
history

symptoms of puberty, family history of precocious puberty, medical illness
• physical exam

growth velocity
prepubertal:minimum 4 cm/yr
growth spurt: males 10-14 cm/yr, females 8-12 cm/yr
complete physical exam, including Tanner staging and neurological assessment r i

L J• investigations
initial screening tests: bone age, serum hormone levels (estradiol, testosterone, LH, FSH, TSH,
free T 4, DHEA-S, 17-OH-progesterone, prolactin )
secondary tests: MR1 head, pelvic U/S, (5-hCG, GnRH, and/or ACTH stimulation test

A child (generally boys and girls <6/7 y/o)
with proven central precocious puberty
should receive an MRI of the brain

+
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Management
• indications for medical intervention to delay progression of puberty: rapid advancement of puberty,

early age, risk of compromise of final adult height, psychological
• central causes: goals are to preserve height and alleviate psychosocial stress; GnRH agonists (e.g.

leuprolide) most effective
• peripheral causes:goal is to limit effects of elevated sex steroids; medications that decrease the

production of a specific sex steroid or block its effects (e.g. ketoconazole, spironolactone, tamoxifen,
anastrozole); surgical intervention

DELAYED PUBERTY

Definition
• failure to develop secondary sex characteristics by 2-2.5 SDs beyond the population mean

for males: lack of testicular enlargement by age 14
• for females: lack of breast development by age 13 OR absence of menarche by age 16 or within 5 yr

of pubertal onset

Epidemiology
• M>F

Etiology
• usually constitutional delay in males, more suggestive of pathology in females
• central causes

constitutional delay in activation of HPG axis (most common)
• hypogonadotropic hypogonadism (e.g. various genetic syndromes (e.g. Kallmann syndrome),

hypothalamic/pituitary disorders,chronic illness, hypothyroidism, hyperprolactinemia, poor
nutrition, excessive exercise, etc.)

• peripheral causes
hypergonadotropic hypogonadism (e.g.primary gonadal failure, gonadal damage,Turner
syndrome, Klinefelter syndrome, hormone deficiency, androgen insensitivity syndrome, etc.)

Clinical Features
• history:weight loss, short stature, family history of puberty onset, medical illness, high performance

athletes (females), congenital anomalies, or neurologic symptoms
• physical exam

growth velocity
prepubertal: minimum 4 cm/yr
growth spurt:males 10-14 cm/yr, females 8-12 cm/yr
complete physical exam, including Tanner staging and neurological assessment

• investigations
initial screening tests: bone age, serum hormone levels (estradiol, testosterone, LH, 1;SH, TSH,

free T'4, IGF-1), CBC, electrolytes, BUN, Cr, Ll-Ts, liver enzymes, HSR, CRR, IGF-1, urinalysis
secondary tests: MR1 head, pelvic U/S, karyotype, 1BD panel, celiac disease panel, LH levels
following GnRH agonist, prolactin

Management
• identify and treat underlying cause
• patients with constitutional delay or GnRH deficiency may be offered “ jump start" therapy to induce

puberty: cyclic estradiol and progesterone for females, testosterone for males
• refer to paediatric endocrinologist for hormone therapy

Total Body WaterFluids and Electrolytes i

*Intracelluar
HuidllCF)

Extracelluar
Fluid (ECF)

Approach to Infant/Child with Dehydration 2/3 I 3

1
*Etiology

• decreased intake: poor oral intake during acute illness, breastfeeding difficulties, eating disorders
• increased losses: common sites include Gl tract (diarrhea, vomiting, bleeding), skin/mucous

membranes (fever, burns, hemorrhage, stomatitis), urine (osmotic diuresis (e.g. hyperglycemia,
DKA)), diuretic therapy, Dl, post-obstructive/post ATN recovery diuresis, and respiratory tract
(tachypnea, bronchiolitis, pneumonia)

Intravascular Interstitial
Fluid (ISF)Fluid

1/4 2 4

Figure 9. Body fluid compartments
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Management
• if suspect dehydration based on history (acute illness, decreased number of rvet diapers, lethargy,

changes in mental status, increased thirst, etc.), you must:

1) Determine degree of extracellular volume contraction

Assessment of Severity of Dehydration

C BASE HrO
Capillary refill
B -Table 17. Assessment of Degree of Extracellular Volume Contraction Based on Physical Exam
Anterior fontanelle
Skin turgor
Eyes sunken

Mild Moderate Severe

SV 15V<2 yr 10V
HR

3 '>2 yr 6%‘ 9%‘ Oral mucosa
Output of urinePulse Normal, lull

Normal

Rapid

low to normal

Rapid, weak
Decreased in shock (very lale
finding in paediatrics and very
dangerous)

Anun'a
Parched

Markedly sunken
Markedly sunken
Tenting
Increased (>3s)

Blood Pressure

Urine Output
Oral Mucosa
Anterior Fontanelle

Decreased
Slightly dry
Normal
Normal
Normal
Normal|*3 s)

Markedly decreased
Dry
Sunken
Sunken
Decreased
Normal to increased

Eyes
Skin Turgor
Capillary Relill
* Note that percentage* refer to percent to** ot pre- illness body weight

2) Determine the likely electrolyte disturbance
• dependent on etiology of dehydration and type of fluid loss (isotonic vs. hypertonic vs. hypotonic)

Table 18. Electrolyte Content of Various Bodily Fluids
Bodily Fluid Ch(mmol/L) HCQ3-(mmol/L)Na"(mmol/L) K (mmoiyi)

Saliva
Gastric Juice
Pancreatic Juice

3030 30 20 70
GO 80 10015 0

4010060 90140 5 -10
40140 5 -10 100Bile

Small Bowel

Large Bowel

Sweat

20140 100 2550
3075 30 0

20-70 5-10 40-60 0

• for moderate and severe dehydration, initial investigations should include urinalysis and blood work
examining electrolytes (Na *, K ', Cl), glucose, acid-base disturbances ( blood pH, p(.0:, HCO.i -), and
impaired renal function (creatinine, BUN )

3) Determine if the child requires PO or IV rehydration
• dehydrated child must receive adequate fluid management, including replacing deficits, ongoing

losses, and maintenance fluids
• oral rehydration therapy (ORT) indication: mild to moderate dehydration

advantages: * cost, no IV needed, no increase in incidence of iatrogenic hyper/hyponatremia,
parental involvement in therapy

• indications for IV rehydration therapy: severe dehydration requiring close monitoring and frequent
assessment of electrolytes, inability to tolerate ORT (e.g. vomiting, alteration in mental status, ileus,
monosaccharide malabsorption, etc.), inability to provide ORT, failure of ORT in providing adequate
rehydration (e.g. persistent diarrhea or vomiting)

r m
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4) Return the child to a normal volume and electrolyte status by replacing current
deficits and ongoing losses

Degree of Dehydration

1i Special Consideration- S1ADH
• Clinical Signs:hyponatremia and

excretion of concentrated urine
• Risk Factors:certain medications

(e.g.morphine), postoperative,
pain.N'V.pulmonary disease (e.g.
pneumonia).CNS disease (e.g.
meningitis)

• Caution:acute hyponatremia is
associated with rapid administration
of hypotonic IV fluids, this can lead to
cerebral edema and brain herniation
or central pontine myelinolysis

Severe dehydrationNo dehydration Mild dehydration Moderate dehydration

II i
1. Rehydrate with ORT at
50 mL/kg over 4 h
2. Replace ongoing losses
with ORT
3. Age-appropriate diet
after rehydration

1. Rehydrate with ORT at
100 mL/kg over 4 h
2. Replace ongoing losses
with ORT
3. Age-appropriate diet
after rehydration

1. IV resuscitation with
NS 20 mlAg bolus

2. Reassess and
repeat if necessary

3. Begin ORT when
patient is stable

4. Replace ongoing
losses with ORT

5. Age-appropriate
diet after

rehydration

Figure 10. Algorithm for deficit replacement and replacement of ongoing losses in the dehydrated child

1. Age-appropriate diet
2. Replace ongoing losses

5) Provide the appropriate fluid and electrolyte maintenance daily requirements

Table 19. Maintenance Fluid Requirements
Body Weight 100:50:20 Rule (24 h maintenance fluids) 4:2:1 Rule (hourly rate of maintenance fluids)

I-10 kg
II-20 kg

100 cc/kg/d
1000 cc - 50 cc/kg/d for every kg »10 kg

1500 cc + 20 cc/kg/d for every kg »20 kg

4 cc/kg/h
40 cc 2cci'kg/h for every kg »10 kg

60 cc -1 cc/kg/h for every kg »20 kg»20 kg

• prior to starting IV' fluids, serum electrolyte values should be measured
• in children, all maintenance fluids should have a dextrose component due to their higher risk of

hypoglycemia, especially if they are NPO
• common IV’ fluid combinations used in paediatrics

NS bolus for dehydration
for maintenance:

newborn: D10YV
first mo of life:D5W/0.45 NS + KC120 mHq/L (only add KC1 if voiding well)
children without special considerations: D5W/ NS + KCI 20 mHq/L - decreased risk of
hyponatremia

other options: D5\V0.45%NS + KG 20 mHq/L
• most important thing to remember when correcting Na+aberrations due to fluid deficits

risk of cerebral edema with rapid rehydration with hypotonic or isotonic solutions (Le. NS)
therefore replace fluid slowly with close monitoring
aim to adjust ( increase or decrease) plasma [Na i by no more than 12 mmol/L/d

• management depends on etiology, severity of symptoms, and timing (acute vs. chronic)

6) Continue to monitor fluid and electrolyte status
• accurate monitoring of daily fluid intake (PO and IV') and ongoing losses (urine output, diarrhea,

emesis, drains)
• if child receiving >50% of maintenance fluids through IV, serum electrolyte values should be

monitored daily and therapy adjusted accordingly
• avoid iatrogenic hyper/hvponatremia, keep the possibility of S1ADH in mind (indicated by

hyponatremia and concentrated urine)

Gastroenterology

Vomiting
History
• characteristic of emesis (e.g. projectile, bilious, bloody, etc.)
• pattern of emesis (e.g. association with feeds, cyclic, morning, prolonged, positional, etc.)
• associated symptoms (e.g. anorexia, diarrhea, abdominal pain, hematochezia, fever, headache, etc.)
• red flags: bilious or bloody emesis, projectile vomit, abdominal distension and tenderness, high fever,

signs of dehydration, worse when lying down
• remember that vomiting without diarrhea is not always gastroenteritis

• post-tussive vomiting is also common with coughing fits in children

r i
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Physical
• vital signs to determine clinical status and hydration state
• abdominal examination for evidence of obstruction or focal tenderness
• neurologic assessment for signs of increased 1CP

Investigations
• if child appears well and no worrisome features, often investigation is not required
• CBC, electrolytes, BUN, Cr, amylase, lipase, glucose, liver enzymes, urinalysis done routinely
• in sick child, add: HSR, venous blood gases, C&S (blood, stool), imaging (x-ray, U/S)

Table 20. Common Differential Diagnosis, Associated Findings, and Diagnostic Approach Based
on Age
Cause Suggestive Findings Diagnostic Approach
NEONATES- NON-BILIOUS

Tracheoesophageal Fistula Excessive secretions soon alter birth (e.g.
drooling,choking,respiratory distress/
pneumonia),inability to feed,cyanosis (esp
with feeds),emesis
Projectile non-bilious emesis within 30min
after feeding, fatigue,dehydrated,palpable
“olive" in RUO.decreased stools,hunger
Fussiness after feeds,spit ups.arching of
back,poor weight gain
Fever,lethargy,tachycardia,tachypnea,
widening pulse pressure

Inability to advance NG tube.CXR.upper Gl
series with water-soluble contrast

Pyloric Stenosis CSC.electrolytes.Cr.SUN.ASG (hypokalemic,
hypochloremic metabolic alkalosis).U/S of
pylorus,upper Glstudy (if U/Snondiagnostic)

Empiric trial of acid suppression.pH
monitoring study,upper Gl study,endoscopy
CBC.PT/PTT.electrolytes.Cr.BUN.tils,
bilirubin,lactate,urinalysis,cultures (blood,
urine.CSF).CXR

Electrolytes.ABG (hyponatremic.hyperkalemic
metabolic acidosis).lactate,ammonia.LFTs.
BUN.Cr.serum glucose,bilirubin.PT/PTT.CBC

GERD

Sepsis

Inborn Error of Metabolism Poor feeding.FTT, jaundice,
hepatosplenomegaly, cardiomyopathy,
dysmorphia.developmental delay,neurologic
manifestations

NEONATES- BILIOUS

Intestinal Obstruction - Malrotation with
Volvulus.Meconium Ileus,etc.
Duodenal Alresia/Stenosis

AXR.upper Glseries.contrast enemaBilious emesis, abdominal distension,pain,
bloody stool,shock
Bilious emesis,abdominal distension,often
seen in DS.jaundice,polyhydramnios during
pregnancy,hypokalemic,hypochloremic
metabolic alkalosis
Bilious emesis,abdominal distension,pain,
failure to pass stool

Premature neonate,bilious emesis,bloody
stools,abdominal distension,intolerance of
feeds,electrolytes.Cr.BUN.blood culture

AXR.upper Glseries ('double bubble' sign)

Hirschsprung's Disease AXR.contrast enema,rectal biopsy

AXR,CBC,electrolytes,Cr.BUN.blood cultureNecrotizing Enterocolitis

CHILDREN AND ADOLESCENTS

Acute Viral Gastroenteritis Generally clinical diagnosis: if severe:CBC.
electrolytes,stool studies

Periumbilical discomfort that later localizes to Abdominal U/S
RLO.fever,anorexia

Colicky progressive abdominal pain,drawing Abdominal U/S.AXR (rule out other etiologies
ol legs up to chest,lethargy,bloody“red and perforation)
currant jelly" stool (Triad)
Fever, localized findings depending on cause Cultures (CSF.blood,urine),brain imaging.

Diarrhea, fever,abdominal discomfort,
myalgia,sick contact,recent travel

Appendicitis

Intussusception

Non-GI Infection (e.g.Meningitis,
pyelonephritis, acute otitis media)

IncreasedICP
CXR
Brain CT without contrast
Therapeutic LP in idiopathic intracranial HTN

Nocturnal wakening,progressive recurrent
headache worse with Valsalva,focal
neurologic deficits,gait disturbance
Findings vary by substance - toxidrome.often a Qualitative and sometimes quantitative levels

(urine,blood)

Amenorrhea,morning sickness,bloating. Urine jt-hCG
breast tenderness
At least 3 self -limited episodes of vomiting Diagnosis of exclusion
lasting12 h.7 d between episodes,no organic
cause of vomiting

Toxic Ingestion
history of ingestion

Pregnancy

Cyclic Vomiting

Management
• rehydration (see Fluids and Electrolytes, P38 )
• treat underlying cause and correct metabolic/electrolyte abnormalities
• antiemetic drugs can be used in older infants, children, and adolescents with severe vomiting:

ondansetron, promethazine, prochlorperazine, metodopramide
• not recommended when unknown etiology or anatomic abnormalities

r t
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Gastroesophageal Reflux
Epidemiology
• extremely common in infancy (up to 50%) but rarely causes pathology (i.e.GERD)

Clinical Features
• passage of stomach contents into esophagus, may cause regurgitation or vomiting typically soon after

feeding, non-bilious, rarely contains blood, small volume (<30 mL)
• should suspect GEKD, defined as when gastroesophageal reflux causes troublesome symptoms/

complications:
infant:poor weight gain, irritability, sleep disturbance, respiratory symptoms (coughing,
choking, wheezing)

older chiId /adolescent:abdominal pain/heartbum, dysphagia, asthma, recurrent pneumonia/
upper respiratory infections (if aspirating), recurrent otitis media, upper airway symptoms
(chronic cough, hoarseness), dental erosions

Investigations
• thriving baby requires no investigation
• GERD generally can be a clinical diagnosis, diagnostic investigations rarely done but may include:

upper Gl series - assesses anatomy and motility disorder
» esophageal pH - assesses frequency and duration of acid exposure, not a definitive diagnostic test

upper endoscopy and esophageal biopsy - rule out other conditions that mimic GERD symptoms
(e.g. eosinophilic esophagitis), assesses GERD-related esophageal injury

• warning signs of associated disorders requiring further investigations: bilious vomiting, Gl tract
bleeding, forceful vomiting, fever, lethargy, hepatosplenomegaly, bulging fontanelle, micro/
macrocephaly,seizures, abdominal tenderness/distension, suspected genetic, metabolic syndrome,or
chronic disease

Management
• conservative (infant): thickened feeds, frequent and smaller feeds, elevation of head,changing formula

to hydrolyzed protein or amino acid based formula, starting solid foods if age appropriate
breastfeeding infants- sequential elimination diet by mother including milk, beef, soy, and egg

• conservative (older children/adolescent): same as adult management
• medical

• short-term parenteral feeding to enhance weight gain
PPI, H2-blocker: decreases gastric acidity, decreases esophageal irritation

recommended when failure of conservative measures, moderate - severe disease or biopsy-
proven esophagitis

D2 antagonist (domperidone, metodopramide): generally not recommended for GERD, reserved
when concurrent gastroparesis

acid-suppressants or motility agents not recommended for infants with uncomplicated rcllux
• interventional (indicated for failure of medical therapy):

Nissen fundoplication
insertion of gastrojejunal tube for post-pyloric feeds

• several of these recommendations should be used cautiously in preterm infants given higher risk of NEC

Complications
• esophagitis, oral feeding aversion, poor weight gain, aspiration, strictures, Barrett's esophagus

Tracheoesophageal Fistula
• see General and Ihoracic Suruerv. GS75

Pyloric Stenosis
• see General and Ihoracic Surgery, GS73

Duodenal Atresia
• see General and Ihoracic Surgery, GS74

r1
L JMalrotation of the Intestine

• see General and Ihoracic Surgery, GS73
+

Activate Windows
-Go to Settings-to-activate Windows.



P13 Paediatrics Toronto Notes 2023

Diarrhea
•definition of diarrhea varies with diet and age (stool normalcy difficult to define in children)
•infants > increase in stool frequency to twice as often per d ; older children > 3+ loose or watery

stools/d
•duration: acute: <2 wk; chronic: >2 wk

Pathophysiology
•osmotic:due to non-absorbable solutes in Cil tract (e.g. lactose intolerance)
•secretory: increased secretion of Cl ions and water in intestinal lumen (e.g. bacterial toxin )
•malabsorption: less time for absorption due to increased motility or fewer villi to absorb (e.g. short

bowel syndrome)

History
•frequency, duration, quality of diarrhea
•associated symptoms (e.g. fever, vomiting, abdominal pain, hematochezia)
• recent antibiotic use or travel
•elements of diet

Physical
•vital signs and complete examination to determine clinical status and hydration state

Investigations
•acute diarrhea (well child with non-bloody diarrhea often requires no further investigations)

• stool for C&S, O&P, electron microscopy for viruses, difficile toxin, microscopy ( leukocytes
suggestive of invading pathogen), blood and urine cultures, CBC, electrolytes, BUN , Cr, glucose,
abdominal imaging

•chronic diarrhea
• serial heights, weights, growth percentiles

if child growing well and thriving, workup is limited (stool cultures as above, stool reducing
substances)

• red Hags: poor growth, chronic rash, other serious infections, hospitalizations for dehydration
(require full workup)

stool: consistency, pH, reducing substances, microscopy,occult blood, O&P, C&S, difficile
toxin, 3 d fecal fat. a- l-antitrypsin clearance, fecal elastase
urinalysis, urine culture
CBC, differential, ESR /CKP, smear, electrolytes, total protein, albumin, carotene, Ca- 1 , POt}-,
Mg-', l e, ferritin, folate, fat-soluble vitamins, P I T, INK
sweat chloride, celiac screen, thyroid function tests, urine VMA and HVA, HIV test, lead
levels
CXR, upper Gl series and follow-through
specialized tests: endoscopy, small bowel biopsy

Differential Diagnosis

Diarrhea is defined as an increase in
frequency and/or decreased consistency
of stools compared to normal

Normal stool volume
Infants:5-10 g/k g/d
Children: 200 g/d

Diarrhea Red Flags
Bloody stool, fever, pctechiae or
purpura, signs of severe dehydration,

weight loss/FTT

o
Common Antibiotics that Can Lead to
C. difficile Infection
• Fluoroquinolones
, Clindamycin
• Penicillin < broad spectrum)
• Cephalosporins (broad spectrum)

Table 21. Differential Diagnosis of Diarrhea
Infectious Non-infectious
Viral
Rotavirus
Norwalk
Enteric adenovirus

Bacterial
Solmonello
Campylobacter
Shigella
Pathogenic f. coli
Yersinia
C. difficile

Parasitic
Ciordio lamblia
[ nlamoeba histolytica

Antibiotic-induced
Non-specific: associated vrith systemic
inlection
Hirschsprung's disease
Toxin ingestion
Primary disaccharidase deficiency
Intussusception

Acute

Chronic 0- 3 mo 3 mo- 3 yr 3 — 18 yr Uncommon
Drug-induced
Chronic constipation

NoFTT Gl infection Gl infection
Toddler 's diarrhea

Gl infection
Lactase deficiency
Irritable bowel syndrome DTI

Disaccharidase deficiency. Celiac disease
food protein induced
allergic proctocolitis (FPIAP)

FTT IBD Short bowel syndrome
Endocrine (thyrotoxicosis, Shwachman-Diamond syndrome
Addison's)
Neoplastic
Ipheochromocytoma,
lymphoma)

i - y
CE Autoimmune Enteropathy

Eosinophilic GastroenteritisHirschsprung's Disease

r >
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Gastroenteritis
History
• non-specific:diarrhea, vomiting, fever, anorexia, headache, myalgias, abdominal cramps
• viral causes most common, bacterial and parasitic agents more common in older children (2-4 yr)
• recent infectious contacts:symptoms usually begin 24-48 h after exposure

Physical Exam
• febrile
• dehydrated: must assess extent (see Approach to Infant/Child with Dehydration, P3S )

Investigations
• not usually necessary in young children
• CBC,electrolytes, and stool studies may be indicated in severe cases, if IV hydration required or

atypical presentation
• stool analysis: leukocytes/erythrocytes suggests bacterial or parasitic etiology

Complications
• viral gastroenteritis usually self-limiting (lasts 3-7 d in most cases)
• adverse effects related to hypovolemia, shock, tissue acidosis, and rapid onset and over-correction of

electrolyte imbalances
• death in severe dehydration (rare in developed countries)

Table 22. Gastroenteritis
Viral Infection Bacterial Infection

Etiology Most common cause of gastroenteritis
Commonly:rotaviruses (most common), enteric
adenovirus, norovirus|typically older children)

Salmonella,Campylobacter, Shigella, pathogenic
f. co//. Yersinia. C.difficile

Clinical Features Severe abdominal pain
High fever

Slight fever, malaise, vomiting, vague abdominal pain Bloody diarrhea
Daycare.
Bacteria

Associated with URTIs
Resolves in 3-7 d

Risk Factors young age. sick contacts, immunocompromised
I infection:travel, poorly cooked meat,poorly refrigerated foods, antibiotics

Prevention and treatment of dehydration most important (see Approach to lolaol/Child with Dehydration.P3S\
Early refeeding advisable, with age- appropriate diet upon completion of rehydralion
Ondansetron for suspected gastroenteritis with mild to moderate dehydration or failed ORT and significant vomiting
Antibiotic or anliparasitic therapy when indicated, antidiarrheal medications not indicated

Management

Notify Public Health authorities if appropriate
Promote regular hand- washing and return to school 24 h after last diarrheal episode to prevent transmission
Rotavirus vaccine

Toddler’s Diarrhea
Epidemiology
• most common cause of chronic diarrhea during infancy
• onset between 6-36 mo of age, resolves spontaneously between 2-4 yr

Clinical Features
• diagnosis of exclusion in thriving child
• 4-6 bowel movements per d
• diet history (e.g. excess juice intake overwhelms small bowel resulting in disaccharide malabsorption)
• stool may contain undigested food particles
• excoriated diaper rash

Management
• reassurance that it is self-limiting
• IIs (adequate Fibre,normal Fluid intake, lower dietary Fat (35-40%), discourage excess Fruit juice)

Lactase Deficiency (Lactose Intolerance)
Clinical Features
• chronic, watery diarrhea and abdominal pain, bloating associated with dairy intake
• primary lactose intolerance: crampy abdominal pain with loose stool (older children, more common

in Fast Asian and African descent)
rn
j

• secondary lactose intolerance: older infant, persistent diarrhea (decreased lactase production post
viral/bacterial infection, celiac disease,or IBD)

+
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Diagnosis
• investigations usually not needed, trial of lactose-free diet
• symptom assessment with validated questionnaire after oral lactose load
• positive breath hydrogen test if >6 yr after oral lactose load with simultaneous symptom assessment
• tests for lactase deficiency: small bowel biopsy, genetic testing

• demonstration of lactose malabsorption should be combined with assessment of intolerance
symptoms

Management
• lactose-free diet
• lactase-containing tablets/capsules/drops (e.g. Lacteeze’, Lactaid*)

Irritable Bowel Syndrome
• see Gastroenterology. G26

Celiac Disease
Celiac disease is associated with an
increased prevalence of IgA deficiency.
Since fTG is an IgA-detecting test you
must order an accompanying IgA level

• Gastroenterology, G21 in children:presents at any age, often 6-24 mo with the introduction of gluten
in the diet

• poor weight gain, poor appetite, irritability,apathy, rickets, wasted muscles, flat buttocks, rarely
distended abdomen

• GI symptoms: N/V, edema, anemia, abdominal pain, diarrhea
• non-(il manifestations: iron-deficiency anemia, dermatitis herpetiformis, dental enamel hypoplasia,

osteopenia/osteoporosis, short stature, delayed puberty, behavioural changes
• associated with other autoimmune disorders (e.g. Tl DM, thyroid disease)

A Celiac disease diet must avoid gluten
present in "BROW” foods
Barley

Cow’s Milk Allergy Oats (controversial)
Wheat

Pathophysiology
• cow’s milk allergy (CM A) may be either an IgE-mediated reaction or a non-lgE mediated reaction,

which is further classified as a food protein-induced allergic proctocolitis (EPIAP), food protein-
induced enterocolitis syndrome ( I'PIES), or food-protein-induced enteropathy

Clinical Features
• IgE-mediated CM A reactions occur within hours of exposure and are present on the skin

(i.e. urticarial, pruritus, etc.), upper and lower resp tract symptoms (i.e. wheeze, cough, etc.),
gastrointestinal symptoms (i.e. abdominal pain, nausea/vomiting, diarrhea, etc.)

• non-lgE-mediated CM A reactions occur hours following ingestion, within few mo, presents with:
EPIAP: mild diarrhea, small amounts of bloody stools (common in young infant)
1-PIES:severe vomiting, and diarrhea,anemia, hematochezia
food protein-induced enteropathy:FIT,chronic diarrhea, hypoalbuminemia

• up to 50% of children intolerant to cow’s milk may be intolerant to soy protein as well

Investigations
• food challenge (gold standard),skin prick test, serum measurement of allergen-specific IgE, patch

testing

Management
• IgE-mediated CMA:stop exposure, epinephrine for acute anaphylactic reactions
• non-lgE-mediated CMA: stop, reintroduce milk at 6-8 mo, vast majority (>90%) will outgrow by 1 yr
• casein hydrolysate formula ( Nutramigen*, Pregestimil*) or mother may sequentially remove cow’s

milk protein, all bovine protein, soy protein, legumes (7 d washout), and continue breastfeeding (with
adequate calcium and vitamin D intake)

Inflammatory Bowel Disease
• see (itistroeiUerology. Ci22

Cystic Fibrosis
• see Respirolouv, KI 2
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Constipation
•decreased stool frequency (<3 stools/wk) and/or stool fluidity (hard, pellet-like)

FUNCTIONAL CONSTIPATION
•99% of cases of constipation
•Rome IV criteria for infants and toddlers <4 y/o:

>2 of the following for at least 1 mo:
<2 defecations/wk
history of excessive stool retention
history of large-diameter stools
history of painful or hard bowel movements
evidence of large fecal mass in rectum

• in toilet-trained children, the following additional criteria may be used:
at least 1 episode/wk of incontinence alter the acquisition of toileting skills
history of large-diameter stools that may obstruct toilet

Pathophysiology
•lack of fibre in diet or change in diet, poor fluid intake, behavioural

• infants: often occurs when introducing cow's milk after breast milk due to high fat and solute
content, lower water content
toddlers/older children: can occur during toilet training, starting school, or due to pain on
defecation, leading to withholding of stool

» adolescents: often related to school stressors, anxiety/eating disorders

Management
•education:explanation of mechanism of functional constipation for parents/older children
•clean out: PEG 3350 flakes (1-1.5 g/kg/d, max 100 g/d), picosalax, PEGlyte*

•maintenance: adequate fluid intake (if <6 mo, 150 mL/kg/d), adequate dietary fibre (fruit, vegetables,
whole grains), stool softening (PEG 3350, mineral oil), appropriate toilet training technique (dedicated
time for defecation: 3-10 min, 1-2 x/d)

•children should be treated for at least 3-6 mo, and should not be weaned from maintenance therapy
until they arc having regular bowel movements without difficulty

•regular follow-up with ongoing support and encouragement is essential

Complications
•pain retention cycle: anal fissures and pain from withholding passing stool, chronic dilatation ±

overflow incontinence

HIRSCHSPRUNG’S DISEASE (Congenital Aganglionic Megacolon)
•see General and Ihoracic Surgery.GS74

OTHER ORGANIC DISORDERS CAUSING CONSTIPATION
•endocrine: hypothyroidism, DM, hypercalcemia
•neurologic:spinal cord abnormalities/trauma, NF
•anatomic:bowel obstruction, anus (imperforate, atresia, stenosis,anteriorly displaced)
•drugs: lead, chemotherapy, opioids
•celiac disease
•others

Abdominal Pain
ACUTE ABDOMINAL PAIN

History
• description of pain (location, radiation, duration, constant vs. colicky, relation to meals)
• associated symptoms: N/V, diarrhea, fever

Physical Exam
• abdominal exam, rectal exam, rash

Investigations
• may include CBC,differential, liver enzymes, lipase, bilirubin, creatinine, CKP, glucose, blood gas

urinalysis to rule out UTI, (J-HCG, abdominal, pelvic, and/or testicular imaging «. J

+
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Table 23. Differential Diagnosis of Acute Abdominal Pain
MiscellaneousGastrointestinal Hepatobiliary

Tract
Genitourinary Hematologic Metabolic Drug and Toxins Pulmonary

Sickle cell crisisGaslrocntcritis Hepatitis Utl Diabetic
ketoacidosis
Hypoglycemia
Porphyria

Erythromycin Pneumonia Functional pain

Appendicitis Cholecystitis Henoch Schonlein
purpura

Hemolytic uremic
syndrome

Salicylates Infantile colicUrinary calculi Diaphragmatic
pleurisy

Mesenteric Aden it’s Cholelithiasis dysmenorrhea PharyngitisLead poisoning

Constipation Spleen - infarction.
rupture

Pancreatitis

Mittelschmerz Venoms Angioneurotic edema

Mediterranean lever
Neoplasms (i.e.
Wilms' tumour,
neuroblastoma, etc.)

Ileus
Abdominal Trauma

PID
threatened abortion

Intestinal Obstruction
(incarcerated hernia,
intussusception,
volvulus)
Peritonitis
Peptic Ulcer
Meckel's Diverticulum

Ectopic pregnancy

Hephtolilhiasis

tcsticulai torsion
Ovarian torsion

Ruptured ovarian cyst
Endometriosis
Hematocolpos

IBS
Food Poisoning

Lactose Intolerance

APPENDICITIS
• sec General and Thoracic Surgery. (iS35
• most common cause of acute abdomen alter aye 5
• clinical features: low grade fever, abdominal pain, anorexia, N/V (after onset of pain ), peritoneal signs

(generalized peritonitis is a common presentation in infants/young children)
• treatment:surgical
• complications:perforation (common in young children), abscess

INTUSSUSCEPTION
• telescoping of segment of bowel into distal segment causing ischemia and necrosis

Epidemiology
• 90% idiopathic, children with CF or GJ tube at significantly increased risk; M:F=3:2
• 60% <12 mo, 80-90% before age 2

Pathophysiology
• usual site: ileocecal junction; jejunum in children with GJ tubes
• lead point of telescoping segment may be swollen Peyer’s patches, Meckel’s diverticulum, polyp,

malignancy, bowel wall edema or submucosal bleeding secondary to HSP, structural abnormalities

Clinical Features
• “classic triad" (<15% patients) - abdominal pain, vomiting, red currant jelly stools
• often preceded by URTT
• sudden onset of recurrent, paroxysmal, severe periumbilical pain associated with inconsolable crying

and raising legs toward abdomen with pain-free intervals
• later vomiting (may be bilious) and rectal bleeding (late finding)
• shock and dehydration; lethargy may be only presenting symptom

Diagnosis
• air enema: both diagnostic and therapeutic
• AXR, U/S

Management
• air or saline/contrast enema can be therapeutic ( reduces intussusception in 75% of cases), reduction

under hydrostatic pressure, surgery rarely needed
• recurrence rate 10-15%, need to consider pathologic lead point

r n
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Chronic Abdominal Pain
Epidemiology
• prevalence: 10% of school children (peak at 8-10 yr),F>M

Etiology
• organic (<10%)

gastrointestinal
» constipation (cause vs. effect), infectious

IBD, esophagitis, peptic ulcer disease, lactose intolerance
anatomic anomalies, masses
pancreatic, hepatobiliary

« celiac disease
genitourinary causes: recurrent UT1, nephrolithiasis, chronic PID, Mittelschmerz

• neoplastic
• functional abdominal pain (90%): can be diagnosed when there are no alarming signs or symptoms,

physical exam is normal; no further testing is required, unless high suspicion for organic cause
alarming symptoms include involuntary weight loss, deceleration of linear growth, G1 blood
loss, significant vomiting, chronic severe diarrhea, persistent upper or right lower quadrant pain,
unexplained fever, family history of IBD
can be further subclassified into functional dyspepsia ( pain in upper abdomen), irritable bowel
syndrome (alternating bowel movements), abdominal migraine (paroxysmal abdominal pain,
associated with anorexia, nausea, vomiting, pallor), functional abdominal pain syndrome

Chronic Abdominal Pain

Rule of 3s
3episodes of severe pain
Child >3y/o
Over 3 mo period

Red Flags for Organic Etiology of
Chronic Abdominal Pain
• Age <5
• Fever
• Localizes pain away from midline. Anemia
• Evidence of Gl blood loss. Rash
• Pain wakes child at night
• Travel history
• Prominent vomiting, diarrhea. Weight loss or failure to gain weight
• Deceleration in linear growth
• Joint pain
, Family history of IBD
, Abnormal or unexplained physical

exam findings
FUNCTIONAL ABDOMINAL PAIN

Clinical Features
• clustering episodes of vague, crampy periumbilical/epigastric pain,vivid pain description
• seldom awakens child from sleep, less common on weekends
• aggravated by exercise, alleviated by rest
• psychological factors related to onset and/or maintenance of pain, school avoidance
• psychiatric comorbidity: anxiety, somatoform, mood, learning disorders, sexual abuse, eating

disorders, elimination disorders
• diagnosis of exclusion

Investigations
• fecal studies (calprotectin, occult blood) and others based on clinical suspicion (e.g.CBC, HSR,

urinalysis, imaging, etc.)
Management
• continue to attend school
• manage any emotional or family problems, counselling, CBT
• trial of high fibre diet, or trial of lactose-free diet may be considered

medication rarely used, should be for symptom relief - acid reduction therapy for dyspepsia,
antispasmodic agents, smooth muscle relaxants for pain, non stimulating laxatives or
antidiarrheals for altered bowel pattern

• possible role for amitriptyline or gabapentin
• reassurance

Prognosis
• pain resolves in 30-50% of children within 2-6 wk of diagnosis
• 30-50% of children with functional abdominal pain have functional pain as adults (e.g. IBS)

n
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Abdominal Mass

Table 24. Differential Diagnosis for Abdominal Mass
Non-malignant Malignant

Renal (role: 50% of abdominal masses in
newborns aicicnal in origin)

Hydronephrosis
Polycystic kidney disease
Hamartoma

Nephroblastoma (Wilms' tumour)
Renal cell carcinoma

Adrenal Neuroblastoma
Ovarian tumours
lymphoma
Rhabdomyosarcoma
Retroperitoneal sarcoma

Ovarian
Other

Ovarian cysts
Hepatomegaly/splenomegaly
Pyloric stenosis
Abdominal hernia
leratoma
Fecal impaction

Table 25. Renal Etiologies of an Abdominal Mass
Abdominal Mass Benign or Malignant Clinical Features Management

Hydronephrosis Benign Usually asymptomatic
Urinary tract obstruction
Vesicoureteial reflux

Genetic counselling
Unilateral hydronephrosis >4 mm
in second trimester,a follow up
US scan in third trimester is
performed
Persistent hydronephrosis >10
mm require postnatal evaluation
BP controlwith ACE inhibitors
Dietary sodium restrictions
Statins
Vasopressin receptor antagonists

Polycystic Kidney Disease Benign Progressive renal failure,
hypertension,urinary tract
infection,concentrating defects,
hematuria, nephrolithiasis,
flank pain
Asymptomatic abdominal
swelling
Abdominal pain (30-40%)
Hematuria (12-25%)
Fever and hypertension (25%)
Asymptomatic abdominal
swelling
Abdominal pain (30-40%)
Hematuria (12-25%)
Fevei and hypertension (25%)
Classic triad of Hank pain,
hematuria, and palpable
abdominal renal mass

Hamartoma Benign Surgery,chemotherapy,radiation

Surgery, chemotherapy,radiationMalignantWilm's Tumour

Forlocalircd RCC.surgery is
curative
For advanced RCC.
immunotherapy and radiation

Renal Cell Carcinoma Malignant

Upper Gastrointestinal Bleeding
• sec Gastroenterology, (i28

Lower Gastrointestinal Bleeding
•see (lastroenterolostv, (i30

Etiology
•acute

infectious (bacterial, parasitic)
antibiotic-induced (C. difficile )
NEC in preterm infants
anatomic
malrotation /volvulus, intussusception
Hirschsprung disease
Meckel’s diverticulitis
anal fissures, hemorrhoids
vascular/hematologic
HSP
HUS
coagulopathy

r “t
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•chronic
anal fissures (most common)
infectious colitis
IBD
IP1AP
allergic (milk protein )
structural
polyps ( most are hamartomas)
coagulopathy
neoplasms (rare)

Physical Exam
•general exam: hemodynamic status, evidence of poor growth, fever
•anal and rectal exam: tags, fissures, anal fistulas, polyps, foreign body, blood per rectum
•stool appearance
• NG aspirate
•lower Cil bleed may present as melena (if it involves the small bowel) or hematochezia

Investigations
•stool cultures (C&S, C. difficile toxin)
•urinalysis and microscopy
•CBC, smear, differential, HSR, CRP, electrolytes, urea, Cr, 1NR, PTT, albumin, iron studies, amoeba

titers
• radiologic investigations
•Meckel s radionuclide scan
•Colonoscopy

Management
•acute stabilization: ABCs, volume and blood replacement, bowrel rest (NPO, NG tube)
•treatment dictated by etiology
•once stable, endoscopy and/or surgery as indicated

Genetics,Dysmorphisms,and Metabolism
• see Medical Genetics

Hematology

Approach to Anemia
CLASSIFICATION
• mechanism: decreased production (inadequate reticulocyte response) vs. increased destruction or loss

(adequate reticulocyte response)
• in the context of anemia, a normal reticulocyte count is inappropriate Normal Hb Values by Age

Hb Range ( g1)Age
Anemia UI 20tNewborn|

2«t 130-200I I
3 mo 95 -145Decreased reticulocytes Increased reticulocytes

I II 6 mo-6 yr

7-12 yr
Adult female
Adult male

105 -M0
110-160Production problem Hemolysis Blood loss

t 1 120-160I4 140-180
Microcytic Normocytic Macrocytic Extrinsic to BBC

(antibody mediated)
Intrinsic to RBC

I 4 : t; i 44Iron deficiency
anemia,

thalassemia,

anemia of
chronic
disease,

lead poisoning,
sideroblastic

anemia

Megaloblastic
anemia

diseases IJIA. ( Buand folate
SLE, IBD, RA), deficiency),
recent blood hypothyroidism,

alcohol

Anomia of
chronic Non-immunc

hemolysis
IDAT-)

Hemoglobinopathies Membrane Enzyme Immune
problem problem hemolysis

( DATAl 4 4 4 r i
loss L JSCO, thalassemia Hereditary G6PD

spherocytosis deficiency TTP, HUS

+Figure 11. Approach to anemia
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Physiologic Anemia

m• high Hb{>170 g/L) and reticulocyte count at birth is caused by a relatively hypoxicenvironment in
utero and increased erythropoietin levels

• after birth, levels start to fall due to shorter fetal RBC lifespan, decreased RBC production (during first
6-8 wk of life, there is virtually no erythropoiesis due to new Ol rich environment), and increasing
blood volume secondary to growth

• lowest levels about 100 g/1.at 8-12 wk (earlier and more exaggerated in premature infants); levels rise
spontaneously with activation of erythropoiesis
• red flags suggesting non-physiologic anemia may include Hb level lower than expected with

physiologic anemia, signs of hemolysis, or symptoms of anemia
• usually no treatment required

Mean corpuscular volume (MCV) in
childhood varies with age
General rule: lower normal limit of MO/ -
70 age (yr) until 80 ft (adult standard)

Ferritin is an acute phase reactant,
therefore, normal or high ferritin does
not exclude iron deficiency anemia
during inflammation (e.g. infection)

Iron Deficiency Anemia
• most common cause of childhood anemia
• full term infants exhaust iron reserves by age 6 mo
• premature infants have lower iron reserves, therefore exhausted by age 2-3 mo if not supplemented
• common diagnosis between 6 mo-3 yr and 11-17 yr due to periods of rapid growth and increased iron

requirements; adolescents may also have poor diets and menstrual losses

Etiology
• children at risk: premature, maternal iron deficiency, LBW, low socioeconomic status (SES), etc.
• dietary risk factors:cow’s milk in first year of life

age >6 mo: <2 servings/d of iron-fortified cereal, red meat, or legumes
• age <12 mo: use of low-iron formula (<10 mg/ L); primary diet of cow, goat, or soy milk

age 1-5 yr: >500 ml/d of non-iron fortified milk
• malabsorption syndrome (i.e. celiac disease, Crohn's disease, short bowel syndrome,etc.)
• blood loss

iatrogenic: repeated blood sampling (especially in hospitalized neonates)
allergic: cow's milk protein-induced colitis
gastrointestinal:1BD

Clinical Features
• usually asymptomatic until marked anemia
• symptoms may include:pallor, fatigue, pica (eating non-food materials), tachycardia, systolic murmur,

angular cheilitis, koilonychia (spoon nails)

Investigations
• CBC: low Hb, and MCV, reticulocyte count normal or high (absolute number low)
• Mcntzcr index (MCV/RBC) can help distinguish iron deficiency anemia from thalassemia

ratio <13 suggests thalassemia
ratio >13 suggests iron deficiency

• blood smear: hypochromic, microcytic RBCs, pencil shaped cells, poikilocytosis
• iron studies:low ferritin,other (low iron, high total iron binding capacity, high transferrin, low

transferrin saturation)

Prevention
• breastfed term infants: begin iron supplementation (1 mg/kg/d) at 4-6 mo, continuing until able to eat

S2 feeds/d of iron-rich foods
• non-breastfed (<50% of diet) term infants: give iron-fortified formula from birth
• premature infants: give iron supplements beginning at 2 wk (2-4 mg/kg/d, max 15 mg), continue at

least 2 mg/k/d until 1 yr
• no cow’s milk until 12 mo,early introduction of red meat and iron-rich vegetables: total daily iron

should be 11 mg (ages6-12 mo), 7 mg (ages l -3 yr)
• consider screening Hb levels in infants not receiving iron-fortified formula at 9-12 mo, and earlier if

other risk factors present

Management
• encourage diverse, balanced diet, limit homogenized milk to 500 mL/d (ideally after meals)
• oral iron therapy: 4 -6 mg/ kg/d elemental iron, divided BID to TID, for 3-6 mo to replenish iron stores

• increased reticulocyte count in 2-3 d (peaks d 5-7)
increased hemoglobin in 4-30 d
repletion of iron stores in 1-3 mo
repeat hemoglobin levels after 1 mo of treatment

• poor response to oral iron therapy: non-adherence, medication intolerance,ongoing blood loss, 1BD,
celiac disease, incorrect diagnosis

Complications
• can cause irreversible effects on development if untreated (behavioural and intellectual deficiencies)
• angular cheilitis, glossitis, koilonychia (spoon nails)

Iron deficiency is rare in children <6
mo in the absence of blood loss or
prematurity
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Vitamin K Deficiency
Etiology
• most commonly in infants <6 mo due to hepatic immaturity not efficiently utilizing vitamin K (in

preterm infants), having poor vitamin K stores, and low vitamin K content in milk, leading to vitamin
K deficiency bleeding ( VKDB) previously known as hemorrhagic disease of the newborn (HDNB)

• non-classic presentation acquired later in life, often in association with chronic malabsorption ( Le.CF,
celiac disease, IBD, biliary atresia, primary biliary cholangitis, primary sclerosing cholangitis,etc.),
liver failure, medications (i.e. antibiotics)

risk factors for non-classic presentation: maternal medication (i.e.antiepileptic drugs), chronic
malabsorption, no prophylaxis

Clinical Features
• VKDB due to relative deficiencies of vitamin K-dependent coagulation factors

generalized bleeding; cutaneous bleeding, mucosal bleeding (Gl, umbilicus), and/or intracranial
hemorrhage
early-onset (in first 24 h), classic (27 d), and late-onset (2-12 wk up to 7 mo, high occurrence of
ICH)

• acquired vitamin K deficiency symptoms may include: easy bruising, mucosal bleeding (i.e. epistaxis,
Gl bleed, hematuria, etc.)

Management
• VKDB managed urgently with 1V/SC vitamin K (1-2 mg). If there is severe bleeding, also administer

fresh frozen plasma or prothrombin complex concentrate
• prevented with vitamin K 1M injection (0.5-1 mg) at birth, can also be given orally as vitamin K

(doses: first feed, 1, 4, 8 wk) for breastfed, term infants but higher risk of VKDB
• bleeding due to vitamin K deficiency of other acquired etiologies managed with PO/IM/SC/IV vitamin

K,with dose dependent on condition

Anemia of Chronic Disease
• see Hematology, H16

Sickle Cell Disease
• see Hematology.H21

Thalassemia
• see Hematology, H19

Hereditary Spherocytosis
• see Hematology, H24

Glucose-6-Phosphate Dehydrogenase Deficiency i i

G6PD deficiency protects against
parasitism of R8Cs(Le.malaria)• see Hematology, H24

LJ
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Bleeding Disorders
• see Hematology. H28

Table 26. Evaluation of Abnormal Bruising/Bleeding
VllhCPFA PT PTT VWF Platelets Fibrinogen Extensive bruising in the absence

of lab abnormalities:consider child
maltreatment

Hemophilia A
Hemophilia B
von Willebrand Disease t

N II N Nt *
N N N N N Nt

II HOF t Nor * N IIa
OIC N o r t Na a at t

Vitamin K Deficiency

thrombocytopenia
N N N N N»

N N N NN at
N-normii; OIC •disseminated intravascular coagulation:PFA •platelet function assay:VllhC•Factor VIII coagulant activity:VWF •von Willebrand
Factor

Immune Thrombocytopenic Purpura
Definition
• IIP is isolated thrombocytopenia (platelet count <100000/pL with normal white blood cell count and

hemoglobin)

Epidemiology
• most common cause of symptomatic thrombocytopenia in childhood
• peak age:2-5 yr, M>1;(slightly)
• incidence 5 in 100000 children per yr

Etiology
• caused by autoantibodies that bind to platelet membranes -> Pc-receptor mediated splenic uptake >

destruction of platelets

Clinical Features
• 60% present within 1 mo alter viral illness (e.g. UR '11. chicken pox)
• sudden onset of petechiae, purpura, bleeding in an otherwise well child
• clinically significant bleed in only 3% (severe bleed more likely with platelet count <10) with <0.5%

risk of intracranial bleed
• no lymphadenopathy, no hepatosplenomegaly
• diagnosis made in well appearing patients with mucocutaneous bleeding without other systemic

symptoms or signs and lab confirmation of1TP (diagnosis of exclusion)
• labs:thrombocytopenia with normal RBC, WBC
• bone marrow aspirate only indicated if red flags on history, exam, or lab studies
• differential diagnosis: leukemia, drug-induced thrombocytopenia, HIV, infection (viral),

immunodeficiency syndromes, autoimmune (SLE, autoimmune lymphoproliferative syndrome,
autoimmune hemolytic anemia)

Management
• involve family in management; shared decision-making
• no or mild bleeding - watchful waiting
• moderate bleeding (i.e. severe skin manifestations with some mucosal lesions and some troublesome

epistaxis or menorrhagia) - IVlg (1 g/kg) or steroids; if Rh-positive or DAT-negative can use anti-D
• severe ( i.e. prolonged epistaxis, Cil bleeding, or intracranial hemorrhage) - immediate treatment with

IV steroids and IVlg; may use tranexamic acid as adjunct therapy
• treatment with IVlg or prednisone if mucosal or internal bleeding, platelets <10, or at risk of

significant bleeding (surgery, dental procedure, concomitant vasculitis, or coagulopathy)
• life-threatening bleed:additional platelet transfusion ± emergency splenectomy
• persistent (>3-12 mo) or chronic (>12 mo): re-evaluate; treat if symptoms persist
• supportive:avoid contact sports and ASA/NSAIDs

Diagnosis and Management olTypkalNevriy
Diagnosed Primary Immune thrombocytopenia
(IIP) of Childhood
J Pediatr Child Health 20t9;24(1):54
Recommendations
• Bane -narrow examination Is unnecessary in

children and adolescents with the typical features
of IIP or who fail IVlg therapy

• Children with no bleeding or mild bleeding (defined
as skin manifestations only, such as Musing and
petechiae) may he managed with observation
alone regardless olptatefet count

•Children with moderate hteedvig may he managed
with a single dose of IVlg (0.8-1giVg) or a short
course ol corticosteroids (typically prednisone 4
mg/kgiVf for 4 d)

•Children with severe bleeding(prolonged
epistaxis. lil Weeding,or ICH) require immediate
management with IV stem ds and IVlgaswell as
consideration lor IV traneiamic acid (IV 10 mg/kgl
dose every8 h)

• IVlg is used if a more rapid increase in the platelet
count isdesired

• Anti-0 therapy isonly nsedin Rti -posShre children
and not advised in children with a bemogotnn
concentration that isdecreased due to bleeding,or
with evidence olautoimmune hemolysis

Suggestions
• Bone -narrow examination is also notnecessary in

similar patients prior to initiation of treatment with
corticosteroids or before splenectomy

• losing lot inhnudear antibodies is not necessary
In the evaluation of children and adolescents with
suspected IIP

Hemophilia
• see Hemalolottv. H32

von Willebrand’s Disease
• see Hematology, H3I +
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Oncology
• cancer is the second most common cause of death after injuries in children >1 yr
• cause is rarely known, but increased risk for children with:chromosomal syndromes (e.g.Trisomy 21),

cancer predisposition syndromes (e.g. Li-fraumeni syndrome), prior malignancies, neurocutaneous
syndromes, immunodeficiency syndromes, family history, exposure to radiation, chemicals, biologic
agents

• leukemias are the most common type of paediatric malignancy (30%), followed by brain tumours
(25%) and lymphomas (15%)

• some malignancies are more prevalent in certain age groups
• newborns: neuroblastoma, Wilms' tumour, retinoblastoma
• infancy and childhood: leukemia, neuroblastoma, (.'NS tumours, Wilms’ tumour, retinoblastoma

adolescence: lymphoma, leukemia, gonadal tumours, germ cell tumours, thyroid cancers,
melanoma, bone tumours

• unique treatment considerations in paediatrics because radiation, chemotherapy, and surgery can
impact growth and development, endocrine function, and fertility

• good prognosis: treatments have led to remarkable improvements in overall survival and cure rates for
many paediatric cancers (>80%)

Most common cause of acute bilateral
cervical lymphadenopathy is viral illness

Lymphadenopathy
Clinical Features
• features of malignant lymphadenopathy: firm,discrete (not often), non-tender, enlarging, immobile,

worrisome location (i.e. supraclavicular or generalized), abnormal imaging findings or Woodwork,
constitutional symptoms

• fluctuance, warmth, or tenderness are more suggestive of benign nodes (infection)

Differential Diagnosis
• infection

• viral: URTI, EBV.CMV,adenovirus, HIV, measles, mumps, rubella, Hep B
bacterial: S.aureus,GAS, anaerobes, Mycobacterium (e.g. typical and atypical TB), cat scratch
disease (Bartonella), Rickettsia
other: fungal, protozoan

• autoimmune:rheumatoid arthritis,SLE, serum sickness
• malignancy: lymphoma, leukemia, metastatic solid tumours
• storage diseases: Niemann-Pick, Gaucher
• other: sarcoidosis, Kawasaki disease, histiocytoses

Investigations
• assess location, size, consistency, fixation, and tenderness of each node
• generalized lymphadenopathy (S2 body areas)

• GBG and differential, blood culture
• inflammatory markers (ESR, GRP)

serology: EBV, CMV and others as indicated by history and physical exam (e.g. HIV, fungal,
toxoplasmosis)
uric acid, LDH, electrolytes- CXR
tuberculin skin test
if indicated other blood work i.e. inflammatory panel (ANA, R1-, dsDNA)
biopsy: late biopsy (within 4 wk) if increasing in size, or >2 cm and unclear diagnosis or no
response to treatment. Do early biopsy if supraclavicular nodes, nodes >4 cm,or groups of nodes
with total diameter >3cm

• regional lymphadenopathy ( I body area)
• period of observation if asymptomatic

trial of oral antibiotics
• ultrasound

biopsy (especially if persistent >4 wk and/or constitutional symptoms)
if supraclavicular lymphadenopathy:CXR to rule out mediastinal mass

Leukemia
r T• see Hematology, H39 LJ

Definition
• leukemia is a cancer that starts in the bone-forming tissue (e.g. bone marrow), causing abnormal

blood cell production +
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Epidemiology
• mean age of diagnosis 2-5 yr but can occur at any age
• heterogeneous group of diseases

ALL (80%)
• AML (15%). CML (<5%)

• children with DS are 15 times more likely to develop leukemia

Clinical Features
• infiltration of leukemic cells into bone marrow results in bone pain and bone marrow failure (anemia,

neutropenia, thrombocytopenia)
• infiltration into tissues results in lymphadenopathy, hepatosplenomegaly, CNS manifestations,

testicular disease
• fever, fatigue, weight loss, bruising, bone pain, and easy bleeding
• investigations:CBC and differential, peripheral blood smear, uric acid, LDH, extended electrolytes,

renal function, and blood culture
• specialized tests: BM ± lymph node biopsy, flow cytometry, cytogenetics, molecular studies
• hyperleukocytosis (total WBC >100 x lO’VL) is a medical emergency

presents clinically with respiratory or neurological distress caused by hyperviscosity of blood and
leukostasis
risk of 1CH, pulmonary leukostasis syndrome, tumour lysis syndrome
management:fluids, allopurinol/rasburicase, fresh frozen plasma/platelets to correct
thrombocytopenia, induction chemotherapy, avoid transfusing RBCs unless symptomatic (and
then use very small volumes), or leukapheresis in some centres

Management
• combination chemotherapy using non-cross resistant chemotherapy agents; allogeneic stem cell

transplantation for particular genetic subtypes, poorly responsive disease, or recurrent disease
• supportive care and management of treatment complications

febrile neutropenia: see Infectious Diseases, 1D44
tumour lysis syndrome:see Hematology, H54

Prognosis
• 80-90% 5-yr event-free survival for ALL, 50-60% 5-yr survival for AML
• patients are stratified into standard risk and high-risk based on WBC and age; other prognostic factors

include presence of CNS/testicular disease, immunophenotype, cytogenetics, and initial response to
therapy (most important prognostic variable)

Back pain in children must always be
investigated!
Unlike adults, back pain in children often
points to a pathological process

Lymphoma
• see Hematology, H47

Epidemiology
• Hodgkin lymphoma: incidence is bimodal, peaks at ages 15-34 and >50 yr
• non- Hodgkin lymphoma: incidence peaks at 7-11 yr

Clinical Features
• Hodgkin lymphoma

most common presentation is persistent, painless, firm, rubbery, cervical or supraclavicular
lymphadenopathy
can present as persistent cough or dyspnea (secondary to mediastinal mass) or less commonly as
splenomegaly, axillary, or inguinal lymphadenopathy
constitutional symptoms in 30% of children

• contiguous spread
• non-Hodgkin lymphoma

• presents as enlarging, non-tender lymphadenopathy
• includes most commonly mature B cell lymphoma (Burkitt, diffuse large B cell), T cell

lymphoblastic, and mature T cell lymphoma (anaplastic large cell)
rapidly growing tumour with distant metastases (unlike adult non-Hodgkin lymphoma)
signs and symptoms related to disease site:most commonly abdomen (intussusception), chest
(mediastinal mass), head and neck region

• investigations: CBC and differential, peripheral blood smear, extended electrolytes, uric acid, LDH,
renal function, liver enzymes and function, ESR, and blood culture if concerns for infection. CXR ( AP
and lateral ) and CT of neck/chest/abdomen/pelvis. Specialized tests: BM aspirate and biopsy ± LN
biopsy. LP. PET scan

Constitutional symptoms - fever, chills,
night sweats, unexplained weight toss
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Management
• Hodgkin lymphoma

combination chemotherapy and radiation
increasing role for use of PET scanning to assess early disease response and plan therapy

• non- Hodgkin lymphoma
• combination chemotherapy

no added benefit of radiation in paediatric protocols

Prognosis
• Hodgkin lymphoma:>90% 5 yr survival
• non-Hodgkin lymphoma: 75-90% 5 yr survival

Brain Tumours

• see Neurosurgery. NS11

Wilms’ Tumour (Nephroblastoma)
Epidemiology
• usually diagnosed between 2-5 yr; M«l:
• most common primary renal neoplasm of childhood
• 5-10% of cases both kidneys are affected (simultaneously or in sequence)

Differential Diagnosis
• hydronephrosis, polycystic kidney disease, renal cell carcinoma, neuroblastoma

Clinical Features
• 80% present with asymptomatic, unilateral abdominal mass
• may also present with HTN, gross hematuria, abdominal pain, vomiting, fever, UT1, anemia
• may have pulmonary metastases at time of diagnosis ( respiratory symptoms)

Associated Congenital Abnormalities
• WAGR syndrome (Wilms’ tumour, Aniridia, Genitourinary anomalies, mental Retardation) with

llpl3 deletion
• Beckwith-Wiedemann syndrome:

characterized by enlargement of body organs (especially tongue), hemihypertrophy, renal
medullary cysts, and adrenal cytomegaly

• also at increased risk for developing hepatoblastoma, and less commonly adrenocortical tumours,
neuroblastomas,and rhabdomyosarcomas

• Denys-Drash syndrome:characterized by gonadal dysgenesis and nephropathy leading to renal failure

Management
• staging ± nephrectomy
• chemotherapy, radiation for higher stages

Prognosis. 90% 5-yr survival
• prognostic factors include tumour histology and size, molecular and genetic markers, age

Investigations
• CBC,electrolytes, Cr, BUN, urinalysis, coagulation studies
• imaging: U/S, contrast-enhanced CT or MR1 chest/abdomen/pelvis

n
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Neuroblastoma
Epidemiology
• most common cancer occurring in first yr of life
• neural crest cell tumour arising from sympathetic tissues (neuroblasts)

Clinical Features
• can originate from any site in sympathetic nervous system, presenting as mass in neck, chest,or

abdomen (most common site is adrenal gland)
• signs and symptoms of disease vary with location of tumour

thoracic: dyspnea, Horner’s syndrome
• abdomen: palpable mass, pain, constipation, enuresis

paravertebral: spinal cord compression, localized back pain, weakness
• metastases are common at presentation (>50% present with advanced stage disease):

usually to bone or bone marrow (presents as bone pain, limp)
can also present with periorbital ecchymoses, abdominal pain, emesis, fever, weight loss,
anorexia, hepatomegaly, “blueberry muffin" skin nodules

• paraneoplastic: HTN, palpitations, sweating (from excessive catecholamines), diarrhea, FI T' (from
vasoactive intestinal peptide secretion), opsomyoclonus

Management
• depends on prognostic factors and may include combination of:surgery, radiation, chemotherapy,

autologous stem cell transplantation, immunotherapy

Prognosis
• prognosis is often poor due to late detection
• good prognostic factors

“age and stage" are important determinants of better outcome: <18 mo, stage 1, 11, 1V-S disease
(“S" designates a “Special” classification only pertaining to infants)
primary site: posterior mediastinum and neck
more differentiated histology
tumour cell markers: aneuploidy, absent MYCN oncogene amplification

Investigations
• CBC,electrolytes, urinalysis, urine, catecholamine metabolites ( H VA and VMA), Cr
• imaging: MRI or CT, M1BG scan
• biopsy: required for definitive diagnosis and classification
• definitive diagnosis needs one of the following:

• unequivocal histologic diagnosis from tumour tissue
• evidence of bone marrow metastases on aspirate biopsy with elevation of urinary/serum

catecholamines or metabolites

Bone Tumours

• see Orthopaedic Surgery. OR50

Cancer Predisposition Syndromes
• suspected in cases of multiple primary neoplasms, especially early onset for cancer type and/or family

history consistent with known cancer predisposition syndrome (critical to obtain family history and
refer if syndrome suspected)

• cancer predisposition syndromes with paediatric onset include Li-l raumeni syndrome (soft tissue
sarcomas, osteosarcoma, CNS tumours, and adrenal cortical carcinoma), hereditary retinoblastoma,
and l'anconi anemia (leukemias and oral cancers)

• early recognition of new malignancies through surveillance limits required therapies
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Infectious Diseases
Fever

Definition
• fever:a practical definition is >38°C/100.4°1:oral or rectal
• fever without a source/focus:acute febrile illness (typically <10 d duration) with no identifiable cause

of fever even after careful history and physical
• fever of unknown origin: daily or intermittent fevers for at least 2 consecutive wk of uncertain cause

after careful history and physical, and initial laboratory assessment

Etiology
• infectious: anatomic approach (CNS, ears, upper and lower respiratory tract, (il, (iU, skin, soft tissue,

bones and joints, etc.)
• inflammatory: mainly autoimmune (Kawasaki disease,|1A,1BD,Sl.fi, etc.)
• malignancy:childhood cancers ( leukemia, lymphoma, neuroblastoma, etc.)
• miscellaneous:drugs and toxins, post-immunization, familial dysaulonomia, factitious disorder, etc.
Diagnosis
• history:duration, height and pattern of fever, associated symptoms, exposures, constitutional

symptoms, recent antipyretic use, ethnic or genetic background, daycare, sick contacts, travel, tick or
other bug bites, age of child

• physical exam: toxic vs. non-toxic, vitals, growth,complete head-to-toe exam to identify any focus of
infection

• investigations:guided by history, physical exam, and clinical suspicion

Fever

£ i
Aye: 26-90 d Age: 3 mo-3 yrAge: <26 d

11 .
I I I

Admit,Full SWU ! NON-TOXIC and All others
empiric antibiotic1 Reliable lollow-upland

Low risk'eriteria

TOXIC NON-TOXIC and NO FOCUS

1 1 14i Admit,Full SWU',empiric antibiotic’
T >39,’C T <39T
i I

Partial SWlf+Abx Admit.Full SWU'.
May consider empiric antibiotid

treating
as outpatient

Urine R&M Urine R&M
observationCBC

1
V4or WBC >15 WBC <15Consider observation

without antibiotics 4 4
Blood C&S

if NO source of infection con be identified,
then empirical treatment con be used

lie. amoxicillin or ceftriaxone
SOmglkg IM should bo statlodl

Urine C&S
Acetaminophen

Blood C&S
Observation

Acetaminophen
follow-up1in 24 h

Rochester Criteria - Developed to Identify
Infants <60 d of Age with fever at low- risk of
Serious Bacterial Infection
Clinically
WBC Count
Bands
Urinalysis

Well
5 ISi10'/l
UstWl

<10 W8C.,bigti - power
NOTES
t. SWU - Septic Workup
2. Partial SWU blood C&S. CBC and differential, urine R&M. C&S. LP. CXR it respiratory symptoms, stool C&S if Gl symptoms
3. Follow up is crucial - if adequate follow up is not assured, a more aggressrve diagnostic and therapeutic approach may be Indicated
4. Low risk (Rochester!criteria
5. Considerable practice variation exists in terms of empiric antibiotic treatment
6. Important principles - the younger the child, the greater the difficulty to clinically assess the degree of illness

fed
Stool (ifdiarrhea) <5 WBUhighpowtt

held
Past Health 8otn >37 vrk

HomewiBi/beforeEoni
No hosprtalizaboas
No prior anbhiobcase
No prior treatment
for oneipla tired
hyperbilirubinemia
Nothtomedisease

Figure 12. Approach to the febrile child

Evaluation of Neonates and Infants with Fever
• several protocols exist that attempt to identify neonates and young infants at low-risk of serious

bacterial infection (e.g. Rochester Criteria)
• such protocols are not as sensitive in the 1-28 d age group; therefore, febrile neonates should he

considered high-risk regardless of clinical features and laboratory findings
j
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Management
• admit to hospital if appropriate
• treat the source if known
• replace fluid losses (e.g. from vomiting, diarrhea); maintenance fluid needs are higher in a febrile child
• reassure parents that most fevers are benign and self-limited
• antipyretics (acetaminophen and/or ibuprofen) may be given if child is uncomfortable

Acute Otitis Media
•all of:

1. presence of m iddle ear effusion
2. presence of middle ear inflammation
3. acute onset of symptoms of middle ear effusion and inflammation

Pneumococcal ConjugateVaccineslor Preventing
Acnte OtitlsMedia inChildren
Cochrane OBSyst He.2019:C00OU8O
Purpose: losyiterubully review the uu of
pneumococcal conjugal vaccines in preventing AOU
in children <13yearsof age.
Methods: fiCTs comparing the use of pneumococcal
conjugate vaccines lo placebo or control vaccine mere
metuded in this review.•esutts:14 studies based on 11 trials with a total
of 60733 children were included in ths review.
During early infancy administration of licenced
CRM197 PCV 7 and PHi D-CV10 vaccines is associated
with a large relative reduction in pneumococcal
MM.No beneficial effect wasseen for all cause
MM in high-risk infants,after early infancy,or in
older chldren with a history of respiratory ilness.
Mild adverse reactions (local redness oi swelling,
level, poin, tenderness) were seen ootecemmonly
in the groop receiving the pneumococcal conjugate
vaccines compared to placebo or control vaccines. No
dfferences in severe adverse effects were seen.

Epidemiology
•60-70% of children have at least 1 episode of AOM before age 3
•6-24 mo is the most common age group

commonly develops within a wk after a viral URI
•one third of children have had S3 episodes hy age 3; peak incidence January to April

Etiology
•bacterial - S. pneumoniae (decreasing since the introduction of PCV7 and PCV13), H. influenza, M.

calarrhalis, group A Streptococcus (GAS)
•less common - anaerobes ( newborns) , Gram-negative enterics (infants)
•viral - more likely to spontaneously resolve

Risk Factors
•Eustachian tube related:

dysfunction/obstruction (URT1, allergic rhinitis, chronic rhinosinusitis, adenoid hypertrophy,
barotrauma)
inadequate tensor veil palatini function (deft palate)
genetic syndromes (DS, Crouzon, Apert)
cilia disruption (Kartagenger’s syndrome, CE)

•genetic predisposition (family history, ethnicity- First Nations peoples and lnuit, low levels of
secretory IgA,or persistent biofilm in middle ear)

•behavioural and environmental exposures (not breastfed or shorter duration of breastfeeding,
prolonged bottle feeding, bottle feeding laying down, pacifier use, second-hand smoke exposure,
crowded living conditions/daycare, sick contacts)

•immunosuppression/deficiency (chemotherapy, steroids, DM, hypogammaglobulinemia,Cl;)

Pathogenesis
•obstruction of Eustachian tube -» air absorbed in middle ear -> negative pressure (an irritant to middle

ear mucosa) -> edema of mucosa with exudate/effusion -> infection of exudate from nasopharyngeal
secretions

Minagcment of Atilt OtitlsMedia inChildren Sli
Months at Age and Older
JPaediatr Child Health 2016:21(l):39 44
Recommendations
• Mider disease is usually due lo viruses or low

virulence bacteria
• Resolves equity qiKkly with or without

antibiotics
• Bnlging tympanacmembcane (especially if yellow

or hemorrhagic) hasa high sensitivity for MM and
isamajor diagnostic criterion

• likelyhacttr.il
" -V ' I : JJ- ;u il l" c : : ; v. Ill

purulent discharge indicates bacterial AOM
• Indications foe immediate antibiotic treatment:

• Highly febrile ( >39'C|
• Moderately to severely systemcilly III
• Very severe olalgia

Significant rllnessfor 43 h- Aotibiotic thevapj regime:
• Amonicil . n remains the clear drug ol choice
• 10-d course for children <2 yrr
• S-d course for children >2 yr

• - :le; ins, p aaNrtaSMSSIMIt
at 48 Ir OR pwide an antibiotic prescription lo
parents to 6II il the child does not improve in 48 h

Clinical Features
•acute onset of symptoms
•triad of otalgia ( best predictor of AOM ), fever (especially in younger children), and conductive hearing

loss - not all symptoms such as fever or hearing loss may be present
•rarely tinnitus, vertigo, and/or facial nerve paralysis
•otorrhea if tympanic membrane perforated
•infants/toddlers: ear-tugging (this alone is not a good indicator of pathology), hearing loss, balance

disturbances ( rare), irritable, poor sleeping, vomiting and diarrhea, anorexia
•otoscopy of TM:hyperemia, bulging, pus may be seen behind TM,loss of landmarks (e.g. handle and

long process of malleus not visible), discolouration (hemorrhagic, grey, red, yellow)

Diagnosis
•requires middle ear eflfusion and signs of inflammation (most important is a bulging TM)
•accurate diagnosis of AOM is very important to prevent antibiotic overuse

n
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Management
• symptomatic therapy: antipyretics/analgesics (e.g. acetaminophen or ibuprofen)
• watchful waiting if criteria met
• antibiotic therapy if <6 mo or moderate-severe illness:

• 1st line: high dose amoxicillin 75-90 mg/kg/d dosed BID x 5 d (10 d if age <2 yr, perforated I'M, or
recurrent AOM) (if penicillin allergic: cefuroxime-axetil, ceftriaxone)
2nd line:amoxicillin-davulanic acid, cephalosporins: cefuroxime axetil, ceftriaxone, cefaclor,
cefixime

used when AOM unresponsive and clinical signs/symptoms persist beyond 48 h of antibiotic
treatment, or for treatment of otitis-conjunctivitis syndrome

• signs of a perforated TM should always be treated with antimicrobial therapy (most commonly topical
Ciprodex) and examined for complications

• prevention: parent education about risk factors, pneumococcal and influenza vaccines, surgery (e.g.
tympanostomy tubes)
• choice of surgical therapy for recurrent AOM depends on whether local factors (Eustachian

tube dysfunction) are responsible (use ventilation tubes), or regional disease factors (tonsillitis,
adenoid hypertrophy, sinusitis) are responsible

Complications
• extracranial: hearing loss and speech delay (secondary to persistent middle ear effusion (MEE),

TM perforation, extension of suppurative process to adjacent structures (mastoiditis, petrositis,
labyrinthitis), cholesteatoma, facial nerve palsy, middle ear atelectasis, ossicular necrosis, vestibular
dysfunction

• intracranial: meningitis, epidural and brain abscess, subdural empyema, lateral and cavernous sinus
thrombosis, carotid artery thrombosis

Management of Acute Otitis Modia
T

>6 mo of ago, generally healthy
Acute onset of illness

With or without fever and may or may not manifest other signs of middle
car dysfunction le g vomiting) or pain, depending on age and verbal skills

Suspected acute otitis media

1 *Perforated tympanic membrane
with purulent drainage

MEE present Without MEE
OR with MEE but non-bulging or midly
erythematous tympanic membrane

AM
Bulging tympanic membrane4

Treat with antimicrobials for 10 d
Consider viral etiology such as RSV,

influenza, etc. or other infection
Reassess in 24-48 h if not clinically

improved or earlier if clinically
Irritable, difficulty sleeping, poor response worscning, 10 von(Y presence of olfusion

to antipyretics, severe otalgia
OR >39'C in absence of antipyretics

OR >48 h of symptoms

Mildly ill
Alert, responsive, no rigors, responding

to antipyretics, mild otalgia, able to sleep
<39'C in absence of antipyretics

<48 h of illness

Moderately or scvcrly ill

and signs of middle car inflammation
such as bulging tympanic membrane

i 4
Treat with anbmicrobials for 10 d

if B mo-2 yr of age
and for 5 d if 22 V

After discussing with caregivers, observo
for 24-48 h and ensure follow-up

medical care (recommend analgesia)
If not clinically improved or if worsening,

treat with anbmicrobials 110 d
if 6 mo-2 yr of age and 5 d if >2 yr)

Figure 13. Management of acute otitis media
Flow diagram lor the management of children with suspected and confirmed acute otitis media- from CPS statement Feb 2016
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Otitis Media with Effusion
Definition

• presence of fluid in the middle ear without signs or symptoms of ear infection

Epidemiology
• most common cause of conductive hearing loss in children
• 90% of cases resolved by 3 mo
• 80-90% of all children have one episode before 6 yr
• 30-40% of affected children will experience recurrent episodes

Risk Factors
• same as AOM

Clinical Features
• fluctuating conductive hearing loss t tinnitus
• fullness in ear, balance problems
• ± pain, low grade fever
« otoscopy of TM

• discolouration - amber or dull grey
meniscus fluid level behind TM
air bubbles
retraction pockets/TM atelectasis
flat tympanogram
most reliable finding with pneumatic otoscopy is immobility

Management
• expectant management appropriate if low risk for speech/language/learning difficulties
• ENT referral if unilateral OME >6 mo, bilateral OME >3 mo with hearing loss, or structural tympanic

membrane damage
• consider early ENT referral for children with craniofacial abnormalities or immunodeficiency
• surgical options include myringotomy with tympanostomy (ventilation) tubes ± adenoidectomy (if

tonsils enlarged or on insertion of second set of tubes after first set falls out)
• no role for antibiotics, glucocorticoids, antihistamines, or decongestants

Complications
• hearing loss, speech delay, learning problems in young children
• chronic mastoiditis
• ossicular erosion
• cholesteatoma especially when retraction pockets involve pars flaccida
• retraction of tympanic membrane, atelectasis, ossicular fixation

Gastroenteritis
• see Gastroenterology.G15

HIV Infection
• see Infectious Diseases. IL)27
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Infectious Paediatric Exanthems

Table 27. Common Infectious Paediatric Exanthems
Disease Incubation

Period
Communicability Mode of

Transmission
Associated
Features

Management Outcomes and
Complications

Pathogen(s) Rash

Parvovirus B19 Low-risk ol
transmission once
symptomatic

Respiratory
secretions or
infected blood

Initial 7-10 d of flu- ltke
illness and fever
Rash maybe warm,
non-tender, and
pruritic
less common
presentations include

Supportive Rash fades over
dtowk.butmay
reappear mo later
with sunlight,
exercise
Transient Aplastic
crisis (especially if
chronic hemolytic
anemia)

Erythema
Infecliosum (i.e.
Fifth Disease/
Slapped Cheek)

4 -14 d Appearance:
uniform,
erythematous.
maculopapular
‘lacy' rash
liming: 10 -17 d
after symptoms
(immune response) ‘gloves and socks
Distribution: syndrome' or STAR
bilateral cheeks complex (sore throat,
(‘slapped cheeks') arthritis, rash)
with circurnoral
sparing;may
affect trunk and
extremities

Gianotti-Crosti
Syndrome
(i.e.Papular
Acrodermatitis)

EBV and Hepatitis Variable
B virus
(majority)

Supportive
Pain control

Resolves in 3-12 wkNone None Asymptomatic or
pruritic
Appearance:
symmetric papules and/or
Distribution: lace, hepatosplenomegaly
cheeks,extensor
surfaces of the
extremities, spares
trunk

Viral prodrome
May have
lymphadenopalhy

Hand.Foot,and Coxsackie group A 3 -5 d
Mouth Disease

Likely 1-7 d after Direct and indirect
symptoms but may be contactwith
up to months

Enanthem:vesicles
in the POSTERIOR

SupportiveAppearance:
vesicles and
pustules on an oral cavity (pharynx,
erythematous base longue)
Distribution:mouth,
buttocks, acral,bul
may extend up the
extremity

Resolves inIwk
Mainly dehydration

infected bodily
fluids,fecal-oral

Herpes Simplex HSV1.2 1-26 d Direct contact,
often through
saliva,vertical
transmission at
barlh.or sexual
contact

Grouped vesicles on Enanthem:vesicles/
an erythematous erosions in the

ANTERIOR oral cavity
Ibuccal mucosa,
tongue)
May present with
herpetic whitlow
(autoinoculation)

Mainly supportive
Consider oral or
topical antivirals

Local:secondary
skin infections,
keratitis,
gingivostomatitis
CNS:encephalitis
Disseminated
hepatitis. DIC
Eczema herpeticum

base

Kawasaki Disease SeeP9S
Morbillivirus 8 13 d 4 d before and alter Airborne Prodrome of cough,

cotyra.conjunctivitis
PCs)
Enanthem:Koplik’s

Infected:
supportive,some
evidence for
vitamin A.
Unimmunized
contacts:measles
vaccine within
72 hoi exposure
or IgG within 6 d of
exposure
Respiratory
isolation, report to
Public Health
Prevention:MMR
vaccine
Supportive
Diagnosis
confirmed using
viral cultures
(nasopharyngeal
andrcclal swabs)
Supportive

Secondary bacterial
infections:
AOM.sinusitis,
pneumonia
Encephalitis
Rare:myocarditis.
pericarditis.
thrombocytopenia.
Stevens-Johnson
syndrome,GN.
subacute sclerosing
panencephalitis

Measles Appearance:
erythematous
maculopapular
Timing:3 d after
start ofsymptoms spots
Distribution:starts 1-2 d before rash

rash

at hairline and Desquamation
spreads downwards Positive serology for
withsparing of measles IgM
palms and soles

Non-Specific
Enteroviral
Exanthems

Enteroviruses Variable Direct and indirect
contactwith
infected bodily
fluids

Polymorphous rash Systemic involvement
(macules,papules, is rare,but possible
vesicles,petechiae.
urticaria)

Self -limitingVariable

Droplet transmission Saliva
Perinatal:
transplacental
infection, getmline
cell integration

High grade lever 3-5 d
Common:

Self -limiting
CNS: febrile
seizures (10-25%),
aseptic meningitis
Thrombocytopenia

Roseola Human herpes virus S-15 d
(HHV) 6

Appearance:
blanching,pink,
maculopapular irritability,anorexia.
Timing:appears lymphadenopalhy,
once fever subsides eiythcmalous IM and
Distribution: starts pharynx.Nagayama
at the neck and spots (erythematous
trunk and spreads papules on soft palate
to the face and and uvula)

r ~t
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Table 27. Common Infectious Paediatric Exanthems
Disease Pathogen(s) Incubation

Period
Communicability Mode of

Transmission
Associated
Features

Outcomes and
Complications

Rash Management

14-21 d 7 d before and alter Droplet
eruptions

Prodrome of low grade Supportive
fever and occipital/ Deport to Public
retroauricular nodes Health
STAR complex (sore Prevention: MM It

Rubella Rubivirus Appearance:pink,
maculopapular
Timing:1-5 d after
start ol symptoms
Distribution: starts throat , arthritis, rash) vaccine
on lace and spreads Positive serology lor
to neck and trunk rubella IgM. Caution to

pregnanlwomenwith

Excellent prognosis
with acquired
disease
Arthritis may last
days to weeks
Encephalitis
Irreversible defects
in congenitally
infected patients
( i.e. congenital
rubella syndrome)

exposure

Scarlet Fever
Varicella

See«5
10 -21 d 1-2 d pre-eruptions Direct contact,

and 5 d post-eruption inhalation of
lesion aerosols,
aerosol!red
respiratory
secretions

Appearance:groups Significant pruritus
of skin lesions,
polymorphic, from
macules lopapules lesions which may
to vesicles tocxusls become pustular or
Timing:1-3d after ulcerate. Caution to
start ol symptoms pregnant women
Distribution:
generalized

Supportive
Avoid salicylates suptainfedion,
(due to risk of Reye necrotizing fasciitis
syndrome)
Consider antivirals encephalitis and
Respiratory and cerebellar ataxia

Systemic: hepatitis.

Skin: bacterialVaricella zoster
virus Malaise, fever

Enanlhcm: vesicular
CNS: acute

contact
isolation, report lo DIC

Congenital
varicella syndrome
if intrapartum
infection

Public Health
Prevention:
varicella vaccine

Infectious Mononucleosis
Definition
• systemic viral infection caused by EBV with multiviscera] involvement; often called “ the great

imitator"

Epidemiology
• peak incidence betss'een 15-19 yr
• -50% of children in developed countries have a primary EBV infection by 5 yr, but <10% of children

develop clinical infection

Etiology
• EBV: a member of herpesviridae
• transmission is mainly through infected saliva (“kissing disease”) and sexual activity (less

commonly); incubation period of 1-2 mo

Risk Factors
• infectious contacts, sexually active, multiple sexual partners

History
• prodrome: 2-3 d of malaise, anorexia
• infants and young children: often asymptomatic or mild disease
• older children and adolescents: malaise, fatigue, fever, sore throat, abdominal pain (often LUQ),

headache, myalgia

Physical Exam
• classic triad: febrile, generalized non-tender ly mphadenopathy, pharyngitis/tonsillitis (exudative)
• ± hepatosplenomegaly
• ± periorbital edema, ± rash (urticarial, maculopapular, or petechial) - more common after

inappropriate treatment with (3-lactam antibiotics
• any “-itis" (including arthritis, hepatitis, nephritis, myocarditis, meningitis, encephalitis, etc.)

Investigations
• heterophile antibody test (Monospot' test )

• 85% sensitive in adults and older children, but only 50% sensitive if age <-l yr
false positive results with HIV, SLE, lymphoma, rubella, parvovirus

• EBV titres (if negative heterophile test or clinical suspicion remains high)
• CBC and differential, blood smear: reactive lymphocytes, lymphocytosis, Downey cells ± anemia ±

thrombocytopenia
• throat culture to rule out streptococcal pharyngitis

r i
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Management
• supportive: adequate rest, hydration, saline gargles, and analgesics for sore throat
• splenic enlargement is often not clinically apparent so all patients should avoid contact sports for 6-8

wk
• if airway obstruction secondary to nodal and/or tonsillar enlargement is present (especially younger

children), admit for steroid therapy

Prognosis
• most acute symptoms resolve in 1-2 wk, though fatigue may last for mo
• short-term complications:splenic rupture, Guillain-Barre syndrome

Infectious Pharyngitis/Tonsillitis
Definition
• inflammation of the pharynx, especially the tonsils if present, causing a sore throat

Etiology
• viral (~80%): adenoviruses, enteroviruses, coxsackie, upper respiratory tract viruses, HBV, CMV,

COV1D-19
• bacterial (~20%):mainly GAS, Af. pneumoniae (older children), N.gonorrhoeae (sexually active),C.

diphtheriae (unvaccinated), /•'. necrophorum (anaerobe causing Lemierre syndrome)
• fungal:Candida

Epidemiology
• season: GAS pharyngitis more common in late winter or early spring; viral all year long
• age:GAS pharyngitis peak incidence at 5-12 yr and uncommon <3 yr; viral pharyngitis affects all ages

Presentation
• GAS:sore throat (may be severe), febrile, malaise, headache, abdominal pain, N/ V, absence of other

UKTT symptoms, pharyngeal/tonsillar erythema and exudates, enlarged (>1 cm) and tender anterior
cervical lymph nodes, palatal petechiae,strawberry tongue, scarlatiniform rash

• viral: sore throat (often mild), conjunctivitis, cough, rhinorrhea, hoarseness, diarrhea, flu-like
symptoms (fever, malaise, myalgias), absent/mild tonsillar exudates, minor and non-tender
adenopathy, viral exanthems

Investigations
• scores are used to predict if throat culture will be positive (e.g.m-CENTOR score)

» these score systems have not been found to be sensitive or specific enough to diagnose GAS in
children and adolescents with sore throat

• suspected diagnosis of GAS pharyngitis should be confirmed with a rapid streptococcal antigen test
and a follow-up throat culture if the rapid test is negative

Management
• antibiotics (for GASIS. pyogenes)

• penicillin V or amoxicillin or erythromycin (if penicillin allergy) x 10 d
• can prevent rheumatic fever if given within 9 d of symptoms;does NOT alter risk of post-

streptococcal GN
• supportive: hydration and acetaminophen for discomfort due to pain and/or fever
• follow-up: if uncomplicated course, no follow-up or post-antibiotic throat cultures needed
• prophylaxis: tonsillectomy may be considered for severe, recurrent streptococcal tonsillitis

Complications
• preventable with antibiotics: AOM, sinusitis, cervical adenitis, mastoiditis, retropharyngeal/

peritonsillar abscess, sepsis
• immune-mediated complications: scarlet fever, acute rheumatic fever, post-streptococcal GN, reactive

arthritis, paediatric autoimmune neuropsychiatric disorder associated with GAS (PANDAS)

r T
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SCARLET FEVER
• diffuse erythematous eruption
• delayed-type hypersensitivity reaction to pyrogenic exotoxin produced by GAS
• requires prior exposure to S.pyogenes
• acute onset of fever, sore throat, strawberry tongue
• 24-48 h after pharyngitis, rash begins in the groin, axillae, neck, antecubital fossa; Pastia’s lines may

be accentuated in flexural areas
• within 24 h, sandpaper rash becomes generalized with perioral sparing, non-pruritic, non-painful,

blanchable
• rash fades after 3-4 d, may be followed by desquamation
• treatment is penicillin, amoxicillin, or erythromycin x 10 d

RHEUMATIC FEVER
• inflammatory disease due to antibody cross-reactivity following GAS infection
• affects ~1 in 10000 children in developed world; much more prevalent in developing nations; peak

incidence at 5-15 yr
• clinical diagnosis based on|ones Criteria ( revised )

requires 2 major OR 1 major and 2 minor PLUS evidence of preceding strep infection (history of
scarlet fever, GAS pharyngitis culture, positive rapid Ag detection test, ASOIs)

major: carditis and valvulitis, arthritis, CNS involvement (Sydenham chorea), subcutaneous
nodules,erythema marginatum
minor: arthralgia, fever, tESR or CRP, prolonged PR interval

• treatment: penicillin or erythromycin for acute course x 10 d, prednisone if severe carditis
• secondary prophylaxis with daily penicillin or erythromycin
• complications

acute: myocarditis, conduction system aberrations (sinus tachycardia, atrial fibrillation),
valvulitis (acute mitral regurgitation), pericarditis
chronic: valvular heart disease (mitral and/or aortic insufficiency/stenosis), infectious
endocarditis ± thromboembolic phenomenon

» onset of symptoms usually after 10-20 yr latency from acute carditis of rheumatic fever

m-CENTOR Score for Probability of
Streptococcal Pharyngitis
For patients presenting with sore throat/
pharyngitis and URTI symptoms:
Must be >3 yr
Cough — no cough (+1)
Exudates or Swelling — tonsillar
exudates/swelling (+1)
Nodes — anterior cervical adenopathy
M l
Temperature- history of fever or
temperature >38°C (+1)
Only Young — patients <15 y/o (+1)
Rarely Elder- patients>45 y/o (-1)

Interpretation

m-CENTOR Probability Recommendation
Score ol strep

pharyngitisPOST-STREPTOCOCCAL GLOMERULONEPHRITIS
• most common in children ages 4-8 yr; M>1;
• antigen-antibody mediated complement activation with diffuse, proliferative GN
• occurs 1-3 wk following initial GAS infection (skin or throat)
• clinical features vary from asymptomatic, microscopic and macroscopic hematuria (cola-coloured

urine) to all features of nephritic syndrome (see Nephritic Syndrome, P83)
• diagnosed upon clinical findings of acute nephritis and recent GAS infection. It can be confirmed

with elevated serum antibody titres against streptococcal antigens (ASOT, anti-DNAase B), low serum
complement (C3)

• management
symptomatic: fluid and sodium restrictions; loop diuretics for HT' N and edema
in severe cases, may require dialysis if renal function significantly impaired
treat with penicillin or erythromycin (if penicillin allergy) if evidence of persistent GAS infection. 95% of children recover completely within 1-2 wk;5-10% have persistent hematuria

0 1-2.5% No further testing or
antibiotics$•10%1

2 11-17% Consider rapid
strep testing aod.br
culture

Consider rapid
strep testing and/
or culture. Empiric
antibiotics nay
be appropriate
depending on
scenario

3 28-35%

»4 51-53%

Meningitis
Definition
• inflammation of the meninges surrounding the brain and spinal cord

Epidemiology
• peak age: < I yr;90% of paediatric cases occur in children age <5 yr

Etiology
• viral: enteroviruses, human parechoviruses, HSV
• bacterial: age-related variation in specific pathogens
• fungal and parasitic meningitis also possible
• most often due to hematogenous spread or direct extension from a contiguous site

Risk Factors
• unvaccinated
• immunocompromised: asplenia, DM, HIV, prematurity
• recent or current infections: AOM, sinusitis, orbital cellulitis
• neuroanatomical:congenital defects, dermal sinus, neurosurgery, cochlear implants, recent head

trauma
• exposures:daycare centres, household contact, recent travel

n
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History
• signs and symptoms variable and dependent on age,duration of illness, and host response to infection
• infants: fever, lethargy, irritability, poor feeding, vomiting, diarrhea, respiratory distress,seizures
• children: fever, headache, photophobia, N/V, confusion, back/neck pain/stiffness, lethargy, irritability

Physical Exam
• infants: toxic, hypothermia, bulging anterior fontanelle, respiratory distress, apnea, petechial/

purpuric rash, jaundice
• children: toxic, decreased LOG, nuchal rigidity, Kernig’s and Brudzinski's signs, focal neurologic

findings, petechial/purpuric rash

Investigations
• blood work: GBC, electrolytes, Cr, BUN, glucose, C&S, PTT/1NR
• LP required for definitive diagnosis

• Gram stain, bacterial C&S, WBC count and differential, KBC count, glucose, protein
concentration
acid-fast stain if suspect TB
PGR for specific bacteria if available (helpful if already treated with antibiotics)
urinalysis and urine G&S in infants.Gram stain and culture of petechial/purpuric lesions
HSV and enterovirus PGR if suspected
contraindications: thrombocytopenia, DIG, signs of raised 1GP, unstable patient, known/
suspected underlying anatomical abnormalities to the lumbar region
decision making around LP should NOT delay empiric antibiotic therapy

Table 28. CSF Findings of Meningitis
Component Normal Child Normal Newborn Bacterial

Meningitis
Viral Meningitis Tuberculosis

Meningitis
s5 0-30 10-1000 (can be

normal)
100-10000 (can be Usually <100
normal)

Usually <100 50-1000 (can be
normal)
Usually <100

Lymphocytes
|x10*/l)
Neutrophils («10 M.) 0 0

Glucose (CSF:Blood ) >0.( (or >2.5 mmol/L) ?0.6|or »2.0 mmol / L) <0.4 (can be normal) Usually normal

Protein (g/l)
<0.3(can be normal)
1-5(Can be normal)<0.4 *1.0 >1.0 (can be normal) 0.4-1.0 (can be

normal)
Moditied from https://www.rclt.org.au/difiicolguide/guidelineJndex/CSFJnterpietation/

Management
• supportive care

preservation of adequate cerebral perfusion by maintaining normal BP and managing IGP
close monitoring of fluids, electrolytes, glucose, acid-base disturbances, coagulopathies

• bacterial meningitis
if suspected or cannot be excluded, commence empiric antibiotic therapy while awaiting cultures
or if LP contraindicated or delayed
adjuvant dexamethasone BK1-ORE antibiotic for Hib meningitis; consider for those >6 wk with
pneumococcal meningitis
isolation with appropriate infection control procedures until 24 h after culture-sensitive antibiotic
therapy
fluid restrict if any concern for SIADH
hearing test
report to Public Health; prophylactic antibiotics for close contacts of Hib and N.meningitidis
meningitis

• viral meningitis
mainly supportive (except for HSV)
acyclovir for HSV meningitis
report to Public Health

• prophylaxis:appropriate vaccinations significantly decrease incidence of bacterial meningitis (see
Routine Immunization, PS)

L J

+

Activate Windows
Go to Settings to activate Windows.



P67 Paediatrics Toronto Notes 2023

Table 29. Antibiotic Management of Bacterial Meningitis
AntibioticsAgo Main Pathogens

Signs of Meninglsmus
0-28 d CBS, f. coli, listeria

Other:Gram-negative bacilli
Overlap of neonatal pathogens and those seen Cefotaxime vancomycin (+ ampicillin if

immunocompromised)

S. pneumoniae.H.meningitidis, H. influenioe Ceftriaxone * vancomycin
(If penicillin alergic:vancomycin •rifampin)

Ampicillin * cefotaxime
BOMConthehead
Brudzinski'ssign
Opisthotonos*
Nuchal rigidity
Kernig's sign
'Opisthotonos: rigid spasm of the body,
with the back fully arched and the heels
and head bent back

28-90 d
in older children

>90 d

Complications
• mortality:neonate 15-20%,children 4-8%; pneumococcus > meningococcus > Hib
• acute: S1ADH, subdural effusion/empyema, brain abscess, disseminated infection (osteomyelitis,

septic arthritis, abscess), shock/DIC
• chronic: hearing loss, neuromotor/cognitive delay, learning disabilities, neurological deficit, seizure

disorder, hydrocephalus

Mumps
Definition
• acute, seif-limited viral infection that is most commonly characterized by adenitis and swelling of the

parotid glands

Epidemiology
• incidence in Ontario has declined since introduction of two-dose MMR vaccination schedule
• average of 25 reported cases per yr
• majority of reported cases in children age 5-10 yr

Etiology
• mumps virus (RNA virus of the genus Rubulavirus in the Paramyxoviridae family)
• transmission via respiratory droplets, direct contact, fomites
• incubation period: usually 14-16 d (range 12-25 d)
• infectivity period: 7 d pre-parotitis to 5 d post-parotitis
• viral replication in upper respiratory tract, drains to local lymph nodes, then spreads to secondary

sites (salivary glands, gonads, pancreas, meninges, kidney, heart, thyroid)

History
• non-specific prodrome of fever, headache, malaise, myalgias (especially neck pain)
• usually followed within 48 h by parotid swelling secondary to parotitis (bilateral, preauricular, ear

pushed up and out)
• parotid gland is tender and pain worsened with spicy or sour foods
• one third of infections do not cause clinically apparent salivary gland swelling and may simply present

asanURT!

Investigations
• clinical diagnosis, but may be confirmed with IgM positive serology

• may also use PCR or viral cultures from oral secretions, urine, blood, and CS1*

• blood work: CBC (leukopenia with relative lymphocytosis), serum amylase (elevated)

within 4 wk of acute infection

Management- mainly supportive:analgesics, antipyretics, warm or cold packs to parotid may be soothing
• admit to hospital if serious complications (meningitis, pancreatitis)
• droplet precautions recommended until 5 d after onset of parotid swelling
• prophylaxis: routine vaccination (see Routine Immunization, P5 )

Complications
• common:aseptic meningitis,orchitis/oophoritis
• less common:encephalitis, pancreatitis, thyroiditis, myocarditis, arthritis,GN,ocular complications,

hearing impairment

n
LJ

+

Activate Windows
Go to Settings to activate Windows.



P68 Paediatrics Toronto Notes 2023

Pertussis
Definition
• prolonged respiratory illness characterized by paroxysmal coughing and inspiratory “whoop”

Epidemiology
• -10 million children < 1 yr affected worldwide, causes up to 400000 deaths peryr
• greatest incidence among children <1 yr (not fully immunized) and adolescents (waning immunity)

Etiology
• B. pertussis: Gram-negative pleomorphic rod
• highly contagious; transmitted via respiratory droplets released during intense coughing
• incubation period:6-20 d; most contagious during catarrhal phase but may remain contagious for wk

after

History
• prodromal catarrhal stage

lasts 1-7 d; URT'l symptoms (coryza, mild cough, sneezing) with NO or low-grade fever
• paroxysmal stage

lasts 4-6 wk; characterized by paroxysms of cough (“100 day cough”), sometimes followed by
inspiratory whoop (“whooping cough")
infants <6 mo may present with post-tussive apnea, whoop is often absent
onset of attacks precipitated by yawning, sneezing, eating, physical exertion
± post-tussive emesis, may become cyanotic before whoop

• convalescent stage
lasts I -2 wk; characterized by occasional paroxysms of cough, but decreased frequency and
severity
non-infectious, but cough may last up to 6 mo

Investigations
• NP specimen using aspirate or N P swab

gold standard: culture using special media (Regan-Lowe agar)
• PCR to detect pertussis antigens

• blood work: CBC (lymphocytosis) and serology (antibodies against B. pertussis)

Management
• admit if paroxysms of cough are associated with cyanosis and/or apnea and give O’
• supportive care with attention on nutrition in young infants
• antimicrobial therapy indicated if B.pertussis isolated or symptoms present for <21 d

use macrolide antibiotics (azithromycin, erythromycin, or clarithromycin)
• droplet isolation until 5 d of treatment and report to Public Health
• prophylaxis

macrolide antibiotics for all household contacts
• prevention with vaccination in infants and children (Pentacel*), and booster in adolescents

(Adacel*) (see Routine Immunization, PS )

Complications
• pressure-related from paroxysms:subconjunctival hemorrhage, rectal prolapse, hernias, epistaxis
• respiratory:sinusitis, pneumonia, aspiration, atelectasis, pneumomediastinum, pneumothorax,

alveolar rupture
• neurological: seizures (-3%), encephalopathy, ICH
• mortality: ~0.3%; highest risk in infants <6 mo

Pneumonia
• see Infectious Diseases.1D7 and Pneumonia, P93

Periorbital (Preseptal) and Orbital Cellulitis Cardinal Signs of Orbital Cellulitis
• Ophthalmoplegia/diplopia
• Proptosis
• Decreased visual acuity
• Pain with extraocular eye movement

• sco < Iphth.tlmologv, I > IH >

Sexually Transmitted Infections r
LJ

• see Family Medicine, FM46 and Gynaecology, GY28
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Sinusitis
• see Family Medicine, FM47
• complication of S10% of URTIs in children
• clinical diagnosis
• diagnostic imaging is NOT required to confirm diagnosis in children

• routine CT not recommended, but consider if suspect complications of sinusitis, persistent/
recurrent disease, need for surgery

• antibiotic therapy (amoxicillin) for all children (although nearly half resolve spontaneously within 4
wk)

• complications: preseptal/orbital (preseptal/orbilal cellulitis, orbital abscess, osteomyelitis, etc.),
intracranial (meningitis, abscess, etc.), Pott's Fully tumour (presents with tender soft tissue
erythematous swelling of the forehead; symptoms include headache, photophobia, and fever; managed
with IV antibiotics and HNT consult)

Urinary Tract Infection
Definition
• infection of the urinary bladder (cystitis) and/or kidneys (pyelonephritis)

Epidemiology
• overall prevalence in infants and young children presenting with fever is 7%
• <4-6 wk: more common in males
• >1 yr:females have 2-4x higher prevalence

Etiology
• majority (>95%) have a single cause (-70% U.coli)
• Gram-negative bacilli: E. coli, Klebsiella, Proteus, Enterobacter, Pseudomonas, Citrobacter
• Gram-positive cocci: S.sapropliyticus, Enterococcus

Risk Factors
• non-modifiable: female gender.White, previous UTIs, FMHx
• modifiable: urinary tract abnormalities ( VUK. neurogenic bladder, obstructive uropathy, posterior

urethral valve), dysfunctional voiding, repeated bladder catheterization, uncircumcised males, labial
adhesions, sexually active, constipation, toilet training

Features Suggestive of Pyelonephritis
• High-grade fever
• Flank or high abdominal pain
• CVA tenderness on palpation

Bagged urine specimen not useful for
ruling in UTI (high false positive rate
>85%). but useful for ruling out UTI (high
sensitivity)

History
• infants and young child: often just fever or non-specific symptoms ( poor feeding, irritability, FIT,

jaundice if <28d, vomiting)
• older child: fever, urinary symptoms (dysuria, urgency, frequency, incontinence, hematuria),

abdominal, and/or flank pain

Prophylasis Alter First febrile Urinary Tract
Infection In Children!* Multicentre. Randotaiied
Controlled, Noninferiority Trial
Pediatrics 2008:122:1064-107
Study: Randomized, controlled, open-label.2 armed.
ror inferiority trial.
Patients: 3 33 patients 2 rroto </ yrwho had a first
episode ol febrile Ull.
Intervention: Ho prophylaxis vs. prophylaxis.
Outcome:Recurrence rate of febrile Ull and rate of
renal scarring.
Results: Hu significant difference in recurrence
rate or in the rate of renal scarring between be
prophylaxis and no prophylaxis group.

Physical Exam
• infants and young child: toxic vs. non-toxic, febrile, ITT, jaundice; look for external genitalia

abnormalities (phimosis, labial adhesions) and lower back signs of occult myelodysplasia (e.g. hair
tufts), which may be associated with neurogenic bladder

• older child:febrile, suprapubic and/or costovertebral angle (CVA) tenderness, abdominal mass
(enlarged bladder or kidney); may present with short stature, FIT,or HTN secondary to renal scarring
from previously unrecognized or recurrent UTIs

Investigations
• urinalysis, microscopy, C&S

sterile specimen: clean catch, catheterization, suprapubic aspiration, or ‘Tap and Rub’ technique
• bag specimen can only be used for urinalysis and only to rule out diagnosis
• urinalysis: leukocyte esterase, nitrites, erythrocytes, hemoglobin
• microscopy: bacteria, leukocytes, erythrocytes

• diagnosis established if urinalysis suggests infection AND if >50000 colony-forming units (CFUs)/mL
in catheter specimen OR >100000 Cl-'Us/mL in clean catch specimen

Management
• admit if: age <2 mo, urosepsis, persistent vomiting, inability to tolerate oral medication, moderate-

severe dehydration, immunocompromised, complex urologic pathology, inadequate follow-up, failure
to respond to outpatient therapy

• supportive care:maintenance of hydration and adequate pain control
• antibiotics

n
L J

base on local antimicrobial susceptibility patterns
commence broad empiric therapy until results of urine C&S known, and then tailor as
appropriate
neonates: IV ampicillin and aminoglycoside
infants and older children:oral antibiotics (based on local t. coli sensitivity) if outpatient; IV
ampicillin and gentamicin if inpatient
duration 7-10 d
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•imaging
• renal and bladder VIS for all febrile infants (<2 yr ), recurrent febrile UT Is (any age) looking for

anatomical abnormalities, hydronephrosis, abscess
VCUG not recommended after 1st febrile UT1 unless U/S reveals hydronephrosis, obstructive
uropathies or other signs suggestive of high-grade VUR

•follow-up:
outpatients to return in 24-48 h if no clinical response
seek prompt medical evaluation for future febrile illnesses

•prophylaxis: generally not recommended unless higher grades of VUR

Complications
•long-term morbidity: focal renal scarring develops in 8% of patients; long-term significance unknown

Neonatology

Gestational Age and Size
Definitions
• classification by CIA

preterm: <37 wk (extremely preterm <28 wk, very preterm 28-32 wk, moderate-late preterm 32-37
Dubowitz/Ballard Scares
GA can be determined after birth using
Dubowitz/8allard scores:
• Assessment at delivery of physical

maturity (c.g. plantar creases, lanugo,
ear maturation) and neuromuscular
maturity (e.g. posture, arm recoil)
translates into a score from -10 to +50

• Higher score means greater maturity
(increased GA)

• -10-20 wk; +5 -44 wk
• Ideal-35-40, which corresponds to GA

38-40 wk
• Only accurate ± 2 wk
• May be inaccurate in infants who are

preterm, postterm, SGA infants

wk)
• term: 37-42 wk
• post-term:>42 wk

• classification by birth weight
• SGA: 2 SD < mean weight for GA or <10th percentile
• AGA: within 2 SD of mean weight for GA

LGA:2 SD > mean weight for GA or >90th percentile
• classification of preterm infants by birth weight

• low birthweight (LBW) <2500 g
• very low birthweight ( VLBVV ) <1500 g
» extremely low birthweight ( liLBW) <1000 g

Table 30. Abnormalities of Gestational Age and Size
ProblemsCausesFeatures

Preterm Infants
<37 wk

Spontaneous:cause unknown
Maternal disease: H1N.0H, cardiac anil renal
disorders
Fetal conditions:multiple pregnancy,
congenital abnormalities, macrosomia. R8C
isoimmunization, (etal inlection
Pregnancy issues: placental insufficiency,
placenta previa, uterine malformations,
previous preterm birth, infection, placental
abruption
Behavioural and psychological contributors:
smoking, alcohol,drug use. psychosocial
stressors
Sociodemographic factors: advanced age. low
socioeconomic status
Most cases unknown
Increased in first pregnancies
Previous post-term birth
Genetic factors

RDS. apnea of prematurity, chronic lung
disease, bronchopulmonary dysplasia
Feeding dilficullies, NFC
Hypocalcemia, hypoglycemia, hypothermia
Anemia, jaundice
Retinopathy ol prematurity
ICH /IVH
PDA

Increased nskol slillbitlh or neonalaldealh
Increased birthweight
Fetal "postmaturity syndrome":impaired
growth due to placental dysfunction
Meconium aspiration

Perinatal hypoxia
Hypoglycemia, hypocalcemia , hypothermia,
hyperviscosity (polycythemia), jaundice.

Post-term Inlanls
>42 wk

SGA Intants
*10th percentile
Asymmetric ( head -sparing):
late onset, growth arrest

SGA Intants
Symmetric:early onset, lower growth

txtrinsic causes: placental insufficiency, poor
nutrition. HTN. multiple pregnancies, drugs,
alcohol, smoking, familial (actors, fibroids

Intrinsic causes:maternal infections (TORCH ),
congenital abnormalities, syndromal.
idiopathic

Maternal DM
Racial or familial factors
Increasing parity
Previous LGA infant , high BMI. large pregnancy
weight gain
Certain syndromes

PDA

LGA Infants
»90th percentile

Birth trauma, perinatal depression (meconium
aspiration)
RDS. TIN
Jaundice, polycythemia
Hypoglycemia, hypocalcemia

r T
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Routine Neonatal Care
• history taking

passage of meconium in 24-48 h, urination/number of wet diapers
feeding: breast milk or formula, route (breast or bottle), duration, frequency and volume of feeds

• issues: jaundice, poor feeding, difficulty breathing, cyanosis, seizures
weight: discharge weight (close follow-up if >10% below birth weight), initial weight gain (goal
20-25 g/d), number of days until birth weight regained (should regain by day 10-14 of life)

• erythromycin ointment: applied to both eyes for prophylaxis of ophthalmia neonatorum ( N.
gonorrhoeae); no longer recommended by Canadian Paediatric Society but required by law in some
provinces/territories

• vitamin K 1M:prophylaxis against VKDB
• newborn screening tests in Ontario

• in Ontario, newborn screening tests for:
metabolic disorders (amino acid disorders, organic acid disorders, fatty acid oxidation
defects, biotinidase deficiency, galactosemia)
blood disorders (sickle cell disease, other hemoglobinopathies)
endocrine disorders (CAH, congenital hypothyroidism)
others (CP, severe combined immunodeficiency)
congenital hearing loss

• if mother Rh negative: send cord blood for blood group and DAT (also consider sending DAT for O
positive mothers)

• if household contact is HBsAg positive: start hepatitis B vaccine series (and if mother is positive, give
HBlg within 12 h of birth); the US and some Canadian provinces give Hep B vaccine at birth routinely iNeonatal Resuscitation Apgar Score

Appearance (colour)
Pulse (heart rate)
Grimace (Irritability)
Activity (tone)
Respiration (respiratory effort)
Or: "How Ready Is This Child?"

• assess Apgar score at 1 and 5 min
• if <7 at 5 min then reassess q5 min, until >7
• do not wait to assign Apgar score before initiating resuscitation

Table 31. Apgar Score
Sign 0 21
Heart Rate

Respiratory Effort
Irritability
Tone
Colour

Absent

Absent
Ho response

<K)0/min

Slow,irregular
6rimace
Some flexion of extremities
Body pink,extremities blue
(acrocyanosis)

>tOO/min
Good,crying
Cough/cry
Active motion
Completely pink

Use of 100% Oxygen in Neonatal Resuscitation
Circulation 2015:132(suppl 2|:S543-S560
The 201S neonatal resuscitation guidelines hare
provided the following recommendatioi:"Since an
oxygen saturation of 100% may correspond to a PaO)

anywheie between >10 and S00 niaHg.in general
it is appropriate loWNH the HOi lor a saturation ol
100%. provided the oxyhemoglobin saturation can be
maintained >941." (Class llb.lOE C|.

Limp
Blue,pate

Initial Resuscitation
• anticipation: know maternal history, history of pregnancy, labour, and delivery
• steps to take for all infants

» pre-delivery team debriefing including assigning roles,checking equipment, and discussing
possible complications and management plan
warm (radiant heater, warm blankets) and dry the newborn (remove wet blankets)
stimulate infant: rub lower back gently or flick soles of feet

o position airway (“sniffing” position ) and clear or suction if necessary
• assess breathing and HR

if apneic or ineffective respiration and HR <100:bag and mask ventilation (PPV) with room air
(or 30% if preterm infant).Continue until HR >100 and breathing spontaneously
if HR <60: establish airway for effective ventilation and start chest compressions; turn oxygen to
100%
if meconium present:a team with advanced resuscitation skills should be present. If the newborn
is hypotonic with ineffective respirations, routine intubation for tracheal suction is not suggested
unless skilled at intubation. Do initial resuscitation and administer PPV as required

0
Corrective Actions for PPV in Neonatal
Resuscitation

MR SOM
Mask readjustment
Reposition airway
Suction mouth and nose
Open mouth
Pressure increase
Alternative airway

r t
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Table 32. Interventions Used in Neonatal Resuscitation
Intervention Indications Comments
Epinephrine
(adrenaline)

0.1-0.3 ml/kg/dose of1:10000 HR <60 andnotrlsing
10.01 0.03 mg/kg) IV
0.5-1 mL/ kg/dose of 1:10000
(0.05- 0.1 mg/kg) endotracheally
can be considered while awaiting
IV access (IV preferred )
Can be repealed q3-5 mill CRN
10 ml/kg
May need lobe repeated
Avoid giving loo rapidly as large
volume rapid infusions can be
associated with IVH

Side effects: tachycardia. HIM,
cardiac anhyllimias

Fluid Bolus
( NS. PRBC)

Evidence of hypovolemia

Approach to the Depressed Newborn
• a depressed newborn has ineffective respiratory effort and cyanosis
• approximately 10% of newborn babies require assistance with breathing after deliver)'

Table 33. Etiology of Respiratory Depression in the Newborn
Etiology Examples

Respiratory Problems RDS/hyaline membrane disease
Pulmonary hypoplasia
CMS depression
MAS
Pneumonia
Pneumothorax
Pleural effusions
Congenital malformations
Erythroblastosis fetalis
Secondary hydrops letalis
Drugs/anesthesia (opiates, magnesium sulphate)

Anemia (severe)

Maternal Causes
DM

Congenital Malformations/Birth Injury Nuchal cord, perinatal depression
Bilateral phrenic nerve injury
Potter's sequence

Antepartum hemorrhage
Transposition of the great arteries with intact ventricular septum

Hypothermia
Hypoglycemia
Infection

Shock
CHD
Other

Diagnosis
• vital signs including pre- and post-ductal oxygen saturations and -I limb BP. hyperoxia test
• detailed maternal and labour history: include prenatal care, illnesses, use of drugs, previous high-risk

pregnancies, infections during pregnancy (including GBS status),duration of ruptured membranes,
maternal fever or signs of chorioamnionitis during labour/delivery, blood type and Rh status,
serologies, amniotic fluid status, GA, meconium, Apgar scores

• clinical findings (observe for signs of respirator)'distress such as cyanosis, tachypnea, retractions,
grunting, temperature instability, poor tone, abnormal movements, no spontaneous movements)

• laboratory results (CBC, blood gas, blood type and DAT, glucose ± blood culture)
• transillumination of chest to evaluate for pneumothorax if sudden change in respiratory status/

worsening distress
• CXR, BCG, echocardiogram, MR1, cerebral function monitoring/EEG

Management
• see Neonatal Resuscitation, P71, identify and treat underlying cause

Common Conditions of Neonates

Apnea
Definition
• periodic breathing: normal respiratory pattern seen in newborns in which periods of rapid respiration

are alternated with pauses lasting 5-10 s
• apnea: absence of respiratory gas flow for >20 s (or less if associated with bradycardia or desaturation)
• three types of apnea

central: no chest wall movement, no signs of obstruction
• obstructive: chest wall movement continues against obstructed upper airway, no airflow
• mixed:combination of central and obstructive apnea

i j
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Differential Diagnosis
• in term infants, apnea requires full septic workup (CBC and differential, blood and urine cultures ±

LP, CXR)
• other causes

CNS: seizures, ICH
apnea of prematurity (<34 wk):combination of CNS immaturity and obstructive apnea; resolves
by 36 wk GA;diagnosis of exclusion
hypoxic injury
infectious; sepsis, meningitis, NEC
Gl: GEKD, aspiration with feeding
metabolic: hypoglycemia, hyponatremia, hypocalcemia, inborn error of metabolism
cardiovascular: anemia, hypovolemia, PDA, heart failure
medications: morphine

Management
• O’,ventilatory support, maintain normal blood gasses
• tactile stimulation
• correct underlying
• medications: methylxanthines (caffeine) stimulate the CNS and diaphragm and are used for apnea of

prematurity (not in term infants)
• if apnea of prematurity is diagnosed, infants should receive cardiorespiratory monitoring in a

neonatal intensive care unit

cause

Bleeding Disorders in Neonates
Clinical Features
• oozing from the umbilical stump, excessive bleeding from peripheral venipuncture/heel stick sites/IV

sites, large caput succedaneum, cephalohematomas (in absence of significant birth trauma), subgaleal
hemorrhage, and prolonged bleeding following circumcision

Etiology
• 4 major categories

increased platelet destruction:maternal 1TP or SLE, infection/sepsis, D1C, neonatal alloimmune
thrombocytopenia, autoimmune thrombocytopenia
decreased platelet production/function: pancytopenia, bone marrow replacement, l-'anconi
anemia, Trisomy 13 and 18
metabolic: congenital thyrotoxicosis, inborn error of metabolism
coagulation factor deficiencies (see Hematology.H55):hemophilia A/B, VKDB

NEONATAL ALLOIMMUNE THROMBOCYTOPENIA

Definition
• maternal antibodies directed towards neonatal platelets, causing thrombocytopenia (platelets

<15()()00/pL)

Epidemiology
• 1 in 4000-5000 live births

Pathophysiology
• platelet equivalent of Rh disease of the newborn
• occurs when mother is negative for HPA and fetus is positive
• development of maternal IgG antibodies against HPA antigens on fetal platelets

Clinical Features
• petechiae, purpura, thrombocytopenia in otherwise healthy neonate
• severe disease can lead to intracranial bleeding

Diagnosis
• maternal and paternal platelet typing and identification of platelet alloantibodies

Treatment
• IV Ig to mother prenatally starts in second trimester ± steroids ± fetal platelet transfusions
• platelet transfusion is the mainstay of treatment. HPA specific (e.g. HPA-la negative) platelets are

preferred, however can use random donor platelets. Maternal washed platelets are effective but
practically often not feasible.

• concomitant IV1G treatment could be considered (insufficient evidence to support routine use)

+

Activate Windows
Go to Settings to activate Windows.



P74 Paediatrics Toronto Notes 2023

AUTOIMMUNE THROMBOCYTOPENIA

Pathophysiology
• caused by antiplatelet antibodies from maternal ITP or SLE
• passive transfer of anti-platelet antibodies across placenta

Clinical Features
• similar presentation to neonatal alloimmune thrombocytopenia, but thrombocytopenia is usually less

severe and does not tend to cause bleeding

Treatment
• steroids to mother for 10-14 d prior to delivery or I VIg to mother before delivery
• treat neonate with 1Vlg (usually if platelets <50000 or in the unlikely event of bleeding); otherwise

close monitoring for platelet recovery, bleeding
• transfusion of infant with maternal/donor platelets only in severe cases, as antibodies will destroy

transfused platelets

VITAMIN K DEFICIENCY BLEEDING. see Vitamin K Deficiency, P52

Bronchopulmonary Dysplasia
Definition. also known as chronic lung disease
• clinically defined as O:requirement for >28 d plus persistent need for oxygen and/or ventilatory

support at 36 wk corrected GA
• damage to developing lungs with prolonged intubation/ventilation, high levels O’, infections

Investigations
• CXR findings may demonstrate decreased lung volumes, areas of atelectasis, signs of inflammation,

and hyperinflation

Treatment
• no clearly effective treatments
• gradual wean from ventilator, optimize nutrition
• dexamethasone may help decrease inflammation and encourage weaning, but use ofdexamelhasone

is associated with increased risk of adverse neurodevelopmental outcomes

Prognosis
• chronic respiratory failure may lead to pulmonary HTN, poor growth, and right-sided heart failure
• patients with bronchopulmonary dysplasia may continue to have significant impairment and

deterioration in lung function late into adolescence
• some lung abnormalities may persist into adulthood including airway obstruction, airway hyper-

reactivity, and emphysema
• associated with increased risk of adverse neurodevelopmental outcomes

L J
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Cyanosis

Cyanosis
I

r
Peripheral l i e - I ' -

1I1 1I
Transient (typical) Sepsis or Deoxygenated

temperature hemoglobin
instability |

Abnormal hemoglobin

; TI *Cardiovascular
(CHD,PPHN)

Sepsis Methemoglobinemia CarboxyhemoglobinemiaRespiratory Hematologic
(polycythemia)

Neurologic

1
T I

Lower
(pneumonia,

macroglossia, airway MAS,
hypoplasia, laryngeal pneumothorax,

web/cyst, diaphragmatic hernia,
foreign body) hypoplasia)

Figure 14. Approach to neonatal cyanosis

CNS(asphyxia,
hemorrhage,

seizure,
opioids/sedatives)

Neuromuscular
(myasthenia gravis,

botulism)

Upper
(choanal atresia,

Management
•ABCis

elevated CO 2 suggests respiratory cause
hyperoxia test (to distinguish between cardiac and respiratory causes of cyanosis): get baseline
Pa02 in room air, then Pa02 on 100% 02 for 10-15 min

Pa()2 < 150 mmHg: suggests cyanotic CHD or possible PPHN (see Cardiology and Cardiac
Suruerv. 09)
Pa02 >150 mmHg: suggests cyanosis likely due to respiratory or non-cardiac cause

•CXR: look for respiratory abnormalities (pneumothorax, respiratory tract malformations, evidence of
shunting, pulmonary infiltrates) and cardiac abnormalities (cardiomegaly, abnormalities of the great
vessels)

Diaphragmatic Hernia
•see General and Thoracic Surgery. CiS73

Definition
•developmental defect of the diaphragm with herniation of abdominal organs into thorax
•associated with pulmonary hypoplasia and PPHN

Clinical Features
•respiratory distress, cyanosis
•scaphoid abdomen and barrel-shaped chest
•affected side dull to percussion and breath sounds absent, may hear bowel sounds instead
•heart sounds shifted to contralateral side, if left sided diaphragmatic hernia
•asymmetric chest movements, trachea deviated away from affected side
•may present outside of neonatal period
•often associated with other anomalies (cardiovascular, neural tube defects, chromosomal

abnormalities)
•CXR for diagnosis
•CXR: bowel loops in thorax (usually left side), displaced mediastinum

Treatment
•immediate intubation required at birth: DO NOT bag mask ventilate because air will enter stomach

and further compress lungs
•place large bore orogastric tube to decompress bowel
•initial stabilization and management of pulmonary hypoplasia and PPHN if present, hemodynamic

support and surgery when stable j
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Hypoglycemia
Definition
• glucose <2.6 mmol/L within 72 h of birth OR <3.3 mmol/ L after first 72 h of life

Etiology
• decreased carbohydrate stores: premature, SGA, RDS, maternal HT'N
• endocrine: hormonal deficiencies (GH, cortisol, epinephrine), insulin excess (infant of diabetic

mother, LGA,Beckwith-YViedemann syndrome/islet cell hyperplasia), hypothalamic-pituitary-adrenal
axis suppression (panhypopituitarism)

• inborn errors of metabolism: fatty acid oxidation defects, galactosemia
• miscellaneous: sepsis, hypothermia, polycythemia, perinatal stress (e.g. asphyxia)

Clinical Findings
• signs often non-specific and subtle:lethargy, poor feeding, irritability, tremors, apnea, cyanosis,

seizures

Management
• identify and monitor infants at risk (pre-feed blood glucose checks) until blood glucose stable and for

at least 12 h (for infant of diabetic mother or LGA ) or 36 h (if preterm or SGA)
• in a well at-risk infant, begin oral feeds as soon as possible after birth and ensure regular feeds, check

glucose at 2 h of age
• if significant and/or symptomatic hypoglycemia, provide glucose IV (D10YV ) and titrate according to

blood sugar levels
• if persistent hypoglycemia (>48 h of life), prolonged glucose IV, severe symptomatic hypoglycemia

(coma, lethargy, seizure), or no predisposing cause, send “critical blood work* during an episode of
hypoglycemia: ABG, ammonia, p-hydroxybutyrate, cortisol, free fatty acids, GH, insulin, lactate,
urine dipstick for ketones

Neonatal Hyperbilirubinemia
Definition
• total serum bilirubin >95th percentile (high-risk zone) on Bhutani nomogram in infants >35 wk GA

Clinical Features
• jaundice typically visible at serum bilirubin levels of 85-120 pmol / L
• visual assessment is misleading, confirm jaundice with blood test

Hyperbilirubinemia

Jaundice is very common - 60N of term
newborns develop visible jaundiceT

ConjugatedUnconjuyated
1 1t

Pathologic Physiologic Always pathologic
Jaundice in the first 24 h of life and
conjugated hyperbilirubinemia are
always pathological

1 1

Non-Hemolytic
Hematoma
(cephalohematoma)
Polycythemia
Sepsis
Hypothyroidism
Gilbert syndrome
Crigler-Najjar

Hemolytic Hepatic
Infectious
Sepsis
Hep B, TORCH
Metabolic
Galactosemia
Tyrosinemia
a-1-antitrypsin deliciency
Hypothyroidism

Post-Hepatic
Biliary atresia
Choledochal cyst£

Intrinsic
Membrane
Spherocytosis
Elliptocytosis
Enzyme
G6PD deliciency
PK deficiency
Hemoglobin
Thalassemia

Extrinsic
Immune
ABO incompatability
Rh incompatability
Kell, Dully, etc.
Non-immune
Splenomegaly
Sepsis
AVM

Jaundice must be investigated if:
• It occurs within 24 h of birth
• Conjugated hyperbilirubinemia is

present
• Unconjugated bilirubin rises rapidly

or is excessive for patient's age and
weight

• Persistent jaundice lasts beyond 1-2
wk of life

CF
Drugs
TPN
Idiopathic neonatal hepatitis

Figure 15. Approach to neonatal hyperbilirubinemia
r i
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PHYSIOLOGIC JAUNDICE

Epidemiology
• term infants: onset 3-4 d of life, resolution by 10 d of life
• premature infants: higher peak and longer duration

Pathophysiology
• increased hematocrit and decreased RBC lifespan
• immature glucuronvl transferase enzyme system (slow conjugation of bilirubin )
• increased enterohepatic circulation

Breastfeeding Jaundice
• common: due to a lack of milk production -> dehydration > exaggerated physiologic jaundice

Breast Milk Jaundice
• I in 200 breastfed infants
• glucuronyl transferase inhibitor found in breast milk
• onset 7 d of life, peak at 2-3 wk of life, usually resolved by 6 wk

Table 34. Risk Factors for Jaundice
Perinatal FactorsMaternal Factors Neonatal Factors

Ethnic group|e.g. Asian, Indigenous) Birth trauma (cephalohematoma.
ecchymoses)

Complications during pregnancy (infant of Prematurity
diabetic mother. Rh or ABO incompatibility)
Breastfeeding
FMHx/previous child required phototherapy

Difficulty establishing breastfeeding

Infection (sepsis, hepatitis)

Genetic factors
Polycythemia
Drugs
TPK

Table 35. Causes of Neonatal Jaundice by Age
<24 h 24-72 h 72-96 h Prolonged (>1wk)

ALWAYS PATHOLOGIC

Hemolytic
Physiologic, polycythemia
Dehydration
(breastfeeding jaundice)

Hemolysis
G6PD deficiency
Pyruvate kinase deficiency
Spherocytosis
Bruising, hemorrhage,
hematoma

Sepsis/congenital infection

Physiologic * breastfeeding
Sepsis

Breast milk jaundice
Prolonged physiologic jaundice
in preterm

Hypothyroidism
Neonatal hepatitis
Conjugation dysfunction
c.g. Gilbert syndrome.
Crigler-Najjar syndrome
Inborn errors of metabolism
e.g. galactosemia

Biliary tract obstruction
e.g. biliary atresia

Rh or ABO incompatibility
Sepsis
Congenital infection (TORCH)

Severe bruising/hemorrhage

PATHOLOGIC JAUNDICE
• all cases of conjugated hyperbilirubinemia; some cases of unconjugated hyperbilirubinemia are

pathologic

Investigations
• unconjugated hyperbilirubinemia

« hemolytic workup: CBC, reticulocyte count, blood group (mother and infant), peripheral blood
smear, Coombs test ( DAT)

• if babv is unwell or has fever: septic workup (CBC and differential, blood and urine cultures ± LP,
CXR)
other:G6PD screen (especially in males), TSH

• conjugated hyperbilirubinemia must be investigated without delay
• consider liver enzymes (AST, ALT), coagulation studies (FT, P I T'), serum albumin, ammonia,

ISH, TORCH screen, septic workup, galactosemia screen (erythrocyte galactose-1-phosphate
uridyltransferase levels), metabolic screen, abdominal U/S, H1DA scan, sweat chloride

• predicting occurrence of severe hyperbilirubinemia
measure either total serum bilirubin (TSB) or transcutaneous bilirubin (TcB) concentration in
all infants between 24 h and 72 h of life and plot on appropriate hyperbilirubinemia treatment
graph. If infant does not require immediate treatment, results should be plotted on predictive
nomogram to determine the risk of progression to severe hyperbilirubinemia and need for repeat
measurement ( refer to: http://www.cps.ca/documents/position/hyperbilirubinemia-newborn)

r T
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TREATMENT OF UNCONJUGATED HYPERBILIRUBINEMIA
• to prevent kernicterus
• breastfeeding does not usually need to be discontinued, ensure adequate feeds and hydration
• lactation consultant support, mother to pump after feeds
• treat underlying causes (e.g. sepsis)
• phototherapy (blue-green wavelength, not U V light); standard intensive or multiple intensive protocol

depending on severity of hyperbilirubinemia
insoluble unconjugated bilirubin is converted to excretable form via photoisomerization
serum bilirubin should be monitored during and immediately after therapy (risk of rebound
because photoisomerization is reversible when phototherapy is discontinued)
contraindicated in conjugated hyperbilirubinemia; results in “bronzed'' baby
side effects: skin rash, diarrhea, eye damage (eye shield used routinely for prevention),
dehydration
use published guidelines and nomogram (see Figure 16) to determine appropriateness of
phototherapy by stratifying infant risk and assessing if total scrum bilirubin level is above cutoff
for respective gestational age

• exchange transfusion
indications: high bilirubin levels as per published graphs based on age, wk gestation
most com monly performed for hemolytic disease and severe cases of G6PD deficiency
use of I Vlg in case of severe hyperbilirubinemia (DAT+) becoming evidence-based practice

“Bronzed” Baby in Infants with
Conjugated Hyperbilirubinemia
Phototherapy results In the production
and accumulation of a lode metabolite
which also imparts a bronze hue on the
baby's skin

/Toni SxumR'iudt* povl >

P

Age— Intents at lower nsk (>38wk and well
- - Inter.ts at medium risk ( 28wk -t- risk factors or

3M/ V/ wt and well )

^ — Intents at higher risk|3»3/VI wk nsk factors) j

Figure 16. Gold standard in deciding
when to initiate phototherapy for
unconjugated hyperbilirubinemia
Licence number: 4601410094382

KERNICTERUS

Etiology
• unconjugated bilirubin concentrations exceed albumin binding capacity and bilirubin is deposited in

the brain resulting in tissue necrosis and permanent damage (typically basal ganglia or brainstem)
• incidence increases as serum bilirubin levels increase above 340 pmol / L
• can occur at lower levels in presence of sepsis, meningitis, hemolysis, hypoxia, acidosis, hypothermia,

hypoglycemia, and prematurity

Clinical Features
• up to 15% of infants have no obvious neurologic symptoms
• early stage:lethargy, hypotonia, poor feeding, emesis (acute bilirubin encephalopathy)
• mid stage: hypertonia, high pitched cry, opisthotonic posturing (back arching), bulging fontanelle,

seizures, pulmonary hemorrhage
• late stage (during first year and beyond): hypotonia, delayed motor skills, extrapyramidal

abnormalities (choreoathetoid CP), gaze palsy, mitral regurgitation, sensorineural hearing loss

Prevention
• exchange transfusion,1Vlg if indicated

BILIARY ATRESIA

Definition
• atresia of the extrahepatic bile ducts which leads to cholestasis and increased conjugated bilirubin

after the first wk of life
• progressive obliterative cholangiopathy

Epidemiology. incidence: I in 10000-15000 live births
• associated anomalies in 10-35% of cases: situs inversus, congenital heart defects, polysplenia

Clinical Features
• dark urine, pale stool, jaundice (persisting for >2 wk), abdominal distension, hepatomegaly

Diagnosis
• conjugated hyperbilirubinemia, abdominal U/S, operative cholangiogram
• HIDA scan (may be bypassed in favour of biopsy if timing of diagnosis is critical)
• liver biopsy

Treatment
• surgical drainage procedure
• hepatoportoenterostomy ( Kasai procedure; most successful if age <8 wk)
• two-thirds will eventually require liver transplantation
• vitamins A,D, E, and K; diet should be enriched with medium-chain triglycerides to ensure adequate

fat ingestion

n
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Necrotizing Enterocolitis
Influence ol EnteralMutrition on Occurrences
of Recrotizing Enterocolitis in Very-tow Birtli -
Ifcight Infants
J Pedatr Gastroenterol Nutr 2015:61(4):445 450
Study:Case-control study of wry-low-birth-weiglit
(VlBI)nlantsand occurrences of HECwrtlr in 30
dotMi.
Population:1028 VLBW infants in neonatal intensive
care unit Jan 2003-Hay 2008.
Primary Outcome: NEC defined using stage >2 of
modified Bell criteria.
Resmlts:55 infantsdeveloped MEC with in 30 d of life
(5 4% ) lltose mtii NEC had higher odds ol having
been fed breast milk <7 d (OS:4.02|, not harmg
achieved full enteral feeding during the first oin (OR:
3.S0).and having had parenteral feeding (Of : 2.10).
Conclusions Occurience ol NEC can be reduced
with breast nilk feeding beyond 7d and early full
enteral feeding.

Definition
• intestinal inflammation associated with focal or diffuse ulceration and necrosis
• primarily affecting terminal ileum and colon

Epidemiology
• affects 1-5% of preterm newborns admitted to NICU

Pathophysiology
• postulated mechanism of bowel ischemia: mucosal damage and enteral feeding > bacterial growth >

bowel necrosis/gangrene/perforation

Risk Factors
• prematurity (immature defenses)
• asphyxia, shock (poor bowel perfusion)
• hyperosmolar feeds
• enteral feeding with formula (breast milk can be protective)
• sepsis

Clinical Features
• usually presents at age 2-3 wk
• distended abdomen, diminished bowel sounds, feeding intolerance
• increased amount of gastric aspirate/vomitus with bile staining
• frank or occult blood in stool
• signs of bowel perforation (sepsis, shock, peritonitis, DIC)

Investigations
• AXR: pneumatosis intestinalis (intramural air is a hallmark of NEC), free air, fixed loops, ileus,

thickened bowel wall, portal venous gas
CBC, ABG, lactate, blood culture, electrolytes

• high or low WBC, low platelets, hyponatremia, acidosis, hypoxia, hypercapnia

Treatment
• NPO (7-10 d), vigorous IV fluid resuscitation, decompression with NG tube, supportive therapy. TPN
• antibiotics (usually ampicillin, gentamicin ± metronidazole if risk of perforation x 7-10 d)
• serial AXRs detect early perforation (40% mortality in perforated NEC)
• peritoneal drain/surgery if perforation
• surgical resection of necrotic bowel and surgery for complications (e.g. perforation, strictures)

Persistent Pulmonary Hypertension of the Newborn
Definition
• persistence of fetal circulation as a result of persistent elevation of pulmonary vascular resistance
• classified as primary (absence of risk factors) or secondary

Epidemiology
• incidence 1.9 in 1000 live births

Clinical Features
• usually presents within 12 h of birth with severe hypoxemia/cyanosis; some may have only mild

respiratory distress

Pathophysiology
• elevated pulmonary pressures cause R -> L shunt through PDA, foramen ovale -> decreased pulmonary

blood flow and hypoxemia -> further pulmonary vasoconstriction

Risk Factors
• secondary PPHN: asphyxia, meconium aspiration syndrome, RDS, sepsis, pneumonia, structural

abnormalities (e.g.diaphragmatic hernia, pulmonary hypoplasia)
• more common in term or post-term infants

Investigations
• measure pre- and post-ductal oxygen levels
• hyperoxia test to exclude CHD. EGG (RV strain)
• echo reveals increased pulmonary arterial pressure and a R -> L shunt across PDA and patent foramen

ovale; also used to rule out other cardiac defects

r T
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Treatment
• maintain good oxygenation (SaO * >95%) in at-risk infants
• 02 given early and tapered slowly,minimize stress and metabolic demands,maintain normal blood

gases, circulatory support
• mechanical ventilation, high frequency oscillation in a sedated muscle-relaxed infant
• nitric oxide, surfactant
• extracorporeal membrane oxygenation used in some centres when other therapy fails

Respiratory Distress in the Newborn
Clinical Features
• tachypnea:RR >60/min; tachycardia:HR >160/min
• grunting, subcostal/intercostal indrawing, nasal flaring
• duskiness,central cyanosis
• decreased air entry, crackles on auscultation
Differential Diagnosis of Respiratory Distress
• see Table 33 under S'eonatal Resuscitation, P72

Investigations
• labs: CBC, blood gas, glucose,blood culture
• imaging: CXR
• if indicated: ECG, echo, LP (CSF cell count, culture, and chemistry)

Table 36. Distinguishing Features of RDS, TTN, MAS
RDS TTN MAS

Etiology Surfactant deficiency * pool lung
compliance due to high alveolar surface fluid •» accumulation offluid in
tension -» atelectasis -»
* surface area for gas exchange
*hypoxia acidosis * respiratory
distress
“Hyaline membrane disease*
Preterm
Maternal DM
Preterm delivery
Male sex

Delayed resorption of fetal lung Meconium is sterile but causes airway
obstruction,chemical inflammation,and

peribronchial lymphatiesand surfactant inactivation leading lochemical
vascular spaces <* tachypnea pneumonitis
"Wet lung syndrome"

Gestational Age
Risk Factors

Term and post-term
Meconium-stained amniotic fluid
Post - term delivery

Usually term and late preterm
Maternal DM
Maternal asthma
Male sex
Macrosomia (>4500 g)
Elective Cesarean section or
short labour
late preterm delivery

Clinical Features Respiratory distress within first few Tachypnea within the first few
hours ol life,worsens over next 24-72 It hours of tile t retractions.
Hypoxia
Cyanosis

CXR Findings Homogenous infiltrates
Airbronchograms
Decreased lung volumes
May resemble pneumonia|GBS)
If severe,"white-out" withno
differentiation of cardiac border
Prenatal corticosteroids (e.g.
Celcstone 12 mg q24 h x 2 doses) il
risk of preterm delivery*34 wk
Monitor lecilhin:spliingomyehn IT'S)
ratio with amniocentesis,L/S >2:1
indicates lung maturity

Resuscitation
Oxygen
Ventilation
Surfactant (decreases alveolar surface IV fluids and HG lube feeds if too
tension,improves lung compliance,and tachypneic to feed orally
maintains functional residual capacity)

IBW
Acidosis,sepsis
Hypothermia
Second born twin

Respiratory distress within houis ol birth
Small airway obstruction, chemical pneumonitis
tachypnea,barrel chest with audible crackles
Hypoxia
Hyperinflation
Patchy atelectasis
Patchy and coarse Infillralcs
10- 20% have pneumothorax

grunting,nasal flaring
Often HO hypoxia or cyanosis
Perihilar infiltrates
"Wet silhouette;" fluid in
fissures

Prevention Where possible,avoidance of
elective Cesarean delivery,
particularly before 38 wkGA

If infant isdepressed at birth,intubate and
suction below vocal cords
Avoidance of factors associated with in utero
passage of meconium (e.g.post - term delivery)

Supportive
Oxygen if hypoxic
Ventilator support|e.g. CPAP)

Resuscitation
Oxygen
Ventilatory support
Surfactant
Inhaled nitric oxide
Extracorporeal membrane oxygenation for
PPHN
Hypoxemia
Hypercapnia
Acidosis
PPHN
Pneumothorax
Pneumomediastinum
Chemical pneumonitis
Secondary surfactant inhibition
Respiratory failure
Dependent on severity,mortality up to 20%

Treatment

Complications In severe prematurity and/or Hypoxemia
prolonged ventilation, increased risk of Hypercapnia
bronchopulmonary dysplasia Acidosis

PPHN r1
L J

+
Prognosis Dependent on GA at birth and severity Recovery usually expected in

of underlying lung disease:long-term 24-72h
risks of chronic lung disease
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PNEUMONIA
• see Respirolog)', P93
• consider in infants with prolonged (>18 h) or premature rupture of membranes, maternal fever or

other signs and symptoms of chorioamnionitis, or if mother is GBS positive
• suspect if infant exhibits respiratory distress, temperature instability, or WBC is low (<5

elevated (>30 x 109/L),or left-shifted
• symptoms may be non-specific (e.g. lethargy, apnea, tachycardia, poor perfusion, poor feeding)
• investigations: CXR ( hazy lung and/or distinct infiltrates, may be difficult to differentiate from KDS),

blood and CSF cultures
• neonates with pneumonia should be admitted to the NICU and given empiric antibiotics for

management

x 109/L),

Retinopathy of Prematurity
• see Ophthalmology.OP40

Sepsis in the Neonate

(SfyTable 37. Sepsis Considerations in the Neonate
Chronic Perinatal InfectionsEarly Onset (<72 h) Late Onset (72 h •28 d)
CHEAP TORCHESAcquired after birth

Risk factors:preterm infants in NICU
Pathogens:coagulase-negalive Staphylococcus most common,
GBS.anaerobes,E.coli,Klebsiella

Vertical transmission,95%present within 24 halter birth
Risk factors:

Maternal infection:UTI,GBS positive,previous child with GBS,
sepsis,or meningitis
Maternal fever/leukocytosis/chorioamnionitis
Prolonged rupture of membranes|»18h)
Preterm labour

Pathogens:GBS,E.coli,Listeriaare most common
Pneumonia morecommon withearly-onset sepsis

Chicken pox/shingles
Hepatitis B/C/D/E
Enteroviruses
AIDS (HIV)
Parvovirus B19 (erythema infectiosum)
Toxoplasmosis
Other
Rubella virus
Cytomegalovirus/Coxsackievirus
Hb .

Clinical Features
• no reliable absolute indicator of occult bacteremia in infants <3 mo, most specific result has been

WBC<5*10 "/ 1.
• temperature instability (hypo/hyperthermia)
• respiratory distress, cyanosis, apnea
• tachycardia/bradycardia
• lethargy, irritability
• poor feeding, vomiting,abdominal distension, diarrhea
• hypotonia, seizures, lethargy
• jaundice, hepatomegaly, petechiae, purpura

Investigations
• suspicion of neonatal sepsis requires "full septic workup"

CBC, blood and urine cultures, LP (CSI: analysis: cell count, glucose, protein, culture, and PCR for
viruses) ± CXR
LP must be conducted if blood culture is positive due to increased risk of meningitis

Management
• supportive care
• IV antibiotics: typically ampicillin + cefotaxime or ampicillin + gentamicin chosen as first-line

empiric therapy
• choice of antibiotic and duration of treatment dependent on symptoms, culture results, maternal GBS

status, and local resistance patterns
• if meningitis suspected, consider IV ampicillin + cefotaxime ± vancomycin at meningitic doses
• addition of IV acyclovir if HSV infection suspected

Eveiy STI
Syphilis

rn
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Skin Conditions of the Neonate

Table 38. Common Neonatal Skin Conditions
Neonatal Skin Condition Description

Iransienlmottling when exposed tocold:usually normal, particulaity il prematureVasomotor Response
(Cutis Marmorata, Acrocyanosis)
VernixCaseosa
Congenital DermalMelanocytosis

Soft,creamy, white layer covering baby at birth

Sidle gicy patches over lower back, bullocks,and lower limbs (may look like bruises):prevalence
varies with ethnicity (Asian * Black * Hispanic’While): typically lades within first 2 yr of life
Raised red lesion,which increases in sire after birth and involutes:SONresolved by S yr.90% byCapillary Hemangioma
9 yr

Erythema loxicum Neonatorum Yellow-while papules/pustules surrounded by erythema,eosinophils within the lesions:common
rash, resolves in 5-7 d

12 mm lirm while pearly papules on nasal bridge, cheeks,and palate: sell-resolves within llrsl few
weeks of life

Hyperpigmented macular base withpustules,seen more commonly in Black infants:maybe present
at birth:no treatment needed
Transient macular vascular malformation ol the eyelids and/or neck (“Angel Kiss" or "Stork Bile"):
most lesions disappear by1yr

Inflammatory papules and pustules mainly on face:sell-resolving usually within 4 mo

Milia

Transient Pustular Melanosis

Nevus Simplex (Salmon Patch)

Neonatal Acne

Nephrology

Common Paediatric Renal Diseases

Table 39. Common Manifestations of Renal Disease
Symptoms Common CausesAge
flank Mass Hydronephrosis,polycystic disease lautosomal dominant or recessive subtypes), tumour

Renal vein thrombosis,asphyxia,mallormallon, trauma

Neonate

Hematuria

Anuria/Oliguria Bilateral renal agenesis,obstruction,asphyxia

Child and
Adolescent

Cola/Red Coloured Urine Acute GN (e.g. post streptococcal.HSP.IgA nephropathy, etc.),hemoglobinuria (hemolysis),
myoglobinuria (rhabdornyolysls)

Utologic disease (e.g. nephrolithiasis, trauma, etc.),till,acute GNGross Hematuria

Edema Nephrotic syndrome,nephritis,acute/chronic renal failure,consider cardiac or liver disease

GN. renal failure, dysplasia (consider coarctation,drugs,endocrine causes)Hypertension

Polyuria DM, central and nephrogenic Dl, renal fanconi's syndrome (genetic/metabolic/acguired
causes),hypercalcemia,polyuric renal failure (renal dysplasia)

Orthostatic,nephrotic syndrome (MCD.etc.),GNProteinuria

Oliguria Dehydration. AMI.interstitial nephritis,acute or chronic kidney disease (i.e.renal failure)

UII,vulvovaginitisUrgency

Hemolytic Uremic Syndrome
Definition
• simultaneous occurrence of the triad of:

1. non -immune microangiopathic hemolytic anemia
2. thrombocytopenia
3. acute renal injury

L J

Epidemiology
• annual incidence of 1 -2 in IOOOOO in Canada
• most common cause of acute renal failure in children +
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Etiology
• STEC-HUS:90% of paediatric HUS; caused by Shiga toxin-producing E. coli (usually 0157:H7)
• atypical HUS: 10% of paediatric HUS;caused by hereditary mutations in complement pathway, non-

Shiga toxin infections (e.g. S. pneumoniae, HIV),and drugs (cisplatin, oral contraceptives, cyclosporin
tacroliumus, and others)

Pathophysiology
• toxin binds, invades, and destroys colonic epithelial cells, causing bloody diarrhea
• toxin enters the systemic circulation, attaches to, and injures endotheliai cells (especially in the

kidney), causing a release of endothelial products (e.g. von Willebrand factor, platelet aggregating
factor)

• platelet/fibrin thrombi form in multiple organ systems (e.g. kidney, pancreas, brain) resulting in
thrombocytopenia

• RBCs are forced through occluded vessels, resulting in fragmented RBCs (schistocytes) that are
removed by the reticuloendothelial system (hemolytic anemia)

Clinical Features
• initial presentation of abdominal pain and diarrhea, followed by bloody diarrhea; within 5-7 d begins

to show signs of anemia, thrombocytopenia, and renal insufficiency
• pallor, jaundice (hemolysis), edema, petechiae. HTN, decreased urine output

Investigations
• CBC (anemia, thrombocytopenia), blood smear (schistocytes), electrolytes (due to fluid loss), renal

function, urinalysis (microscopic hematuria), stool cultures, and verotoxin/shigella toxin assay

Management
• mainly supportive: nutrition, hydration, ventilation (if necessary), blood products
• dialysis if symptomatic uremia, refractory electrolyte abnormality (e.g. hyperkalemia), or severe fluid

overload
• STEC-HUS: avoid antibiotics, NSAlDs, and antidianheal agents; no treatments associated with

improved outcomes
• atypical HUS: plasma exchange or eculizumab

Prognosis
• STEC-HUS: <5% mortality rate, 30% develop long-term renal damage (e.g. HTN,proteinuria,

decreased GER)
• atypical HUS: worse prognosis compared to STEC-HUS, 50% of cases result in death or dialysis-

dependent renal disease

Nephritic Syndrome

(§sDefinition
• acute or chronic syndrome affecting the kidney, characterized by glomerular injury'and inflammation
• defined by hematuria (>5 RBCs per high-powered microscope field), presence of dysmorphic RBCs,

and RBC casts on urinalysis
• often accompanied by at least one of: proteinuria (<50 mg/kg/d), edema, HTN, azotemia, and oliguria

Epidemiology
• highest incidence in children ages 5- 15 vr

Etiology
• humoral immune response to a variety of etiologic agents -> immunoglobulin deposition >

complement activation, leukocyte recruitment, release of growth factors/cytokines -> glomerular
inflammation and injury -> porous podocytes -> hematuria + RBC casts ± proteinuria

• HTN secondary to fluid retention and increased renin secretion by ischemic kidneys

Nephritic Syndrome

PHAROH
Proteinuria (<50 mg/kg/d)
Hematuria
Azotemia
RBC casts
Oliguria
HTN

Table 40, Major Causes of Nephritic Syndrome
Decreased C3 Normal C3

Primary
(idiopathic)

Post-infectious 611(streptococcal infection is IgA nephropathy
the most common)
Membranoproliferathre
TypeI(SO-80%)
TypeII(>80%)

Idiopathic rapidly progressive GN
Anti-EBM disease

SLE HSP(very common)
Polyarteritis nodosa
Granu!omalos:s with polyangiitis
Goodpasture's syndrome

Secondary
(systemic disease) Bacterial endocarditis

Abscess or shuntnephritis
Cryoglobulinemia

n
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Clinical Features
• often asymptomatic; some overlap in clinical findings for nephritic and nephrotic syndrome
• gross hematuria, mild-moderate edema, oliguria, HTN
• signs and symptoms suggestive of underlying systemic causes (e.g. fever, arthralgias, rash,dyspnea,

pulmonary hemorrhage)

Investigations
• urine

dipstick (hematuria,0 to 2+ proteinuria) and microscopy (>5 RBCs per high-powered microscope
field, acanthocytes, RBC casts)
first morning urine protein/creatinine ratio (<200 mg/mmol)

• blood work
CBC, electrolytes,Cr, BUN, albumin
impaired renal function ( Cr and BUN) resulting in t pH and electrolyte abnormalities
(hyperkalemia, hyperphosphatemia, hypocalcemia)
mild anemia on CBC (secondary to hematuria)
hypoalbuminemia (secondary to proteinuria)
appropriate investigations to determine etiology: C3/C4 levels, serologic testing for recent
streptococcal infection (ASOT,anti-hyaluronidase, anti-streptokinase, anti-NAD,anti-DNAse B),
ANA,anti-DNA antibodies, ANCA,serum IgA levels, anti-GB.Vl antibodies

• renal biopsy should be considered only in the presence of acute renal failure, no evidence of
streptococcal infection, normal C3/C4

Management
• treat underlying cause
• symptomatic

renal insufficiency:supportive (dialysis if necessary), proper hydration
HTN: salt and fluid restriction (but not at expense of renal function), ACEI or ARBs for chronic
persistent HTN (not acutecases because ACEI or ARBs may decrease GFR further)
edema:salt and fluid restriction, possibly diuretics (avoid if significant intravascular depletion)

• corticosteroids ifindicated:IgA nephropathy, lupus nephritis, etc.
• post-streptococcal GN should be monitored for complications long term (annual BP, urinalysis)

Prognosis
• dependent on underlying etiology
• complications include HTN, heart failure, pulmonary edema,chronic kidney injury (requiring renal

transplant)

Nephrotic Syndrome
Definition
• clinical syndrome affecting the kidney, characterized by significant proteinuria, peripheral edema,

hypoalbuminemia, and hyperlipidemia

Epidemiology
• highest incidence in children 2-6 yr, M>1;

Etiology
• primary (idiopathic):nephrotic syndrome in the absence of systemic disease (most common cause in

paediatrics)
glomerular inflammation ABSENT on renal biopsy: MCD (85%), focal segmental
glomerulosclerosis
glomerular inflammation PRESENT on renal biopsy: membranoproliferative GN, IgA
nephropathy

• secondary':nephrotic syndrome associated with systemic disease or due to another process causing
glomerular injury (<10% in paediatrics)

autoimmune:SLE,DM, juvenile idiopathic arthritis
• genetic sickle cell disease, Alport syndrome

infections:hepatitis B/C,post-streptococcal, infective endocarditis, HUS,HIV
malignancies:leukemia, lymphoma
medications:captopril, penicillamine, NSAIDs,antiepileptics
vasculitides:HSP,granulomatosis with polyangiitis

• congenital:congenital nephropathy of the Finnish type, Denys-Drash syndrome,etc.

<§)
Nephrotic Syndrome - HELP
Hy poalbuminemia (<20 g/L)
Edema
Lipids elevated
Proteinuria (>50mg/kg/d)

n
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Clinical Features
• edema

often fi rst sign;detectable when fluid retention exceeds 3-5% of body weight
starts periorbital and often pretibial -> edematous areas are white, soft, and pitting
gravity dependent: periorbital edema * and pretibial edema t over the day
anasarca may develop (ie.marked periorbital and peripheral edema, ascites, pleural effusions,
scrotal/labial edema)

• non-specific symptoms such as irritability, malaise, fatigue, anorexia, or diarrhea
• decrease in effective circulating volume (e.g. tachycardia, HTN,oliguria, etc.)
• foamy urine is a possible sign of proteinuria

Daily protein excretion can be estimated
from a random urine protein'creatinine
ratio

Investigations
• urine

urine dipstick (3 to 4+ proteinuria, microscopic hematuria) and microscopy (oval fat bodies,
hyaline casts)
first morning urine protein/creatinine ratio (>300 mg/mmol)

• blood work
diagnostic: hypoalbuminemia (<25 g/L), hyperlipidemia/hypercholesterolemia (total cholesterol
>5 mmol/L)

• secondary:electrolytes (hypocalcemia, hyperkalemia, hyponatremia), renal function (t BUN and
Cr), coagulation profile (* PTT)
appropriate investigations to rule out secondary causes: CBC, blood smear, C3/C4,ANA, hepatitis
B/C titres, ASOT, HIV serology, etc.

• consider renal biopsy if:HTN,gross hematuria, * renal function, low serum C3/C4, no response
to steroids after 4 wk of therapy, frequent relapses (>2 in 6 mo), presentation before first yr of life
(high likelihood of congenital nephrotic syndrome), presentation >12 yr (rule out more serious renal
pathology than MCD)

Management
• MCD:oral prednisone 2 mg/kg/d (or equivalent) for up to 12 wk -> varicella status should be known

before starting
• consider cytotoxic agents, immunomodulators, or high-dose pulse corticosteroid if steroid resistant
• symptomatic

edema:salt and fluid restriction, possibly diuretic (avoid if significant intravascular depletion);
furosemide + albumin for anasarca
hyperlipidemia:generally resolves with remission;limit dietary fat intake;consider statin therapy
if persistently nephrotic

• hypoalbuminemia:IV albumin and furosemide not routinely given;consider if refractory edema
abnormal BP: control BP; fluid resuscitation if severe intravascular depletion; ACHI or AKBs for
persistent HIN

• diet: no added salt; monitor caloric intake and supplement with Ca -+ and vitamin D if on
corticosteroids

• daily weights and BP to assess therapeutic progress
• secondary infections: treat with appropriate antimicrobials; antibiotic prophylaxis not recommended;

pneumococcal vaccineat diagnosis and varicella vaccine after remission;varicella Ig + acyclovir if
exposed while on corticosteroids

• secondary hypercoagulability:mobilize, avoid hemoconcentration due to hypovolemia, prompt sepsis
treatment; heparin if thrombi occur

Prognosis
• generally good:80% of children respond to corticosteroids
• up to 2/3 experience relapse, often multiple times; sustained remission with normal kidney function

usually by adolescence
• complications: t risk of infections (spontaneous peritonitis, pneumonia/empyema, cellulitis, sepsis);

hypercoagulability due to decreased intravascular volume and antithrombin 111 depletion (PH, renal
vein thrombosis); intravascular volume depletion, leading to hypotension, shock, renal failure;
anasarca; adverse effects on growth;drug side effects

Side Effects of Long-Term Steroid Use

GOOD CUSHINGS
Growth Impairment
Obesity
Osteoporosis
Dorsal hump

Changes in behaviour
Ulcers
Striae
Hypertension
Immunosuppression: infection
Need to eat
Glucose elevation
Salt and water retention
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Hypertension in Childhood
Definition
• HTN:sBP and/or dBP >95th percentile for sex.age, and height on >3 occasions
• elevated BP (formerly pre-HTN): sBP and/or dBP >90th percentile but <95th percentile or BP >120/80

irrespective of age, sex, and height

Table 41.95th Percentile Blood Pressures (mmHg)
Female Male

Age (Yr) 50th Percentile for
Height

75th Percentile for
Height

50th Percentile for
Height

75th Percentile for
Height

103/60 10461 103/551 10456
111/72 112/73 111/716 112/72

124.78122/ 78 124.79
128 82

121/78
135/85

12
17 127/81 13786
Ftynn JT.Kaetbcr DC.Sahef -Smitll CM. et al.Clinical practice guideline tor screerirg and management of high blood pressure in children and
adotescerts.Pediatrics 2017:140(3|:e20171904

Epidemiology
• prevalence:3-5% for HTN, 7-10% for elevated BP;M>F

Etiology
• primary HTN

diagnosis of exclusion
• most common in older children (>10 yr), especially if positive family history, overweight, and

only mild HTN
• responsible for -90% of cases of HTN in adolescents, rarely in young children

• secondary HTN
identifiable cause of HTN (most likely etiology depends on age)

• responsible for majority of childhood HTN
• always consider white coat HTN for all ages

Table 42.Etiology of HTN by Age Group
System 1 mo-6 yr 7-12 yr >13 yrNeonates

Endoainopathies'
Essential hypertension

Endocrine Metabolic CAH Endoainopathies'
Essential hypertension

Wilms' tumour ( t renin)
Neuroblastoma
|t catecholamines)

Congenital renal disease Renal parenchymal
Renal artery thrombosis drsease

Coarctation of the aorta Coarctation of theaorta
Renal artery thrombosis RAS

Renal parenchymaldisease Renal parenchymal
disease
Renovascular disease

Renal

Renovascular
abnormalities
Corticosteroids

Vascular

Corticosteroids
Cyclosporine and
tacrolimus

Drugs Corticosteroids
OCP 0CP
Cyclosporine and
tacrolimus

Cyclosporine and
tacrolimus
Recreational drugs
(amphetamines,cocaine.
etc)

*Nat=:r-sy indi.de hyperthyroidism.hyperparathyroidism.Cushing'ssyrdrone. primary hyperaldosteronisnu’Conn's syndrome,
pheochronocytoma

Risk Factors
• primary HTN:obesity, male sex, African ethnicity, family history of HTN, LBW
• secondary HTN: prepubertal age, no family history of HTN, history of renal disease, family history of

autoimmune disease

Clinical Features
• often asymptomatic, but can include ITT, fatigue, epistaxis
• symptoms of hypertensive emergency

• neurologic: headache, seizures, focal complaints, change in mental status, visual disturbances
cardiovascular: symptoms of Ml or heart failure (chest pain, palpitations, cough, SOB)

• symptoms of secondary HTN:guided by etiology; ask about medications and recreational drugs
(current and past)

Signs of Secondary HTN
• Edema (renal parenchymal disease)
• Abdominal or renal bruit (RAS)
• Differential 4 limb BP/tSmaished

femoral pulses (coarctation)
• Abdominal mass (Wilms',

neuroblastoma)
• Goitre/skin changes

(hyperthyroidism)
• Ambiguous genitalia (CAH)

Paediatric BP Calculation
sBP- age x 2 + 90
dBP-2/3 x sBP

r i
t.JInvestigations

• physical exam: upper and lower limb BP with correct cuff size, BM1, full neurologic exam,
ophthalmoscopy, precordial exam, peripheral pulses, perfusion status

+
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•laboratory
• BUN, creatinine, electrolytes, urinalysis, fasting lipid profile

obese patients: HbAlc* AST, ALT
• further investigations based on history and physical

•imaging: renal ultrasound (with doppler), echo (coarctation, LVH )
•24 h ambulatory blood pressure monitoring (if assessing white coat HTN)

Management
•treat underlying cause
•non-pharmacologic: modify concurrent cardiovascular risk factors (e.g. weight reduction, exercise,

salt restriction, smoking and drug cessation)
•pharmacologic:gradual lowering of BP using thiazide diuretics; no antihypertensives have been

formally studied in children; if hypertensive emergency use hydralazine, labetalol, sodium
nitroprusside

•management of end-organ damage (e.g. retinopathy, LVH)
•consider referral to specialist

Prognosis
•end-organ damage (similar to adults) including LVH, CH1:, cerebrovascular insults, renal disease,

retinopathy

Neurology

Cerebral Palsy
Definition
• non-progressive central motor impairment syndrome due to CNS anomaly or neural injury at the

prenatal, perinatal, or postnatal stage
• incidence:1.5-2.5 in 1000 live births (industrialized nations)
• life expectancy is dependent on the degree of mobility and intellectual impairment, not on severity of

CNS lesion

Etiology
• no known cause identified in 1/3of cases
• prenatal causes:TORCH infections, maternal disorders (e.g. epilepsy), congenital CNS anomaly
• perinatal causes: prematurity, LBNV, ischemic stroke
• postnatal causes: infections (e.g. meningitis), asphyxia,1VH, trauma, severe jaundice

Clinical Features
• general signs: delay in motor milestones,developmental delay, learning disabilities, visual/hearing

impairment, seizures, microcephaly, uncoordinated swallow (aspiration)

Table 43. Types of Cerebral Palsy
Characteristics Area of Brain InvolvedType

Spastic (70-80%) Truncal hypotonia in first yr
Increased lone, increased reflexes,clonus
Can ailed one limb (monoplegia), one side ol body cerebral artery stroke
(hemiplegia),both legs (diplegia), or both arms and Diplegia associated with periventricular leukomalacia
legs (quadriplegia) in prematurebabies

Ouadriplegia associated with HIE (asphyxia), higher
incidence of intellectual disability

UMN ol pyramidal trad
Hemiplegia most commonly caused by middle

Athetoid/Dyskinetic (10-15%) Athetosis t chorea or hypotonia
Can involve face, tongue(resultsin dysarthria)
Poor coordination,poor balance (wide based gait) Cerebellum
Can have intention tremor
More than one ol the above motor patterns

Basal ganglia (may be associated with kemiderus)

Ataxic (<5%)

Mixed (10-15%) Some combinationof the above

Investigations
• neuroimaging (MR1), may include metabolic screen, chromosome studies, serology, EMG, EEG (if

seizures), ophthalmology assessment, audiology assessment

Management
• maximize potential through multidisciplinary services (e.g. primary care physician, OT, FT, SLF,

school supports, etc.)
• orthopaedic and/or neurosurgical management (e.g. dislocations, contractures, rhizotomy)
• management of symptoms: spasticity (baclofen, Botox*), constipation (stool softeners)
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Febrile Seizures
Epidemiology
• most common cause of seizures in children (3-5% of children )
• M>F;age 6 mo-6 vr

Clinical Features
• otherwise well, neurotypical child
• fever often with associated illness (source of fever), family history, past history of simple febrile

seizures
• no evidence of CNS infection/inflammation before or after seizure;no historyof non-febrile seizures

Table 44. Comparison of Typical and Atypical Febrile Seizures
Simple/Typical (70-80%) Complex/Atypical (20 30%)

All of the following:
Duration <15 rain (95% <5rain)
Generalized tonk-donk
No recurrence in 24 h period
No neurological impairment or developmental delay before or after
seizure
Very small risk of developing epilepsy (2% vs.1% in general
population)

At least one of the following:
Duration >15min
Focal onset or focal features duringseizure
Recurrent seizures (>1in 24 h period)
Previous neurological impairment or neurological defidtafter seizure
Increased risk of developing epilepsy

Investigations
• history: determine focus of fever, description of seizure, medications, trauma history, developmental

history, FMHx
• physical exam: LOC, signs of meningitis, neurological exam, head circumference, focus of infection
• septic workup including LP if suspecting meningitis (strongly consider if child <12 mo;consider if

child is 12-18 mo;only if meningeal signs present in child >18 mo)
• if typical febrile seizure, investigations only for determining focus of fever
• EEG/CT/MRI brain not warranted unless atypical febrile seizure or abnormal neurologic findings

Management
• counsel and reassure patient and parents

• febrile seizures do not cause brain damage
• very’small risk of developing epilepsy in simple febrile seizures

33% chanceof recurrence (mostly within 1 yr of first seizure and in children <1 yr)
• antipyretics and fluids for comfort (though neither prevent seizure)
• no prophylaxis with antiepileptic drugs
• if high-risk for recurrent or prolonged seizures, have rectal or sublingual lorazepam at home
• treat underlying cause of fever

Causes of Hypotonia that Respond to
Rapid Treatment

H4I2SAD
Hypokalemia
Hypermagnesemia
Hypoglycemia
Hydrocephalus
Infection
ICH
Seizure
Acidemia
Drugs/toxins

Hypotonia
Definition
• decreased resistance to passive movements - “floppy baby"

Differential Diagnosis
• central: genetic (DS, Prader-Willi, Fragile X syndrome), metabolic (hypoglycemia, kernicterus),

perinatal problems (HIE, ICH), endocrine (hypothyroidism, hypopituitarism), systemic illness
(TORCH infection,sepsis, dehydration), CNS malformations, dysmorphic sy ndromes

• peripheral: motor neuron (spinal muscular atrophy, polio), peripheral nerve (Charcot-Marie-Tooth
syndrome), neuromuscular junction (myasthenia gravis), muscle fibre (mitochondrial myopathy,
muscular dystrophy, myotonic dystrophy)

Clinical Features
• history:GA,onset/progression, family history of neuromuscular abnormalities, obstetrical history,

birth trauma
• physical exam:

general:dysmorphic features,weight, length, head circumference
MSK:postural movements including traction response, axillary suspension, ventral suspension
(see Figure 17)
neurological:spontaneous posture, muscle bulk, presence of fasriculations
• LMN lesion (60-80%): increased deep tendon reflexes and clonus; floppy and strong; •

Babinski; neonatal reflexes present
• LMN lesion (15-30%); lack of deep tendon reflexes; floppy and weak; • Babinski; neonatal

reflexes absent

Traction response

w
Axillary suspension

1
i
2;

i +:
JVentral suspension

V

Figure17.Hypotonia
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Investigations
• rule out systemic disorders (e.g.electrolytes, ABG, blood glucose, CK, and serum/urine investigations

for multiple etiologies including mitochondrial causes)
• neuroimaging: MR1/MRA when indicated
• EMG, muscle biopsy/
• chromosome analysis, genetic testing, metabolic testing, neuromuscular testing, subspecialty

consultations

NCS

Management
• depends on etiology:some treatments available for specific diagnosis
• counsel parents on prognosis and genetic implications
• refer patients for specialized care including: rehabilitation, OT, PT, assess feeding ability

Neurocutaneous Syndromes
Definition
• characterized by skin colour changes and tendency to form tumours of the CNS, PNS, viscera, and skin

In neurocutaneous syndromes, the
younger the child at presentation,
the more likely they are to develop
intellectual disabilityNEUROFIBROMATOSIS TYPE I (VON RECKLINGHAUSEN DISEASE)

• autosomal dominant hut 50% are the result of new mutations
• incidence I in 3000, mutation in NTI gene on 17ql1.2 (codes for neurofibromin protein )

• learning disorders, abnormal speech development, and seizures are common
• diagnosis of Nl'- l requires 2 or more of:

£.-6 cafc-au-lait spots (>5 mm if prepubertal, >1.5 cm if postpubertal)
£2 neurofibromas of any type or one plexiform neurofibroma
S2 Lisch nodules (hamartomas of the iris)
optic glioma
freckling in the axillary or inguinal region
a distinctive bony lesion (e.g. sphenoid dysplasia, cortical thinning of long bones)

• a first degree relative with confirmed Nl'- l
• management involves treatment of disease manifestations as they occur, as well as genetic

counselling, OT, PT, and speech therapy as needed

NEUROFIBROMATOSIS TYPE II
• autosomal dominant hut >50% are the result of new mutations
• incidence 1 in 33000, mutation in Nl:2 gene on chromosome 22 (codes for merlin protein)
• characterized by predisposition to form intracranial, spinal tumours
• diagnosed when (a) bilateral vestibular schwannomas are found, OR ( b) patient has a first-degree

relative with NF-2 AND EITHER unilateral vestibular schwannoma OR any two of the following:
meningioma, glioma, schwannoma, neurofibroma, posterior subcapsular lenticular opacities

• treatment consists of monitoring for tumour development and surgery

Recurrent Headache
• see Neurology. N46

Differential Diagnosis
• primary headache: tension, migraine, cluster
• secondary headache: see Neurology, N47
• anxiety or life stress (e.g. recent move, bullying, parents’divorce, domestic abuse)

General Assessment
• if unremarkable history and physical exam, most likely diagnosis is migraine or tension headache
• CT or MR1 if red flags present
• inquire about level of disability, academic performance, after-school activities

Headache - Red Flags. First and worst headache of their life
• Sudden onset. Focal neurological deficits
• Constitutional symptoms
• Worse in morning
• Worse with bending over, coughing,

straining
• Change in LOC
• Sudden mood changes
• Pain thatwakes patient
• Fatigue. Affecting school attendance

Seizure Disorders
• see Neurology, N18

Differential Diagnosis of Seizures in Children
• benign febrile seizure

CNS:infection, tumour,HIE, trauma,hemorrhage
• metabolic: hypoglycemia, hypocalcemia, hyponatremia
• idiopathic epilepsy and epileptic syndromes
• others: neurocutaneous syndromes, AVM,drug ingestions/withdrawal
• seizure mimics

Heart problems,such as long
OT syndrome and hypertrophic
cardiomyopathy, are often misdiagnosed
as epilepsy.Include cardiac causes of
syncope in your differential diagnosis,
particularly when the episodes occur
during physical activity

n«- J
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Investigations
• lab tests: CBC, electrolytes, calcium, magnesium, glucose, phosphate, + /- ABG, lactate, ammonia
• toxicology screen. BEG
• CT/MRl if indicated (focal neurological deficit or has not returned to baseline several hours after

seizure)
• consider LP if first-time non-febrile seizure (not indicated for determining recurrence risk of benign

febrile seizures, seizure type,or epileptic syndrome)

Seizure Mimics
• Benign paroxysmal vertigo. Breath holding
• Hypoglycemia
• Narcolepsy. Night terror. Pseudoseizure
• Syncope. TIA. BeCHILDHOOD EPILEPSY SYNDROMES

Infantile Spasms
• paediatric emergency as can lead to developmental regression in previously well child and therefore

must be identified and investigated early
• brief, repeated symmetric contractions of neck, trunk, and extremities (flexion and extension ) lasting

10-30s
• occur in clusters; often associated with developmental delay; onset 4-8 mo
• 20% unknown etiology (usually good response to treatment);80% due to metabolic or developmental

abnormalities, encephalopathies, or associated with neurocutaneous syndromes (usually poor
response to treatment)

• can develop into West syndrome (infantile spasms, psychomotor developmental arrest, and
hypsarrhythmia) or Lennox-Gastaut (see below)

• typical EEG: hypsarrhythmia (high voltage slow waves, spikes and polyspikes, background
disorganization)

• management:ACTH,vigabatrin, benzodiazepines

Lennox-Gastaut
• characterized by triad of:

1.multiple seizure types
2. diffuse cognitive dysfunction
3.slow generalized spike and slow wave EEG

• onset commonly 3-5yr
• seen with underlying encephalopathy and brain malformations
• management:valproic acid, benzodiazepines, vagal nerve stimulator, and ketogenic diet;however,

response often poor

Juvenile Myoclonic Epilepsy (Janz Syndrome)
• myoclonus particularly in morning; frequently presents as generalized tonic-clonic seizures
• adolescent onset (12-16 yr); autosomal dominant with variable penetrance
• typical EEG:3.5-6 Hz irregular spike and wave, increased with photic stimulation
• management:lifelong treatment (valproic acid);excellent prognosis

Childhood Absence Epilepsy
• multiple daily absence seizures lasting <30 s without postictal state that may resolve spontaneously or

become generalized in adolescence
• peak age of onset 6-7 yr, E>M,strong genetic predisposition
• typical EEG:3 Hz spike and wave
• management: valproic acid or ethosuximide

Benign Focal Epilepsy of Childhood with Rolandic/Centrotemporal Spikes
• focal motor seizures involving tongue, mouth, face, and upper extremity usually occurring in sleep-

wake transition states; remains conscious, but aphasic postictallv
• onset peaks at 5-10 yr; 16% of all non-febrile seizures; remits spontaneously in adolescence without

sequelae
• typical EEG: repetitive spikes in centrotemporal area with normal background
• management: frequent seizures controlled by carbamazepine, no medication if infrequent seizures

Ketogenic Diet and Other Dietary treatments
lor Epilepsy
Cocteane OB Syst Rev 2012:3X 0001903
Purpose: Systematic review el all stodlesof
Ketogenic and related diets.Included the review ol
4 KCIs.( prospective studies, and 5 retrospective
studies.
Population: Adults and children with diagnosed
epilepsy of any type.
Intervention: Ketogenicdiet. control (placebo diet,
any treatment with known antiepileptic properties).
Main Outcome Measure:Seizure control at3,6.12 mo.
tesulls:Studies showed a response rate of at least
38-50% seizure reduction at 3 m o.This response
was maintained for up to a year,( rangeof side
effects were reported.The most frequent were
gastrointestinal effects (30%).
Conclusion: The ketogenic diet isa valid option for
people with medically-intractable epilepsy.

General Approach to Treatment
• education for patient and parents including education and precautions in daily life (e.g. buddy system,

showers instead of baths)
• medication

initiate: treat with drug appropriate to seizure type;often if >2 unprovoked afebrile seizures
within 6-12 mo
optimize: start with one drug and increase dosage until seizures controlled
if no effect, switch over to another before adding a second antiepileptic drug

• continue antiepileptic drug therapy until patient free of seizures for >2 yr, then wean over 4-6 mo
• ketogenic diet ( high fat diet ): used in patients who do not respond to polytherapy or who do not wish

to take medication (valproic acid contraindicated in conjunction with ketogenic diet because may
increase hepatotoxicity)

• legal obligation to report to Ministry of Transportation if patient wishes to drive
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Generalized and Partial Seizures
• see Neurology.N18

Respirology

Asthma Updated Guidance for Palivizumab Prophylaxis
among Infants and Yonng Children at Increased
Risk of Hospitalization for Respiratory Syncytial
Vims Infection
Pediatrics 20t4;134(2|:415-420
Palivizumab propitylaris is recommended for the first
yr nl fife for infants born before 29 wk gestation,and
preterm infants with chrnoic long disease of maturity
(born at <32 vrk gestation and requiring >21\ oxygen
for at Ieast 28 d after birth|.Such prophylaxis may
he administered in the first yr of life to infants
with hemodynamicaliy significant heart disease,
and a maximum of S monthly IS mg/kg doses may
he administered during the RSV season to infants
requiring it; infants horn during the RSV season may
need fewer doses.Prophylaxis may he considered
in the first yr of life for children with pulmonary
abnormalitiesor neuromuscular disease impairing
the ability to clear secretions from the upper airway,
and may he considered for children younger than
24 mo whoare profoundly im munocompromised
during the RSV season. Palivizumab prophylaxis
is only recommended in the second year of life for
children who requiredat least 2D d of supplemental
oxygen after birth with ongoing medical intervention
needs.Monthly prophylaxis should be discontinued
in children experiencing breakthrough RSV
hospitalizations.Insufficient evidence exists to
support the use of prophylaxis for chddren with cystic
fibrosisorOown’ssyndrome.

Definition
• see Respirology, R7
• inflammatory disorder of the airways characterized by recurrent episodes of reversible small airway

obstruction resulting from airway hyperresponsiveness to endogenous and exogenous stimuli
• in Canada, the lifetime prevalence in childhood is 10-15% and presents most often in early childhood
• associated with other atopic diseases such as allergies and/or atopic dermatitis

Clinical Features
• episodic bouts of wheezing, dyspnea, tachypnea, cough ( usually at night/early morning, with activity,

or with cold exposure)
• physical exam may reveal hyper-resonant chest, prolonged expiration, wheeze, or ‘quiet’/tight chest

when airflow limited
• symptoms may be exacerbated by “triggers”: UR11 (viral or Mycoplasma), weather (e.g.cold exposure,

humidity changes), allergens (e.g. pets), irritants (e.g. cigarette smoke), exercise, emotional stress,
drugs (e.g. ASA, p-blockers)

Classification
• mild:occasional attacks of wheezing or coughing (<2/wk); symptoms respond quickly to inhaled

bronchodilators alone and seldomly need inhaled corticosteroids
• moderate: more frequent episodes with symptoms persisting and chronic cough; decreased exercise

tolerance; requires inhaled bronchodilator and inhaled corticosteroids; sometimes needs systemic
corticosteroids

• severe:daily and nocturnal symptoms; frequent HD visits and hospitalizations; usually needs systemic
corticosteroids

Management
• acute

Or (keep Or saturation >92%) and fluids if dehydrated
(52-agonists:salbutamol (Ventolin1) MD1 + spacer (nebulized or IV in very severe episodes with
impending respiratory failure),5 puffs ( <20 kg) or 10 puffs (>20 kg) q20 min for first h
ipratropium bromide (Atrovent*) if severe: MD1 i spacer, 4 puffs (<30kg) or 8 puffs (>30kg) ql5-
20 min x 3 doses
steroids: prednisone (1-2 mg/kg/d x5 d) or dexamethasone (0.3 mg/kg/d x5 d or 0.6 mg/kg/d x2
d); in severe disease, use IV steroids
if no response, add magnesium sulphate

• continue to observe; can discharge patient if asymptomatic for 2-4 h after last dose
discharge home with inhaled corticosteroids (12 wk course;e.g. fluticasone)

• chronic
education,emotional support, avoid triggers, develop an “action plan”, exercise program (e.g.
swimming)
monitor respiratory function with peak flow metre (improves self-awareness of status)
reliever therapy:short acting (52-agonists (e.g. salbutamol)

• controller therapy (first line therapy for all children): low dose daily inhaled corticosteroids
• second line therapy for children <12 yr: moderate dose of daily inhaled corticosteroids

second line therapy for children >12 yr: leukotriene receptor antagonist OR long acting p2-
agonist in conjunction with low dose inhaled corticosteroids; leukotriene receptor antagonist
monotherapy may be considered an alternative second line therapy
severe asthma unresponsive to first and second line treatments: injection immunotherapy
aerochamber for children using daily inhaled corticosteroids

• indications for hospitalization
ongoing need for supplemental Oz
persistently increased work of breathing

> (52-agonists are needed more often than q4 h after 4-8 h of conventional treatment
patient deteriorates while on systemic steroids

Canadian Paediatric Asthma
Consensus Guidelines for Assessing
Adequate Control of Asthma
CMAJ 2005;173(6 Suppl):S12-14

• Daytime symptoms <4 d/wk
• Night time symptoms <1night/wk
• Normal physical activity
• Mild and infrequent exacerbations
• No work/school absenteeism
• Need for (3-agonist <4 doses/wk
• FEV1 or peak expiratory flow >90% of

personal best
• Peak expiratory flow diurnal variation

<10-15%
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Bronchiolitis
Bronchodilatori tot Bronchiolitis
CoiMane OB Syst Rev 2010;I2:C00012G6
P urposo lo assess the eHectsof bronchodilatori In
infants with acute bronchiolitis
Methods: Melaanatysisof placebo-controlled RCts
tviiuikng bronchodilators lor bronchiolitis. Oxygen
saturation was the main outcome,
Results: 30 Inals with 1992 infants with bronchiolitis
were included. Oxygen saturation did not improve
with bronchodilatois (meandifference|HD|-0.43.
95% Cl 0.92 to 0.0S|.Neither outpatient (11.9%
vs.15.9%, OB 0.75. 95% Cl1.21|nor inpatient (HD
0.06.95% Cl -0.27 to 0.39) reduced hospitalNation
rates. Effectsonoximetryseenin inpatients|MD
-0.62,95% Cl-140 to0.16|were slightly larger
than for outpatients (MO -0.25, 95% Cl -0.61 to
0.11). No change in averageclinical score was seen
h inpatients (standardized MO -0.14, 95% CI-0.41
to0.12).while a statistically significant decrease
was seen in outpatients |M0 -0.42.95% Cl -0.79 to
-0.06).Adverse events included tachycardia,oxygen
desaturation,and tremors.
Conclusions: Bronchodilatorsdo nut improve oxygen
saturation, rates of hospital admission, duration
of hospitalizations,or durations loresolution of
illness. They ore not consideredeffective in routine
management of bionchiolitis. especially given their
adverse effeds.

Definition
• LRil, usually in children <2 yr, that has wheezing and signs of respiratory distress

Epidemiology
• the most common LRTI in infants, affects 50% of children in first 2 yr of life; peak incidence at 6 mo,

winter or early spring
• increased incidence of asthma later in life

Etiology
• RSV (>50%), parainfluenza, influenza, rhinovirus, adenovirus, M. pneumoniae (rare)

Clinical Features
• prodrome of URTI with cough and/or rhinorrhea, possible fever
• feeding difficulties, irritability
• svheezing, crackles, respiratory distress, tachypnea, tachycardia, retractions, poor air entry;

symptoms often peak at 3-4 d

Investigations
• routine investigations are not required when bronchiolitis is suspected (Choosing Wisely)
• CXR (only in poor response to therapy or atypical disease): air trapping, peribronchial thickening,

atelectasis, increased linear markings

Management
• self-limiting disease with peak symptoms usually lasting 2-3 wk
• mild to moderate distress

supportive; PO or IV hydration, oral /nasal suctioning as needed, antipyretics for fever, regular or
humidified high flow On

• severe distress
• as above ± humidified high flow C)2 or intubation and ventilation as needed

consider paiivizumab (targets l-'-glycoprotein of RSV ) as a prophylaxis in high-risk infants:
bronchopulmonary dysplasia, CHD, congenital lung disease, immunodeficient

• bronchodilators, corticosteroids, and antibiotics have no therapeutic value (unless there is secondary
bacterial pneumonia)

• indications for hospitalization
hypoxia:O’saturation <92% on initial presentation or increasing O2 requirements
signs of severe distress (tachypnea >80/min, tachycardia >180/min, grunting, nasal flaring,
marked chest retractions, lethargy) despite several salbutamol masks
past history of chronic lung disease, hemodynamically significant cardiac disease, neuromuscular
problem, immunocompromised
high-risk infants: history of prematurity (<34 svk), weight <4 kg,age <7 wk
significant feeding problems
socioeconomic barriers to improvement (e.g. inadequate care at home)

Children with bronchiolitis do not
icspond (0 salbutamol. Ipratropium
bromide (A trovenl").or steroids

Cystic Fibrosis

(§>• see Respirologv. R12

Etiology
• I in 3000 live births, mostly White individuals
• autosomal recessive, mutation in CITR gene found on chromosome 7 ( Al-508 mutation in 70%, but

>1600 different mutations identified) resulting in a dysfunctional chloride channel on the apical
membrane of cells

• leads to relative dehydration of airway secretions, resulting in impaired mucociliary transport and
airway obstruction

CF Presenting Signs

CF PANCREAS
Chronic cough and wheezing
F : 1
Pancreatic insufficiency (symptoms of
malabsorption such as steatorrhea)
Alkalosis and hypotonic dehydration
Neonatal intestinal obstruction
(meconiumileus)/Nasal polyps
Clubbing of fingors/Chest radiograph
with characteristic changes
Rectal prolapse
Electrolyte elevation in sweat, salty

Clinical Features
• neonatal: meconium ileus, prolonged jaundice, antenatal bowel perforation
• infancy: pancreatic insufficiency with steatorrhea and ITT (despite voracious appetite), anemia,

hypoproteinemia, hypo
• childhood: heat intolerance, wheezing or chronic cough, recurrent chest infections (-S. aureus, P.

aeruginosa, H. influenzae),hemoptysis, nasal polyps, distal intestinal obstruction syndrome, rectal
prolapse, clubbing of fingers

• older patients:COPD, infertility (males), decreased fertility' (female)

natremia
skin
Absence or congenital atresia of vas
deferens
Sputum with S. aureus or P. aeruginosa
(mucoid)
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Investigations
• neonatal screening
• sweat chloride test x 2 (>60 mEq/L)

» false positive tests:malnutrition, atopic dermatitis, hypothyroidism, hypoparathyroidism, GSD,
adrenal insufficiency, G6PD, Klinefelter syndrome, technical issues, autonomic dysfunction,
familial cholestasis syndrome
false negative tests: technical problem with test, malnutrition, skin edema, mineralocorticoids

• Cl'TK gene mutation analysis: genetic screening panels or gene sequencing if clinically suspicious for
rare mutation, useful when sweat chloride lest is equivocal

• disease often detected during newborn genetic screening; positive result requires DNA testing and
subsequent sweat chloride testing

Management
• nutritional counselling:high calorie diet, pancreatic enzyme replacements, fat soluble vitamin

supplements
• management of chest disease: physiotherapy, postural drainage, exercise, bronchodilators, aerosolized

DNase and inhaled hypertonic saline, antibiotics (e.g.cephalosporin, cloxacillin, ciprofloxacin,
inhaled tobramycin depending on sputum C&S), lung transplantation

• genetic counselling

Complications
• respiratory failure, pneumothorax ( poor prognostic sign ), cor pulmonale (late), pancreatic fibrosis

with DM, gallstones, cirrhosis with portal HTN, infertility (male), recurrent respiratory infections
• early death (current median survival in Canada is 46.6 yr)

Pneumonia
Etiology
• inflammation of pulmonary tissue, associated with consolidation of alveolar spaces

Clinical Features
• incidence is greatest in first year of life with viral causes being most common in children <5 yr
• fever, cough, tachypnea
• CXK: diffuse, streaky infiltrates bilaterally
• bacterial causes may present with cough, fever, chills, dyspnea, more dramatic CXR changes (e.g.

lobar consolidation, pleural effusion)

Management
• supportive therapy:hydration,antipyretics, humidified O2

Table 45. Common Causes and Treatment of Community-Acquired Pneumonia
Age Bacterial Viral Treatment

GBS HSV Ampicillin AND gentamicinNeonates
CMVf.eoli

listeria
S. omens
S.pneumoniae
Chlamydia trachomatis
H.influemae

Enterovirus
1-3 mo RSV Ampicillin OR ceftriaxone

Azithromycin (il Chlamydia
(roctomotosuspeded)

Influenza
Human metapneumovirus
Adenovirus
Parainfluenza virus
RSV High dose amoxicillin OR

ampicillin OR ceftriaxone
3mo-S yr S.pneumoniae

i.aureus
S.pyogenes

Influenza
Human metapneumovirus
Adenovirus
Parainfluenza virus
Influenza High doseamoxicillin OR

ampicillin OR ceftriaxone
Azithromycin OR clarithromycin
(i IUycaplasma'Chlomydophila
pneumoniae suspected)

S. pneumoniae
Hycaptasmo pneumoniae
Chlamydophila pneumoniae
S. aureus
H. influemae

>Syr

Respiratory Distress
r ->APPROACH TO DYSPNEA

• determine if patient is sick or not sick; ABCs
• history: onset, previous episodes, precipitating events, associated symptoms, past medical/family

history of respiratory disease
• physical exam: vitals, SpOz, evidence of cyanosis, respiratory, cardiovascular
• investigations: CBC and differential, electrolytes, BUN.Cr, NP swab, ABG, CXK, ECG ( based

clinical findings)

L
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Dyspnea
I

I I ;
Cardiac Other

tlCP
Ascites
Scoliosis

Pulmonary
CHFI Cardiac tamponade
Pulmonary edema
Pulmonary embolus

£
Lower airway
Bronchiolitis
Pneumonia
Atelectasis
Asthma

Pleura
Pulmonary ellusion
Empyema
Pneumothorax

Upper Airway
Foreign body
Croup
Laryngeal edema
Epiglottitis
Retropharyngeal
abscess
Tracheitis

Figure 18. Approach to dyspnea in childhood

APPROACH TO WHEEZING
• caused by obstruction of airways below thoracic inlet

Differential Diagnosis of Wheezing
• common: asthma ( recurrent wheezing episodes, identifiable triggers, typically >6 yr), bronchiolitis

(first episode of wheezing, usually <1 yr), recurrent aspiration (often neurological impairment),
pneumonia (fever, cough, malaise)

• uncommon: foreign body (acute unilateral wheezing and coughing), CF ( prolonged wheezing,
unresponsive to therapy), bronchopulmonary dysplasia (often develops after prolonged ventilation in
the newborn)

• rare: CHF, mediastinal mass, bronchiolitis obliterans, tracheobronchial anomalies

APPROACH TO STRIDOR
• caused by obstruction above the thoracic inlet and may also present with hoarseness and suprasternal

retractions
• stridor at rest is an emergency
• differential diagnosis of stridor: croup, bacterial tracheitis, epiglottitis, foreign body aspiration,

subglottic stenosis (congenital or iatrogenic), laryngomalacia/ tracheomalacia (collapse of air way
cartilage on inspiration ), retropharyngeal abscess

Table 46. Common Upper Respiratory Tract Diseases in Children
Croup
(Laryngotracheitis)

Bacterial Tracheitis Epiglottitis Choanal Atresia

Posterior nasal
aperture(s)

1in 7000 live births
2 in 3 are unilateral

Affected Site Subglottis trachea Supraglottis

Common in children
6-36 mo
Increased incidence in fall
and winter months
Parainfluenza [75%)
Influenza A and 8

Epidemiology flare Decreased incidence due
to Hib vaccination
Common in children 2-6 yr

Usuallyseen in children3
mo to 6 yr F>M

Etiology S. aureus
5.pneumoniae
H. intluemae
n-hemolytic Strep
M. catarrtrolis

toxic appearance
Rapid progression
Cough
8iphasic stridor
No response to
corticosteroids and
nebulized
epinephrine

Clinical diagnosis
Endoscopy:definitive
diagnosis

H. influenzae
S. pneumoniae
p- hemolytic Strep
S. aureus

Oronasal membrane
persists preventing
the nose joining the
oropharynx

RSV
Adenovirus

Unilateral: diagnosed
later in life,unilateral
discharge or obstruction
Bilateral: diagnosed
during Infancy,noisy
breathing,cyanosis that
worsens with feeds and
improves when crying
Inability to pass NG tube
through nates
CTdelinitlve diagnosis

Clinical Presentation Toxicappearance
Rapid progression
4 Os: drooling, dysphagia,
dysphonia,distress
Stridor
Tripod position
No cough
Fever|»39"C|
Clinical diagnosis
Perform physical exam
cautiously to avoid
exacerbating respiratory
distress
Intubation
IV antibiotics

Non-toxic appearance
Barking cough
Stridor
Viral prodrome
(rliinorrhca.
pharyngitis, cough
llow-grade lever)
Hoarseness
Clinical diagnosis
CXR: "steeple sign" bom
subglottic
narrowing

Investigations

Acute (bilateral choanal
atresia):place oral
airway,initiate gavage
feedings
Long-term:relerral to
otolaryngology

Mild to moderate:
corticosteroids,supportive IV antibiotics

Management Intubation
r

care v. J
Severe:corticosteroids,
nebulized epinephrine,
humidified oxygen,
intubation if necessary
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Rheumatology

Growing Pains
Epidemiology
• age 2-12 yr, M=F

Clinical Features
• diagnosis of exclusion
• intermittent, non-articular pain in childhood with normal physical exam findings
• pain at night, often bilateral and limited to the calf, shin, or thigh; typically short-lived
• relieved by heat, massage, mild analgesics
• child is well, asymptomatic during the day, no functional limitations
• possible family history’of growing pains

Management
• lab investigations not necessary if typical presentation; reassurance and supportive management

Juvenile Idiopathic Arthritis
•a heterogenous group of conditions characterized by persistent arthritis in children <16 yr
•diagnosis: arthritis in 1 joint(s); duration S6 wk; onset age <16 yr; exclusion of other causes of

arthritis; classification defined by features/number of joints affected in the first 6 mo of onset

Systemic Arthritis (Still's Disease)
•onset at any age, M=F
•once or twice daily fever spikes (>38.5®C) >2 d/wk with temperature returning rapidly to baseline;

children usually acutely unwell during fever episodes
•extra-articular features:erythematous “salmon-coloured” maculopapular rash, lymphadenopathy,

hepatosplenomegaly, leukocytosis, thrombocytosis, anemia,serositis, pericarditis
•arthritis may occur wk to mo later
•high tSR, CRP, WBC, platelet count

Oligoarticular Arthritis (1-4 joints)
•most common typeof|IA

onset early childhood (<5 yr), F>M
•persistent affects no more than 4 joints during the disease course
•extended:affects more than 4 joints after the first 6 mo.typically affects large joints: knees (most common), ankles, elbows, wrists; hip involvement unusual
•ANA positive-60-80%, RF negative
•screening eye exams for asymptomatic anterior uveitis (occurs in -30%)
•complications:knee flexion contracture, quadriceps atrophy, leg-length discrepancy, growth

disturbances, uveitis

Polyarticular Arthritis (5 or more joints)
•ANA positive in 50%, uveitis in 10%
•RF negative (more common)

• onset:2-4 yr and 6-12 yr, F>M
• symmetrical involvement of large and small joints of hands and feet,TM|,cervical spine

•RF positive
onset:late childhood/early adolescence, F>M
similar to the aggressive form of adult rheumatoid arthritis and has a similar course progressing
intoadulthood in most cases
severe, rapidly destructive, symmetrical arthritis of large and small joints
may have rheumatoid nodules at pressure points (elbow's, knees)

Enthesitis-Related Arthritis
•onset late childhood/adolescence, M>F
•RF negative arthritis and/or enthesitis (inflammation at the site where tendons or ligaments attach to

the bone)
•weight bearing joints, especially hip and intertarsal joints, or sacroiliitis
•risk of developing ankylosing spondylitis in adulthood
•asymmetric involvement oflower limb joints, associated with HLA-B27 and development of

symptomatic uveitis/iritis
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Psoriatic Arthritis
• onset: 2-4 yr and 9-11 yr, l;>M
• arthritis and psoriasis OK arthritis and at least two of:

• dactylitis, nail pitting or other abnormalities, or family history of psoriasis in a 1st degree relative
asymmetric or symmetric small or large joint involvement (usually knees and small joints in the
hands and feet )

• erythematous, scaly lesions on scalp, post-auricular area, peri-umbilicus, or over extensor surfaces of
elbows and knees

Management
• goals of therapy:eliminate inflammation, prevent joint damage, promote normal growth and

development as well as normal function, minimize medication toxicity
• moderate-intensity exercise (aerobic fitness, flexibility and strengthening exercises) to maintain range

of motion (ROM) and muscle strength
• multidisciplinary approach:OT/PT,social work, orthopaedics, ophthalmology, rheumatology
• 1st line drug therapy: NSAIDs, intra-articular corticosteroids
• 2nd line drug therapy: DMARDs (methotrexate, sulfasalazine, leflunomide), corticosteroids (acute

management of severe arthritis, systemic symptoms of J1A, topical eye drops for uveitis), biologic
agents (1L-1/1L-6 inhibition for systemic arthritis,TNF antagonist for polyarticular J1A)

Limb Pain
Evaluation of Limb Pain

Table 47. Differential Diagnosis of Limb Pain
Cause <3 yr 3-10 yr >10 yr
Trauma
Infectious

Septic arthritis
Osteomyelitis
Inflammatory
Transient synovitis

x>

> « s
XX X

I

JIA X X

Spondyloarthritls x
SLE x
Dermatomyositis x
HSP x

Anatomic/Orthopaedic

Legg-Calve-Perthes disease
Slipped capital femoral epiphysis
Osgood-Schlatter disease

Neoplastic

leukemia
Neuroblastoma
Bone tumour

Hematologic
Hemophilia (hemarthrosis)

Sickle cell anemia

X X

X

X

I X X

X X

X

x x x
XX X

Pain Syndromes

Growing pains

Fibromyalgia
Complex regional pain syndrome

X X

x X

X

Must rule out infection, malignancy, and acute orthopaedic conditions

History
• pattern of onset and progression of symptoms (including acuity and chronicity)
• morning stiffness, limp/weight-bearing status, night pain
• joint involvement (type, distribution) ± spine (axial) involvement
• extra-articular manifestations and systemic symptoms
• functional status:activities of daily living
• family history (arthritis, IBD, psoriasis, spondyloarthropathies, uveitis, bleeding disorders, sickle cell

anemia)
• past medical illness, intercurrent infection, travel, sick contact history, joint injury

n
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Physical Exam
• growth parameters
• screening examination ( paediatric gait, arms, legs, spine exam )
• joint exam: inspection/palpation (swelling, erythema, warmth, tenderness, deformity), ROM
• adjacent structures (bone, tendon, muscle,skin)
• leg length
• neurologic exam

Investigations
• basic: CBC and differential, blood smear, ESR, CRP, x-ray
• as indicated: blood (ANA, RF,culture, viral/bacterial serology, CK, PTT,sickle cell screen,

immunoglobulins, complement), urinalysis,synovial fluid (cell count,Gram stain, culture), TB skin
test, imaging, bone marrow aspiration,slit lamp exam

<8>
Red Flags for Limb Pain

• Fever
• Pinpoint pain/tendemess
• Pain out of proportion to degree of

inflammation
• Night pain
• Weight loss
• Erythema
• Unexplained fractures

Lyme Arthritis
• see Infectious Diseases.1D22
• caused by spirochete Borrelia burgdorferi
• incidence highest among 5-10 yr
• do not treat children <8 yr with doxycydine (may cause permanent tooth discolouration)

Reactive Arthritis
• see Rheumatology, RH 27
• arthritis (typically the knee) follows bacterial infection, especially with Salmonella, Shigella, Yersinia,

Campylobacter, Chlamydia, and most commonly Streptococcus (post-streptococcal reactive arthritis)
• typically resolves spontaneously
• may progress to chronic illness or Reiter’s syndrome (urethritis, conjunctivitis)

Septic Arthritis and Osteomyelitis
• MEDICAL EMERGENCY: prompt intravenous antibiotics, followed by 4 wk of oral antibiotics or 4 -6

wk of oral antibiotics if the hip is involved
• see Orthopaedic Surgery, ORI 1

Table 48. Microorganisms and Treatment Involved in Septic Arthritis/Osteomyelitis
TreatmentPathogensAge
Cloxaclllin * gentamicin OR cloxaclllin cefotaxime
Cefazolin (IV), then cephalexin (PO) OR doxacillin *
cefotaxime OR cefuroxime

CBS,S. aureus.Gram negative bacilli
Kingellakingae. Strep,spp., Staph,spp., H. influenzae
type B
Pathogens as per neonate
Kingella kingae («4 yr),S.aureus M yr),S.pneumoniae. Cefazolin (IV), then cephalexin (PO)

Neonate
Infant (1-3 mo)

Child
Bti

Ceftriaxone OR cefixime azithromycinAdolescent As above:also H. gonorrhoeae
GAS = group A Strep; GBS *group B Stiep
Adapted from La Saux N. Canadian Paediatric Society. Infectious Diseasesand Immunization Committee.Paediatr Child Health 2018:23{5]:336-343

Systemic Lupus Erythematosus
• see Rheumatology, RH 11
• autoimmune illness affecting multiple organ systems
• incidence 1 in 1000, more commonly age >10, F:M=10:1
• childhood-onset SLE vs. adult-onset SLE:children have more active disease, are more likely to have

renal disease, and receive more intensive drug therapy and have a poorer prognosis compared to
adults

Transient Synovitis of the Hip
•benign, self-limited inflammatory joint disorder, usually occurs alter URT1, pharyngitis, ADM
•key is to differentiate from septic arthritis

Epidemiology
•3-10 yr, M>F, more common on right side
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Clinical Features
• afebrile or low-grade fever; pain typically occurs in hips or knees (referred from hip) suddenly; painful

limp but full ROM (pain not as pronounced as in joint or bone infections); child does not look “toxic"
pain is not disabling and gradually worsens over few days, can have sudden onset of symptoms

• symptoms self-resolve over 7-10 d

Investigations
• WBC within normal limits; HSR and CRP may be mildly elevated
• joint effusions maybe seen on ultrasound

aspirate joint and examine synovial fluid if suspicious for septic arthritis
MR1 if suspicious for osteomyelitis or periarticular pyomyositis

• diagnosis of exclusion

Management
• goal is to manage symptoms (anti-inflammatory medications and bedrest)

usually resolves within 24-48 h

Complications
• Legg-Calve-Perthes disease

Vasculitides
HENOCH-SCHONLEIN PURPURA
• most common childhood vasculitis, peak incidence 4-10 yr, M:H=2:1
• vasculitis of small vessels
• often have history of URT11-3 wk before onset of symptoms

Clinical Features
• clinical triad: 1) palpable purpura, 2) abdominal pain, 3) arthritis
• skin: palpable, non-thrombocytopenic purpura in lower extremities and buttocks, edema, scrotal

swelling
• joints:arthritis/arthralgia involving large joints associated with painful edema
• GI:abdominal pain, G1bleeding, intussusception
• renal: microscopic hematuria, IgA nephropathy, proteinuria, HTN, renal failure in <5%

Investigations
• no routine investigations performed - diagnosis is mainly based on clinical features
• urinalysis (blood, protein creatinine ratio), serum (urea/electrolytes, creatinine, albumin, elevated

IgA)
• skin /renal biopsy - IgA deposition
• ultrasound - intussusception/perforation, testicular pain/swelling
• rule out other autoimmune conditions/vasculitides

Management
• mainly supportive (e.g. elevation for edema)
• anti-inflammatory medications for joint pain,corticosteroids for select patients
• monitor for protein on urinalysis and hypertension every month for 6 mo to check for renal disease,

which may develop late (immunosuppressive therapy if severe)

Prognosis
• self-limited, resolves within 4 wk
• recurrence in about one-third of patients
• long-term prognosis dependent on severity of nephritis

KAWASAKI DISEASE
• acute vasculitis of unknown etiology (likely triggered by infection)
• medium-sized vasculitis with predilection for coronary arteries
• most common cause of acquired heart disease in children in developed countries
• peak age: 3 mo-5 yr;Asian people>Black peoploWhite people

Diagnostic Criteria
• fever persisting >5 d AND £4 of the following features

1. bilateral, non-exudative conjunctival injection
2. oral mucous membrane changes (fissured lips, strawberry tongue, injected pharynx)
3. changes of the peripheral extremities

acute phase: extremity changes including edema of hands and feet or erythema of palms or
soles

subacute phase: periungual desquamation

Kawasaki Diagnostic Criteria

Warm CREAM
Warm:>5 d fever
Conjunctival injection
Rash
Edema of hands and feet
Adenopathy
Mucosal changes
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polymorphous rash
5. cervical lymphadenopathy >1.5 cm in diameter (usually unilateral )

•exclusion of other diseases (e.g. scarlet fever, measles)
•incomplete Kawasaki disease: fever persisting >5 d and 2-3 of the above criteria

further evaluation dictated by CRP, ESR, and supplemental laboratory criteria

Management
•initial therapy: lVlg (2 g/kg) and low dose of ASA (3-5 mg/kg/d, max 325mg/d)
•lVlg within 10 d of fever onset reduces risk of coronary aneurysm formation
•if fever persists 24-36 h after lVlg, repeat lVlg treatment at the same dose; if second dose fails, trial a

third lVlg treatment, IV pulse methylprednisolone or consult rheumatology for next steps
•baseline 2D-echo and follow-up periodic 2D-echo (usually at 2 and 6 wk)

Complications
•coronary artery vasculitis with aneurysm formation occurs in 20-25% of untreated children, <5% if

receive lVlg within 10 d of fever
•50% of aneurysms regress within 2 yr
•anticoagulation for multiple or large coronary aneurysms

4.

Common Medications
Table 49. Commonly Used Medications in Paediatrics

Dosing Schedule Indications CommentsDrug Name

10-15 mg/kg/dose PO q4-6 h PUN Analgesic, antipyretic Not to exceed 60 mg' kg /d in neonates
or 75 mg/kg /d in older children to a
max of 4 g/d
Causes hepaloloxicily at high doses

acetaminophen

80 - 90 mg/kg /d P0 divided q8 h Otilis media

0.6 mqfkg PO x1
0.6 rncj /kgid P0 lor 2 d
Moderate dose - 250-500 pg/d
divided BID
Nigh dose- >500 pg /d divided

amoxicillin
Croup
Acute asthma

dexamelhasonc

llulicasone (Movent )

BID
ibuprofen 5-10 mg/kg/dose P0 q6 -8 h Analgesic, antipyretic Use cautiously in patients with liver

impairment, history of Gl bleeding
or ulcers
Side effects:dark stool, constipation,
dark urine

6 mg / kg /d elemental iron P0 once Anemia
daily or divided TID
Compaction:1-1.5 g/kg/d x3 d
Maintenance:starling dose at
0.4-1g /kg

iron

polyethylene glycol 3350 (PEG)

1-2 mg/ kg/d P0 x5 d
3- 4 mg/kg/dPO then taper to 1-2 IIP
mg/kq /d
P0 once platelet count >30 x Nephrotic syndrome

Oral prednisone is bitter tasting ,

consider using prednisolone
prednisone/prednisolone Asthma

109/1
60 mg/ml/d P0
0.01-0.03 mt/kg/dose in 3 ml NS Acute asthma
via nebuliaer q0.5-4h PRN
100-200 pg/dose prn.max 4 -8
puffs frequency q4 h

Can cause tachycardia, hypokalemia,
restlessness

salbutamol (Ventolin')

Maintenance treatment for
asthma

Source:Leu E.(2009) The 2010-2011Formulary - The Hospital lot Sick Children

1
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Landmark Paediatric Trials
Trial Name Reference Clinical Trial Details
NUTRITION

NEJM 201S;372(9):803-813 Purpose: To assess the impact of peanut avoidance andconsumption on the development of a peanut allergy in infants at high risk for the
allergy.
Methods:RCT consisting of 640 infants aged between 4 and 11 mo with severe eczema,egg allergy,or both.Infants were randomized to
consume or avoid peanuts until the age of 60 mo. The primary outcome was the proportion of infants that developed a peanut allergy.
Results: The infants randomized to consume peanuts resulted in a smaller proportion of children developing peanut allergies (1.9%) when
compared to the group that avoided peanut consumption (13.7%). Increased levels ol peanut- specific lgG4 antibody wasprevalent in the
consumption group.Raised litres of peanut-specific IgE antibodies were prevalent in theavoidance group.
Conclusion:Prevalence ol peanut allergy at 60 months of age was significantly reduced in the consumption group.

LEAP

DIABETES

10DAY NEJM 2012;366|24):2247 Purpose:1o assess the efficacy of different treatment regimens in attaining glycemic control in youth with type 2 diabetes.
Methods:RCT consisting of 699 patients between the ages of 10 and17 yr with recent onsetI2DM.Patients were assigned to continue
metformin alone,or inconjunction with tosiglilazone,or a lifestyle modification focused on weight loss.Ihe outcome of interest was loss of
glycemic control indicated by glycated hemoglobin levelol >8% for at least 6 mo.
Results:Metformin alone resulted in a 61.7% failure rale, metforminnosiglitazonc resulted in a failure rate ol 38.6%. and
melfotmuHifoslylc intervention resulted in a failurerate of 46.6%.
Conclusion: Metformin plus rosiglitarone was significantly belter than metformin alone in achieving glycemic control within youth.
Metformin plus lifestyle intervention did not have a signilicant impact on glycemic control when compared to metformin alone

NEJM 2019:381|7):637ELLIPSE Purpose: To assess Ihe efficacy ol liraglutlde in combination with metlormin as a treatment for type 2 diabetes in youth.
Methods: RCT consisting ol 134 patients between the ages ol 10 and17 yr with a BMI greater than Ihe 86th percentile and a glycated
hemoglobin levelbetween 6.5 and 11%.Patients were randomized to receivemetformin alone or metlormin incombination with
liraglutide.The outcomeol Interest was the change In glycatedhemoglobin level alter 26 wk ol treatment.
Results: Alter 26 wk. treatment with metlormin alone resulted in a 0.42% inciease in glycated hemoglobin levels and treatment with
metlormin and liraglutide in combination resultedin a 0.64% decrease in glycated hemoglobin levels. Youth taking liraglutide reported
Increased overall adverse events and gastrointestinal adverseevents.
Conclusion: Metlormin-liraglutide combination therapy demonstrated increased elticacy in maintaining glycemic control compared to
metlormin monotherapy.

RESPIRATORY SYNCYTIAL VIRUS

MELODY N Engl J Med. 2022;386|9):837 Title: Nirsevimab lor Prevention of RSV inHealthy Late-Preterm and TermInfants.
Purpose: To study the efficacy and safety ol Nirsevimab,amonoclonal antibody against RSV.inlate preterm and full-term babies.
Methods: RCT consisting of 1490 Infants born at gestational age of 35 wk were randomized in a 2:1ratio to receive nirsevimab or a
placebo, respectively. The outcome of interest is the presence of RSV infection within 150 d of treatment dosage.
Results:RSV Inlections occurred within 1.2% of intanls in the nirsevimab group and 5% olpatients In the placebo group.
Conclusion: Use ol nirsevimab results in effective protection ol preterm and full-term infants from RSV infection.

ASTHMA

N Engl J Med 2022: 386:2071- Titlc:Albuterol-Budesonide Fixed-Dose Combination Rescue Inhaler for Asthma
Purpose: To assess the efficacy ol budesomde (corticosteroid) in combination with albuterol (bronchodilator) as a rescue medicine lor
asthmatic patients.
Methods:RCT consisting of 3132 patients aged 4 11yr with uncontrolled moderate to severe asthma.Patients were randomized to receive
inhaled albuterol (180 pg) and budesonide|160 pg),albuterol (180 pg) and budesonide (80 pg). or 180 pg olalbuterol alone for 24 wk of
rescue treatment. The outcome of interest was the presence of a severe asthma exacerbation.
Results:In the higher dose combination- treated group the risk of severe exacerbation was lowered by 26% when compared to the albuterol
monotherapy.
Conclusion:Use of albuterol in combination with budesonide as a rescue therapy reduces the risk of severe asthma exacerbation compared
to albuterol monotherapy.

MANDALA
2083
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Acronyms
ADLs activities of daily living
AND allow natural death

CPR cardiopulmonary resuscitation EOl
do not resuscitate

end-of'life
substitute decision makerSDMDNR

Palliative Approach to Care

Palliative Care
Definition
• an approach that seeks to improve the quality of life of patients and their families facing a life-

threatening illness, through the prevention and relief of suffering
• applicable at any time during a life-limiting illness, and may be delivered in conjunction with life-

prolonging or curative intervention
• palliative approach to care is not just for EOL

Urd-a-t Pal. abve Care Trials table lor more
rforaat M os the st-dy by Iemel el si.. 2010 which
d ea Is toe oe-eta o< esrly palliative tare lor patients
wtt aetaststc npa-irnall-cell lung cancer.

Survivorship

See Lerda-r Pal adve Care Trials table Tor more
“ j—etc- oo tie ENABLE II trial,which details the
e fetrf a oarsog-led intervention on quality of life
(Oot|.spoton intecsityr. mood, and resource ose io
Detectsnth advanced gastrointestinal tract, lung,

geoitoo- nary tract, or breast cancer.

Cure Rehabilitation

Disease
Management

Palliative
CarePain & Symptom Management

Hospice
Paliative Care Unit

^ End-of -life care
Control

IBereavement See lisdaut Pel stive Can Trials table lor more
i-fonabci oi study by Back et al., 2007 which
d eta Is“e eftcacy of communication skills framing
To-gweg bad news aid discussing transitions to
oakatveca-e.

>
Figure1.Palliative care enhanced model
Cocrtesy of Dr.Philippa Hawley

Palliative Care Assessment
• comprehensive and includes physical, psychosocial, and spiritual domains of care
• complete medical history- includes determining the patient’s knowledge of their illness and their

goals of care
• physical symptom assessment - patient's opinion of severity is the gold standard, and may be

measured using assessment tools such as the Edmonton Symptom Assessment System (ESAS)
• functional status assessment - ability to perform ADLs, measured using tools such as the Palliative

Performance Scale (PPS)
• psychosocial symptom assessment - anxiety, depression, family/caregiver distress, and cultural/

financial status
• spiritual assessment - religious beliefs, values, coping mechanisms, and distress
• medication review- limit polypharmacy

Pain and Symptom Management

Assessment Tools
• Edmonton Symptom Assessment System (ESAS):a tool used to screen for common symptoms

seen in palliative care. Patients/caregivers are asked to rate the intensity of symptoms front 0 to 10
on a numeric rating scale where 0 represents the absence of the symptom and 10 represents the worst
severity of the symptom. Assesses:pain, tiredness, nausea, depression, anxiety, drowsiness, appetite,
well-being, shortness of breath, and “other problems" associated with specific conditions such as
pruritus in liver disease and cough in lung disease, lhe ESAS provides a measure of symptom burden
and allows for tracking the efficacy'of interventions over time
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Alberta Health
|Services

Affix patient label witin this box
Edmonton Symptom Assessment System
Revised (ESAS-r)

Please circle the nnmber that best describes how you leel NOW:

No Pain 2 3 4 S 6 7 89 10 Worst poss>blc pain0

No Tiredness
ffirednsss.fact of irngrl

2 3 4 9 6 7 89 10 Worst possible bredness0

No Drowsiness
tDms'.niss- fttlep sleepy)

Worst possible drowsinessD 2 3 4 5 8 7 8 9 10

No Nausea 0 2 3 4 9 8 7 8 9 10 Worst possible nausea

No lack ot Appetite 2 3 4 9 6 7 8 9 10 Worst possible lack of appetite

2 3 4 S 6 7 8 9 10 Worst possible shortness of breath

0

No Shortness olBreath 0

No Depression
IDipms.cn -M«j Slil

2 3 4 S 6 7 8 9 10 Worst possible depression0

No Anxiety
|4iu»ly.f«lnp wrvoutj

2 3 4 9 0 7 8 9 10 Worst possible anxiety0

Best Wellbeing
Wellbeing -bo*yen fee) oteiall

2 3 4 S 6 7 8 9 10 Worst possible wellbeing0

No 2 3 4 9 6 7 8 9 10 Worst possible0
Other Problemifbr example cenirpetcn)

Completed by federt one)
Patient
Family Caregiver
Health Care Professional Caregiver
Caregiver-assisted

Patient s Name

Date fyyyy-morr-dd)

Time Ihftmm)

Body diagram on reverse

Figure 2. Edmonton Symptom Assessment System (ESAS)
Adapted Irom:Alberta Health Services Edmonton Zone Palliative Care Program.EdmontonSymptom Assessment System-revised (ESAS-r):
Administration Manual.Covenant Health Palliative Institute.

• Palliative Performance Scale (PPS): a tool used to assess functional status. Assesses 5 components:
ambulation, activity and evidence of disease, self-care, intake, and consciousness level. Has prognostic
value in patients with advanced cancer

Table 1. Palliative Performance Scale
PPS Level Ambulation Activity and Evidence of Self -Care

Disease
Conscious LevelIntake

100% full Normal activity and work Full
No evidence of disease
Normal activity and work
Some evidence of disease

Normal activity with effort Full
Some evidence of disease
Unable lodo normal|ob/work Full
Significant disease

Unable to do hobby/housework Occasional assistance necessary Normal or reduced
Significant disease
Unable to do any work Occasional assistance necessaiy Normal or reduced
Extensive disease
Unable to do most activities Mainly assisted
Extensive disease
Unable to do any activities Total care
Extensive disease

Unable lo do any activities Total caie
Extensive disease
Unable lodo any activities total care
Extensive disease

FullNormal

90% Full Full Normal Full

80% Full Normal or reduced Full

70% Reduced Normal or reduced Full

60% Reduced Full or confusion

90% Mainly siI/lie Full or contusion

40% Full or drowsy - confusionMainly In bed Normal or reduced

30% Totally bed bound Normal or reduced Full or drowsy - confusion

20% Full or diowsys contusiontotally bed bound Minimal lo sips

10% Drowsy or coma - contusiontotally bed bound Mouth care only

r1
0% Death i.J

Adapted Irom:Medical care of the dying, 4th ed. Victoria: Victoria Hospice Society, 2006. Version 2
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Table 2. Symptom Management
Symptom Non-Phormacologic Management Pharmacologic Management
Constipation Stimulant laxatives (senna),osmotic laxatives (lactulose)

Titrate to bowel movement at least q3 d
Rule out obstruction,impaction,anorectal
disease, and spinal cord pathology
Hydration, orally where possible
Increase mobility

Dyspnea Elevate head of bed,eliminate allergens,and Oxygen,bronchodilators, opioids (e.g.morphine,hydromorphone)
open windovr/use fan
Swallow t tsp of dry sugar,or dry bread
(nasopharyngeal stimulationj'vagus nerve
stimulation)
Rebreathing into paper bag (increases partial (Buscopan!),baclofen)
pressure of CO)

Frequent and small meals,avoid offensive
strong odours, and treat constipation if
present

Hiccups Dopamine antagonists (e.g. chlorpromazine,haloperidol.
metodopramide)
Smooth muscle relaxants (e.g.hyoscine butylbromide

Nausea and Vomiting Raised ICR:dexamethasone
Anticipatory nausea, anxiety: loraccpam
Vestibular disease, vertigo: dimenhydrinatc
Orug induced,hepatic,or renal failure:prochlorperaiine.
haloperidol
Gastroesophageal reflux disease:proton pump inhibitor (RRI),H2
antagonist
Gastric stasis: metodopramide
Bowel obstruction:meloclopramide. dexamethasone.octreotide

Hot and cold compresses,art/music therapy. Nociceptive pain: non opioids (NSAIDs. acetaminophen),weak
relaxation techniques,physical therapy. opioids (e.g.codeine,tramadol),strong opioids (e.g.morphine,
massage therapy,acupuncture,and cognitive hydromorphone.oxycodone, fentanyl)
behavioural therapy |CBT) Neuropathic pain:anticonvulsants (gabapentin.pregabalin).

antidepressants (tricyclic antidepressants (TCAs)).selective
serotoninreuptake inhibitors (SSRIs),steroids (dexamethasone)
Bony pain:NSAIDs,acetaminophen and/or opioids,depending on
pain severity:bisphosphonates.radiation therapy
For more information on pain management,see Anesthesia.A2S
Antihistamines, phenothiacines, topical low potency
corticosteroids,calamine lotion

Modify environment and activities to decrease Treat underlying condition(s) if present (e.g.methylphenidatc,
energy expenditure
Optlmile fluid and electrolyte intake
Educate and support patient and family
Exercise
CBT.support groups,art/music therapy Agitation:neuroleptics

Confusion/Delirium: treat underlying etiology if possible.
Otherwise manage with neuroleptics (e.g.haloperidol)
Depression: standard SSRIs. serotonin and norepinephrine
reuptake inhibitors ISNRIs) may be too slow depending onpatient
prognosis,may consider psychostimulants (e.g.methylphenidate.
ketamine)

Anticholinergic agents used to dry secretions
Hyoscine hydrobromide (scopolamine) SC or transdermal.
glycopyrronium (glycopyrrolate) SC

Pain

Pruritus Bathe with tepid water, and avoid soap and
bath oils

Fatigue
dexamethasone)

Psychiatric

WHO's Pain Relief Ladder

Freedom from Cancer Pain

Opioid for moderate to severe pain
± Non-opioid
± Adjuvant

OropharyngealSecretions Reassure family that patient isnot in
respiratory distress
Oral suctioning, avoid deep suctioning
Discontinue unnecessary IV solutions
Re positioning (on side, elevated)
Monitor (oradversc effects (ierostomia.
delirium, sedation)

3(Death Rattle)

Pain persisting or increasing

Opioid for mild to moderate pain
± Non-opioid
± Adjuvant

2

Source: J Am Oeriatr Soc 2002:00:52Ob-5224 arid On Continuing Practice 1093:20 20-25 olid Ain Fam Physician 2009;79|12) 10S9-I0OS
Pain persisting or increasing

Pain Management
• tee Anesthesia.A25 Non-opioidiAdjuvant

Pain Syndromes
• see Neurology, N43 Figure 3. WHO’s Pain Relief ladder

WHO’s Pain Relief ladder,available
from:https://www.who.int/cancer/
palliative/painladder/en/”Care of the Dying Patient

General Predictors of Decline in the Final Months of Life
• decreasing activity - functional performance status declining, limited self-care, in bed or chair 50% of

day, and increasing dependence in most i\ DLs
• co-morbidity - biggest predictive indicator of mortality and morbidity
• general physical decline and increasing need for support
• advanced disease - unstable, deteriorating complex symptom burden
• decreasing response to treatments, decreasing reversibility
• choice of no further active treatment
• progressive weight loss (> l ()%) in the past six months
• repeated unplanned/crisis admissions
• sentinel event (e.g. serious fall, bereavement, transfer to nursing home)
• serum albumin <25 g/L
• considered eligible for terminal illness disability benefits

See landmark Palliative Care Inals fable for more
dormation on the study hy Haylor etal..1999.which
d etails the effectiveness of advanced practice wise-
centered discharge planningand home follow -up
intervention for older aged individualsat risk foi
hospital readmissions.

+See landman Palliative Care Inals fable for moie
information on study by Christakis et at.2000.whxh
d eta sdoctors' prognostic accuracy in terrmrally
dpatients aril to evaluate the determinants of that
accuracy.
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Changes in the Last Hours of Life
• decreased level of consciousness
• changes in breathing pattern (Cheyne-Stokes breathing)
• airway secretions causing noisy breathing
• inability to swallow safely and increased risk of aspiration
• delirium (terminal restlessness)
• mottling of the hands, feet, and legs
• cool extremities

5 Dimensions of a Good Death
OuaMy Entf-01-Ule Can:Patents' fenpaclms JAMA
1999;281:MJ-168
• Pain/symptom management
• Avoiding prolongation of dying
• Achieving a sense of control. Relieving burden on others
• Strengthening relationships with

loved onesCare of the Patient in the Final Days of Life
• educate the family on the physiological changes in the dying process and discuss potentially difficult

decisions (e.g.hydration)
• have a plan in place for an expected death in the home (EDITH), who to call (not 911), and how the

death certificate will be made available to the funeral home
• if the patient is unable to swallow, administer essential medications by non-oral routes (e.g. SC,

gastrostomy tube, IV, nasal, oral and rectal transmucosal, transderma!), with SC being the preferred
option

• discontinue non-essential and potentially inappropriate medications (e.g. for primary and secondary
prevention); review other measures such as1V/SC hydration and consider stopping if no longer
beneficial

Psychosocial and Spiritual Needs
• palliative care assessment includes addressing psychosocial and spiritual well-being
• psychosocial needs pertain to the psychological and emotional well-being of patients and their carers,

including concerns such as self-esteem, adaptation to illness, communication, and social functioning
• patient's psychosocial experience is further shaped by the experience of pain and other symptoms

related to the condition and its treatment
• spiritual needs pertain to the manner in which the patient expresses meaning, value, and purpose in

life. May include, but is not limited to, religious practices or philosophical reflection

Approach to Assessing Psychosocial and Spiritual Needs
• holistic psychosocial assessment can help identify supports a person might need during their illness.

Psychosocial issues can manifest as physical symptoms (e.g. pain, constipation, nausea). Iherefore, it
is important to be aware of physiological symptoms that may indicate depression and anxiety

• mental and emotional needs - fear,worry, insomnia, panic,anxiety, nervousness, or lack of energy
• social needs- family dynamics, communication, social and cultural networks, perceived social

support, finances, intimacy, living arrangements, caregiver availability, etc.
• cultural needs - beliefs and preferences, linguistic needs, health behaviours, traditions, rituals, and

cultural barriers to accessing health
• to further explore questions about spirituality, the FICA spiritual assessment tool may be used
• FICA - the four components to cover during a spiritual care assessment are: l aith or beliefs,

Importance of those beliefs, patient’s participation in a religious or spiritual Community, and how
healthcare providers should Address the patient's health care issues

Interprofessional Care Plan for Psychosocial and Spiritual Needs
• interprofessional team of care providers including physicians, nurse practitioners, nurses, social

workers, psychologists, chaplains, spiritual advisors, pharmacists, and physical and occupational
therapists assist in the following interventions:

home care, respite care, social networks and activities, problem-solving and education, one-on-
one therapy, and group work

End-of-Life Decision Making

Types of Discussions
Advance Care Planning Discussion
• it involves a mentally capable patient:

1. identifying their SUM by preparing a Power of Attorney (POA). If no POA is chosen, then the
SDM hierarchy list in the Health Care Consent Act applies

2. discussing one’s values, beliefs, and wishes for future health care, should one become incapable of
making health care decisions

Goals of Care Discussion
• exploratory discussion where the health care provider and patient discuss the patient's current

medical issues, their understanding of their illness, and possible treatments and outcomes. May or
may not include discussion about code status

n
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Code Status Discussion
• discussion with patient about level of intervention they would want in the event of cardiac or

respiratory arrest
• full code - patient would like to receive CPU, delibrillation, and life supp

Do Not Resuscitate (DNR) - patient would not like to receive CPR or life support, only active
medical management
comfort measures - patient would not like to receive CPR, life support, or active medical
management

• Allow Natural Death (AND) - alternative term to DNR. Often a gentler term to help with the
discussion

• CPR is rarely effective in the patient with advanced incurable illness
DNR order is almost always consistent with palliative goals of care

ort

When to Initiate EOL Care Discussions
• recent hospitalization for serious illness, or during a transition in care
• severe progressive medical condition(s)
• death expected within 6-12 mo
• patient rewritten will and/or spiritual wishes
• if the patient requests medical assistance in dying (MAID)

Power of Attorney for Personal Care
• see Ethical, Legal, and Organizational Medicine, KLOM 14

Communication
• strong communication is critical in all areas of medicine.This is especially true in palliative

care, where difficult decisions must be made regarding goals of care, EOL care, and disclosure of
information

• be cognizant of how a patient's (and their family's) beliefs, values, and wishes may impact their
decision making and/or their emotional response during palliative care conversations

• use both verbal and non-verbal means of communicating empathy and caring to build rapport, and
help de-escalate the intense emotions that patients may experience including anger, grief, and feeling
overwhelmed

Approach to Communicating Bad News
SPIKES
S -Setting up the interview:create privacy by bringing the patient to a quiet and comfortable
environment. Ensure you have enough time to have an extended conversation with the patient. Ask
them if they wish for family members or other supports to be present
P - assess Perception: what does the patient and/or their family understand about their illness at
present? Use open-ended questions and fill any major gaps to ensure mutual understanding
1- Invitation: how does the patient wish to hear the information? How many details do they want? Do
they want to first understand the process that led the care team to their diagnosis/prognosis/treatment
decision,or do they just want to hear the news upfront?
K - Knowledge sharing: provide the information based on the preferences expressed in the “invitation"
section in small segments using non-technical terms
E - Emotions: respond to the patient's/family's emotions. Allow them time to process the information.
Silence is okay. Offer to answer any questions they may have, but also recognize that some patients may
wish to discuss further details at a later time
S -Strategy and Summary: if the patient and their family are comfortable, summarize the
conversation and discuss next steps

Estimating Life Expectancy
• when asked about prognosis, be wary of being overly specific
• use time frames such as hours to days, days to weeks, weeks to many weeks, or months
• clinicians consistently overestimate survival when prognosticating

Collaboration
Interprofessional Team
• interprofessional team may include the following members:

physicians:may be primary care providers, or have specialty training in palliative care; they
provide medical management and symptom relief
nurses: provide patient education in addition to clinical nursing;often with advanced practices in
setting of hospice or home care
social workers/case managers: facilitate advance care planning conversations and other
psychosocial interventions for patients and their families
pharmacists: timely provision of medications, assessment of medication plans

v. J
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occupational therapists: identify important life roles and activities to patients,and address
barriers to performing these activities
physiotherapists:optimize patient comfort by maintaining physical function during disease
progression

• dieticians:optimize a nutritional plan focused on the patient's needs and wishes
spiritual care workers:provide spiritual and religious care for persons with life-limiting disease

• all members of the palliative care team provide assessment of palliative care needs through the use of
validated tools such as the ESAS and the PPS

• palliative care team collaborates through ongoing care conversations with the patient and their family
to discuss the patient's condition, course of illness, treatment options, goals, and plan of care

Suffering
Definition
• a multidimensional experience of severe distress that diminishes an individual’s ability to find

peace in their present situation, with contributions from physical symptoms, psychological distress,
existential concerns, and social-relational worries

Key Points
• suffering can occur at any moment within the palliative context
• suffering is subjective and unique to the patient
• anguish and despair arc justifiable responses to difficult human situations
• patients may suffer not only from illness, but also from treatments
• suffering is not confined to physical symptoms
• it is impossible to anticipate the source of someone’s suffering

Sources of Suffering
• physical concerns

impaired activities
• loss of physical independence

symptoms (e.g. pain, tiredness, poor sleep, loss of appetite)
• social-relational concerns

• family distress or dysfunction
burden on others

• psychological concerns
fear or dread of the unknown
loss of balance and control
difficulty accepting the situation
overwhelmed by life circumstances
comorbid depression and anxiety

• spiritual concerns
unfulfilled needs of love, virtue, faith, and/or hope

• questioning meaning of life or death
anger towards a higher being (as defined by the individual)
viewing illness as punishment

• existential concerns
loss of dignity

• desire for death
loss of will to live

Options to Relieve Refractory Suffering
• palliative sedation therapy: the use of pharmacological agents to reduce consciousness. Only

considered in patients who have been diagnosed with advanced progressive illnesses and reserved for
treatment of intolerable and refractory symptoms

• medical assistance in dying (MAID): in Canada, a specific process that occurs when a mentally
competent patient makes a written request to end one’s life. The patient is interviewed by 2 different
clinicians, one of which is the MAID provider.A physician or nurse practitioner administers
medications that cause a person’s death or the patient is prescribed medications to self-administer
that will cause one’s own death

there are currently 2 pathways to MAID in Canada; pathway 1 where death is foreseeable and
pathway 2 where the patient has a serious and incurable illness, disease, or disability but death is
not immediately foreseeable
recent changes have also included a waiver of final consent in situations where the individual may
lose decision-making capacity before their preferred date of receiving MAID if their natural death
is reasonably foreseeable

• legislation in Canada continues to be under parliamentary review as new patient groups and
circumstances are added

» note:currently, patients with mental illness as their main diagnosis are excluded from receiving
MAID. However, this will be revisited in the spring of 2023

https://wvm.justice.gcxaleng/cj-jp/a(l’am/bk-di.htinl
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Types of Grief
• anticipatory grief - feelings of grief occurring before an impending loss, including being concerned

for the dying person, balancing conflicting demands, and preparing for death
• acute grief - immediate reaction to the death of a loved one. In the majority of cases, support from

family and friends over time will help the bereaved accept the loss
• complicated grief - unanticipated progression of grief, which severely interferes with a person’s ability

to function.Characterized by prolonged duration, maladaptive thoughts, dysregulated emotions, and
dysfunctional behaviours; depression and anxiety may be prevalent

Self-Care
Definition
• proactive, holistic pursuit of personal well-being in tandem with professional responsibility for patient

well-being

Benefits
• balances compassion for oneself and compassion for others
• translates improvements in professionals' quality of life to improvements in patients’ care

positively predicts competence in coping with death and achieving compassion satisfaction
negatively predicts risk of fatigue and burnout

• requires and cultivates self-awareness, i.e. the culmination of knowledge of and empathy for oneself
• promotes sustainable resilience through the development of coping skills, the balance between

professional demands and personal needs, and the commitment to overall well-being

Strategies
• within the workplace: individual regulation of workload demands and establishment of boundaries,

opportunity for team bonding/debriefing, promotion of resources/supports that can attend to
professionals' needs, and development of a culture supportive of and conducive to self-care

• beyond the workplace: a range of health-promoting behaviours (e.g. balanced diet, sleep hygiene,
exercise, meditation, interpersonal fulfillment, spiritual practice)

Paediatric Palliative Care
Unique Considerations for Paediatric Patients
• the unit of care in paediatric palliative care is always the family and the afflicted child.This includes

siblings, who are often affected in various ways
• ideally should be offered early after diagnosing a potential life-limiting or life-threatening disease and

continued through the course of treatment, along with standard/curative care
• respite services for families is a key aspect of palliative care for medically complex and technology-

dependent children
• bereavement support to parents and siblings after the death of a child is a standard offering

emotional maturity and cognitive abilities vary between children and adults, and are determined
by the developmental level of the child rather than their chronological age

• unique paediatric life-threatening illnesses - less than 30% of patients referred to paediatric
palliative care teams have cancer; the majority have congenital or acquired neurologic
impairment, many of whom are technology-dependent
unique challenge of dealing with the child, parents, and siblings
decision-making authority, even in matters related to HOL, depends on the young person's
capacity. However, many decisions are family-centered, and made with the paediatric patient and
the parents together

Predominant Pediatric Conditions
Receiving Palliative Care:
1. Gcnetic/congenital disease (40.8%)
2. Neuromuscular disease (39.2%)
3.Cancer (19.8%)
4.Respiratory disease (12.8%)
5.Gastrointestinal disease (10.7%)

Table 3. Categories of Paediatric Patients Who May Benefit From Palliative Care
Category1 Life-threateningconditionsfor whichcurative treatmentmay be feasible but canfail

Palliative care is involved when treatment fails or during acute crisis
Palliative care isnolonger requiredupon achieving long-term remission or successful treatment
e.g.cancer,irreversible organ failure
Conditions in whichpremature deathis inevitable
Intensive treatment over a long period of time to prolong life andallow normal activities
e.g.cystic fibrosis.Ouchenne muscular dystrophy
Progressive conditions without curative treatment options
Irealmenl is eiclusrvely palliative and can extend over many years
e.g. Batten disease
Irreversible but non-progressive conditions causing severe disability
e.g.severe cerebral palsy,multiple disabilities alter brain or spinal cord injury

Category 2

Category 3

Category 4

Source:Aguide tochildren's palliative care: supporting babies, children and young people with lite-lliniting and life-threatening condiUons and
their families.Together lor Short lives 2018 +
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Assessment Tools
Symptom Screening in Paediatrics Tool (SSPedi)
• used in children age 8-18 yr to assess symptoms over time and the efficacy of interventions
• symptoms rated on a five-point descriptive Likert scale
• assesses depression, anxiety, irritability, memory/cognition, changes in appearance, fatigue, mouth

sores, headache, pain, tingling/numbness of extremities, N/ V, appetite, changes in taste, constipation,
and diarrhea

Mini-SSPedi
• a revised SSPedi geared towards children -1-7 y/o
• assesses the same 15 symptoms
• uses a three-point, face-based Likert scale
• keep in mind the child's stage of development when interpreting these tools

• children 4-5 y/o can describe concrete aspects of their own health
introspection develops around ages 6-8 y/o

Memorial Symptom Assessment Scale (MSAS)
• used in children 7+ y/o
• measures frequency, severity, and distress associated with 32 common physical and psychological

symptoms
• uses a five-point Likert scale
• used in both clinical and research settings

Symptom Management
• children are often aware of their condition, and open communication with the child in regard to

diagnosis and prognosis is encouraged to reduce anxiety and fear
child’s stage of development and cognitive abilities should be considered when discussing
concepts of illness, treatment decisions, LOL, and dying

• symptoms encountered near LOL, and their respective management are similar to that in adult care
(see Table 2, PM4).However, the following are unique in paediatric management:
• shared decision making involving the child (to the extent possible or desired ), the parents, and

the healthcare providers typically guides treatment and LOL care
• symptom management may be over the course of years and therefore may require a transition

plan into adult palliative services
• play therapy and unstructured play reduces anxiety, depression, and aggression
• creating a sense of normality in the child's life aids in emotional wellbeing (e.g. seeing friends,

attending school, parental discipline)
• the patient's pain and anxiety often correlate with parental anxiety and quality of life, and

therefore managing these symptoms benefits the family unit
• siblings should also be offered psychological supports

Landmark Palliative Medicine Trials
Trial Name Reference Clinical Trial Details
PALLIATIVE APPROACH TO CARE

Temeletal.,2010 HEJM 2010:363:733 742 Title:Early Palliative Care lor Patients with Metastatic Non-Small-Cell Lung Cancer
Purpose:To examine the effect of introducing early palliative care after diagnosis of metastatic non-small-cell lung cancer on patient-
reported outcomesand end-of-life care.
Methods:Patients (n-322) were randomized to receive either an early nurse-led palliative care intervention addressing physical and
psychosocial needs in addition to usual oncologic care vs.routine oncology care.Primary outcomes included OoL.symptom intensity,and
mood.
Results:Of 151 randomized patients. 27 passed away, and 107 (86% of the remaining patients) completed assessments.Patients assigned
to early palliative care had a better OoL, lower depressive symptoms, and longer median survival vs.standard care (11.6 mo vs.8.9 mo.
P-0.02).
Conclusions:Early palliative care led to significant improvements in both OoL and mood among patients.Despite lesser aggressive EOL
care, theintervention group had longer survival.

Title:Randomized Controlled Trial of Early Palliative Care for Patients With Advanced Cancer
Purpose:To assess the impacts of early palliative care on patients withadvanced cancer.
Methods:RCI consisting of 461patients who had advanced cancer,and a prognosis of 6-24mo.Patients were randomized to receive
consultation and follow-up by a palliative care team or to receive standard cancer care.The outcomes of interest were quality of life,
assessed using Functional Assessment of Chronic Illness Therapy-Spiritual Well-Being (FACTT-Sp) at 3 mo.and Oualily of Life at the End
of Life (OUAL-E) scale: symptom severity,assessed using Edmonton Symptom Assessment System (ESAS): and satisfaction with care,
assessed using FAMCAREP16.
Results: Results show that there was no significant difference in the FACIT-Sp score at the primary endpoint and there was an improvement
in quality of life by «2.25 points on the OUAlE-scale within the treatment group compared to the control. There was also a significant
difference in satisfaction with the quality ol care by «3.79 points on the FAMCARE -P16 scale within the treatment group compared to the
control.There was no significant difference in symptom severity.
Conclusions: Although there was no change in quality of life at theprimary endpoint,improvements in the OUAL E and f AMC ARE P16
scores are promising and warrant further research.

HCT01248624 Lancet.2014 May
17;383(9930):1721-30.
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Trial Name Clinical Trial DetailsReference
COSMIC Lancet. 2022:399|10325):656 Title:Effectiveness of a three-step support strategy for relatives of patients dying in the intensive care unit

Purpose:Evaluate the effectiveness of a proactive communication and support intervention involving physiciansand nurses at reducing
prolonged grief in relatives.
Methods: RCT consisting of 87S relatives aged >18 yr who have made a decision lo withdraw or withhold life support.Patients were
randomiicd to receivestandard olcaie support and communication, or a physician-driven,nurse-aided, three -step support strategy. The
outcome of interest was theproportion of relatives with prolonged grief as indicated by a score >30 on the Prolonged Oriel Scale (PG-13).
6 mo after the death.
Results:A smaller proportion of relatives randomiced to receive the involved communication strategy experienced prolonged grief (15%)
when compared to the control group (21%).Associated PO-13 scores were also comparatively lower in the group that received the involved
communication strategy.
Conclusions: A physician-driven,nurse -aided, three-step support strategy is effective at reducing prolonged grief in relatives coping with
the loss of a family member.
Title: Effects of a Palliative Care Intervention on Clinical Outcomes in Patients with Advanced Cancer: the Project ENABLE IIRandomiied
Controlled Trial
Purpose: To determine the effect of a nursing-led intervention on Ool. symptom intensity,mood,and use of resources inpatients with
advanced cancer.
Methods:Patients were randomiced lo receivemulti-component intervention vs.usual care (n'322). Intervention included telephone-
based care by advanced palliative care trained nurses,who provide structured educational and problem-solving sessions,to encourage
patient activation,sell-management,empowerment andfollow-up at least monthly with every patient.Primary outcomesincluded OoL.
symptom intensity,and mood.Intensity of service was measured using days in the hospital and number of ED visits.
Results:Longitudinal intention- to -treat analyses for the total sample revealed higher QoL.lower depressed mood,and a trend toward
lower symptom intensity.Similar results were seen among patients who passed away,except there was no change in symptom intensity.
No differences were noted in the number of days in the hospital.ICU.or ED visits.
Conclusions: A nurse - led,palliative care -focused intervention addressing physical and psychosocial care along with oncology care
improved scores for Ooland mood.
Title:Early vs.Delayed Initiation ol Concurrent PalliativcOncology Care
Purpose: To determine the impact of early vs.delayed initiation of concurrent palliative oncology care on mood, symptom impact, quality
of life,and 1-yrsurvival rale.
Methods:RCT consisting of 207 patients with advanced cancer.Patients were randomized to receive in-person palliative care (PC)
consultation,structured PC telehealth nurse coaching sessions,and monthly follow-ups upon admission or within 3 mo of admission.The
outcomes of interest were quality of life,symptom impact,mood.1-yr survival,hospital/intensive care unit days, emergency room visits,
chemotherapy in the last14d,and death location.
Results:Mood andquality of life were not significantly different between the two groups.1-yr survival rates were greater in the early
intervention compared to the delayed intervention.Relative rates of hospital days, ICU days,emergency room visits, and chemotherapy in
the last 14 d of life were similar between the two groups.
Conclusions: Although, self -reported outcomes, andresource use were not significantly different between the Iwo groups,there wasan
improvement in1-yr survival rales.
Title: Efficacy of Communication Skills Training for Giving Bad News and Discussing Transitions to Palliative Care
Purpose: To evaluate the efficacy ol a residential communication skills workshop (Oncotalk) for medical oncology fellows in changing
observable communication behaviours.
Methods:A cohort of 115 medical oncology fellows took part in Oncotalk which emphasized skills practice in small groups.The primary
outcomes includedparticipant communication skillsmeasured during standardized patientencounters before and after the workshop in
giving bad news and discussing transitions to palliative care.Comparisons were made using each participant as his or her own control.
Results:Post-workshop encounters showed that participants improved in bad news skills (P*0.001) and transition skills (P'0.001).
Conclusions: Oncotalk was a successful teaching model for improving communication skillsfor postgraduate medical trainees.

ENABLE II JAMA 2009:302:741-749

J Clin Oncol. 2015 May
1;33(13):1438 - 45

ENABLE III

Back el al..2007 JAMA Intern.Med. 2007:
167:453-460

Associations between end- JAMA. 2008:300(14):1665- 73 Title: Impacts of End of life (EOL) discussions
of -life discussions,patient
mental health,medical
care near death,and
caregiver bereavement
adjustment

Purpose: lodetcrminc whether end of life discussions with a physician will result in less intensive intcrvenlions.
Methods: longitudinal cohort study consisting of 332 pairs consisting of a patient withadvanced cancer and then caregiver. Pans were
followed from admission to death. Outcomes of interest were medical interventions including ventilation, resuscitation.and hospice in the
final week oflife.
Results:Of the 332pairs.123 patients received an EOldiscussion.This did not result in higher rates of major depressive disorder.
However.EOL discussions were associated with earlier admissions to hospice (65.6% vs.44.5%).lower rates of ventilation (1.6% vs.11%),
resuscitation (0.8% vs.6.7%).and ICU admission (4.1% vs.12.4%).
Conclusions: EOL discussions result in less aggressive medical care and earlier hospice admission.

PATIENT ASSESSMENT
Naylor el al..1999 JAMA 1999:281:613-620 Title:Comprehensive Discharge Planning and HomeFollow-up of Hospitalized Elders: A Randomized Clinical Trial

Purpose: To examine effectiveness of advanced practice nurse -centered discharge planning and home follow-up intervention for ciders at
risk for hospital readmissions.
Methods:Patients aged >64 yr were randomized to receive comprehensive discharge planning and home follow-up vs.routine discharge.
Primary outcome was time to first readmission.
Results:Intervention group had longer time to first readmission, fewer multiple readmissions,fewer hospital days per patient, and lower
healthcare costs.Control group patients were more likely than intervention group patients tobe readmitted at least once.Ho significant
differences were notedin postdischarge acute care visits,functional status, depression,or patient satisfaction.
Conclusions: Intervention demonstrated great potential inpromoting positive outcomes for hospitalized elders at high risk for
rehospitalizalion while reducing costs.
Title: Extent and Determinants ol Error In Doctors' Prognoses in Terminally IIIPatients:Prospective Cohort Study
Purpose: Todescribe doctors' prognostic accuracy in terminally ill patients and loevaluate the determinants ol that accuracy.
Methods: Prospective cohort study involving 343 doctors who provided survival estimates for 468 terminally illpatients at the time of
hospice referral.Main outcome measures were the estimated and actual survival of patients.
Results:Median survival was 24 d.Only 20% (92/468) olpredictions were accurate (within 33% of actual survival);63% (295/468) were
overly optimisticand17% (81/468) were overly pessimistic.Overall,doctors overestimated survival by a factor of 5.3.
Conclusions: Doctors are systematically optimistic in estimating prognosis for terminally ill patients.This phenomenon may adversely
affect the quality of care given to patients near the EOL.

Summary Review Papei:
Crit Care Nuts Clin North
Am.2015 Sep:27|3):315-39

Chrlslakis et al..2000 BMJ 2000:320:469
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Acronyms
MCP metacarpophalangeal joint
NAC nipple-areola complex
NCS nerve conduction studies
NPWT negative pressure wound

therapy
normal saline

OM otitis media
ORIF open reduction and internal

fixation
OT occupational therapy
PAP profunda artery perforator
PIP proximal interphalangeal joint

polymorphonuclear
physiotherapy

PVD peripheral vascular disease
rheumatoidarthritis
Ringer's lactate

A6I ankle-brachial index
A6G arterial blood gas
AIN anterior interosseous nerve
APL abductor pollicis longus
ARDS acute respiratory distress

syndrome
AILS advanced trauma life support
BIA-ALCL breast implant-associated

anaplastic large cell lymphoma GBS
BMR basal metabolic rate

creatine kinase
CMC carpometacarpal

carbon monoxide
D5W 5% dextrose in water
D1EP deep inferior epigastric

perforator
DIP distal interphalangeal joint

ENT ear.nose, throat
EOM extraocular movement
EPB extensor pollicis brevis
FDP flexor digitorumprofundus

flexor digitorum superficialis
FTSG full thickness skin graft
GAS group A (5-hemolytic

Streptococcus
group B Streptococcus

GnRH gonadotropin-releasing
hormone

ICP intracranial pressure
IGAP inferior gluteal artery perforator PMN

interphalangeal
IVIg intravenous immunoglobulin
MAP mean arterial pressure

metacarpal

ROM range of motion
SGAP superior gluteal artery

perforator
SIADH syndrome of inappropriate

antidiuretic hormone
SIEA superficial inferior epigastric

artery
SLP speech-language pathology
SOF superior orbital fissure
STSG split thickness skin graft
TBSA total body surface area
TMJ temporomandibular joint
TUG transverse upper gracilis
UCL ulnar collateral ligament

ultraviolet
VCA vascularized composite

allotransplantation

FDS
NS

CK

CO
IP PI

uv
RA

MC RL

Basic Anatomy Review
Skin

Thin — Epidermis

Upper (papillary!MediumSplit thickness—
skin graft

Thick —Oernksj—Lower (reticular)
Full thickness

skin graft =

I
— Subcutaneous tissue

2
0t rr-vasCL*-'

Figure 1. Split and full thickness skin grafts

Hand

Table 1. Muscles of the Forearm and Hand
ActionInsertionMuscle

Extrinsic Flexors
flexor carpiulnaris (FCU)

Palmaris longus
flexor carpi radialis|fC8)

flexor digitorum superficialis (fDS)

flexor digitorum profundus (FOP)

flexor pollicis longus (fPL)
Extrinsic Extensors

Extensor pollicis brevis (EPS)

Abductor pollicis longus (APL)

Extensor carpi radialis longus|ECRL)
Extensor carpi radialis brevis (ECRB)

Extensor pollicis longus(EPl)
Extensor digitorum communis (EDC)

Extensor indicis proprtus (EIP)

Extensor carpi ulnaris (ECU)

Extensor digiti minimi (EOM)

Pisiform and hamate

Palmar aponeurosis

Base of 2nd and 3rd metacarpal

Base of 02-05 middle phalanx

Base of 02 05 distal phalanx

Base of 01distal phalanx

flexion and adduction at wrist

flexion at wrist
flexion and abductionat wrist

flexion at 02-05 PIP and MCP.and wrist
flexion at 02- 05 DIP.PIP.and MCP.and wrist

flexion at 01IP and MCP

Base of 01proximal phalanx
Base of1st metacarpal

Base of 2nd metacarpal
Base of 3rdmetacarpal

Base of 1st metacarpal

Base of 02-05 distal and middlephalanx

Base of 02 distal and middle phalanx
Base of 5th metacarpal

Base of 05distal and middle phalanx

Extension at D1MCP and CMC
Abduction at 01

r T
Extension and abduction at wrist
Extension and abduction at wrist

i j

Extension at 01IP.MCP.and CMC
Extension at 02-05 MCP.PIP.and DIP.and wrist +Extension at D2 MCP.PIP.and DIP,and wrist

Extension and adduction at wrist

Extension at D5 MCP.PIP, and DIP.and wrist
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Palmar
Palmarls longus
tendon
Ulnar artery
Ulnar nerve
Flexor digitorum
superf icialis tendons
Flexor digitorum
profundus tendons
Hamate

Flexor retinaculum
Median nerve

Flexor Tendons
All require OR repair

Flexor carpi
radialis tendon

Flexor pollicis ——“
longustendon

Trapezium-

Extensor Tendons
Emergency room repair unless proximal''
multiple tendons

Trapezoid
. Capitate Carpal Bone Mnemonic

Dorsal So Long To Pinky.Here Comes The Thumb
Scaphoid
Lunate
Triquetrum
Pisiform
Hamate
Capitate
Trapezoid
Trapezium

Figure 7. Carpal tunnel

1.Extsnsor retinaculum
Compartment1
2. Abductor po licis longus
3. Extensor polbcis brevis
Compartment 2
4. Extensor carpi radialis brevis
5.Extensor carpi radialis longus
Compartment3
6.Extensor pollicis longus
IEPI tendon passes around lister's tubercle!
Compartment 4
7.Extensor digitorum
8.Extensor indicts
Compartment 5
9. Extensor digit minimi
Compartments
10- Extensor carpi ulnahs

Figure 8. Extensor compartment of the wrist (dorsal view and cross-sectional view)

Brachial Plexus

IfiarWii Fie • JS
A

Rugby Teams Drink Cold Beers
Roots
Trunks
Divisions
Cords
Branches

Dorsal scapUa

Suprascapular)
(C5-C6) C,PS®

'Nerve to subclavius
IC5-C6I

Lateral pectoral
(C5-C7) Cliri MaleMusculocutaneou

(C5-C7)
rsi

s
Axillary
(C5-C6) <

Radial^*
(C5-T1)

I
1

C6

4'°'
1'/ //Upper subscapular

( (J (C5-C6I
Thoracodorsal

(C6-C8)

§
-

Median
(C5-T1I Lower subscapular

(C5-CB)
z

ledial pectoral
IC8-TI)Ulnar!

IC8-T1) 1Long thoracic nerve
(C5-C7) r.

5Medial cutaneous nerves of arm and forearm
(C8-T1)

BRANCHES CORDS DIVISIONS TRUNKS ROOTS
-
5

+Figure 9. Brachial plexus anatomy
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Figure 10. Skull and facial bones

Skin Lesions and Masses

Differential Diagnosis of Skin Lesions/Masses
• for background information see Dermatology. D4 and D8
• for biopsy techniques, see Skin Biopsy Types and Techniques, PL7

Surgical Management of Malignant Skin Lesions
•surgical treatment for all malignant skin lesions involves total excision of the primary lesion
•for pathophysiology and diagnosis see Dermatology. D40
•excision margin of lesion depends on the type of lesion and the lesion depth
•for decisions regarding reconstruction using llaps or skin grafts, see Reconstruction, PL12

Precursors of Malignant Lesions

Table 2. Precursors
Basal Cell Carcinoma Squamous Cell Carcinoma Malignant Melanoma
Nevus sebaceousolJadassohn Aclinic keratosis

Bowen's disease
Bowcnoid papulosis

lentigo maligna
Giant congenital nevus
Dysplaslic nevus

Surgical Margins

Table 3. Surgical Margins for Basal Cell Carcinoma
Type of Lesion Surgical Margins

3 mm
3-5 mm

Low- Risk
High-Risk*

'High-risk features include:diameter and location (>20mm trunk,>6 mm face,hands,and teet).poorly defined borders,recurrent lesion,poor
ditterenUation.and type ol lesion (e.g.sclerosing,morphealorm)

Table 4. Surgical Margins for Squamous Cell Carcinoma
riType of Lesion Surgical Margins
L J

Low-Risk 4 mm
High-Risk' 6 mm
’High-risk features include:immunosuppressed patient depth>6 mm,ear/lip,non-sun exposed sites,poorly defined borders, recurrent lesion,
poor differentiation,andhistologic features (acantholytic.spindle, desmoplastic,perineural invasion) +
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Table 5. Surgical Margins for Malignant Melanoma
Depth o( Lesion' Surgical Margins

5 mm
10 mm
10 - 20 mm
>20mm

Inulu
<1mm"
11.99mm"

'Determined via excisional biopsy
"With or without ulceration

Basic Surgical Techniques

Sutures and Suturing
ANESTHESIA
• irrigate before injecting anesthetic, followed by debridement and more vigorous irrigation

Table 6. Toxic Limit and Ouration of Action (1 cc of 1% solution contains 10 mg lidocaine)
With Epinephrine (vasoconstrictor,
limits bleeding)

Without Epinephrine
Traumatic tattoos are permanent
discolourations resulting (tom new skin
growth over foreign material or dirt left
behind in the dermis.Copious Irrigation
and debridement should be done A SAP
in order to prevent traumatic tattoos, as
they are very difficult to treat later

5 mg/kg,lasts 45 60 min

2 mg/kg.lasts 2- 4 h

lidocaine (XylocaineT
Bupivicaino (Marcainc )

7 mgfkg, lasts 2 6 h

3 mg/kg, lasts 3-7 h
* Lidocaine toxicity symptoms include: circumoral numbness,light-headedness,and drowsiness followed by tremorsand seizures.Cardiac and
respiratory signs are late findings

• e.g. when using 1% lidocaine without epinephrine in a 70 kg patient:
1% = lg/100 cc = 1000 mg/100 cc = 10 mg/cc
toxic limit = 5 mg/kg x 70 kg = 350 mg
max bolus injection = 350 mg * 10 mg/cc = 35 cc (may add more after 30 min)

IRRIGATION AND DEBRIDEMENT
• irrigate copiously with a physiologic solution such as RL or NS to remove surface clots, foreign

material, and bacteria
• debride all obviously devitalized tissue; irregular or jagged wounds must be excised to produce sharp

wound edges that will assist healing when approximated
• there is high-risk of infection for any wound closed primarily after 8 h

SUTURES
• use of a particular suture material is dependent on surgeon preference; however, skin should be closed

with a non-absorbable, monofilament suture material when traumatic mechanisms are involved to
prevent harboring bacteria in suture material

Sirnplo Interrupted

Sub-culicular
Table 7. Suture Materials: Absorbable vs. Non-absorbable and Monofilament vs. Multifilament
Suture Materials Uses Examples Notes

Plain gut -.Vicryl '. Polysorb -, loses at least 50% of their strength in 4
Biosyn -.Monocryl®,Caprosyn wk:eventually absorbed
chromic gut,fast absorbing gut
Nylon,polypropylene (Prolene;), Lower likelihoodof wound dehiscence,
stainless steel,silk.Ticron®, more difficult to tie,makes track marks
Ethibond -
Monosofr.Monocryl -.Biosyn1-, Slides through tissue with less friction:

more memory/stiffness:more difficult to
tie; requiresmultiple throws (lower knot
security)
less memory/stiffness,thus easier to
work with (higher knot security):greater
infection risk

Absorbable Deep sutures undershort- term
tension
Skin closure in children
Skin closure
Sites of long-term tension

Non-Absorbable

Horizontal Mattress

Monofilament Everyday use and optimal for
contaminated and infected wounds Prolene1

(lower likelihood of bacterial
trapping in suture material)

Multililamonl Used to close deep layers, such as in Vicryl' and silk,Ticron - ,
traumatic degloving injuries Ethibond'

Verticil Miittross
BASIC SUTURING TECHNIQUES

Basic Suture Methods
• simple interrupted: can be used in almost all situations
• sub-cuticular: good cosmetic result but weak, used in combination with deep sutures; not used in

trauma

c. j

+Deep Dermal
Figure 11. Basic suture methods
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•vertical/horizontal mattress: for areas difficult to evert (e.g. volar hand)
•continuous over and over (i.e. “running," “baseball stitch"): time-saving, good for hemostasis
•deep/buried dermal: simple interrupted sutures placed in dermal layer, reduces skin tension for

improved healing and are the only sutures that close the wound
Steps to Ensuring an Optimized Scar
• Incisions should be made along

resting skin tension lines
• Attain close apposition of wound

edges
• Minimize tension on skin by closing

in layers
• Evert wound edges
• Use a ppropriately sized suture for

skin closure (5-0 on face:3-0.4-0
elsewhere)

• Ensure equal width and depth of
tissue on both sides

• Remove sutures within 5-7 d from
the face,10-14 d from scalplotsof
extremities

Other Skin Closure Materials
•tapes: (e.g. steri-strips) may be indicated for superficial wounds and those with opposable edges; tape

marks and can be used as the primary closing material or as additional reinforcement after primary
surface sutures have been removed

•skin adhesives: (e.g. 2-octyl cyanoacrylate, Dermabond*) works well on small areas without much
tension or shearing;may cause irreversible tattooing

•staples:steel-titanium alloys that incite minimal tissue reaction (healing is comparable to wounds
closedby suture)

Excision
• plan your incision along relaxed skin tension lines to minimize appearance of scar
• use elliptical incision to prevent standing cone deformity (heaped up skin at end of incision), so the

length of the ellipse should be approximately 3x the width. if needed, undermine skin edges (separate skin from underlying fascia to allow wound edge
manipulation and decrease tension)

• use layered closure including deep dermal sutures (decreases tension)

Relaxed Skin Tension Lines
Natural skin/wrinkle lines with minimal
linear tension. Placing incisions parallel
to resting skin tension lines minimizes
widening/hypertrophy and helps to
camouflage scars. Rrlaxed skin tension
lines are usually parallel to any existing
wrinkle lines and perpendicular to the
orientation of underlying muscle fibres
(perpendicular to lines of maximum
extensibility)

Skin Biopsy Types and Techniques
SHAVE BIOPSY
• used for superficial lesions where sampling of the full thickness of the dermis is not necessary or

practical
• most suitable lesions for shave biopsies are benign lesions either elevated above the skin or have

pathology confined to the epidermis (e.g. seborrheic or actinic keratoses, skin tags, and warts)
• high-risk of recurrence with shave biopsy for any lesions, including actinic or seborrheic keratoses
• rapid, requires little training, and does not require sutures for closure (caution in patients on

anticoagulant treatment)
• heals by secondary intent (moist dressings should be used)
• should not be used for pigmented lesions - an unsuspected melanoma cannot be properly staged if

partially removed

NEEDLE BIOPSY
• 21 G for lymph node biopsy
• Trucut * needle biopsy for breast masses suspected for carcinoma

« needle biopsy has fallen out of favour for lymph node biopsies; excisional biopsy is the preferred
method in this circumstance Figure 12. Incision of lesions along

relaxed skin tension lines
INCISIONAL BIOPSY
• can be a punch biopsy, oran ellipse within the lesion ( normal tissue must be included in biopsy)
• gives pathologists a portion of the lesion and the border with normal skin
• punch biopsies involve the removal of a full thickness core of tissue to allow sampling of the

epidermis, dermis, fat, and potentially muscle depending on the area; performed with a round,
disposable circular cutting surface on a plastic handle ranging in diameter from 2-10 mm

• punch biopsy wounds can be closed with suture or left to heal by secondary' intention

EXCISIONAL BIOPSY
• performed for lesions that require complete removal for diagnostic purposes
• performed for lesions that cannot be adequately punch biopsied due to depth of lesion below surface
• for small pigmented lesions and atypical moles; if concerned about melanoma, can do a narrow

margin excision for diagnosis and treatment (depending on depth in the case ofmelanoma)
• best for small lesions that are easily removed and primarily closed
• requires the greatest amount ofexpertise and time
• always requires sutures for closure

TECHNIQUE

General
• all shave and punch biopsies performed in clinic are done using aseptic technique, but are not sterile
• sterile gloves are indicated for biopsies and excisions in all patients +
Preparing the Site
• common skin antiseptics (Betadine’, chlorhexidine) can be used to prepare the biopsy site
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•chlorhexidine is used in concentrations ranging from 0.5--!%. It is not typically used on the face, as it
could get into the eyes or ears and may burn or cause damage.Most chlorhexidine preps also contain
alcohol, which can be flammable,so allow to dry before the biopsy and certainly before using any
cautery

•Betadine* (7.5% povidone-iodine) is safer for the head and neck (as to avoid the above problems with
chlorhexidine) and around the eyes and ears. It is also used in "contaminated'areas such as the feet
and groin

•mark the intended lesion and surgical margins with a surgical marker as the first step, since they may
be temporarily obliterated following injection of the anesthetic

•for all biopsies, a sterile drape technique is indicated.Sterile towels are placed around the biopsy site
after the area is cleansed and anesthetized

Anesthesia
• most commonly used local anesthetic is 1% or 2% lidocaine (with epinephrine)
•small amounts of epinephrine are added to constrict blood vessels, decrease bleeding, prolong

anesthesia, and limit lidocaine toxicity. 'Ihe local with epinephrine can be injected directly into the
lesion

•local anesthetics with epinephrine may be used anywhere in the body, including the digits

sWounds
• wound:disruption of the normal anatomical relationships of tissue as a result of injury

Types of Wounds
laceration:sharply cut tissue

• abrasion: superficial skin layer is removed, variable depth
• contusion: injury caused by forceful blow to the skin and soft tissue;entire outer layer of skin intact,

yet injured
• avulsion:skin and soft tissue forcefully separated from deeper structures, potentially compromising

blood supply or resulting in full detachment (amputation)
• puncture wounds:cutaneous opening relatively small as compared with depth (e.g. needle), including

bite wounds
• crush injuries:caused by compression
• burns: thermal, chemical, electrical
• ulcers: an open wound that develops on skin as a result of injury, poor circulation,or pressure

Principles of Wound Healing

Table 8. Factors Influencing Wound Healing
Local General

Mechanical (local trauma, significant crush,avulsion, tension)

Stood supply (ischemia/circulation)
Technique and suture materials

Retained foreign body
Infection
Venous HTN

Age (affects healing rate)

lutrition
Tobacco smoking

Alcohol consumption

Chronic loess (eg. Oil.cancer, dyslipidemia.renal failure,stroke)
Immunosuppression (steroids,chemotherapy)

Tissue irradiation

Senetic predisposition to abnormal healing (e.g.hypertrophic or keloid
scarring, collagen vascular disease)

Skin type

RVD

STAGES OF WOUND HEALING
• growth factors released by tissues play an important role
• scar is mature once it has completed the final stage, usually after 1-2 yr s

n
LJ

+
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I [PHASE PROCESS

1. Inflammatory Phase (Reactive) (Days1-6)
• Limits damage, prevents further injury
• Debris and organisms cleared via inflammatory response:

•Neutrophils (24-46 h)
•Macrophages:critical to wound healing by
orchestrating growth factors for collagen production
(48-96 h )
•Lymphocytes: role poorly defined (5-7 d)

1. Hemostasis-vasoconstriction + platelet plug
2. Chemotaxis-migration of macrophages and PMN

2. Proliferative Phase (Regenerative) (Oay 4- Week 3)
• Fibroblasts attracted and activated by macrophage

growth factors
• Reparative process: re-epithetialization.matrix synthesis,

angiogenesis (relieves ischemia)
• Tensile strength begins to increase at 4-5 d

1. Collagen synthesis ( mainly type III )
2. Angiogenesis
3. Epithehaluation

3 Remodeling Phase (Maturation) (Week 3- Year 1)
• Increasing collagen organization and stronger crosslinks
• Type I collagen replaces Type III until normal 4:1

ratio achieved
• Peak tensile strength at 60 d-80% of pre-injury strength

1. Contraction
2. Scarring
3. Remodeling of scar

Figure 13. Stages of wound healing

TYPES OF WOUND HEALING

Primary (1°) Healing (First Intention)
• definition: wound closure by direct approximation of edges within hours of wound creation (i.e. with

sutures, staples, skin graft, etc.)
• indication: recent (6-8 h, longer with facial wounds) wounds
• contraindications: animal/human bites, crush injuries, infection, long time lapse since injury' (>6-8

h), retained foreign body

Secondary (2°) Healing/Spontaneous Healing (Second Intention)
• definition: wound left open to heal spontaneously (epithelialization occurs at 1 mm/d from wound

margins in concentric pattern, contraction (myofibroblasts), and granulation)- maintained in
inflammatory phase until wound closed; requires dressing changes

• indication: when 1° closure not possible or indicated (see Primary Healing)

Myofibroblasts are the cells responsible
for wound contraction

Tertiary (3°) Healing/Delayed Primary Healing (Third Intention)
• definition: intentionally interrupt healing process (e.g. with packing, sharp debridement), then

wound can be closed primarily at 4-10 d post-injury after granulation tissue has formed and there is
<105 bacteria/g of tissue

• indication: contaminated ( high bacterial count), long time lapse since initial injury, severe crush
component with significant tissue devitalization, closure of fasciotomv wounds

• prolongation of inflammatory phase decreases bacterial count and lessens chance of infection after
closure

ABNORMAL HEALING

Hypertrophic Scar
• definition: scar remains within boundaries of original scar
• red, raised, widened, frequently pruritic
• common sites: back, shoulder, sternum
• treatment: scar massage, pressure garments, silicone gel sheeting, corticosteroid injection, surgical

excision if other options fail ( however, may still recur)

Keloid Scar
• definition: scar grows outside boundaries of original scar
• red, raised, widened, frequently pruritic
• caused by:

• genetic factors (highest rates in Black, and Asian individuals)
• excess tension on wound or delayed closure (as in burn wounds)

• common sites: central chest, back, shoulders, deltoid, ear, angle of mandible
• treatment: multimodal therapy including: pressure garments, silicone gel sheeting, corticosteroid

injection, fractional carbon dioxide ablative laser, surgical excision if radiation to be performed within
the next 48 hours (however, this is typically very unsuccessful and there is often recurrence)

LJ
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Spread Scar
• characterized by having exactly the same order of collagen fibres as normal scars
• clinically, a typical spread scar is flat, wide, and often depressed
• treatment: surgical excision and closure

Chronic Wound
• wound fails to achieve primary wound healing within 4-6 wk
• common chronic wounds include:diabetic, pressure,and venous stasis ulcers
• treatment: need to address underlying cause of chronicity (i.e. infection, ischemia, metabolic

conditions, immunosuppression, radiation)
• Marjolin’s ulcer: squamous cell carcinoma arising in a chronic wound secondary to genetic changes

caused by chronic inflammation.All chronic wounds should be biopsied to rule out Marjolin’s ulcer

Infected Wounds
Definitions
• the presence of bacteria within a wound may be divided into 4 categories:

contamination: the presence of non-replicating microorganisms within a wound
colonization: the presence of replicating microorganisms within a wound
critical colonization: increasing bacterial burden; have delayed healing
infection: the presence of >105 microorganisms in a wound without intact epithelium or small
amounts of a very virulent organism (e.g.GBS); have delayed healing and exhibit classic signs of
infection

signs of infection: redness, swelling, pain, clinically unwell

Management of Acute Contaminated Wounds (<24 h)
• cleanse and irrigate open wound with at least 150 cc of physiologic solution ( NS or RL) using sufficient

pressure (4 to 15 PSI)
• evaluate for injury to underlying structures (vessels, nerves, tendons, and bone)
• control active bleeding, irrigation, and debridement
• debridement: removal of foreign material, devitalized tissue, and old blood (always take a swab if you

suspect infection)
surgical debridement: blade and irrigation if indicated

• tetanus prophylaxis
• re-evaluate in 24-48 h to remove more dead tissue

if evidence of infection ( i.e. erythema, warmth, pain, discharge), open infected portion of wound
by removing sutures, swab sample for culture and sensitivity, irrigate wound, and allow healing
by secondary intention via dressing use
risk factors for infection include:wound >8 h, severely contaminated, immunocompromised,
involvement of deeper structures (e.g. joints, fractures)
use systemic antibiotics if wound cultures are positive and there are signs of infection; tailor
antibiotics as cultures return

Risk Factors for Infection
• Virulence of the infecting

microorganism
• Amount of bacteria present
• Host resistance
• Immunocompromised host

Wound Exudate Characteristics
• Serous drainage (plasma):thin:dear

or light yellowish
• Sanguineous drainage (fresh blood):

bright red. Serosanguincous drainage (mix ol
blood and serous fluid): thin and
watery: pale red to pink

• Purulent drainage (infection): thick
and opaque; white, yellow,or pale
green

Management of Late Contaminated Wounds (>24 h)
• tetanus prophylaxis
• irrigation and debridement
• systemic antibiotics if there are clinical signs of infection
• closure: final closure via secondary intention (most common), delayed wound closure (3° closure),

skin graft, or flap

Table 9. Risks for Tetanus Infection
Wound Characteristics Tetanus-Prone Not Tetanus-Prone
Time Since Injury
Depth of Injury
Mechanism of Injury

>< h <6 h
<1 cm
Sharp cut (e.g.dean knife,dean glass)

>1cm
Crush, burn,gunshot, frostbite, puncture
through dothing.farming injury
PresentDevitalized Tissue

Contamination (e.g.soil, dirt, saliva, grass) Yes
Retained Foreign Body

Not present

No
Yes No
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Totnnus Prophylaxis in Routino Wound Mnnngoniont

,
ASSESS WOUND

1
1

( A clean, minor wound ] All other wounds (contaminated with dirt, feces, saliva,
soil;puncture wounds; avulsions; wounds resulting from
flying or crushing objects, animal bites, burns, frostbite)

' t
*Has patient completed a primary

tetanus diphtheria series? 1 ’
Has patient completed a primary

tetanus diphtheria series? 1’
NO: NO/YES YESUNKNOWN UNKNOWN\ r

Administer vaccine today ’"'l Was the most
Instruct patient to complete
series pel age-appropriate

vaccine schedule

r A
Administer vaccine

and tetanus
immune gobulin
(TIG) nowrA**’

Was the most
recent dose

within the past
5 years?

recent dose
within the past

I I 10 years?

YESNO YES NO
T I I

Administer vaccine today fVaccine not needed today
~) (Administer vaccine todayl*l [Vaccine not needed today

Patient should receive
next dose at 10 year

J ^interval after last dose

Patient should receive next
dose per age-appropriate
schedule

Patient should receive next
dose at 10 year interval

[after last dose

Patient should receive next
dose per age-appropriate

I [schedule

’ A primary series consists of a minimum of 3 doses of tetanus and
diphtheria containing vaccine IDTaFVDTP/Tdap/DT/Tdl

> Age appropriate vaccine:
•0T.il* for infants and children 6 weeks up to 7 years of age (or

0T pediatric if pertussis vaccine is contraindicated),
•Tetanus diphthoria lTd) toxoid for persons 7 9 years of age;and have recurved a Tdap previously. If TT is administered, an

>63 years of age; adsorbed TT product is preferred to fluid TT fall OTaP/DTP/T
•Tdap for persons 10 64 years of ago if using Adacel’** ’or > 10 dap'0T/Td products contain adsorbed tetanus loxoidl

yoars of age if using Boostnx'"’,unless the person has 'Give TIC 250 UIM for all ogos. It can and should bo given
received a prior dose of Tdap' simultaneously with the tetanus containing vaccine

> No vaccine or TIG is recommended for infants <6 weeks of age for infants <6 weeks of age. TIG (without vaccine) is recommended
with clean,minor wounds (and no vaccine is licensed for infants for 'dirty'wounds (wounds other than clean,minor)
<6 weeks of agel Persons who are HIV positive should receive TIG regardless of

tetanus immunization history

•Tdap* is preferred for persons 10 64 years of age if using Adacel
or >10 years of ago if using BaostrixTMwho have never received
Tdap

Td is preferred to tetanus toxoid (TTI for persons 7 9 years of age,
or >65 years of ago if only Adacol,M,is available,or those who

’Tdap vaccines:
•Adacel (Sanofil is licensed for persons 10 64 years of age
•Boosuix"1’(GSK) is licensed for persons >10 years of age

’Brand names are used for the purpose of clarifying product characteristics and are notin any way an endorsement of either product

Figure 14. Tetanus immunization recommendations

BITES
• see Emergency Medicine, ER47

Dog and Cat Bites
• pathogens: Pasteurella mullocida,Staphylococcus aureus, Streptococcus viridans, Moraxclla species,

and Corynebactcrium species
• investigations

radiographs prior to therapy to rule out foreign body (e.g. tooth ) or fracture
culture for aerobic and anaerobic organisms. Gram stain

• treatment:Clavulin* (amoxicillin + clavulanic acid) 500 mg PO q8 h started immediately
consider rabies prophylaxis if animal has symptoms of rabies or unknown animal

± rabies lg (20 IU/kg around wound, or IM) and 1 of the 3 types of rabies vaccines (1.0 mL IM
in deltoid, repeat on days 3, 7, 14, 28)

• irrigation with debridement
• healing by secondary intention is mainstay of treatment
• only consider primary closure for bite wounds on the face if large and done in OR; otherwise primary

closure is contraindicated
• contact Public Health if animal status unknown

Human Bites
• pathogens:Staphylococcus aureus > GAS> tikenella corrodens > Bacteroides
• serious condition, as mouth has 10 fmicroorganisms/mL, which can get trapped in joint space when

the overlying skin forms and air-tight covering ideal for anaerobic growth (e.g. fight bite injury when
fist unclenches) - can lead to septic arthritis

• investigations
radiographs prior to therapy to rule out foreign body (e.g. tooth) or fracture
culture for aerobic and anaerobic organisms, Gram stain

r i
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• treatment
• if joint infected, urgent surgical exploration of joint, drainage, and debridement of infected tissue
• otherwise,can be managed with I & D and antibiotic treatment in ER
• if due toMSSA.Cefazolin 2 g IV q8h or (if penicillin allergy or MRSA ) vancomycin 15 mg/kg IV

ql2h + secondary closure
splint

Dressings
• dressing selection depends on the wound characteristics, goal of dressing, and surgeon preference

as the wound progresses through healing, it will require different types of dressings; therefore,
routine inspection is recommended

principles of dressing clean vs. infected wounds
- clean wounds can be dressed with non-adherent dressing (which is non-adhering to

epithelialising tissue);requires secondary dressing
- infected wounds may need debridement, antibiotics, and antimicrobial dressings (i.e.

iodine gauze and silver-containing dressings)
moist vs.dry wounds

- purpose of dressings should be to promote moist wound healing i.e.moistening dry
wounds or drying (removing excess exudate/blood) wet wounds

wide-based vs. cavitary/tunneling wounds
- cavitary or tunneling wounds ( i.e. through a fascial layer) can be packed with loose,

large, and radiopaque packing materials
negative pressure wound therapy uses wound dressings that apply subatmospheric pressure
to the wound site to promote blood (low to the region and enhance the healing process, ( he
resultant pressure gradient promotes fluid transport from the wound bed and interstitial
space to reduce wound edema
indications:diabetic foot ulcers, reconstructive surgery, and following debridement of acute
or chronic wounds

contraindications:wounds with exposed vital structures (i.e.organs, blood vessels, vascular
grafts) and malignant tissue

Table 10. Wound Dressings and Their Use
Dressing Type Example Use
Low adherentdressings Jelonet.tullegras.mepilex, mepitel

Semipermeable films llefilm.legaderm,Siodusive
CombiDESH.Tegasorb.Aquace!

Flat and shallow wounds with low exudates

Wounds in difficult anatomicsites (ex:oxer joints)

Hydrocolloid sheets:flat,shallow wounds with low exudate:difficult
areas (elbow, heel, etc.)

Hydrocolloids

Hydrofibre: flat wounds, cavities, sinuses;medium - high exudate
wounds
locally infected woundsAntimicrobial Acticoat,Avance. lodosorb

Reconstruction
RECONSTRUCTION LADDER Reconstruction Ladder

Vascularized composite
*—allotransplantationDefinition

•an approach to wound management with successively more complex methods of treatment
•surgeons should start with the least complex method and progressively increase in complexity as

appropriate

«—Free flap

flap

a—Random pattern flap
SKIN GRAFTS

*—tissue expansion

Definition
•tissue composed of epidermis and varying degrees of dermis, that does not carry its own blood supply.

Survival requires the generation of new’blood vessels from the recipient site bed

Donor Site Selection
•must consider size, hair pattern, texture, thickness of skin, and colour (facial grafts best if taken from

“blush zones" - harvest sites above clavicle where colour match for full thickness grafts is optimized
(e.g. pre/post auricular or neck))

•partial thickness grafts usually taken from inconspicuous areas (e.g. buttocks, lateral thighs, etc.)

«—Full thicknessgraft

« Split thicknessgraft

„ Delayed closure

4—Primary closure

Healing by secondary
* intention

(DTirtany Ni 2T4 2022

Figure15. Reconstructive ladder - in
order of increasing complexity +
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Partial Thickness Skin Graft Survival
• initial stabilization of graft provided by fibrin network between recipient site and graft
• 3 phases of skin graft "take"

1. plasmatic imbibition: diffusion of nutrition from recipient site (first 48 h )
2. inosculation: growth of vessels from bed and graft toward each other (d 2-3)
3. neovascular ingrowth: growth of new vessels which vascularize graft (d 3-5)

• requirements for graft survival
• well-vascularized bed (recipient site). Examples of unsuitable beds include heavily irradiated

wounds and infected wounds
coagulation begins as soon as graft is placed on bed

• good contact between graft and recipient bed..Staples, sutures, splinting, and pressure dressings
are used to prevent movement/shearing of graft and hematoma or seroma formation

• low bacterial count at recipient site (<105/cm 3, to prevent infection)
• common reasons for graft loss: hematoma/seroma, infection, mechanical force (e.g.shearing,

pressure), radiotherapy

Classification of Skin Grafts
1. by species

autograft:from same individual
• allograft (homograft ): from same species, different individual

xenograft ( heterograft ): from different species (e.g. porcine)
2. bv thickness:see Table II

Table 11. Skin Grafts
Split Thickness Skin Graft Full Thickness Skin Graft

Definition
Donor Site
Healing of Donor Site

Epidermis and part of dermis
Mote sites
Re-eprtlrelialitalion via dermal appendages in wound
edges

-10 d (faster on scalp)

More reliable and better survival:shorter nutrient
diffusion distance
LessT contraction,greater 2' contraction (less with
thicker graft)
Poor

lakes well in less favourable conditions

Can cover a larger area

Canbe meshed for greater area

A:!ows for extravasation of bloodi'serum
large number of donor sites
Contracts significantly,abnormal pigmentation,high
susceptibility to Irauma.donor site scar, requires well
vascutariced bed
large areas of skin, granulating tissue beds

tpidermis and allof dermis

Donor sites limited by the ability to use primary closure
Primary closure

Re-Harvesting

Graft Take
N.' A
lower rate of survival (thicker,slower
revascularization)

Greater T contracbon.less 2° contractionContraction*

Aesthetic Good

Resists contraction,better colour match

May use on face and fingers

Advantages

Disadvantages Requires well vascularized bed

Uses Face (colour match),site where thick skm or decreased
contracture isdesired(e.g.finger)

•r contraction: vrtredule reduction m size upon harvesting:2' contraction: reduction In size once graft ptaced on wound bed and healing has
occurred

Meshed Grafts
• split thickness grafts can be meshed after harvest by a mesher to a variety of ratios
• advantages

prevents accumulation of fluids (e.g. hematoma, seroma)
covers a larger area
best for contaminated recipient site

• disadvantages
poor cosmesis (“alligator hide"appearance)
has greater secondary contraction than full thickness grafts (see Table 1! )
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OTHER GRAFTS

Table 12.Various Tissue Grafts
Graft Type Preferred Donor SiteUse

Bone (Vascularized or Hon-Vascularized)

Cartilage
Tendon

Cranial, rib, iliac, fibula, scapula

Ear, nasal septum, costal cartilage
Palmaris longus, plantaris (present in 85% ol
population)

Conduit lor regeneration across nerve gap Sural, antebrachialcutancous, medial brachial
cutaneous
Forearm or tool vessels for small vessels,
saphenous vein for larger vessels; veins are
typically used lor any vessel graft

Contour restoration (t fat for bulk); not used Groin, abdomen, thigh
often
Contour restoration

Repair rigid defects
Restore contour of ear and nose
Repair or replace a damaged tendon

Nerve

Vessel Bridge vascular gaps

Dermis

Fat Abdomen, thighs, buttocks

FLAPS
• definition: tissue of varying composition (muscle alone, skin and subcutaneous tissue, bone alone

with vascular supply, etc.), that has a known blood supply (random, pedided, or named ); not
dependent on neovascularization, unlike a graft

• may consist of: skin, subcutaneous tissue, fascia, muscle, tendon, bone, other tissue (e.g.omentum)
• classification: based on tissue composition, blood supply to skin ( random, axial), location of the

donor site (local, regional, distant), etc.
• indications for flaps

» replaces tissue loss due to trauma or surgery (reconstruction)
provides skin and soft tissue coverage through which surgery' can be carried out later

• complications: flap loss due to hematoma, seroma, infection, poor flap design, extrinsic compression
(dressing too tight) or vascular failure/thrombosis, fat necrosis (in free and pedicled flaps)

Random Pattern Flaps
• blood supply by dermal and subdermal plexus to skin and subdermal tissue with random vascular

supply
• limited length:width ratio to ensure adequate blood supply
• flap choice is often a combination of available tissue, type of tissue needed, location of reconstruction

site with respect to donor site, blood supply, ability to close the donor site, and surgeon preference
• types

rotation:semicircular tissue rotated around a pivot point for defect closure; commonly used on
sacral pressure sores, scalp, and cheek defects (height of triangular defect: radius of flap curve
should be 0.5-l:l)
transposition: tissue is transposed ( i.e. lifted up from its native location and brought into the
defect ) around a pivot point from one location to another; commonly used on certain areas of the
face using adjacent areas of excess skin laxity
/. plasty: two triangular flaps are designed around a scar to reorient a scar, lengthen the line of a
scar, or to break up a scar

• advancement flaps ( V-Y, Y-V ): defect is closed with unidirectional tissue advancement
single/ bipedicle V-Y flaps: wounds with lax surrounding tissue; the pedicle flap is attached
to the donor site via a pedicle containing the blood supply

****** ..*•*?
is

Rotation Flap Z-plasty

b TT

Rhomboid Transposition Flap (Limberg) Single Pedicle Advancement Flap

I r "l \
T.
1/

|e «

+V-Y Advancement Flap
Figure16.Wound care flaps - random pattern
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Axial Pattern Flaps (Arterialized)
• flap contains a well-defined artery and vein
• allows greater length:width ratio (5-6:1)
• types

peninsular flap: skin and vessel intact in pedicle
island flap: vessel remains intact, but is skeletonized such that the pedicle is better defined
free flap: segment of tissue with named blood supply (artery and vein) that can be harvested
with that blood supply and re-anastomosed in a different anatomical location by microsurgical
techniques

• can be sub-classified according to categories such as tissue type, blood supply type,and calibre of
vessels

e.g. myogenic, myocutaneous, fasciocutaneous

Peninsular Axial Pattern Hap

\Direct cutaneous artery & vein

Island Axial Pattern Hap

Free Hap
Free Flaps
• transplanting expendable donor tissue from one part of the body to another by isolating and dividing

a dominant artery and vein to a flap, and performing a microsurgical anastomosis between these and
the vessels in the recipient wound

• types: muscle and skin (common), bone, jejunum,omentum, fascia, or any combination of tissue
where a common blood supply can be harvested to provide vascular supply to all the tissue types

• e.g. radial forearm,scapular, latissimus dorsi

EMona Li 2020

Figure 17. Axial/arterial pattern flaps

Table 13. Characteristics of Healthy Free Flap
Characteristic Normal Arterial Insufficiency Venous Insufficiency

Colour’
Temperature
Arterial Pulse (Doppler)

Turgor

Pink Pale Purple or blue

Warm or coolWarm Cool
t

Soft, but with some firmness Decreased tissue firmness Increased (tissue femness with
tissue stiffness)

Capillary Refill 2-5s >5s *2s
'Variation depending on patient's skin colour

Vascularized Composite Allotransplantation (i.e. composite tissue allotransplantation)
• considered free flaps because it is a functional and vascularized construct; vessels are anastomosed, as

well as the nerves
• similar to solid organ transplantation, although VCA involves the transplantation of a composite of

tissue (skin, fat, muscle, nerve,and vessels) from one individual to another,after matching sex and
blood ± HLA type

• skin is highly immunogenic, containing effector T cells and antigen presenting cells which can mount
a proinflammatory state and contribute to allograft rejection; regulatoryT cells (Tregs) can modulate
effector T cell inflammation through inhibitory cytokines (e.g.TGF-jJ,1L-10)

• patients require immunosuppression therapy
induced with antithymocyte globulin and basiliximab (anti-T cell antibodies)
maintained with tacrolimus, mycophenolate mofetil, and prednisone

• acute rejection appears to affect the skin first treatment consists of increased oral or IV steroids,
mono/polyclonal antibodies, and topical immunosuppressants

Soft Tissue Infections
Erysipelas

Definition
• acute skin infection of the upper dermis and superficial lymphatics (more superficial than cellulitis)

Etiology
• typically caused by GAS

Clinical Features
• intense erythema, induration, and sharply demarcated borders (differentiates it from other skin

infections)

Treatment
• penicillin or first-generation cephalosporin (e.g.cefazolin or cephalexin)
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Cellulitis
Definition
• non-suppurative infection of skin and subcutaneous tissues

Etiology
• skin flora are most common organisms:Staphylococcus aureus, GAS
• immunocompromised: Gram-negative rods and fungi

Clinical Features
• source of infection

trauma, recent surgery
PVD, DM - xerotic skin in feet/toes
foreign bodies (IV, orthopaedic pins)

• systemic symptoms (fever, chills, malaise)
• pain, tenderness, edema, erythema with poorly defined margins, regional lymphadenopathy
• can lead to ascending lymphangitis (common in GAS; visible red streaking in skin proximal to area of

cellulitis)

Investigations
• CBC, blood cultures
• culture a collection/aspirate from wound if open wound

Treatment
antibiotics:first line - cephalexin 500 mg PO q6 h or cloxacillin 500 mg PO q6 h x 7 d; if complicated
(e.g. lymphangitis, DM, severe infection, oral antibiotic therapy failure), consider IV cefazolin 1-2 g q8
h or IV cloxacillin, IV penicillin.All patients should have reassessment in 48 h for resolution if on an
oral antibiotic

• outline area of erythema to monitor success of treatment
immobilize upper and lower extremities;consider non-weight bearing for lower extremities

Necrotizing Fasciitis
Definition
• rapidly spreading, very painful infection of the fascia with necrosis of surrounding tissues
• some bacteria create gas that can be felt as crepitus and can be seen on x-rays (subcutaneous

emphysema)
• infection spreads rapidly along deep fascial plane and is limb-and life-threatening

Etiology
• Type1:polymicrobial (more common in immunocompromised)
• Type 11:monomicrobial, usually GAS (more common in healthy patients)

Risk Factors
• immunocompromised, DM,obesity, IV drug use, age >50 yr, peripheral vascular disease, and

malnutrition

Clinical Features
• pain out of proportion to clinical findings and beyond border of erythema
• edema, tenderness, ± crepitus (subcutaneous gas from anaerobes), ± sepsis-typ

nausea, fever, diarrhea, dizziness, malaise)
• overlying skin changes including blistering and ecchymoses
• patients may look deceptively well at first, but have some physiological abnormalities on initial labs

and may rapidly become very sick/toxic
• late findings:

skin turns dusky blue and black (secondary to thrombosis and necrosis)
induration, formation of bullae
cutaneous gangrene, subcutaneous emphysema

e symptoms (e.g.

Investigations
• a clinical diagnosis
• CT scan only if suspect it is not necrotizing fasciitis (looking for abscess, gas collection, myonecrosis

and possible source of infection)
• severely elevated CK: usually means myonecrosis (late sign)
• bedside incision, exploration, and incisional biopsy when ruling out conditions, clinical feature is not

supportive,or difficult exam
• during incisional biopsy, often see "dishwater pus" (GAS) and a hemostat easily passed along fascial

plane (fascial biopsy to rule out in equivocal situations)

n V
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Treatment
• vigorous resuscitation (ABCs)
• urgent surgical debridement: remove all necrotic tissue, copious irrigation with plans for repeat

surgery in 24-48 h
• IV antibiotics: as appropriate for clinical scenario; consider penicillin 4 million 1U IV q4 h and

clindamycin 900 mg IV q6 h until final cultures available ( the combination can be synergistic if GAS)
or vancomycin and clindamycin

• postoperative ICC admission and infectious disease consult after urgent surgical debridement by
plastic surgery

IV I®,Ulcers

Lower Limb Ulcers
Traumatic Ulcers (Acute)
• failure of wound to heal, usually due to compromised blood supply and unstable scar, secondary to

pressure or bacterial colonization/infection
• usually over bony prominence ± edema ± pigmentation changes ± pain
• treatment, in consultation with vascular surgery

any debridement of ulcer and compromised tissues must be preceded by ABIs and vascular
Doppler
ulcers or compromised tissues left to heal by secondary intention with dressings may need
reconstruction with local or distant flap in select cases;vascular status of limb must be assessed
clinically and via vascular studies (i.e. AB1, duplex Doppler)

Table 14. Venous vs. Arterial vs. Diabetic Ulcers
Characteristic Venous (70% of vascular

ulcers)
Arterial Diabetic

Cause 2* to small and/or large vessel disease (be
aware of risk factors)

Peripheral neuropathy:decreased
sensation
Atherosclerosis:microvascular
disease

Valvular incompetence
Venous HTN In patients with DM.ABI can be falsely

normal due to incompressible arteries
secondary to plaques/calcification

History Dependent edema, trauma
Rapid onset t thrombophlebitis,
varicosities
Medial malleolus (‘Gaiter'
locations)
Vellow exudates
Granulation tissue
Varicose veins
Brown discolouration of surrounding

Arteriosclerosis, claudication
Usually >45 yr
Slow progression

Distal locations (e.g. lower limb, feel)

DM
Peripheral neuropathy
Irauma/prcssure

Pressure point distribution (more
likely metatarsal heads)

Necrotic base

Common
Distribution
Appearance Pale/white, necrotic base t dry eschar

covering

skin

Wound Margins Even ("punched out")Irregular Irregular or "punched out" or
deep
Superficial/deep

Thin,dry skin ± hyperkeratotic
border
Hypersensitive/ischemic
Decreased pulses likely (lake
caution in calcified vessels)

ABI is inaccurately high (due
to PVD )
Usually associated with arterial
disease (microvascular/
macrovascular disease)

Painless (if neuropathy)
Decreased with dependency, increased with No claudication or rest pain
leg elevation and exercise (claudication) Associated paresthesia.
Rest pain

Deep

Venous stasis discolouration (brown) Thin, shiny, dry skin; hairless, cool

SuperficialDepth

Surrounding Skin

Pulses Normal distal pulses Decreased or no distal pulses

ABI '0.9
Doppler: abnormal venous system

ABI «0.9
Pallor on elevation, rubor on dependency
Delayed venous filling

Vascular Exam

Pain Moderately painful
Increased with leg dependency,
decreased with elevation
No rest pain

Extremely painful

anesthesia
Control DM
Carelul wound care
Fool care

Treatment Rest , leg elevation
Compression at 30 mmHg (stockings Moist wound dressing •topical and /or
or elastic bandages) (Ensure ABI is systemic antibiotics if infected
safe for compression)
Moist wound dressings
t topical, systemic antibiotics if
infected

wound dressings

Rest, no elevalion. no compression

r TModify risk factors (smoking, diet, exercise. Orthotics, off loading
Early intervention for infections
(topical and/or systemic
antibiotics if infected )
Vascular surgical consultation

L J
etc.)
Vascular surgical consultation (angioplasty
or bypass)
Treat underlying conditions (DM. proximal
arterial occlusion, etc.) +
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Pressure Ulcers
Common Sites
• over bony prominences;95% on lower body

Stages of Development
1. hyperemia: disappears 1 h after pressure removed
2. ischemia: follows 2-6 h of pressure
3. necrosis: follows >6 h of pressure
4. ulcer: necrotic area breaks down

Classification (National Pressure Ulcer Advisory Panel 2014)
• Stage I: non-blanchable erythema present > l h after pressure relief, skin intact
• Stage II: partial-thickness skin loss
• Stage 111: full-thickness skin loss into subcutaneous tissue
• Stage IV: full- thickness skin loss into muscle, bone, tendon, or joint

if an eschar is present, must fully debride before staging possible
• Stage X: unstageable

A Nutritional formal!(niiched with Arginine,
tint , and Antioiidantsfor the Healing ol Pressure
Ukers:ARandomired Trial
Ann Intern Med 2015:162(3|:167-174
Purpose: to deter- -e whether supplementation
with arginine,nut.and antioidants within a
high-calorie, high-protein formula improves pressure
ulcer healing.
Methods:200 adrift patients from long -term care
and home caresertieswith stage II.Ill, aid IV
pressure ulcers received either an energy-dense,
protein-rich oral formula enriched with arginine, line,
and antioedantsoran egualrolumeol an isocaloric.
isonitrogenousfocmnlaforSwk.
Results: Supplementation with '.he enriched firinula
resulted nr a greater reduction in pressure ulcer area.
A more Ireguenl reduction in area ol <0 % oi greater at
8 wk was also seen.
Conclusion : (mong malnourished patients with
pressure ulcers.8 wk of supplementation with an oral
nutritional formula ennehed with arginine, zinc, and
antioxidants imprests pressure ulcer healing.

Prevention
• clean and dry skin, frequently reposition, special beds or pressure relief surface, proper nutrition,

activity, early identification of individuals at risk (e.g. immobility, incontinence, paraplegia,
immunocompromised, DM, etc.), treatment of underlying medical conditions

Treatment
• treatment plan individualized to patient
• 4 main principles:

preventative measures (pressure relief, assess for pressure points e.g. wheelchairs; manage
continence issues, divert contaminants e.g. urine and feces, ensure appropriate nutrition )

• treatment of underlying medical issues including nutrition
• moisture reduction and pressure relief

wound bed preparation and treatment
• systemic antibiotics for infections
• assess for possible reconstruction

Complications
• cellulitis, osteomyelitis, sepsis, gangrene

Burns

Burn Injuries
Causal Conditions
• thermal (flame contact, scald)
• chemical
• radiation (U V, medical /therapeutic)
• electrical

Epidermis

Dermis:
( Nerves
Vessels

Most Common Etiologies
• children: scald burns
• adults: Ha me burns

Zone ol hyperemia

F7T71 Zone of stasis

HZone of coagulation

Blood vessels and most nerves ^are found in the dermis ©

£
Table 15. Skin Function and Burn Injury i

"ISkin Function Consequence of Burn Injury Intervention Required —
Thermoregulation
Control of Fluid loss

Prone to lose body heat
Loss ot large amounts of water and protein
from the skin and other body tissues

Must keep patient covered and warm
Adequate fluid resuscitation is imperative

Figure 18. Zones of thermal injuryAntimicrobial dressings (systemic antibiotics if
signs of specific infection present)

Tetanus prophylaxis if not already
administered

Mechanical Barrier to Bacterial Invasion and High -risk of infection
Immunological Organ

ri
c.J
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Pathophysiology of Burn Wounds
• amount of tissue destruction is based on temperature, time of exposure, and specific heat of the

causative agent
• zone of hyperemia: vasodilation from inflammation; entirely viable, cells recover within 7 d;

contributes to systemic consequences seen with major burns
• zone of stasis (edema):decreased perfusion; microvascular sludging and thrombosis of vessels results

in progressive tissue necrosis -> cellular death in 24-48 h without proper treatment
• factors favouring cell survival: moist,aseptic environment, rich blood supply

zone where appropriate early intervention has most profound effect in minimizing injury
• zone of coagulation (ischemia): no blood flow to tissue -» irreversible cell damage -> cellular death/

necrosis

Diagnosis and Prognosis Prognosis best determined by bum
size (TBSA), age of patient, presence/
absence of inhalation injury

• burn size
% of TBSA burned: rule of 9s for 2"and 3° burns only (children <10 yr use Lund-Browder chart)

• for patchy burns, surface area covered by patient's palm (fingers adducted ) represents
approximately 1% of TBSA

• age: more complications if <3 yr or >60 yr
• depth: difficult to assess initially - history of ctiologic agent and time of exposure helpful (see Table

15, PL18 )
• location: face and neck, hands, feet, perineum arc critical areas requiring special care of a burn unit

(see Indicationsfor Transfer to Burn Centre, PL20)
• inhalation injury: can severely compromise respiratory system, affect fluid requirement estimation

(underestimate), mortality secondary to ARDS
• associated injuries (e.g. fractures)
• comorbid factors can exacerbate extent of injury (e.g.concurrent disability, alcoholism, seizure

disorders,chronic renal failure, other trauma)

Circumferential burns can restrict
respiratory excursion and/or blood flow
to octremities and require cscharotomy

TBSA does not include areas with1"
bums

Anterior Posterior4'.- 4 ' .

1

/ \
18% 18%
y v -4m 4W%- 416%4m

9%

I l

Figure19. Rule of 9s for TBSA

+
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O

CSJ

5
Area Age 0 Age 1 Age 5 Age 10 Age 15 Adult
A = Vi head area 9 V48 V46 V45 V4454354
B =14 thigh area 2543 Vi 4 Vi 454454434
C = 54 leg area 25425433354354

.1
1e

Figure 20. Lund-Browder diagram

Table 16. Burn Depth (1st, 2nd, 3rd degree)
Traditional Nomendature Depth Clinical FeaturesNomenclature

Erythema/Superficial First degree

Superficial-Partial Second degree
Thickness
Deep-Partial Thickness Second degree

Epidermis

Into superficial
( papillary) dermis

Into deep (reticular )
dermis

Painful,sensation intact, erythema, blanchable

Painful sensation intact erythema, blisters with clear
fluid, blanchable.hair follicles present
Insensate, difficult to distinguish from full thickness,
does not blanch,some hair folliclesstill attached, softer
than full thickness burn

Injury to underlying tissue structures (e.g. muscle, bone)
Insensate (nerve endings destroyed), hard leathery

Injury to underiymg eschar that is black, grey, white, or cherry red in colour;
tissue structures hairs do not stay attached, may see thrombosed veins
|e.g.muscle, bone)

Full Thickness Third degree Through epidermis
and dermis

Fourth degree

Indications for Transfer to Burn Centre
American Burn Association Criteria
• patients with partial or full-thickness burns that involve the hands, feet, genitalia, face, eyes, ears,

and /or major joints or perineum
• electrical burns including lightning ( internal injury underestimated by TBSA),and chemical burns
• inhalation injury ( high risk of mortality and may lead to respirator)- distress)
• burn injuries in patients with medical comorbidities which could complicate management and

recovery
• any patients with simultaneous trauma and burns should he stabilized for trauma first, then triaged

appropriately to burn centre
• any patients with burn injury who will require special emotional, social, and rehabilitation

intervention
• children with burns in a hospital not equipped with paediatric care specialists

ri
L J
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Acute Care of Burn Patients
•adhere to ATLS protocol
•resuscitation using Parkland formula to treat fluid loss secondary to injury and cardiac output.

Parkland formula is a starting estimate and patients may require more volume.Other formulas exist,
but the Parkland formula is predominantly used in North America (see Table 17)

•extra fluid administration required if:
• burn >80% T'BSA
• 4" burns
• associated traumatic injury
• electrical burn

inhalation injury
delayed start of resuscitation

• paediatric burns
•monitor resuscitation

urine output is best measure: maintain at >0.5 cc/kg/h (adults) and 1.0 cc/kg/h in children <12 yr
maintain a clear sensorium,HR <120/min,MAP >70 mmHg

•burn-specific care
• escharotomy in circumferential extremity burns, including digits

prevent and/or treat burn shock: 2 large bore lVs for fluid resuscitation
• insert l'oley catheter to monitor urine output
• identify and treat immediate life-threatening conditions (e.g. inhalation injury, CO poisoning)
• determine TBSA affected first, since depth is difficult to determine initially (easier to determine

after 24 h)
•tetanus prophylaxis if needed

• all patients with burns >10% TBSA, or deeper than superficial-partial thickness, need 0.5 cc
tetanus toxoid
also give 250 U of tetanus lg if prior immunization is absent/unclear, or the last booster >10 yr
ago

•baseline laboratory studies (Hb, U/A, BUN, CXR, electrolytes, Cr, glucose, CK, ECG,cross-match if
traumatic injury, ABG, carboxyhemoglobin )

•cleanse, debride, and treat the burn injury (antimicrobial dressings)
•early excision and grafting are standard of care and important for outcome

Respiratory Problems
•3 major causes

• burn eschar encircling chest
distress may be apparent immediately
perform escharotomy to relieve constriction

• CO poisoning
may present immediately or later
treat with 100% 02 by facemask (decreases half-life of carboxyhemoglobin from 210 to 59
min) until carboxyhemoglobin <10%

smoke inhalation leading to pulmonary injury
chemical injury to alveolar basement membrane and pulmonary edema (insidious onset)
risk of pulmonary insufficiency (up to 48 h ) and pulmonary edema (48-72 h)

» watch for secondary bronchopneumonia (3-25 d ) leading to progressive pulmonary
insufficiency
intubate patient with any signs of inhalation injuries

Burn Wound Healing

Inhalation Injuries101

Indicators of Inhalation Injury
• Injury in a closed space
• Facial burn- Singed nasal hair/eyebrows
• Soot around nares/oral cavity
• Hoarseness
• Conjunctivitis
• Tachypnea
• Carbon particles in sputum
• Elevated blood CO levels (i.e.

brighter red)
• Suspected inhalation injury requires

immediate intubation due to
impending airway edema:failure to
diagnose inhalation injury can result
In airway swelling and obstruction,

which, if untreated, can lead to death
• Neither CXR or ABG can be used to

rule out inhalation injury
• Direct bronchoscopy now used for

diagnosis
• Signs of CO poisoning (headache,

confusion, coma, arrhythmias)

Table 17. Bum Shock Resuscitation (Parkland Formula)
Parkland Formula
Hour 0-24 4 cc s mass in kg x % TBSA with1/2 of total in first 8 h from time of injury and1/2 of total in next 16 h from

time of injury
0.35-0.S cc plasma x mass in kg x % IBS*
DSW at rate tomaintain normal serum sodium

Hour 24-30
•Hour 30
' Remember to add maintenance fluid to resuscitation

r i
L J
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Table 18. Burn Wound Healing
HealingDepth

No scarring:complete healing
Second Degree (superficialpartial) Spontaneously re epilhelialize in 714 d from retained epidermal structures

Residual skin discolouration
Hypertrophic scarring uncommon:grafting rarely required

Deep Second Degree (deep partial) Re-epithelialize in14-35 d from retained epidermal structures

Hypertrophic scarring frequent

Crafting recommended to expedite healing
Third Degree (full thickness) Re epithelialize from the wound edge

Grafting / flap necessary to replace dermal integrity and limit hypertrophic scarring
Often results in amputations

If not requiring amputation,needs flap lor coverageafter debridement (does not re-epithetiatize. cannot
grail)

First Degree

Fourth Degree

Treatment
• three stages

1.assessment: depth determined
2.management: specific to depth of burn and associated injuries
3. rehabilitation

• first degree
• treatment aimed at comfort
• topical creams (pain control, keep skin moist) ± aloe
• oral NSAlDs (pain control)

• superficial second degree/partial thickness
daily dressing changes with topical antimicrobials (such as Polysporin*); leave blisters intact
unless impaired or over joint and inhibiting motion

• deep second degree/deep partial thickness and third degree/full thickness
• prevent infection and sepsis (significant complication and cause of death in patients with burns)

most common organisms: .S', aureus, P. aeruginosa, ami albicans
- day 1*3 (rare): Gram-positive
- day 3-5: Gram-negative ( Proteus, Klebsiella)

* topical antimicrobials: treat colonized wounds (from skin flora,gut flora, or caregiver)
• remove dead tissue

• surgically debride necrotic tissue, excise to viable (bleeding) tissue

Risk Factors for Infection of Burn
Wounds

Patient Related
Extent >30% TBSA
• Depth: full thickness and deep partial

thickness
• Patient age (higher risk with very

young and very old)
• Comorbidities
• Wound dryness
• Wound temperature
• Secondary impairment of blood flow

to wound
• Acidosis

Microbial Factors
• Density >105 organisms per gram

of tissue
• Motility
• Virulence and metabolic products

(endotoxin, exotoxin,permeability
factors, other factors)

• Antimicrobial resistanceTable 19. Antimicrobial Dressings for Burns
Antibiotic Pain with Application Penetration Adverse Effects

Silver Nitrate (0.5% solution) None May cause methemoglobinemia, stains (black) ,
leeches sodium from wounds
May stain,producing a pseudoeschar or facial
discolouration (bluish-gray discolouration:raised
liver enzymes
Slowed healing,leukopenia,mild inhibition of
epithelialisation;pseudoeschar must be washed
off prior to each application

Well,penetrates eschar: Mild inhibition of epithelialization.may cause
only used on ears metabolic acidosis with wide application

Minimal

Nanocrystallinc Silver-Coated None or transient
Dressing (Acticoat )

Medium,does not
penetrate eschar

Silver Sulfadiazine (cream)
(Ftamazine !.Silvadene )

Minimal Medium, penetrates
eschar

Sulfamylon Moderate

• early excision and grafting is the mainstay of treatment for deep/full thickness burns
• initial dressing should decrease bacterial proliferation

Other Considerations in Burn Management

Altered Hemodynamics ( X CO, t SVR)

Vascular Permeability and Edema 4
>Hypermetabolism

Immunosuppression 4
Progressive Pulmonary Insufficiency

r n
Renal Failure (2°to X Renat Blood Row) 4- L J

Increased Gut Mucosal Permeability
(Gl Bleed Risk)

Figure 21. Systemic effects of severe burns
+

• nutrition
hypermetabolism: TBSA >40% have BMR 2-2.5x predicted
consider nutritional supplementation (e.g. calories, vitamin C, vitamin A, Ca 2+, Zn 2+ I-'e 2+)
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• immunosuppression and sepsis
must keep bacterial count <105 bacteria/g of tissue (blood culture may not be positive)
signs of sepsis: sudden onset of hyper/hypothermia, unexpected CHF or pulmonary
edema, development of ARDS, ileus >48 h post-burn, mental status changes, azotemia,
thrombocytopenia, hypofibrinogenemia, hyper/hypoglycemia (especially if burn >40% TBSA)

•GI bleed may occur with burns >40% TBSA (usually subclinical)
treatment: tube feeding or NPO if there is a Gl bleed, antacids, H2 blockers (preventative)

• renal failure secondary to under resuscitation, drugs, myoglobin, etc.
• progressive pulmonary' insufficiency

• can occur after: smoke inhalation, pneumonia, cardiac decompensation, sepsis
• wound contracture and hypertrophic scarring

outcomes optimized with timely wound closure, splinting, pressure garments, and physiotherapy

Special Considerations
CHEMICAL
• major categories: acid bums,alkaline burns, phosphorus burns, chemical injection injuries
• common agents:cement, hydrofluoric acid, phenol, tar
• mechanism of injury:chemical solutions coagulate tissue protein leading to necrosis

acids -> coagulation necrosis
• alkalines > saponification followed by liquefactive necrosis

• severity related to: type of chemical (alkali worse than acid), temperature, volume, concentration,
contact time, site affected, mechanism of chemical action, degree of tissue penetration

• bums are deeper than they initially appear and may progress with time

Treatment (General)
• ABCs, monitoring
• remove contaminated clothing and brush off any dry powders before irrigation
• irrigation with water for 1-2 h under low pressure (contraindicated in elemental metal burns, such as

sodium, potassium, magnesium, and lithium; in these cases, soak in mineral oil instead)
• inspect eyes; if affected, wash with saline and refer to ophthalmology
• inspect nails, hair, and webspaces
• correct metabolic abnormalities and provide tetanus prophylaxis if necessary
• contact poison control line if necessary
• local wound care 12 h after initial dilution (debridement)
• wound closure same as for thermal burn
• beware of underestimated fluid resuscitation, renal, liver, and pulmonary damage

Table 20. Special Bums and Treatments
Burns Treatment
Arid Burn
Hydrofluoric Acid

Water irrigation,followed by dilute solution of sodium bicarbonate
Water irrigation:clip fingernails to avoid acid trapping:topical calcium gel t subcutaneous injection of calcium
gluconate-10 c calcium gluconate IVdepending on amount of exposure and pain

Treat with soap1lime prior to irrigationas direct water exposure produces extremeheat
Remove with repeatedapplication of petroleum based antibiotic ointments (e.g.Polysporin ' )

Sulfuric Acid
Tar

ELECTRICAL BURNS
• injury occurs due to flow of current through body, arc flash,or clothing catching on fire
• depth of burn depends on voltage and resistance of the tissue (injury more severe in tissues with high

resistance)
• often presents as small punctate burns on skin, with extensivedeep tissue damage which requires

debridement
• electrical burns require ongoing monitoring (ECG and neurovascular status), as latent injuries can

occur
• watch for system-specific damages and abnormalities

• abdominal: intraperitoneal damage
bone: fractures and dislocations especially of the spine and shoulder
cardiopulmonary: anoxia, ventricular fibrillation, arrhythmias
muscle: myoglobinuria indicates significant muscle damage -> compartment sy ndrome
neurological: seizures and spinal cord damage
ophthalmology:cataract formation (late complication)

* renal: acute tubular necrosis resulting from toxic levels of myoglobin and hemoglobin
vascular: vessel thrombosis -> tissue necrosis (increased Cr, K+, and acidity), decrease in RBC
count (beware of hemorrhages/delayed vessel rupture)

+
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Treatment
• ABCs, primary and secondary survey, treat associated injuries
• beware of cardiac arrhythmias (continue cardiac monitoring)
• monitor: hemochromogenuria, compartment syndrome, urine output
• wound management: topical agent with good penetrating ability (silver sulfadiazine or mafenide

acetate)
• debride nonviable tissue early and repeat prn (every 48 h ) to prevent sepsis
• amputations frequently required

FROSTBITE
• see Emergency Medicine. ER46

sHand

<®Traumatic Hand
Compartment Syndrome
Watch out tor these signs: tense,painlul
extremity (worse on passive stretch),
paresthesia/paralysis,pallor,and distal
pulselessness (often late in process).
Intracompartmental pressures can
be measured,commonly via needle
manometry (generally abnormal
pressures are considered to be >30 40
mmHgl. Ot note, upper and lower
extremity pressures are different and
comorbidities can result in variability in
measured pressures. As such, indication
for an emergent fasciotomy is based on
clinical diagnosis: if untreated,end result
is Ischemic contracture of the extremity
(Volkmann's contracture)

Table 21. Key Features of the History and Physical Exam of the Injured Hand
HISTORY

Key Questions tge Tetanus status
Diabetes
Smoking status
last oral intake

Previous bistory of band injury

Hand dominance
Occupation
Time and place of accident
Mechanism ol Injury
Initial treatment received

PHYSICAL EXAM
Structure Examination

Observation Position of finger Abnormal cascade (fingers normally slightly flexed and point towards
scaphoid),scissoring
Bony protrusions or specific deformities (e.g. mallet,boutonnibre, and swan
neck deformity)

May indicate underlying skeletal injury

Deformity

Approach to Hand LacerationsBruising or swelling
Sweating pattern (usually felt more May indicate denervation
so than from observation)
Anatomical structures beneath If open laceration,need to explore within wound (under sterile conditions)

Palpate pulses
Allen's test
Assess capillary refill (<2-3 s)
Doppler ultrasound

For each test, need to compare both sides
Volar radial tip of index finger

TIN AX
Tetanus prophylaxis
Irrigate with NS (copious irrigation and
debridement in a timely manner)
NPO (NPO if you are considering
replanting or an urgent OR,otherwise
most operations are done as elective
procedures)
Antibiotic prophylaxis (controversial
-most require no antibiotics,mainly
needed for lacerations associated with
fractures)
X-rays

Vascular Status Radial and ulnar arteries

Digital arteries

Temperature and skin turgor
Median nerveSensory

(see Figure3.PL3)

Volar ulnartipof little finger
Dorsal web space ol the thumb

2-point discrimination on both the radial and ulnar side of the DIP creases
(static or moving 2-point discrimination)

Flex DIP of index finger (to test the AIN branch)

Touch the tip of the index finger to the thumb trying to break through (“OK
sign") (to test the AIN branch)
Thumb to ceiling with palm up (to testthe recurrent motor branch)

Thumb to tip of 5th digit (to testthe recurrent motor branch)
Extrinsic muscles: flex DIP of little finger
Intrinsic muscles:abduct index finger ("Peace sign") or patient able to hold
piece of paper between adducted thumb and index finger and resist pulling
(“Froment’ssign")
Extrinsic muscles: extend thumb (“thumb's up") and wrist

Assess active and passive range of motion of wrist:extension/flexion/ulnar/
radial deviation; finger abductionfadduction/flexioniextension; thumb flexionl
extension/abduction/adduction/opposition

Stabilize PIP in extension,ask patient to flex fingers (at DIP)
Stabilize non- exam fingers in extension (neutralizes FDP) and ask patient to Ilex
examination finger (atPIP)

Focal tenderness or abnormal alignment
Instability may indicate ligamentousinjury or dislocation

Ulnar nerve
Radial nerve

Digital nerves

Motor Function Median nerve
Allen’s Test You need to exsanguinate
the hand by having the patient open and
close the hand.Then,while patient's
hand is firmly closed,occlude both radial
and ulnar arteries.Once fist is open,
release one artery and assess collateral
flow.The process should be repeated for
the other artery

Ulnar nerve

Radial nerve

Tendons,bones, joints,nerves riTissue Resistance to Electrical Current
Nerve< vessel,blood < muscle< skin <
tendon < fat <bone

Range of Motion L J

FDPTendons
FDS +

Palpation Bones
Joints
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General Management of Hand Injuries (Categorized by
Tissue)

Nerves
• test the nerve function BEFORE putting in local anesthesia
• primary repair for a clean injury within 2 wk and without concurrent major injuries: secondary repair

if >2 wk (may require nerve graft)
• epineurial repair of all digital nerves with minimal tension
• postoperative: dress wound, elevate hand, and immobilize
• ‘find’s sign (cutaneous percussion over the repaired nerve) produces paresthesias and defines level of

nerve regeneration
Wallerian degeneration occurs in the first 2 wk, which is why there is no 'finds sign until after
this time period

• a peripheral nerve regenerates at 1 mm/d
paresthesias felt at area of percussion because regrowth of myelin (Schwann cells) is slower than
axonal regrowth -» percussion on exposed free-end of axon generates paresthesia

Hand Exam
• Never blindly damp a Weeding

vessel as nerves are often found in
close association witti vessels

• Never explore any volar hand wound
intheER

• Arterial Weeding from a volar digital
laceration is likely associated with a
nerve laceration (nerves in tigitsare
superficial to arteries)

Vessels
• often associated with nerve injury in the digits (anatomical proximity)
• control bleeding with direct pressure and hand elevation
• if digit devascularized, optimal repair within 6 h
• close skin, then dress, immobilize, and splint hand with fingertips visible
• monitor colour, capillary refill, skin turgor, fingertip temperature post-revascularization

Tendons
• most tendon lacerations require repair
• most extensors are repaired in the emergenq- room, flexors are repaired in the operating room within

2 wrk
• see Tendons,PL27

Bones
• see Fractures and Dislocations, PL28

Nailbed
• subungual hematomas >50% of the nail surface area need to be drained (trephination),done under a

digital block by puncturing nail plate
• if suspecting greater severity of injury' (e.g.distal phalanx displaced fracture, laceration of nail bed),

remove nail plate to examine underlying nailbed under digital block anesthesia
• irrigate wound and nail thoroughly
• suture repair of nailbed with chromic suture
• replace cleaned nail, which acts as a splint for any underlying distal phalangeal fracture and prevents

adhesion formation between nail fold and nailbed

Hand Infections
Principles
• trauma is most common cause
• 90% caused by Gram-positive organisms
• most common organisms (in order): S.aureus, S.viridans,GAS,£ epidermidis,and Bacteroides

melaninogenicits (MRSA is becoming more common)

TYPES OF INFECTIONS

Deep Space Infections
• abscess formation in deep spaces of the hand, parona’s space, web spaces, or most commonly thenar

or midpalmar space

Felon. definition: abscess in the pulp of a fingertip or thumb that occurs following a puncture wound into
the pad of the digit; may be associated with osteomyelitis

• treatment: elevation, warm soaks, cloxacillin 500 mg PO q6 h ( if in early stage); if obvious abscess
or pressure on the overlying skin or failure to resolve with conservative measures, then l&D, take
cultures/Gram stain, and adjust antibiotics to culture results

+
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Flexor Tendon Sheath Infection
• Staphylococcus > Streptococcus > Gram-negative rods
• definition:abscess within the flexor tendon sheath (flexor tenosynovitis), commonly caused by a

penetrating injury and can lead to tendon necrosis and rupture if not treated
• clinical features: Kanavel’s 4 cardinal signs

1.point tenderness along flexor tendon sheath from A1 pulley onwards
2.severe pain on passive extension of digit
3.fusiform swelling of entire digit
4.flexed posture (increased comfort)

• treatment
non-suppurative:antibiotics, resting hand splint and elevation until infection resolves, hand
therapy after

• suppurative (produces pus): l&D in OR

Herpetic Whitlow
• HSV-1, HSV-2
• definition:painful vesicle(s) around fingertip or thumb

often found in medical/dental personnel and children
• clinical features: can be associated with fever, malaise,and lymphadenopathy, prodromal phase

patient is infectious until lesion has completely healed
• treatment: diagnosed clinically, if in doubt confirm with viral culture/PCR or Tzanck smear, usually

self-limited, consider oral acyclovir in severe cases; debridement of these lesions is contraindicated

Paronychia
• acute = Staphylococcus; chronic = Candida
• definition: infection (granulation tissue) of soft tissue around fingernail (within the paronychium

and/or beneath eponychial fold)
• etiology

acute paronychia: a “hangnail," artificial nails, and nail biting
chronic paronychia: prolonged exposure to moisture

• treatment
acute paronychia:warm compresses and oral antibiotics if caught early; if abscess present,
drainage with blade (avoid hitting nail bed) and oral/IV antibiotics; if abscess extends to below
nail plate, nail plate removal may be required
chronic paronychia:antifungals, eponychial marsupialization; nail plate removal may be required

Amputations
Hand or Finger
• emergency management: injured patient and amputated part requires attention

patient:x-rays (stump and amputated part), NRO, clean wound and irrigate with NS, dress stump
with non-adherent dressing, cover with dry sterile dressing, tetanus and antibiotic prophylaxis
(cephalosporin/erythromycin)

• amputated part: x-rays, gently irrigate with RL, wrap amputated part in a NS/RL soaked sterile
gauze and place inside waterproof plastic bag, place in a container, then place container on ice

• indications for replantation
age: children often better results than adults
level of injury: thumb and multiple digit amputations are higher priority; multiple level
amputation is a contraindication to replant
nature of injury:clean cut injuries have greater success;avulsion and crush injuries are relative
contraindications to replant

• if replant contraindicated, manage stump with revision amputation
involves debriding stump of wound, trimming back the bone and nerve endings, and gently
dosing the skin
commonly done in the ER under digital block
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Tendons
Common Extensor Tendon Deformities

Table 22. Extensor Tendon Deformities
Injury Definition Zone Etiology/Clinical Features Treatment
Mallet Finger DIP flexed with loss of 1

active extension
There are bony and non-bony mallets Splint DIP in extension for
Bony:fracture of distal phalanx distal 6 wk.followed by 2 wk of
lo tendon insertion
Non -bony:forced flexion of the
extended DIP leading to extensor
tendon rupture at DIP (e.g. sudden
blow to lip of the finger)

Injury or disease affecting the
extensor tendon insertion into the
dorsal base ol the middle phalanx
Associated with RA or trauma
(laceration, volar dislocation,acute
forceful flexion of PIP)

night splinting; if inadequate
improvement after 6 wk, check
splinting routine and recommend
4 more wk of continuous splinting

3Boutonniere Deformity PIP flexed. DIP
hyperextended

Splint PIP in extension and allow
active DIP motion

DIP
n

111Swan Neck Deformity PlPhypcrcxIended. DIP 1.3 Trauma (PIP volar plate injury) Corrective procedures
Associated with RA and old. untreated involve tendon rebalancing or

ailhrodcslsfartliioplusty
Zone 1
one 2

Ik.nl
mallet deformity
Splint to pievent PIP hyperextension
or DIP flexion

CO

estZone 3
B. Zone 4

Zone 5
;4one 6

'Zone 7

i
DIP flexion v

=c

I
-iPIP iiyperextension Zone 8 CS£) EmilyTaylor 2020 after Jackie Sobers

^
Figure 23. Zone of extensor tendon
injury (odd numbered zones faII over
a joint)

Figure 22. Extensor tendon deformities: (A) Mallet finger deformity (B) Boutonniere deformity (C) Swan neck
deformity

De Quervain’s Tenosynovitis
• definition: tenosynovitis is inflammation of the tendon and/or its sheath. Most common is De

Quervain’s tenosynovitis (inflammation of the extensor tendons in the 1st dorsal compartment ( APL
and EPB))

• clinical features
positive finkelstein’s test (pain over the radial styloid induced by making fist, with thumb in
palm, and ulnar deviation of wrist )

• pain localized to the I st extensor compartment
• tenderness and crepitation over radial styloid may be present
• differentiate from CMC joint arthritis (CMC joint arthritis will have a positive grind test, whereby

crepitus and pain are elicited by axial pressure to the thumb)
• treatment

mild: NSAIDs, splinting, and steroid injection into the tendon sheath
severe: surgery to open 1st dorsal compartment and release stenotic tendon sheaths of APL and EPB

Ganglion Cyst
• definition

• fluid -filled synovial lining that protrudes between carpal bones or from a tendon sheath; most
commonly carpal in origin

• most common soft tissue tumour of hand and wrist (60% of masses)
• clinical features

• most commonly on the dorsal wrist overlying the scapholunate ligament, followed by the volar
surface of the wrist overlying the radioscaphoid or scaphotrapezial joints

• 3 times more common in women than in men
• more common in younger individuals (2nd to 4th decades)
• can be large or small ( may drain internally so size may wax and wane)
• often non-tender, although tenderness increased when cyst is smaller (from increased pressure

within smaller cyst sac)
<DAva Schroodl 202) after Shelley Wall 2003

^
Figure 24. Zones of the flexor
tendons

r T
L J

• treatment
conservative treatment: observation and reassurance; advise patient against rupturing cyst
aspiration ( recurrence rate 30-60% within one yr, risk of damaging nearby neurovascular
structures)

• steroid injection if painful (done in combination with aspiration,as results alone arc no better
than aspiration )

• consider operative excision of cyst and stalk ( recurrence rate 5.9% for dorsal wrist ganglion, 30%
for volar)

+
A 2 and A 4 pulleys arc most Important
for function: prevent bowstrlnglng of
tendons
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Common Flexor Tendon Deformities
• flexor tendon zones (important for prognosis of tendon lacerations)
• “no-man's land" (zone 2)

between distal palmar crease and mid-middle phalanx
zone where superficial^ and profundus lie ensheathed together

• recovery of glide very difficult after injury
Nodi icStenosing Tenosynovitis (Trigger Finger/Thumb)

• definition: inflammation and thickening of tendon or tendon sheath /pulley (most commonly at A - l
pulley near MCP), preventing smooth gliding of tendon through the sheath/pulley and resulting in
locking of thumb or finger in flexion /extension

• etiology: idiopathic or associated with KA, DM, hypothyroidism, gout, and pregnancy
• clinical features

ring finger is most commonly affected, then long finger and thumb
patient complains of catching, snapping, or locking of affected finger
tenderness to palpation/nodule at palmar aspect of MCP over A-l pulley

• women are 4 times more likely to he affected than men
• non-surgical treatment

• NSAlDs
steroid injection; injections less likely to be successful in patients >60 yr, or symptoms greater
than 6 mo
splint

• surgical treatment
indicated if no relief of symptoms or minimal relief with steroids
incise A-l flexor pulley to permit unrestricted, full active finger motion

Synovial sheath
Flexor digitor urn
superficialis
Flexor digltorum
prolundus

(SCostio Hillock WallingM21y

Figure 25. Digital flexor pulley
system

Fractures and Dislocations
•for fracture principles, see Orthopaedic Surgery, OR5

FRACTURES
•about 90% of hand fractures are stable in flexion (splint to prevent extension)
•position of safety

wrist extension 0-30“. MCP flexion 70-90°
IP full extension
this is done if you want to immobilize a fracture but are not sure whether there are other injuries

•stiffness secondary to immobilization is the most important complication

Distal Phalanx Fractures
•most commonly fractured bone in the hand
•usual mechanism is crush injury, and thus accompanied by soft tissue injury
•subungual hematoma is common and must be decompressed, especially if there is involvement of

>50% of the nail surface area, see General Management of Hand Injuries (Categorized by Tissue), PL25
•treatment:3 wk of digital splinting (immobilize the DIP with a STAX"splint); if intra-articular

fracture displaced >30%, then percutaneous pinning (K-wires) and splint, or OKU-'
Proximal and Middle Phalanx Fractures
•check for: rotation, scissoring (overlap of fingers on making a fist), shortening of digit
•non-displaced or minimally displaced: closed reduction (if extra-articular ), buddy tape to

neighbouring stable digit, elevate hand, careful motion of extremity with splint to prevent reinjury,
splinted for 2-3 wk

•displaced, non-reducible, not stable with closed reduction, or rotational or scissoring deformity:
percutaneous pinning (K-wircs) or OR11', and splint

Metacarpal Fractures
•generally accept varying degrees of deviation before reduction required: up to 10“ ( D2), 20* (D3), 30“

(D4), or 40“ (D5)
• Boxer’s fracture: acute angulation of the neck of the 5th metacarpal into palm

mechanism: blow on the distal-dorsal aspect of closed fist
loss of prominence of metacarpal head, volar displacement of head
up to 30-40“ angulation may be acceptable
closed reduction should be considered to decrease the angle
if stable, ulnar gutter splint for 4-6 wk

•Bennett’s fracture: two-piece fracture/dislocation of the base of the thumb metacarpal, usually intra-
articular

» unstable fracture
AFL pulls MC shaft proximally and radially, causing adduction of thumb
treat with percutaneous pinning or OR1F, followed by thumb spica for 6 wk

•Rolando fracture:T-or Y-shaped fracture of the base of the thumb metacarpal
treated like a Bennett’s fracture

r i
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DISLOCATIONS
• treatment: must be reduced as soon as possible
• dislocation vs. subluxation

• dislocation: severe injury where articular surfaces of a joint are no longer in contact with one
another

• subluxation:articular surfaces of a joint are partially out of place (i.e.“partial dislocation”- often
unstable and requires reduction)

PIP and DIP Dislocations (PIP more common than DIP)
• usually dorsal dislocation (commonly from hyperextension)
• 3 views of hand needed with x-ray imaging to assess degree of dislocation ( posteroanterior, oblique,

and lateral)
• if closed dislocation:closed reduction and splinting in position of function for 1 wk or buddy taping,

and early mobilization (prolonged immobilization causes stiffness)
• open injuries are treated with wound care, irrigation, and debridement, followed by closed or open

reduction and antibiotics

MCP Dislocations (relatively rare)
• dorsal dislocations much more common than volar dislocations
• dorsal dislocation of proximal phalanx on metacarpal head; most commonly index finger

(hyperextension)
• two types of dorsal dislocation

• simple (reducible with manipulation ): treat with closed reduction and splinting for 2-4 wk at 60-
70" MCP flexion
complex (irreducible, most commonly due to volar plate blocking the reduction): treat with open
reduction

UCL Injury of the Hand
• forced abduction of thumb (e.g. ski pole injury)
• skier’s thumb: acute UCL injury; if stable (elbow valgus stress test ), treated with splint x 6-8 wk; if

unstable, patient may have Stener lesion
• Gamekeeper’s thumb: chronic UCL injury, often requires open repair and tendon graft for

stabilization
• Stener lesion: the distal portion of the UCL can detach and flip superficial to the adductor aponeurosis

and will not appropriately heal; requires open repair ( requires x-ray imaging to diagnose)
• evaluation: radially deviate thumb MCP joint in full extension and at 30" flexion and compare with

non-injured hand. UCL rupture is presumed if injured side deviates more than 30" in full extension or
more than 15" in flexion

Dupuytren’s Disease
Definition
• proliferative disorder of the palmar fascia, forming nodules (usually painless), fibrous cords, and

flexion contractures at the MCP and interphalangeal joints
• flexor tendons not involved
• Dupuytren’s diathesis:male sex, early age of onset, strong family history (autosomal dominant

inheritance), involvement of multiple digits, bilateral involvement, and involvement of sites other
than palmar aspect of hand, including the plantar fascia (Ledderhose's) and the penis (Peyronie’s;see
Urology. Table 24 , U33)

Epidemiology
• unusual in Asian patients or patients of African descent, high incidence in northern European

patients, men > women, often presents in 5th-7th decade of life; associated with but not caused by
alcohol use, smoking, and DM

Clinical Features
• nodules, cords, and contractures of MCP, PIP, and DIP
• order of digit involvement (most common to least common): ring > little > long > thumb > index
• risk of recurrence

1
i

A -

£ mCord
!

Nodule' \ 'Palmar
aponeurosisT

Figure 26.Dupuytren’s disease

Treatment
• palmar pit or nodule: no surgery (steroid injections for pain )
• palpable band/cord with no limitation of extension (i.e. no contracture) of either MCP or PIP: no

surgery
• MCP contracture >30"or PIP contracture of any degree: needle aponeurotomy, collagenase

Clostridium histolyticum (Xiaflex*) injection (indicated if cord is palpable), or surgical fasciectomy
• contractures impeding function and/or hygiene: needle aponeurotomy, collagenase injection, or

surgical fasciectomy
• MCP joints have better outcomes than PIP joints post-treatment (achievement of near full extension,

lower risk of recurrence)

+

Activate Windows
GotoSettingstoactivateWindows.



PL30 Plastic Surgery Toronto Notes 2023

Carpal Tunnel Syndrome
Definition
• median nerve compression at the level of the flexor retinaculum/transverse carpal ligament

Etiology
• median nerve entrapment at wrist
• primary cause is idiopathic
• secondary causes: space occupying lesions (tumours, hypertrophic synovial tissue, fracture callus,

and osteophytes); metabolic and physiological (pregnancy, hypothyroidism, acromegaly, and RA); job/
hobby-related repetitive trauma, especially forced wrist flexion

Epidemiology
• l::M»4:l, most common entrapment neuropathy

Clinical Features
• classically, patient awakened at night with numb/painful hand, relieved by shaking/dangling/rubbing
• on exam,sensory loss in median nerve distribution (see Figure 3,PL3), but thenar eminence sensory

loss is spared (palmar cutaneous branch given off prior to carp;

• decreased light touch and 2-point discrimination at DIP radial
touch often lost first

• advanced cases: thenar wasting/weakness due to involvement of the motor branch of the median
nerve

• ± Tinel 's sign (paresthesia on percussion of nerve)
• ± Durban's sign ( paresthesia after pressure over carpal tunnel <30 seconds)
• ± Phalen’s sign (wrist flexion induces symptoms)

Investigations
• generally a clinical diagnosis
• NCS and EMG studies may be used to objectively confirm the diagnosis if clinical history is atypical

al tunnel)
and ulnar creases;discriminative

Treatment
• avoid repetitive wrist and hand motion, wrist splints at night and when repetitive wrist motion

required
• conservative: night-time splinting to keep wrist in neutral position
• medical: NSAlDs, local corticosteroids injection (relief from local corticosteroid injections is also

diagnostic)
• surgical decompression: transverse carpal ligament incision to decompress median nerve
• indications for surgery: persistent signs and symptoms of median nerve compression not relieved by

conservative management, or if motor function is compromised

Brachial Plexus
Etiology
• common causes of brachial plexus injury: complication of childbirth and trauma
• other causes of injury: compression from tumours, supernumerary ribs

Common Palsies

Table 23. Named Neonatal Palsies of the Brachial Plexus
Palsey Location of Injury Mechanism of Injury Features
Duchenne-Erb Palsy Upper brachial plexus (C5-C6) Head/shoulder distraction (e.g. “Waiter's lip deformity'(shoulder internal

rotation, elbow extension and pronation, wrist
flexion)
"Claw hand"
May include Horner's syndrome

motorcycle)

Klumpko’s Palsy Lower brachial plexus (C8-I1) Traction on abducted arm

Differential Diagnosis of Adult-Acquired Brachial Plexus Palsies
• trauma ( blunt, penetrating)
• thoracic outlet syndrome

• associated with large cervical rib,anomalous first rib, strenuous arm work, and neck muscle
hypertrophy

» neurogenic:compression of brachial plexus, resulting in upper limb paresthesia, pain,and
weakness
vascular: compression/thrombosis of subclavian artery/vein, resulting in pain; pallor and
Raynaud's if arterial; swelling and cyanosis if venous

r -i
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•tumour
schwannoma:well-defined margins enable total resection

• neurofibromas: associated with neurofibromatosis type 1
other: e.g. Pancoast syndrome (apical lung tumour)

•neuropathy (compressive, post-irradiation, viral, diabetic, idiopathic)

Investigations
•EMG
•MR1:gold standard for identifying soft tissue masses and nerve roots
•CT myelogram
•closed injuries: if avulsion suspected, then CT myelogram or MR1 initially;otherwise, EMG/NCS 12

wk post-injury to assess healing progress
•open injuries: OK for exploration within a few days post-injury (once patient stable)

Management

Table 24. Management of Brachial Plexus Injuries*

Closed Injuries Concussive/compressive

Traction/stretch
Obstetric palsy

Olten sell-resolving (unless eipanding mass, e.g. hematoma)

II no continued insult, follow lor 3-4 mo (or improvement
Surgery il no significant improvement and/or residual paresis
at age 6 mo
Explore immediately in OKOpen Injuries Sharp or vascular injury

‘All injuries listed requiresplinting as well as OT and PI consults to maintain ROM and function in the joint

Nerve Transfers
• indicated when nerve injury is close to the effector muscle or when other reconstructive options are

possible (e.g. preganglionic root avulsion, complete loss of motor, and/or sensory function);
also serve as adjunct to nerve grafting

• involves the use of an expendable nerve as a donor, such as one that supplies redundant innervation or
one with less importance to daily functioning

• donor nerve serves to:
reconstruct the injured nerve closer to its effector muscle to better facilitate reinnervation, or
directly innervate effector muscle (neurotization)

• cortical plasticity involved in re-programming new nerve function
• can also serve as adjunct to nerve grafting
• both motor and sensory nerve transfers are possible, allowing motor and/or sensory restoration by

neurotization
• three types of donors:

intraplexal (e.g. ulnar or median nerve fascicles)
extraplexal (e.g.contralateral C7 nerve root, intercostal nerve)
distal (e.g. radial nerve branches)

not can

Craniofacial Injuries
• low velocity vs. high velocity injuries determine degree of damage
• fractures cause bruising, swelling,
• management:most can wait ~5 d for swelling to decrease before OR1F required

and tenderness > loss of function

Approach to Facial Injuries
•AT'LS protocol
•inspect, palpate, clinical assessment for injury to underlying structures (e.g. facial nerve, bony

injuries, septal hematoma, ocular involvement,etc.)
•tetanus prophyl
•radiological evaluation:CT scan with fine cuts of 1.5 mm through the orbit
•wound irrigation with NS/RL and removal of foreign materials
•conservative debridement of detached or nonviable tissue
•repair laceration(s) at the time of presentation with 4-0 nylon sutures when the patient's general

condition allows
•consider intracranial trauma; rule out skull fracture

Signs of Basal Skull Fracture
• Battle's sign (bruised mastoid

process)
• Hemotympanum. Raccoon eyes (periorbital bruising)
• CSF otorrhea/rhinorrhea

:.x:-

r i
LJInvestigations

•CT (gold standard)
axial and coronal (specifically request 1.5 mm cuts): for fractures of upper, middle, and lower face
indicated for significant head trauma, suspected facial fractures, and preoperative assessment

•panorex radiograph: shows entire upper and lower jaw; best for isolated mandible fracture, but patient
must be able to sit; however, if high clinical suspicion and negative panorex, CT should be done

+
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Treatment Goals
• re-establish normal occlusion if occlusion is an issue
• normal eye function (extraocular eye movements and visual acuity)
• re-establish facial height and width to re-establish appearance
• consultation when indicated (dentistry, ophthalmology, neurosurgery)

5. Lower transverse maxillary (4 palatel
8. Pterygomaxillary
9. Posterior vertical

6. Upper transverse mandibular
7. Lower transverse mandibular

Figure 27. Craniofacial horizontal and vertical buttresses

Mandibular Fractures
•two points of injury since it is a ring structure (includes fractures and dislocations)
•commonly at sites of weakness (condylar neck, angle of mandible)

Condyle Subcondyle

Etiology
•anterior force: bilateral fractures
•lateral force: ipsilateral subcondylar and contralateral angle or body fracture
• note: classified as open if fracture into tooth bearing area (alveolus)

Ramus

“ ""1Symphysis
Parasymphysis

© Susan Parle 2009

AngleClinical Features
•pain, swelling, difficulty opening mouth (“trismus”)
• malocclusion, asymmetry of dental arch

damaged, loose, or lost teeth
•palpable “step” along mandible
• numbness in CN V3 distribution
•intra-oral lacerations or hematoma (sublingual)
•chin deviating toward side of a fractured condyle

Classification

Body

Figure 28. Mandibular fracture sites

Table 25. Mandibular Fracture Classifications by Anatomic Region
Areas/Boundaries

Symphysis Mid line of the mandible: between the central Incisors from the alveolar process through the interior border ol the
mandible
From the symphysis to the distal alveolar border of the third molar

Triangular region betvreen the anterior border oi the masseter and the poslerosuperior insertion of the masseter distal
to the third molar

Part of the mandible that extends posterosuperiorly into the condylar and coronoid processes
Area of condylar process of mandible
Area below the condylar neck ( i.e.sigmoid notch) ol the mandible

Area ol the coronoid process ol mandible

Body

Angle

Ramus

Condylar*

Subcondylar

Coronoid Process
r -\'Moxl common mandibular Iracturu type LJ

Treatment
• maxillary and mandibular arch bars wired together (intermaxillary fixation ) or ORIF (indications

depend on whether fracture is unilateral/bilateral, etc.); ideally managed within -18 h
• antibiotics from initial presentation until at least 3 doses postoperativelv; if late presentation, may

consider treatment with antibiotics for an extended course
+
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Maxillary Fractures

Table 26. Le Fort Classification
Le Fort I Le Fort II Le Fort III

Alternative Name Pyramidal fracture
Pyramidal

Nasal bones
Medial orbital wall

Pterygoid plates
Manila

Maxilla dividedInto 2 segments Maxillary teeth and midscctlon ol the
maxilla separated Irom upper lace

Guerin fracture
Horizontal
Piriform aperture
Maxillary sinus
Pterygoid plates

Craniofacial disjunction
Transverse
Nasofrontal suture

2ygomaticofronlal suture

Pterygoid plates
Zygomatic arch
Entire midfacial skeleton detached
from cranial base

Type of Fracture

Structures Involved

Le Fort Fractures

Anatomical Result

Nasal Fractures Le Fort II Fractures

Etiology
• lateral force -> more common
• anterior force -> can produce more serious injuries
• most common facial fracture

Clinical Features
• epistaxis/hemorrhage, deviation/flattening of nose, swelling, periorbital ecchymosis, tenderness over

nasal dorsum, crepitus, septal hematoma, respiratory obstruction, subconjunctival hemorrhage

Le Fort III Fractures

Figure 29. Le Fort fractures

Treatment
• treated for airway or cosmetic issues
• always inspect for, and drain, septal hematoma as this is a potential cause of septal necrosis and

perforation - completed with small incision in the septal mucosa followed by packing
• closed reduction with Asch or Walsham forceps under anesthesia, pack nostrils with petroleum or

non-adhesive gauze packing, nasal splint for 7 d
• best reduction immediately (<6 h ) or when swelling subsides (5-7 d)
• rhinoplasty may be necessary later for residual deformity (30%)

Zygomatic Fractures
Classification
1. fracture restricted to zygomatic arch
2. depressed fracture of zygomatic complex (zygoma)
3. unstable fracture of zygomatic complex (tetrapod fracture) - separations occur at maxilla, frontal

bone, temporal bone, and orbital rim

Clinical Features
• 3 most common features (pathognomonic):

• subconjunctival hemorrhage
• periorbital ecchymosis (often associated with fractures of the orbital floor)
• CN V2 numbness (infraorbital and superior dental nerves)

• flattening of malar prominence (view from above)
• pain over fractures on palpation
• palpable step deformity in bony orbital rim (especially inferiorly)
• ipsilateral epistaxis; trismus
• ophthalmologic evaluation if suspected globe injury

Treatment
• if non-displaced, stable, and no symptoms, then soft diet; no treatment necessary
• non-displaced zygomatic arch fractures can be elevated using Gillies approach (leverage on the

anterior part of the zygomatic arch via a temporal incision) or Keane approach (elevation through
upper buccal sulcus incision ) only if arch is not comminuted

• if arch is comminuted, coronal incision and ORI1-' is required
• OKU- for displaced or unstable fractures of zygomatic complex (route is dependent on location of

fracture)

tozygomatic

ygomatic arch

stico-maxillary

S.3i' ? j - .. 2c:9

Figure 30. Zygomatic fractures
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Orbital Floor Fractures
•see Ophthalmology, OP-12

Definition
•fracture of floor of orbit: may be a “pure blow-out fracture,” which has an intact orbital rim, or can be

associated with other fractures (orbital rim fracture and/or zygoma)

Etiology
•blunt force to eyeball (e.g.baseball or fist) -> sudden increase in intraorbital pressure

Clinical Features
•restricted tOM (if muscle trapped)
•periorbital edema and bruising, subconjunctival hemorrhage
•ptosis,exophthalmos, exorbitism, enophthalmos, and hypoglobus may be present
•diplopia may be present
•orbital rim step-offs with possible infraorbital nerve anesthesia
•orbital entrapment

clinical diagnosis that is a surgical emergency
• diplopia with straight gaze: unable to look up past neutral (entrapment of inferior rectus), limited

hOM
severe pain or N/V with upward globe movement

Investigations
•CT (diagnostic):axial,coronal, and sagittal views - with fine cuts through orbit: rounding of inferior

rectus can be a sign of orbital entrapment
•diagnostic maneuver for entrapment is forced duction test (pulling on inferior rectus muscle with

forceps to ensure full ROM) under general anesthesia in the OR

Treatment
•surgical repair indicated if:entrapment, any size defect with enophthalmos (if patient is bothered by

it),or persistent diplopia (>10 d)
•reconstruction of orbital floor with bone graft or alloplastic material (e.g. titanium meshes, MEDPOR',

MEDPOR TITAN*)
•after repair, many patients can have diplopia for several weeks

Complications
•persistent diplopia
•enophthalmos

Superior Orbital Fissure Syndrome
•fracture of SOF causing ptosis, proptosis, anesthesia in CN V1 distribution, and painful

ophthalmoplegia (paralysis of CN III, IV, VI)
•uncommon complication seen in Le Fort 11 and 111 fractures (1/130)
•recover)’ time reported as 4.8-23 wk following operative reduction of fractures

Orbital Apex Syndrome
•fracture through optic canal with involvement of CN 11 at apex of orbit
•symptoms are the same as SOF syndrome plus vision loss
•treatment is steroids or urgent decompression of fracture in optic canal (posterior craniotomy for

decompression)

Figure 31. Blow-out fracture

Traumatic Auricular Hematoma (Cauliflower Ear)
Definition
• trauma to the auricle that creates a subperichondrial hematoma that, if not corrected quickly, will

form a permanent disfiguring nodularity known as “cauliflower ear”

Epidemiology
• higher prevalence in athletes who participate in contact risk sports (e.g.mixed martial arts, boxing);

however, it is not exclusive to athletes

Clinical Features
• painless or slightly tender swelling of the upper aspect of the pinna
• becomes firmer and harder with time if left untreated
• colour is skin-coloured or slightly bluish

Differential Diagnosis
• relapsing polychondritis, auricular pseudocyst, epidermoid cyst

Treatment
• aspiration, incision and drainage, and splinting of the auricular hematoma within 7 d ( preferably first

72 h)

ry
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Breast

Anatomy
Vascular Supply

Subclavian artery

Thoracoacromial artery

Axillary artery

Lateral thoracic artery Internal thoracic artery

Thoracodorsal artery

Internal thoracic perforating branches

Medial intercostal perforators/
Anterolateral intercostal perforators

CMidoiiNodigui 2016

Figure 32. Breast vasculature

Innervation
• innervated in a dcrmatomal pattern from branches of the thoracic intercostal nerves (T3-6)

medially innervated from anterior cutaneous branches of l-VI intercostal nerves
laterally innervated from lateral cutaneous nerve branches of 1I-VI1 intercostal nerves

• lateral and upper portions of the breast innervated by lower fibres of the cervical plexus (C3,C4). NAC
supplied by anterior and lateral cutaneous branches of intercostal nerve IV
additional innervation by cutaneous branches of intercostal nerves III and VI

Intercostobrachial nerve,
Cervical plexus

Anteromedial
-intercosal

nerves
Anterolateral

intercostal _
nerves

3D Ruth Chang 2016

Figure 33. Innervation of the breast

Breast Reduction
Indications
• symptomatic (general symptoms)

musculoskeletal pain (back, bra strap location, neck), chronic headache, paresthesia in upper
limb, rashes/irritation under the breast, breast discomfort, and physical impairment

• breast reduction methods can be classified based on pedicle ( i.e. blood supply to the NAC) and skin
resection pattern ( i.e. the resultant scar)

r T
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A

B

CInferior pedicle
technique

Superior pedicle
technique

Superomedial pedicle
technique

Figure 34. Inverted T (“Wise”) pattern reduction

D

E

Figure 35. Vertical pedicles for breast reduction
John R.Fowler.Nandkinnar M. Rawed.Ultrasound ot the Hand and Upper Extremity 1st ed. 2017.Tieme Publishers, www.thicme.com (reprinted

with permission)
F

Common Types of Pedicles
•inferior pedicle: derived from the fourth, fifth, and sixth intercostal perforators; most commonly used

with the inverted T (“Wise") pattern reduction; versatile in small-large breast reduction
recommended pedicle width 6-8 cm, 8-10 cm in large breasts

•superior pedicle: derived from the internal mammary perforator of the second intercostal space
•medial pedicle: blood supplied by internal mammary perforators from third intercostal space, and

may have contribution from fourth intercostal space
•superomedial pedicle: incorporates the descending artery from the second intercostal space as the

medial pedicle base extends superolaterally to the breast meridian
•bipedicle: used in McKissock's technique (well-vascularized dermal-parenchymal vertical bipedicle)

Figure 36. Skate flap
incision outlineA)

B) elevation of wings
elevation of entire flap
caudal folding of flap
skate flap with primary

C)
D)
E)
closure of donor site
F) with skin graftTable 27. Type of Skin Resections/Scar Options

Indications Description
Commonly used in association with inferior pedicle

large portion ol skin removed in horizontal and vertical dnection
Inverted!Pattern large breasts

Breasts with poor gualilyskin that are
challenging to remodel

iamotoi ol nipple

co

<N
-yi

•g-

Skin integrity important toshape and hold breast parenchyma
Used in association with superior or medial pedicle

Parenchyma needed to shape skin
Ho horizontal scar

eightVertical Pattern Surgeon preference of nipple

i
£Circumference

of nippleComplications
NAC necrosis
sensory alteration of nipple ( may vary with type of pedicle) ( may increase or decrease)
unsatisfactory scarring, including hypertrophic or keloid scar
wound healing complications ( 1-5% in healthy patients, higher in patients with elevated BMI )
hematoma
wound infection
fat necrosis
asymmetry of breasts and NAC
potential inability to breastfeed

r m
Figure 37. C-V flap L J
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Mastopexy (Breast Lift)
Definition
• aesthetic procedure of the breast used to correct breast ptosis by modifying the contour and size of the

breast along with elevating the position of the nipple

Clinical Grading of Ptosis (Regnault Ptosis Grade Scale)
1. minor ptosis (Grade I )

nipple at inframammary fold
2. moderate ptosis (Grade 2)

nipple below inframammary fold, but above lower breast contour
3. severe ptosis (Grade 3)

* nipple below inframammary fold and at lower breast contour
4. glandular ptosis/pseudoptosis

ptosis of the lower pole of the breast where the NAC is at or above the inframammary fold

Choice of Incision
• mastopexy can be performed through the same incisions as breast reductions

Breast Augmentation
Definition
• procedure designed to increase the size of the breast

Choice of Incision
• position of incision individualized since no single incision is best for all patients
• 3commonly used types of incision: periareolar, inframammary crease, transaxillary

Type of Implant
• silicone or saline-filled
• subclassified into various styles of surface and shape

Location of Implant
• implants are commonly placed in the following positions:

1.submuscular
implant placed deep to the pectoralis major muscle
most commonly in patients that do not have enough tissue to cover the implant

2.subglandular
implant placed deep to glandular breast tissue but superficial to muscle

3.subfascial
implant placed below the pectoralis fascia

Complications
• hematoma, infection, capsular contracture, leakage rupture, aesthetic deformity
• breast implant illness. BIA-ALCL

* increased risk of BIA-ALCL with textured implants
• presents as sudden onset of pain without injury, or as sudden onset of seroma on average 7-8 yr

alter use ofa textured implant for reconstruction or augmentation purpo
etiology: several theories, including implant-induced chronic inflammation, chronic biofilm,
reaction to silicone shards, and causes not yet determined
risk estimated by Health Canada to be 1/3565 for Allergan Biocell* macro-textured implants and
1/16703 for Mentor* Siltex* micro-textured implants ( Health Canada safety alert KA-70045)
management: en bloc resection of the implant and capsule; standard secondary therapy includes
brentuximab

• favourable clinical outcome if detected and treated early

ses

Gynecomastia
Definition
• benign enlargement of the male breast due to proliferation of the glandular tissue rn

LJ

Clinical Classification
• gynecomastia can be further classified into:

1. idiopathic
2. physiologic

neonatal:circulating maternal estrogens via placenta
pubertal: relative excess of plasma estradiol vs. testosterone
elderly:decreased circulating testosterone, peripheral aromatization of testosterone to
estrogen

+
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3.pathologic
endocrinopathies: excess estrogen, androgen deficiency, deficient testosterone production or
action
tumours
chronic disease: liver cirrhosis, renal
congenital/genetic: Klinefelter's syndrome, androgen resistance

4. pharmacologic
drugs that may interfere with estrogen-testosterone balance including:

- hormones (estrogens, gonadotropins, exogenous steroids)
- antiandrogens
- androgen receptor antagonists (steroidal and non-steroidal)
- androgen synthesis inhibitors (5a-reductase inhibitors)
- antigonadotropins (GnRH analogs, estrogens)
- recreational drugs (cannabis, heroin, amphetamines)
- antihypertensives (spironolactone)

5.massive weight gain
•for physical exani, investigations, and medical management, see Endocrinology. E34

Surgical Options
•surgery is the accepted method of management for gynecomastia
•surgery addresses the three components: breast tissue, fat, skin
•often involves a combination of liposuction (to remove the fatty portion) and surgical excision through

a small periareolar incision (to remove the glandular component)
•patients with significant skin excess may require skin excision as well

Breast Reconstruction
• use of alloplastic devices or autogenous tissue to reconstruct breast after cancer or trauma
• reconstruction can be performed immediately (at the same time as mastectomy) or delayed (as a

separate surgery months or years after initial surgery)
• there are alloplastic and autogenous methods of reconstruction, each with its advantages and

disadvantages

Table 28. Timing of Immediate Reconstruction vs. Delayed Reconstruction
Advantages Disadvantages

Immediate
Reconstruction

Generally best aeslhetic outcome; maypreserve nipple il
oncologically sale
Docs not require creation of additional skin
Tissues are not damaged Irom scarring
Good option lor patients unable lo have Immediate
reconstruction

Mastectomy flap viability can compromise outcome
longer surgical time

loss of skin, volume, lateral border of breast, and natural
landmarks, including inframammary fold (makes surgery
more challenging)
Resection of irradiated/scarred skin and associated wound

Delayed
Reconstruction

For patients who may be getting radiotherapy and
undetermined post-surgery oncologic treatment
Provides option of contralateral surgery with reconstruction, healing complications, including risk of reconstructive
if required (I.e.contralateral cancer, genetic marker for failure
disease) Likely requires more stages than immediate reconstruction

lor completion

n
L J )
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Table 29. Alloplastic Reconstruction vs. Autogenous Reconstruction
DisodvantagcsAdvantages

Alloplastic Reconstruction Single stage direct to implant (Oil) Shorter surgery
May give a more complete or
(tnal result

Sice restriction in reconstruction
Very lew patients meet criteria:
Grade 1 ptosis, small breast, skin-
sparing mastectomy

Less tension on mastectomy Requires multiple OR procedures
flaps compared to single-stage and clinic visits
reconstruction with implants Waiting time between first and
Ability to increase amount ol skin second stages
and avoid use of flap
Some patient control over final
outcome

Twostage reconstruction with
expander and implant

Requires post-surgical procedures
(patient to come to clinic for
inflations)
Sice of reconstruction limited
to mastectomy Rap sice and
vascularity

Acellular dermal matrix and
implant

Can cover areas of implant or Animation it submuscular
tissue expander and place It above
muscle (no muscle dissection
required)
Can create larger submuscular
pocket for bigger device
Can be done as a
free tissue transfer or as a
pedided TRAM
Provides a good amount of tissue
for transfer in most patients
Similar to well concealed “tummy Pedided 1RAM:

Higher bulge rates
Higher rate of flap necrosis

Autogenous Reconstruction Transverse Rectus Abdominis
Myocutaneous (TRAM) flap

Abdominal scar
Volume depends on patient's
donor site
Weakness in rectus abdominis

luck" scar

Free TRAM:
Requires preparation of recipient
vessels and microsurgical
anastomosis

Method spares rectus abdominis dependent on amount of
muscle and fascia and should abdominal tissue available
theoretically preserve Innervation Abdominal scar
and continuity of abdominal wall
Reliable pedicle
Provides skin and muscle
Possible to do muscle sparing
procedure without flap
compromise
Good option if abdominal tissue
not sufficient

Upper part of buttock Muscle-
sparing
Can remove extra tissue from
flanks to reduce abdominal
circumference
Lower part of buttock
Muscle-sparing

DILP

Latissimusdorsi flap Hollowness at harvest site
Shoulder weakness or impaired
shoulder range of motion
Dorsal hernia

SGAP Short pedicle length
More technically challenging than
TRAM and DILP

IGAP Contour of buttock is allectcd
Short pedicle length
More technically challenging than
TRAM and OILP
Not amenable to large breast
reconstruction
Short pedicle length
Potential damage to lymphatic
drainage of leg

TUG Good option if abdominal and
buttock tissue notsulfident
Scar is well hidden within groin
crease
Gracilis muscle not critical for
strength
Good option if abdominal and
buttock tissue not sufficient
Muscle-sparing
Scar is hidden within /beneath
gluteal sulcus

PAP Not a menable to large breast
reconstruction
May have altered sensation in
posterior thigh

Nipple Areolar Complex Reconstruction
• nipple reconstruction is usually done as the final step when the patient is satisfied with breast mound

creation
• reconstruction can he performed with local anesthetic since many patients have decreased sensation

in the mastectomy or breast (laps
• it can be done by either a llap, graft, or 3D tattoo

r ^LJ
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Table 30. Types of Nipple Reconstruction
Description DisadvantagesAdvantages

Skate Flap Pedicle elevated above breast mound
Lateral aspects olflap are wrapped around central
aspect of flap
Delect mainly closed byskin gralt

Lossolprojection
Donor site morbidity
May have loss olprojection over

Low complication rates

time
Skin gralt required

Ulilites C flap and two V flaps lot nipple
reconstruction
Diameter ol C flap becomes diameter of
reconstructed nipple
Width of V flaps dictate projection of reconstructed
nipple
C-V flap closed with primary closure
Tissue commonly from contralateral nipple (nipple
share) or labia
Two methods for nipple gralt:
• Distal aspect of nipple removed transversely and

delect closed with purse siting suture
• Nipple divided inhall longitudinally, folded over ,

and closed with primary closure

loss olprojection
Nipple sice limited by flap
dimensions

C-V Flap Nogralts required

May have loss of projection over
time
Tattooing required to match
natural areola

Nipple Graft Loss of projection
Donor site morbidity
Decreased contralateral nipple
sensation
Necrosis olgralt or donor nipple

Nipple share isan excellent option
in patients with contralateral
nipple projection >1cm

Table 31. Types of Areolar Reconstruction
Description DisadvantagesAdvantages

Conducted 3-4 mo after nipple
reconstruction when most of the
projection has stabilized
Full thickness skin grails,
commonly frominner aspect ol
thigh or opposite areola

Can provide more accurate colour May require touch-ups due to
matching withlimited morbidity pigment lading overtime with skin

sloughing
Provides texture and pigment Donor site morbidity
resembling a natuial areola

Tattoo"

Skin Graft’

‘ Tattoo and skin grlilting can be usedIn conjunction

Aesthetic Surgery

Aesthetic Procedures

Table 32. Aesthetic Procedures
Location DescriptionProcedure
HeadfNeck Hair transplants

Otoplasty
Foreheadfbrow lift
Rhytidectomy
Blcpharoptasty

Aesthetic improvement of hair growth patterns using hair follicle grafts or flaps

Surgical reconstruction of external ear
Surgical procedure to lift the forehead and eyebrows

Surgical procedure lo reduce wrinkling and sagging ol the lace and neck;“face lift"
Surgical procedure lo shape or modify the appearance oleyelids by removing excess eyelid
skin tlalpads

Surgical reconstruction olthe nose t nasal aiiway
Chin augmentation via osleolomy oi synthetic implant to improve contour

Application ol oneor more exfoliating agents to the skin resultingin destruction olportions
of the epidermis and/or dermis with subsequent (issue regenerabon

Skin resurfacing with a rapidly rotating abrasive tool;often used lo reduce scars,irregular
skin surfaces,and fine lines
Application ol laser to the skin which ultimately results in collagen reconfiguration and
subsequent skin shrinking and tightening:often used lo reduce scars andwrinkles

An injectable substance is usedlo decrease facial rhytids; can augmcnl lips to create fuller
appearance; substances include: collagen, fat. hyaluronic acid,and calcium hydioxyapatile
(most common substances include hyaluronic acid and fat)
Removal olexcess skin and repair of rectus muscle laxity (redus diastasis);"lummy luck"
Augmentation of calf muscle with implants
Surgical removal of adipose tissue lor body contouring (not a weight loss procedure)

Rhinoplasty
Genioplasly

Chemical peelSkin

Dermabrasion

Laser resurfacing

Injectable Idlers

Other Abdominoplasty
Call augmentation
Liposuction r "i

L J

+

Activate Windows
Go to Settings to activate Windows.



PL-11 Plastic Surgery Toronto Notes 2023

Gender-Affirming Surgery (Transition-Related
Surgery)

• ensure appropriate use of gender pronouns
• some procedures require I vr trial of hormone therapy, preoperative letters of evaluation and

documentation from mental health professionals as outlined by the World Professional Association
for Transgender Health Standards ofCare - Version 7 guidelines

Table 33. Surgical Options for Transgender Women
Procedure Description Follow-Up

Surveillance for implant rupture
Adhere to breast cancer screening guidelines in addition
to gender-specific medical maintenance
Short-term restrictions on placing body weight on fat -
grafted areas (*2 wk)
100% of injected fal volume nol maintained long- term

Breast Augmentation Implant-based, fat-grafting, or combined surgery to
increase breast sire

Contouring Procedures Altering fal distribution in distinguishing regions ol
the body (abdomen, flank, hip, and bullock) using
liposuction oi fal grafting (limited by availability ol
autologous fal)
t Hairline suigery
iForehead augmentation or osteotomy
t Rhinoplasty
± Genioplasty (implant alone is usually not sufficient)
Cartilage removal to reduce thyroid cartilage size

Facial Feminization Hair transplant may be needed in adjunct
May have altered lip sensation and altered sensation of
lower incisors with genioplasty

Chondrolaryngoplasty Risk of long-term hoarseness based on anatomical
proximity of recurrent laryngeal nerve to site of surgery
Nol all procedures are permanent (i.e. cricothyroid

approximation)
Some procedures may narrow air way (i.e. anterior glottal
web formation)
Nol guaranteed to achieve exact desired pitch change

Vocal Cord Surgery Alteration ol vocal cord length to increase vocal pitch

Vaginoplasty see Urology. Itanution-Relati'dSurgeries , fable 26. U47

Table 34. Surgical Options for Transgender Men
DescriptionProcedure Follow-Up

Chest Masculinization Most common technique is double incision free nipple Loss of nipple sensation
graft technique

May need liposuction for patients with excess
subcutaneous tissue

Contouring Procedures
Facial Masculinizalion

see fob/e 33
t Forehead augmentation
* Maxillary augmentation
i Mandibular augmentation
t Rhinoplasty
t Genioplasty
Cartilage added to increase thyroid cartilage Risk of vocal cord paralysis due to surgery
prominence
Alteration ol vocal cord length to decrease vocalpitch Nol guaranteed lo achieve exact desired pitch change

Phalloplasty, Metoidioplasty see Urology, hansilion Rclolcd Suigeiia. table 26. U47

May have altered lip sensation and altered sensation of
lower incisors with genioplasty

Thyroid Cartilage
Enhancement
VocalCord Surgery

• for further information on gender-affirming surgical techniques, see Urology, Transition-Related
Surgeries, U47

r "i
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Paediatric Plastic Surgery

Craniofacial Anomalies

Table 35. Paediatric Craniofacial Anomalies
Definition Epidemiology Clinical Features Treatment

Cleft Lip Failure of fusion of
maxillary and medial
nasal processes

1in 1000 live births
(increased incidence
in Asian individuals,
decreased incidence in
individuals of African
descent)

Isolated cleft palate:0.5 in Classified as incomplete/ Special bottles for feeding
1000 (no racial variation) complete and unilateral/ SIP

bilateral
4% chance oldellIIone Isolated (commonIn
parent or sibling have dell females) or in conjunction 2-Plasty
17% chance of cleft if with deft lip (common in ENT consult - often recurrent otitis
both sibling and parent males)
have deft

tin 2000 live newborns:
M:E-52:48
Syndromes include:
Crouzon's,Apert's.
Saelhre-Chotzen,
Carpenter's.Pfeiffer’s.
JacksonWeiss.and
Boston - type syndromes

Classified as incomplete/ Surgery (3 mo):Millard,or Fisher
complete and unilateral/ (additional corrective surgeries
bilateral:2/3 cases: usually required later on •
unilateral,left-sided,male especially lor nasal deformity

Failure of fusion of
lateral palatine/median
palatine processes and
nasal septum

Cleft Palate

Surgery (6-9 mo):
Von langenbeckor Follow

F -M

media, requiring myringotomy
tubes

Craniosynoslosis Primary (no known cause). Multidisciplinary learn (including
or secondary (associated neurosurgery.ENf.genetics,
with a known cause or dentistry,paediatrics.SLP)
syndrome) the type,timing,and procedure

are dependent on which sutures
(lambdoid, sagittal, etc.) are
involved
Early surgery prevents secondary
deformities

Congenital Hand Anomalies

Table 36. American Society for Surgery of the Hand (ASSH) Classification of Congenital Hand
Anomalies
Classification Example Features Treatment
Failure olFormation Transverse absence Atanylevel (oflenbelowelbow/

(congenital amputation) wrist)

longitudinal absence
(pliocomelia)

Early prosthesis

Absent humerus
lhalidomide association Figure 38. Veau classification of cleft

lip and palate
Image reproduced with permission from

Medscape Drugs £ Diseases
(https://ernedicinejriedscape.com'').Cleft Lip and
Palate and Mouth and Pharynx Deformities, 2021.
available at:https://eniedkine.medscape.com/
altide/837347.overview

Radial deficiency (radial Radial deviation
club hand)

Physiotherapy'splinting
Soft tissue release if splinting fails
Distraction osteogenesis (Ilizarov distraction)

wedge osteotomy
tendon transfer
Pollicitation
Depends on degree- may involve no treatment,
webspace deepening, tendon transfer,or pollicization
of index finger

Thumb hypoplasia
M»F

thumb hypoplasia Syndromes include:Fanconi
anemia.Holt-Ogram.and CHARGE
syndromes.Degree ranges from
small thumb with alt components to

complete absence
Ulnar club hand Rare,compared to radial club band Splinting and soft tissue stietching therapies

Stable wrist Soft tissue release (if above fails)
Correction of angulation (Ilizarov distraction)

Clell hand First web space syndactyly release
Osteotomy/tendon transfer of thumb (if hypoplastic)

Autosomal dominant
Olten functionally normal

(depending on degree)

Failure of
Differentiation/
Separation

Syndactyly Syndromes include:Apert,Poland,
and HollOram syndromes
1in 3000 live births
M:F-2:1

Short lingers with sborl nails at
Fingertips

Congenita! flexion conlracture Early splinting
(usually at PIP.especially 5th digit) Volat release

Arthroplasty (rarely)

Surgical separation before 6-12 moot age
May require a skin graft to cover the Angers
Usually good result

r T
L JSymbracbydactyly Digital separation

Webspace deepening

Camptodactyly

+
Clinodactyly None (usually): it severe,osteotomy with gradingRadial or ulnar deviation

Oden middle phalanx
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Table 36. American Society for Surgery of the Hand (ASSH) Classification of Congenital Hand
Anomalies
Classification Example Features Treatment
Duplication Congenital duplication of digits Amputation of least functional digit

May be radial (increased in Asian Usually >1yr of age (when functional status can be
individuals andIndigenous peoples) assessed)
or central or ulnar (increased in
individuals ol African descent)

Polydactyly

Overgrowth None (if miId)
Soft tissue/bony reduction
Removal of nonfunctional stumps
Osteotomies/tendon transfers
Distraction osteogenesis

Phalangeal/free toe transfer
As above syndactyly release

Macrodactyly Rare

Short phalangesUndergrowth Brachydadyly

Symbrachydactyly

ftrachysyndactyly

i.e.amniotic (annular)
band syndrome

Short webbed Fingers

Constriction Band
Syndrome

Variety of presentations Urgent release for acute,progressive edema distal to
band in newborn
Other reconstruction is case specific
Treatment depends on etiologyGeneralized Skeletal Achondroplasia,Marfan Variety of presentations

Abnormality syndrome,Madelung's
deformity
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community treatment order
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CTO PCP TCA essant
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XR

Psychiatric Assessment

History
OIntroduction

• name, role, purpose, circumstances (i.e. approximate time)
• limits of confidentiality ( i.e. safety of dependents, harm to self or others)

Identifying Data
• necessary: name, age, gender ( preferred pronouns), living situation (accommodation, independently,

or with others), marital/ relationship status, children, source of income/support,or occupation
• adjunct: outpatient/inpatient, referral source, known/unknown to provider

Chief Complaint
• in patient's own words, with duration of symptoms

History of Present Illness
• context: events, problems, stressors, losses, changes
• symptoms:onset, duration, intensity, progression, fluctuation with day/season
• impact on functioning:social, occupational, ADL/IADLs, personal care/survival
• coping strategies, treatments, personal /professional supports
• reason for seeking help that specific day
• prior episodes/experiences, longitudinal course (duration/frequency)
• last period of wellness, changes to usual personality when unwell
• opinions about cause/nature of concerns, willingness to engage, hopes/expectations of treatment

Psychiatric Functional Inquiry
• mood:depression, mania
• other: trauma, obsessions/compulsions, disordered eating
• anxiety: worries, panic attacks, phobias, or social anxiety
• psychosis: hallucinations, delusions
• safety/risk: self (suicidal ideation/intent/plan (see,S'mc/</c, PS5), self-harm, neglect), others (homicide,

aggression, violence), dependents (children, elderly, disabled, pets),driving,cooking/fires

Screening Ouestions for Major
Psychiatric Disorders

• Have you been feeling down,
depressed, or hopeless?

• Do you feel anxious or worry about
things?

• Has there been a time in your life
where you have felt euphoric,
extremely talkative,had a lot of
energy,and a decreased need for
sleep?

• Do you see or hear things that you
think other people cannot?

• Have you ever thought of harming
yourself or killing yourself?

Psychiatric Functional Inquiry

MOAPS
Mood
Other (medical problems and
substance use)
Anxiety
Psychosis
SafetyPast Psychiatric History

• previous psychiatric diagnoses and mental health contacts
• hospitalizations:approximate total, date of last discharge
• emergency department visits (for mental health crisis)
• suicide attempts: number, severity, medical intervention, most recent
• self-harming behaviour (cutting)
• aggression/violence, legal (charges)
• treatments: pharmacological and non-pharmacological (effectiveness, side effects) r T

L J

Substance Use History
• type: tobacco, cannabis, alcohol, other (stimulants, hallucinogens, prescription drugs, gambling/

online)
• use: first, typical, last, periods of abstinence
• withdrawal symptoms ( i.e. seizures, delirium tremens)
• previous treatments: counselling, detox, groups
• impact on symptoms, motivation to change

+
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Past Medical/Surgical History
• all medical, surgical, neurological (i.e. head trauma, seizures) conditions/illnesses
• allergies

Medications
• names, doses, frequency
• adherence, effectiveness, side effects
• over the counter, supplements

Family Psychiatric/Medical History
• diagnoses, treatments, hospitalizations, suicide attempts, substance use, legal
• perceptions regarding mental illness, engagement witn treatments
• if relevant:any past medical or genetic illness

Always Remember to Ask About Abuse
See Family Medicine. FM30

Past Personal/Developmental History (as relevant)
• birthplace, immigration history (if applicable), ethnicity/nationality, religion/spirituality
• family members: ages,occupations, personalities, quality of relationships
• history of verbal, physical,or sexual abuse
• prenatal and perinatal history: desired vs. unplanned pregnancy, maternal and fetal health, domestic

violence, maternal substance use and exposures, complications of pregnancy/dclivery
• early childhood to age 3: developmental milestones, temperament, family stability, primary

caregivers/attachment figures
• middle childhood to age II: school performance, peer relationships, bullying, activity/attention level,

behavioural challenges
• late childhood to adolescence: school performance, drugs/alcohol, legal problems, peer and family

relationships, extra-curriculars
• sexuality: puberty,gender identity, sexual orientation, sexual functioning/experiences, romantic

relationships
• adulthood:education, employment, relationships
• hobbies, interests, sources of meaning, strengths, accomplishments, aspirations, hopes

Collateral History
• source, details provided

Mental Status Exam
General Appearance
• age (chronological vs. apparent), gender, ethnicity
• posture, grooming, hygiene, manner of dress, body habitus, distinguishing features
• eye contact, facial expression, alertness
• attitude: polite, friendly, collaborative, uncooperative, guarded/suspicious, evasive, agitated,

aggressive/hostile
• reliability (consistency, congruent with collateral), ease of building rapport
• gait, psychomotor changes (slowing/agitation ), tics, tremors, tardive dyskinesia, dystonia, catatonia

Speech
• rate ( i.e. pressured, slowed), rhythm, volume, tone, quantity, spontaneity, latency, language fluency,

articulation

Mental Status Exam

ASEPTIC
Appearance and behaviour
Speech
Emotion (mood and affect)
Perception
Thought content and process
Insight and judgment
Cognition

The MSE is analogous to the physical
exam. It focuses on current signs, affect,
behaviour, and cognition

Mood and Affect
• mood: subjective emotional state (in patient’s own words)
• affect:objective emotional state inferred from emotional responses to stimuli; described in terms of

quality (euthymic, depressed, elevated, anxious, irritable)
• range (full, restricted, flat, blunted)
• stability (continuum front fixed to labile)
• mood congruence (inferred by comparing the patient’s subjective mood with their affect)

• many clinicians use a 0-10 scale (0:worst; 10:best) when rating mood to get a subjective norm for each
patient that can help to monitor changes over time and with treatment

Spectrum of Affect
Full > Restricted > Blunted > Flat:quality
(euthymic.depressed, anxious, elated)

Perception
• hallucination: sensory perception in the absence of appropriate stimuli that is similar in quality to a

true perception
• auditory (most common), visual, gustatory, olfactory, tactile

• illusion: misperception of a real external stimulus (i.e. mistaking a coat on a rack as a person late at
night)

• depersonalization:change in self-awareness such that the person feels unreal, distant, or detached
from their body, and/or unable to feel emotion

• derealization: feeling that the world/outer environment is unreal

There Is poor correlation between
clinical impression of suicide risk and
frequency of attempts

j
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Thought Process/Form
• coherence (coherent, incoherent)
• stream

goal-directed: clearly answers questions in a linear, organized, logical fashion
circumstantial: speech that is indirect and delayed in reaching its goal; eventually comes back to
the point
tangential: speech is oblique or irrelevant; does not come back to the original point
loosening of associations/derailment: illogical shifting between topics
flight of ideas: quickly skipping from one idea to another where the ideas are marginally
connected, usually associated with racing thoughts in mania

• word salad: jumble of words lacking meaning or logical coherence
• perseveration: repetition of the same verbal or motor response to stimuli
• echolalia: repetition of phrases or words spoken by someone else
• thought blocking: sudden cessation of flow of thought and speech
• clang associations: speech based on sound such as rhyming or punning
• neologism: use of novel words or of existing words in a novel fashion

Thought Content
• major themes discussed by patient
• suicidal ideation/homicidal ideation: frequency and pervasiveness of thoughts, plan, intent, active vs.

passive,protective factors
• preoccupations, ruminations: reflections/thoughts at length, not fixed or false
• obsession: recurrent and persistent thought, impulse, or image which is intrusive or inappropriate and

unwanted
cannot be stopped by logic or reason

• causes marked anxiety and distress
common themes:contamination, orderliness, sexual, pathological doubt/worry/guilt

• magical thinking ( i.e. superstition, belief that thinking something will make it happen ), normal in
children and certain cultures

• ideas of reference:similar to delusion of reference, but less fixed (the reality of the belief is questioned)
• overvalued ideas: unusual/odd beliefs that are not of delusional proportions
• first rank symptoms of schizophrenia: thought insertion/withdrawal/broadcasting (all delusional

ideas)
• delusion:a fixed false belief that is out of keeping with a person’s cultural or religious background and

is firmly held despite incontrovertible proof to the contrary

Cognitive Assessment
Use MMSE to assess
• Orientation (time and place)
• Memory (immediate and delayed

recall)
• Attentlon and concentration
• Language (comprehension, reading,

writing, repetition, naming)
• Spatial ability (intersecting

pentagons)
Gross screen for cognitive dysfunction:
Total score is out of 30; <26 abnormal.
20-25 mild,10-19 moderate,<10severe

The key to differentiating between
obsessions and delusions is that
obsessions are usually ego dystonic,
meaning unwanted and not fitting in
with a person 's goals and self -image,
while delusions are ego syntonic

Delusions (Absolute Beliefs). Persecutory:belief that others are
trying to cause harm to you

• Reference: interpreting ordinary,
regular events/celebrities as having
direct reference to you

• Erotomania:belief that another is in
love with you

• Grandiose: belief that he or she has
special powers, talents, or abilities

• Religious: belief of receiving
instructions/powers from a higher
being; of being a higher being

• Somatic: belief that you have a
physical disorder/defect

• Nihilistic:belief that things do not
exist; a sense that everything is
not real

Insight
• ability to realize that they have a mental health concern and to appreciate its implications as it relates

to functioning and benefits of treatment: none, limited, partial, or full

Judgment
• recent behaviours as they relate to safety, social functioning, treatment decisions

Assessing Insight and Judgment
Insight
• Acknowledgment of symptoms as a

departure from baseline or source
of suffering

• Attribution of symptoms to illness or
acceptance as such explanation as
part of the process

• Acknowledgement of need for
treatment (Why are you in the
hospital? Why are you taking this
medication? What would happen If
you stopped taking it?)

Cognition
• level of consciousness (alert, reduced, obtunded)
• orientation: time, place, person
• memory: immediate, recent, or remote
• global evaluation of intellect ( below average, average, or above average, in keeping with person's

education)
• intellectual functions:attention, concentration, calculation, abstraction (proverb interpretation,

similarities test), language, communication
• Mini Mental Status Exam ( MMSE)/Montreal Cognitive Assessment (MoCA) useful as standard

screening assessments of cognition

Judgment
Can be observed from collected history
and patient's appearance and actions.
Are they:
• Dressed a ppropriately for the

weather?
• Acting appropriately in the given

situation?
• Taking care of self and/or

dependents?

Assessment and Plan
Historical Multiaxial Model
• since DSM-5, this model is no longer used for psychiatric diagnosis. Instead, relevant psychiatric

and medical diagnoses are simply listed. Nevertheless, we otter it here as a possible framework for
psychiatric patient assessment, as many physicians still employ it

r tMultiaxial Assessment
• Axis I: DSM-5 diagnoses (preferred and differential)
• Axis II: personality disorders, intellectual disability
• Axis III: medical conditions potentially relevant to understanding/management of the mental

disorder
• Axis IV: psychosocial and environmental issues
• Axis V: Global Assessment of Functioning (GAF,0 to 100) incorporating effects of axes 1 to IV

+
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After History and MSE, the assessment and plan is recorded

Assessment/Problem Formulation
• identify predominant symptom cluster (mood, anxiety, psychosis) that causes the most distress/

interference and persists when other symptom categories are not present (i.e. psychosis in the absence
of mood symptoms)

• dominating symptoms will direct differential
• consider current issues as they relate to an individual across the three domains: biological,

psychological, and social
• for each category: predisposing, precipitating, perpetuating, and protecting factors are considered

Approach to Management
• consider short-term and long-term, and three types: biological (i.e. pharmacotherapy, ECT),

psychological (i.e. CBT), and social (i.e. supports, finance/employment/return to work, housing, social
activity, recreation, medication/psychotherapy coverage)

Always rule out substance use and other
medical causes before considering
psychiatric causes

sSuicide
Importance
• must be screened for in every encounter: part of risk assessment along with violent /homicidal ideation m
Approach
• ask every patient: i.e. “Have you had any thoughts of wanting to harm or kill yourself?"
• classify ideation

passive ideation (“death wish”): where patient would rather not be alive, but currently has no
active plan for suicide
• i.e. “1 would rather not wake up"or “ I would not mind if a car hit me"

active ideation

Suicidal Ideation Assessment
• Asking patients about suicide will not

give them the idea or the incentive to
die by suicide

• The best predictor of completed
suicide is a history of attempted
suicide

• The most common psychiatric
disorders associated with completed
suidde are mood disorders and
alcohol use disorders

i.e. “1 think about killing myself”

• assess risk
plan: “Do you have a plan as to how you would end your life?"

• intent: “Do you think you would actually carry out this plan?” “If not, why not?"
past attempts: number, lethality, outcome, medical intervention, while intoxicated?, prccipitants

• if intoxicated on the first approach, reassess when sober
• assess suicidal ideation

onset and frequency of thoughts:“When did this start?” or “How often do you have these
thoughts?”
control over suicidal ideation: “How do you cope when you have these thoughts?” “Could you call
someone for help?"

• intention:“Do you want to end your life?" or "Do you wish to kill yourself?”
intended lethality:“What do you think would happen if you actually took those pills?"
access to means: “How will you get a gun?" or “Which bridge do you think you would go to?"
time and place:“Have you picked a date and place?" “Is it in an isolated location?"
provocative factors:“What makes you feel worse (i.e. being alone)?"

• protective factors: “What keeps you alive (i.e. friends, family, pets, faith, therapist )?"
final arrangements: “Have you written a suicide note?" “Made a will? “Given away your
belongings?"

» practiced suicide or aborted attempts:“Have you ever put the gun to your head?" “Held the
medications in your hand?” “Stood at the bridge?"
ambivalence: “1 wonder if there is a part of you that wants to live, given that you came here for
help?"

• determine level of risk and develop treatment /safety plan

Assessment of Suicide Attempt
• setting (isolated vs. others present/chance of discovery)
• planned vs. impulsive attempt, triggers/stressors
• substance use/intoxication
• medical attention (brought in by another person vs. brought in by self to ED)
• time lag from suicide attempt to ED arrival
• expectation of lethality, dying
• reaction to survival (guilt/remorse vs.disappointment/self-blame)
• evidence of escalation in potential lethal means

Suicide Risk Factors

SAO PERSONS
Sex (male)
Age >60 yr
Depression
Previous attempts
Ethanol abuse
Rational thinking loss (delusions,
hallucinations, hopelessness)
Suicide in family
Organized plan
No spouse (no support systems)
Serious illness, intractable pain

n
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Epidemiology
• attempted:completed = 20:1 (100:1 in younger persons; 4:1 in older persons)
• M:l'= l:4 for attempts, 3:1 for completed +
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Risk Factors
• epidemiologic factors

age: increases after age 14, second most common cause of death for ages 15-24, highest rates of
completion in persons >75 yr
sex: male
race/ethnic background: White people or Indigenous peoples in Canada
marital status: widowed/divorced
living situation: alone; no children <18 ylo in the household
other: stressful life events, or access to firearms

• psychiatric factors
past suicide attempt(s)
eating disorders
bipolar disorder
major depression
mixed drug misuse

• panic disorder
schizophrenia
personality disorders
alcohol use

• psychosocial factors
recent, severe stressful life event (relationship, financial, trauma)

• psychiatric disorders
mood disorders (15% lifetime risk in depression; higher in bipolar disorder)
anxiety disorders (especially panic disorder)
schizophrenia (10-15% risk)
substance use disorder (especially alcohol - 15% lifetime risk)
eating disorders (5% lifetime risk)
adjustment disorder
conduct disorder
personality disorders (borderline, antisocial)

• past history
prior suicide attempt(s), most recent attempt
family history of suicide attempt/completion

Clinical Features
• symptoms associated with suicide:

hopelessness
anhedonia
insomnia
severe anxiety
impaired concentration
psychomotor agitation

Management
• proper documentation of the clinical encounter and rationale for management is essential
• for higher risk patients (with a plan and intention to act, have access to lethal means, recent social

stressors, and symptoms suggestive of a psychiatric disorder)
hospitalization should be strongly considered
do not leave patient alone; remove potentially dangerous objects from room
if patient refuses to be hospitalized, complete form for involuntary admission (Form I ) and must
give patient Form 30 to notify them of their admission (in Ontario)

• for lower risk patients (not actively suicidal, with no active plan, or access to lethal means)
discuss protective factors and supports in their life, remind them of what they live for, promote
survival skills that helped them through previous suicide attempts
make a safety plan that could include an agreement that they will:

not harm themselves
avoid alcohol, drugs, and situations that may trigger suicidal thoughts
follow-up with you at a designated time
contact a health care worker, call a crisis line, or go to an emergency department if they feel
unsafe or if their suicidal feelings return or intensify

• patients with depression:consider hospitalization if symptoms are severe or if psychotic features are
present;othenvise outpatient treatment with good supports and pharmacotherapy

• patients with alcohol- or substance-related issues: suicidality usually resolves with abstinence for a
few days; if not, suspect depression

• patients with personality disorders:crisis intervention, may or may not hospitalize
• patients with schizophrenia/psychosis: hospitalization might be necessary
• patients with parasuicidal behaviours/self-mutilation: long-term psychotherapy with brief crisis

intervention when necessary

r n
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Psychotic Disorders
Definition
• characterized by a significant impairment in reality testing
• positive symptoms

• delusions or hallucinations (with or without insight into their pathological nature)
grossly disorganized or abnormal motor behaviours ( including catatonia)
formal thought disorder

• negative symptoms of schizophrenia
diminished emotional expression ( i.e. affective flattening)

• anhedonia
avolition

• alogia
asocial ity

Delusions:fixed, false beliefs that
are not amenable to change in light of
conflicting evidence
Hallucinations: perceptual experiences
occurring without an external stimulus

Duration of Time Differentiates the
following 3 Psychotic Disorders

Brief Psychotic
Oisoider

<1 mo

Schizophreniform
Disorder
1 6 mo

Schizophrenia
>6 mo

>Differential Diagnosis of Psychosis
Figure 1. Differentiating psychotic
disorders by durationApproach

• differentiate among psychotic disorders and distinguish them from other primary diagnoses with
psychotic features

• consider symptoms, persistence, and time
• symptoms: the primary diagnosis needs full criteria to be met

mood: depressive episodes with psychotic features, manic episodes with psychotic features
psychotic: consider symptoms in Criterion A of schizophrenia (see Criteria for Schizophrenia,
PS8 )

• persistence: is there a time when certain symptom clusters are present without other clusters?
i.e. if there is a period of time with mood symptoms, but not psychotic symptoms, consider mood
disorder
i.e. if psychotic symptoms occur only with mood symptoms, consider mood disorder with
psychotic features

• i.e. if during a 2 wk period where psychotic symptoms persist in the absence of mood symptoms,
consider schizoaffective disorder
i.e. if long periods with psychotic symptoms and brief or rare mood symptoms, consider
schizophrenia

• time: how long have the symptoms been present?

DDx for Psychosis
• Primary psychotic disorders:

schizophrenia, schizophreniform,
brief psychotic, schizoaffective,
delusional disorder

• Mood disorders: MOD with psychotic
features, bipolar disorder (manic or
depressive episode with psychotic
features)

• Personality disorders: schizotypal,
schizoid, borderline, paranoid,
obsessive-compulsive (they
predispose to psychosis, but
presence of psychotic symptoms
require another diagnosis)

• General medical conditions: tumour,
head trauma, dementia, delirium,
metabolic, infection, stroke, temporal
lobe epilepsy

• Substance-induced psychosis: onset
during intoxication or withdrawal,
prescribed medications, toxins

Table 1. Differentiating Psychotic Disorders
Disorder Psychotic Symptoms Duration
Brief Psychotic Disorder >1 positive symptoms ol Criterion A <1 mo with eventual full return to premorbid

functioning
1-Gmo
>6 mo
>1 mo

Schizophreniform Disorder
Schizophrenia
Schizoaffective Disorder

Criterion A
Criterion A
Criterion A* major mood episode ( MDE or
manic).>2 wk of psychotic symptoms without
mood symptoms
>1delusions|if hallucinations, lelatedto
delusional theme)

Delusions or hallucinations

Management of Acute Psychosis and
Mania

• Ensure safety of self, patient, and
other patients

• Have an exit strategy
• Decrease stimulation. Assume a non-threatening stance
• IM medications (benzodiazepine

and antipsychotic) often needed as
patient may refuse oral medication

• Physical restraints may be necessary
• Do not use antidepressants or

stimulants

Delusional Disorder >1mo

Substance-Induced Psychotic Disorder Onset during intoxication/withdrawal, resolve
In <1 mo without use
Psychosis maybe present only lor the duration
of the mood episode

2” lo Mood Disorder Mood symptoms dominant * delusions/
hallucinations jmood congruent)

Relevant Investigations
• CBC, electrolytes ( including extended electrolytes), creatinine, glucose, urinalysis, urine drug screen,

1 SH, and vitamin Bl2
• LFTs, fasting lipids, HbAlC to obtain baseline levels prior to antipsychotic initiation
• ECG (several antipsychotics affect cardiac conduction )
• if clinically indicated, order infectious work-up, inflammatory markers, and brain imaging

r n
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Schizophrenia
Relationship Between Duration of Untreated
Psychosis (DUP) andOntcomc in First!pisodc
Schizophrenia
toJ Psychiatry 2005;162:1785-1804
Purpose: To review theassociation between DUP
and symptom senilityat hist treatment contact, and
between DUP and treatmentoutcomes.
Methods:Critical review and meta-analysis ol
studies involving patientswith non-affective
psychotic disorders at or dose to lirtt treatment.
Results:43 studies with 4177 patients were included.
Shorter DUP was associated with greater response
to antipsychotic treatment,as measured by global
psychopathology, postme symptoms, negative
symptoms, and functnxal outcomes,it the time
of treatment initiation, longer OUP wasassociated
with the severity of negativesymptoms but not
with the severity of positive symptoms, global
psychopathology, or nenrocogmtive function.
Condasions: DUP may be a potentially modifiable
prognostic factor.

DSM-5 DIAGNOSTIC CRITERIA FOR SCHIZOPHRENIA
Repiinled with permission from the Diagnostic and Statistical Manual of Mental Disorders.5th ed. 2013. Ameiican Psychiatric Association
A.two (or more) of the following, each present for a significant portion of time during a 1 mo period (or

less if successfully treated). At least one of these must be (1), (2), or (3)
1. delusions
2. hallucinations
3. disorganized speech (e.g. frequent derailment or incoherence)
4. grossly disorganized or catatonic behaviour
5. negative symptoms ( i.e. diminished emotional expression oravolition)

B.for a significant portion of time since the onset of the disturbance, level of functioning in one or more
major areas (e.g. work, interpersonal relations, self-care) is markedly below the level achieved prior to
the onset (or when the onset is in childhood or adolescence, there is failure to achieve expected level
of interpersonal, academic,or occupational functioning)

C.continuous signs of the disturbance persist for at least 6 mo. 'this 6 mo period must include at least 1
mo of symptoms (or less if successfully treated ) that meet Criterion A ( i.e. active-phase symptoms)
and may include periods of prodromal or residual symptoms. During these prodromal or residual
periods, the signs of the disturbance may be manifested by only negative symptoms or by two or more
symptoms listed in Criterion A present in an attenuated form (e.g.odd beliefs, unusual perceptual
experiences)

D.schizoaffective disorder and depressive or bipolar disorder with psychotic features have been ruled
out because either I ) no major depressive or manic episodes have occurred concurrently with the
active-phase symptoms, or 2) if mood episodes have occurred during active-phase symptoms, they
have been present for a minority of the total duration of the active and residual periods of the illness

E.the disturbance is not attributable to the physiological effects of a substance (e.g. drug of abuse,
medication ) or another medical condition

E. if there is a history of autism spectrum disorder or a communication disorder of childhood onset,
the additional diagnosis of schizophrenia is made only if prominent delusions or hallucinations, in
addition to the other required symptoms of schizophrenia are also present for at least 1 mo (or less if
successfully treated)

• specifiers: type of episode (e.g. first episode, multiple episodes, continuous), in acute episode/
partial/full remission, with catatonia, current severity based on quantitative assessment of primary
symptoms of psychosis

Epidemiology
• prevalence: 0.3-07%, M:E=I:1
• mean age of onset:females late-20s with a 2nd peak in mid-life; males early- to mid-20s (some cases

with late onset)
• suicide risk: 5-6% die by suicide, 20% attempt suicide

Duiation el Uiatieatcd Psychosis as Piedictor of
long -term Outcome in Schizophienia:Systematic
Review and Meta-analysis
Brit J Psychiatry 2014:205:88-94
Puipose lo review tbe association between DUP and
long term outcomesof schizophienia.
Methods:A systematic review and meta-analysis
no the effects of duiation ol untreated psychosison
clinical,social, or quality ol life outcomes at least 2 yi
following psychosis in people with schizophienia.
Results:33studieswere Included.Longer DUP
was associated with poorei general symptomatic
outcome, moie seveie positive and negative
symptoms, lesser likelihood ol remission,and poorer
social Functioning and global outcomes, linger DUP
was not associated with employment, quality of hie.
oihospltalueatment

Disorganized Behaviours in
Schizophrenia

• Catatonic stupor: fully conscious but
mute,unresponsive, immobile, and
maintaining bizarre positions for a
long time

• Catatonic excitement:uncontrolled
and aimless motor activity,extreme
agitation

• Stereotypy: repeated but non-goal-
directed movement (i.e. rocking). Mannerisms:goat-directed activities
that are odd or out of context (i.e.
grimacing)

• Echopraxia: imitates movements and
gestures of others

• Automatic obedience: carries out
simple commands in robot-like
fashion

• Negativism:refuses to cooperate
with simple requests for no apparent
reason

• Inappropriate affect, neglect of self-
care, other odd behaviours (random
shouting)

Etiology
• multifactorial: disorder is a result of interaction between both biological and environmental factors

genetic:40% concordance in monozygotic (MZ) twins;46% if both parents have schizophrenia;
10% of dizygotic (DZ) twins, siblings, children affected; vulnerable genes include Disrupted-
in-Schizophrenia 1 (DISCI); neuregulin I (NRG l); dystrobrevin binding protein/dysbindin
(DTNBP1); catechol-O-methyltransferase (COMT); d-amino acid oxidase activator (DAOA);
metabotropic glutamate receptor 3 (GRM3); and brain-derived neurotrophic factor (BDNE)
neurochemistry (“dopamine hypothesis"):excess activity in the mesolimbic dopamine pathway
may mediate the positive symptoms of psychosis, while decreased dopamine in the prefrontal
cortex may mediate negative and cognitive symptoms.GABA, glutamate, and ACh dysfunction
are also thought to be involved
neuroanatomy:decreased frontal lobe function; asymmetric temporal/limbic function; decreased
basal ganglia function;subtle changes in thalamus,cortex, corpus callosum, and ventricles;
cytoarchitectural abnormalities
neuroendocrinology: abnormal growth hormone, prolactin, cortisol, and ACTH

• neuropsychology:global defects seen in attention, language, and memory suggest disrupted
connectivity of neural networks
environmental: indirect evidence of cannabis use, geographical variance, winter season of birth,
obstetrical complications, and prenatal viral exposure

Pathophysiology
• neurodegenerative theory: natural history may be a rapid or gradual decline in function and ability to

communicate
glutamate system may mediate progressive degeneration by excitotoxic mechanism which leads to
production of free radicals

• neurodevelopmental theory:abnormal development of the brain from prenatal life
neurons fail to migrate correctly, make inappropriate connections, and undergo apoptosis in later

C]
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Comorbidity
• substance use disorders (>50% use tobacco)
• anxiety disorders
• reduced life expectancy secondary to medical comorbidities (i.e. obesity, diabetes, metabolic

syndrome, CWpulmonary disease)

Cannabis Use and Earlier Onset of Psychosis
Arc^ Gen Psychiatry 2011:68:555 561
Rttpose: lo examine the eitenttowhnhcannabiv
alcohol,and other psychoactive drugsaffect the age
of onset of psychosis.
Method: ^systematic review and meta analysis.
Eegbsh studies were included that compared two
cohorts:patients who used substances vs. patients
whodid not use substances.
Retails: 83 studies were Included, the age of
onset In cannabis users was 2.7 yr younger than
hr nonusers.For broadly defined substance use,
ageof onset of psychosis was 2.0 yr earlier than
loc ronusers. Alcohol use was not associated with
sigmtcanlly earlier age ol psychosis.
Conclusions:These results provide evidence that
ca nnabis plays a role in earlier onset of psychosis.

Management of Schizophrenia
• biological /somatic

acute treatment and maintenance:antipsychotics (risperidone, aripiprazole, haloperidol,
paliperidone; clozapine if resistant); regimens of IM q2-4 svk. Long-acting injectables (LAI or
depot) shown to be more effective in reducing relapse and rehospitalization compared with oral
alternatives
adjunctive: ± mood stabilizers (for aggression/impulsiveness - lithium, valproate, carbamazepine)
± anxiolytics ± ECT
maintenance treatment for at least 1-2 yr after the first episode, at least 5 yr after multiple
episodes (relapse causes severe deterioration)

• psychosocial
psychotherapy (individual, family,group), supportive, CBT (see Table N , PS50)
ACT (Assertive Community Treatment): mobile mental health teams that provide individualized
treatment in the community and help patients with medication adherence, basic living skills,
social support, job placements, resources
social skills training, employment programs, disability benefits
housing (group home, boarding home, transitional home)

Good Prognostic Factors. Acute onset
• Later age of onset
• Shorter duration of prodrome
• Female gender. Good cognitive functioning. Good premorbid functioning
• No family history
• Presence of affective symptoms
• Absence of structural brain

abnormalities
• Good response to drugs
• Good support system

Course and Prognosis
• majority of individuals display some type of prodromal phase
• course is variable: some individuals have exacerbations and remissions while others remain

chronically ill; accurate prediction of the long-term outcome is not possible
• positive symptoms typically diminish with treatment; negative symptoms tend to be most persistent

and cognitive symptoms may not improve
• over time: 1/3 improve, 1/3 remain the same, 1/3 worsen

Schizophreniform Disorder
Diagnosis
• criteria A, D, and E of schizophrenia are met; an episode of the disorder lasts for >1 mo but <6 mo

if the symptoms have extended past 6 mo the diagnosis becomes schizophrenia
specifiers:with/without good prognostic features (e.g. acute onset, confusion/perplexity, good
premorbid functioning, absence of blunt/flat affect ), with catatonia, current severity based on
quantitative assessment of primary symptoms of psychosis

Treatment
• similar to acute schizophrenia

Prognosis
• better than schizophrenia; 1/3 recover within 6 mo, 2/3 progress to schizophrenia

Brief Psychotic Disorder
Diagnosis
• criteria A1-A4, D, and E of schizophrenia are met; an episode lasts for at least 1 d, but less than I mo

with eventual full return to premorbid level of functioning
• specifiers:with/without marked stressors, with postpartum onset, with catatonia,current severity
• can occur after a stressful event or postpartum (see Postpartum Mood Disorders, PS14)

Treatment
• secure/safe environment, antipsychotics, and anxiolytics

Prognosis
• good, self-limiting, should return to premorbid function within 1 mo

Schizoaffective Disorder t
_

J

DSM-5 DIAGNOSTIC CRITERIA FOR SCHIZOAFFECTIVE DISORDER
Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, 5th ed.2013.American Psychiatric Association
A.an uninterrupted period of illness during which there is a major mood episode concurrent with

Criterion A of schizophrenia
B.delusions or hallucinations for 2 or more wk in the absence of a major mood episode during the

lifetime duration of the illness

Nonbizarre delusions involve situations
that could occur in real life (i.e. being
followed,poisoned, loved at a distance)
Bizarre delusions involve situations
that cannot occur in real life (i.e. being
kidnapped by aliens, having one's
organs stolen)

+
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C.symptoms that meet criteria for a major mood episode are present for the majority of the total
duration of the active and residual periods of the illness

D.the disturbance is not attributable to the effects of a substance or another medical condition
•specifiers: bipolar type, depressive type, with catatonia, type of episode (i.e. first episode, multiple

episode), severity

Epidemiology
•one-third as prevalent as schizophrenia;schizoaffective disorder bipolar type more common in young

adults, schizoaffective disorder depressive type more common in older adults
•depressive symptoms correlated with higher suicide risk (lifetime risk 5%)

Treatment
•antipsychotics, mood stabilizers, and antidepressants

Prognosis
•between that of schizophrenia and of mood disorder

Delusional Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR DELUSIONAL DISORDER
Reprinted with permission from I he Diagnostic and Statistical Manual of Mental Disorders.5th cd.2013.American Psychiatric Association
A.the presence of one (or more) delusions with a duration of I mo or longer
B.criterion A for schizophrenia has never been met

Note: hallucinations, if present, are not prominent and are related to the delusional theme
C.apart from the impact of the delusion(s) or its ramifications, functioning is not markedly impaired,

and behaviour is not obviously bizarre or odd
D.if manic or major depressive episodes have occurred, these have been brief relative to the duration of

the delusional periods
E.the disturbance is not attributable to the physiological effects of a substance or another medical

condition and is not better explained by another mental disorder
• subtypes: erotomanic, grandiose, jealous, persecutory, somatic, mixed, unspecified

further specify: bizarre content, type of episode (e.g. first episode, multiple episode), severity

Treatment
• antipsychotics, psychotherapy, and antidepressants

Prognosis
• may respond well to antipsychotics, but most patients refuse them and have chronic, unremitting

course; some maintain a high level of functioning; some progress to schizophrenia

Mood Disorders
Definitions
• accurate diagnosis of a mood disorder requires a careful past medical and psychiatric history to detect

past mood episodes and to rule out whether these episodes were secondary to substance use, a medical
condition, etc.

• mood episodes represent a combination of symptoms comprising a predominant mood state that is
abnormal in quality or duration (Le.major depressive, manic, mixed, hypomanic). DSM-5 Criteria for
mood episodes are listed below

• types of mood disorders include:
depressive (MDD, persistent depressive disorder)
bipolar (bipolar I / ll disorder, cyclothymia)

• induced by or due to (“secondary to") a general medical condition, substance, medication, or
other psychiatric condition

Medical Workup of Mood Disorder
• routine screenin

drug screen, mo
• additional screening:Bn (in older people), neurological consultation, chest x-ray, ECG, head imaging

g: physical exam, CBC, extended electrolytes, LFT, renal and thyroid functi
dications list

on tests.

+
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Mood Episodes
DSM-5 DIAGNOSTIC CRITERIA FOR MAJOR DEPRESSIVE EPISODE
Reprinted withpermission Itom the Diagnostic and Statistical Manual ol Mental Disorders.5th ed. 2013.American Psychiatric Association
A.>5 of the following symptoms have been present during the same 2 wk period and represent a change

from previous functioning; at least one of the symptoms is either 1) depressed mood or 2) loss of
interest or pleasure (anhedonia)
Note: Do not include symptoms that are clearly attributable to another medical condition
• depressed mood most of the day, nearly every day, as indicated by either subjective report or

observation made by others
markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly
every day
significant and unintentional weight loss/weight gain, or decrease/increase in appetite nearly
every day
insomnia or hypersomnia nearly every day

• psychomotor agitation or retardation nearly every day
• fatigue or loss of energy nearly every day

feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly
every day (not merely self-reproach or guilt about being sick)
diminished ability to think or concentrate, or indecisiveness nearly every day

• recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific
plan, or a suicide attempt or a specific plan for committing suicide

B. the symptoms cause clinically significant distress or impairment in social, occupational, or other
important areas of functioning

C.the episode is not attributable to the direct physiological effects of a substance or a GMC

Criteria for Depression (>5)

MSIGECAPS
Mood:depressed
Sleep: increased/decreased
Interest decreased
Guilt
Energy: decreased
Concentration:decreased
Appetite: increased/decreased
Psychomotor:agitation/retardation
Suicidal ideation

<§)DSM-5 CRITERIA FOR MANIC EPISODE
Reprinted withpermission from the Diagnostic and Statistical Manual of Mental Disorders.5th ed. 2013.American Psychiatric Association
A.a distinct period of abnormally and persistently elevated, expansive, or irritable mood and abnormally

persistently increased goal-directed activity or energy, lasting £1 wk and present most of the day,
nearly every day (or any duration if hospitalization is necessary)

B.during the period of mood disturbance and increased energy or activity, >3of the following
symptoms have persisted (4 if the mood is only irritable) and have been present to a significant degree
and represent a noticeable change from usual behaviour

inflated self-esteem or grandiosity
* decreased need for sleep (e.g. feels rested after only 3 h of sleep)

more talkative than usual or pressure to keep talking
flight of ideas or subjective experience that thoughts are racing
distractibility (i.e.attention too easily drawn to unimportant or irrelevant external stimuli)
increase in goal-directed activity (either socially, at work or school, or sexually) or psychomotor
agitation

• excessive involvement in pleasurable activities that have a high potential for painful consequences
(e.g. engaging in unrestrained shopping sprees, sexual indiscretions, or foolish business
investments)

C. the mood disturbance is sufficiently severe to cause marked impairment in social or occupational
functioning or to necessitate hospitalization to prevent harm to self or others, or there are psychotic
features

D.the episode is not attributable to the physiological effects of a substance or another medical condition
Note: A full manic episode that emerges during antidepressant treatment but persists at a fully
syndromal level beyond the physiological effect of that treatment is sufficient evidence for a manic
episode, and therefore, a bipolar 1 diagnosis
Note: Criteria A-D constitute a manic episode. At least one lifetime manic episode is required for the
diagnosis of bipolar I disorder

Hypomanic Episode
•criterion A and B of a manic episode is met, but duration is £4 d
•episode associated with an unequivocal change in functioning that is uncharacteristic of the

individual when not symptomatic and observable by others
•episode is not severe enough to cause marked impairment in social or occupational functioning or to

necessitate hospitalization
•absence of psychotic features (if these are present the episode is, by definition, manic)

Mixed Features
•episode specifier in a manic, hypomanic, or depressive episode of bipolar I or II (BDl/ Ii ) that indicates

the presence of both depressive and manic symptoms concurrently, classified by the disorder and
primary mood episode (i.e. BD1, current episode manic, with mixed features)

•clinical importance due to increased suicide risk and appropriate treatment
•if found in patient diagnosed with major depression, there is a high index of suspicion for BD
•while meeting the full criteria for a \1DE, the patient has on most days 3 of criteria B for a manic

episode
•while meeting the full criteria for a manic/ hypomanic episode, the patient has on most days 23of

criteria A for a depressive episode (the following criterion A cannot count: psychomotor agitation,
insomnia, difficulties concentrating, or weight changes)

Criteria tor Mania (s3)

and GST PAID
Grandiosity
Sleep (decreased need)
Talkative
Pleasurable activities, Painful
consequences
Activity (increased)
Ideas (flight of)
Distractiblc

r n
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Depressive Disorders
Anlideprtssauts for Depression in Physically
IIIPeople
Cochrane MSysl Per 2010 XOOO/SO3
Purpose: lo determine the efficacy of
antidepressants in treating depression in people with
comorbid physical illness.
Methods: Systematic review ol ICIs comparing
the efliucy of antidepressants vs. placebo in the
treatment of major depression,adpistment disorder,
and dystbyoia in adults with comorbid depression
and physical illness.Physical illness was defined as
any medical condition known to have a biological
underpinning where diagnosis is not purely symptom
based.
Results:fifty-one studies including 3003
participants were included in this review.Both
tricyclic antidepressants and selective serotonin
reuptake inhibitors were more effective than placebo
at treating depression m adults with concunent
physical illness.Ory mouth and seual dysfunction
were more com man in patieats treated with an
antidepressant.

MAJOR DEPRESSIVE DISORDER

DSM-5 DIAGNOSTIC CRITERIA FOR MAJOR DEPRESSIVE DISORDER (MDD)
Reprinted withpermission from the Diagnostic andStatistical Manual of Mental Disorders,5th ed.2013.American Psychiatric Association
A.presence of a single MDE (vs. recurrent, which requires presence of two or more MDEs; to be

considered separate episodes, there must be an interval of at least 2 consecutive mo in which criteria
arc not met for a MDE)

B.the MDE is not better accounted for by schizoaffective disorder and is not superimposed on
schizophrenia,schizophreniform disorder, delusional disorder,or psychotic disorder NOS

C.there has never been a manic episode or a hypomanic episode
• note: 'this exclusion does not apply ifall of the manic-like, or hypomanic-likc episodes are substance

or treatment-induced or are due to the direct physiological effects of another medical condition
• specifiers:with anxious distress, mixed features, melancholic features, atypical features, mood-

congruent psychotic features, mood-incongruent psychotic features, catatonia, peripartum onset,
seasonal pattern

Epidemiology
• Canadian annual/lifetime prevalence:5%/ll%
• peak prevalence age 15-25 yr (M:F=l:2)

Etiology
• biological

genetic:65-75% MZ twins; 14-19% DZ twins, 2-4 fold increased risk in first-degree relatives
neurotransmitter dysfunction:decreased activity of 5-HT, NE, and DA at neuronal synapse;
changes in GABA and glutamate; various changes detectable by fMRI
neuroendocrine dysfunction: abnormal HPA axis activity
neuroanatomy and neurophysiology:decreased hippocampal volume, increased size of ventricles;
decreased REM latency and slow-wave sleep; increased REM length

• immunologic: increased pro-inflammatory cytokines 1L-6 and TNI;
secondary to medical condition, medication, substance use disorder

• psychosocial
cognitive (i.e. distorted schemata.Beck’s cognitive triad: negative views of oneself, the world, and
the future)
environmental factors (i.e. job loss, bereavement, history of abuse or neglect, early life adversity)
comorbid psychiatric diagnoses (i.e.anxiety, substance use disorder, developmental disability,
dementia, eating disorders)

Risk Factors
• sex: E:M =2:1
• family history:depression, alcohol use disorder, suicide attempt or completion
• adverse childhood experiences: loss of parent before age 11, negative home environment (abuse,

neglect)
• personality: neuroticisni, insecure, dependent, obsessional
• recent stressors: illness, financial, legal, relational, academic
• lack of intimate, confiding relationships or social isolation
• low socioeconomic status

Clinically Significant Depressive Symptoms in the Elderly
• affects about 15% of community residents >65 ylo; up to 50% in nursing homes
• high suicide risk due to social isolation, chronic medical illness, and decreased independence
• suicide peak: males ages 80-90, females ages 50-65
• low mood or dysphoria may not be a reliable indicator of depression in those >70 y/o
• often present with somatic complaints (i.e. changes in weight, sleep, energy;chronic pain) or anxiety

symptoms
• may have prominent cognitive changes after onset of mood symptoms (dementia syndrome of

depression)
• see Table 3,PS26, for a comparison of delirium and dementia

Treatment
• lifestyle: increased aerobic exercise, mindfulness-based stress reduction, sleep hygiene
• biological: SSRIs, SNRls, other antidepressants, somatic therapies (see Pharmacotherapy; PS5I and

Somatic Therapies,PS60)
for MDE of moderate or greater severity, 1st line pharmacotherapy are used: most 2nd generation
antidepressants, with escitalopram, mirtazapine, sertraline, venlafaxine, agomelatine, and
dtalopram showing evidence for superiority
for non or partial response, optimize the dose, switch to antidepressant with superiority, or add
augmenting agent (i.e.aripiprazole, quetiapine, risperidone)
typical response to antidepressant treatment: physical symptoms improve at 2 wk, mood/
cognition by 4 wk; if no improvement after 4 wk at the highest tolerated therapeutic dosage, alter
regimen
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ECT:currently fastest and most effective treatment for MDD.Consider in severe, psychotic,or
treatment-resistant cases
tTMS: 1st line treatment for MDD for patients who have failed at least I antidepressant treatment.
Efficacy equivalent to medications (but not to ECT) with good safety and tolerability
phototherapy: especially if seasonal component, shift work, sleep dysregulation

•psychological
individual therapy (CUT, interpersonal, behavioural activation, dynamic), group therapy, family
therapy

•social:vocational rehabilitation,social skills training
•experimental: magnetic seizure therapy, deep brain stimulation, ketamine

Prognosis
•1 yr after diagnosis of MDD without treatment: 40% of individuals will still have symptoms that are

sufficiently severe to meet criteria for MDD, 20% will continue to have some symptoms that no longer
meet criteria for MDD, 40% will have no symptoms

PERSISTENT DEPRESSIVE DISORDER
Sec landmark Psychiatry Trials table
(or mote information on TRANSFORM-2,
which details the use of esk etamine
nasal spray for patients with treatment-
resistant depression.

DSM-5 DIAGNOSTIC CRITERIA FOR PERSISTENT DEPRESSIVE DISORDER
Note: in DSM-1V-TR this was referred to as Dysthymic Disorder
Reprinted withpermission from the Diagnostic and Statistical Manual of Men
A.depressed mood for most of the day, for more days than not, as indicated either by subjective account

or observation by others, for S2 yr
Note:In children and adolescents, mood can be irritable and duration must be at least 1 yr

B.presence, while depressed, of 2 of the following
poor appetite or overeating
insomnia or hypersomnia
low energy or fatigue
low self-esteem
poor concentration or difficulty making decisions
feelings of hopelessness

C.during the 2 yr period (1 yr for children or adolescents) of the disturbance, the person has never been
without the symptoms in criteria A and B for more than 2 mo at a time

D.criteria for a major depressive disorder may be continuously present for 2 yr
E. there has never been a manic episode or a hypomanic episode, and criteria have never been met for

cyclothymic disorder
F. the disturbance is not better explained by a persistent schizoaffective disorder, schizophrenia,

delusional disorder, or other specified or unspecified schizophrenia spectrum and other psychotic
disorder

G.the symptoms are not due to the direct physiological effects of a substance or another medical
condition

H. the symptoms cause clinically significant distress or impairment in social, occupational, or other
important areas of functioning

•specifiers:
with anxious distress, mixed features, melancholic features, atypical features, mood-congruent
psychotic features, mood-incongruent psychotic features, catatonia, peripartum onset, seasonal
pattern
partial remission, full remission
early onset (<21 y/o), late onset (>21 y/o)
with pure dysthymic syndrome (full criteria for MDE have not been met in at least preceding 2
yr), with persistent MDE (full criteria for MDE have been met throughout preceding 2 yr)
with intermittent MDEs,with current episode: full criteria for a MDE are currently met, but
there have been periods of at least 8 wk in at least the preceding 2 yr with symptoms below the
threshold for a full MDE
with intermittent MDEs, without current episode: full criteria for a MDE are not currently met,
but there has been one or more MDEs in at least the preceding 2 yr
specify current severity: mild, moderate, severe

tal Disorders, 5th ed. 2013.American Psychiatric Association

Epidemiology
•lifetime prevalence: 2-3%; M=F

Treatment
•psychological

traditionally, psychotherapy was the principal treatment for persistent depressive disorder;
recent evidence suggests some ( but generally inferior) benefit for pharmacological treatment.
Combinations of the two may be most efficacious

n
L J

•biological
antidepressant therapy:SSRls (e.g. sertraline,escitalopram), 'l'CAs (e.g. nortriptyline) +
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Postpartum Mood Disorders
Selective Serotonin IteuptakeInhibitors in
Pregnancy and Infant Outcomes
PttdiitrChM Health 2011;16:S62 63
Canadian Paediatric Society|CPS) clinical practice
guideline recommendations: It is important tn treat
depression in pregnancy.There is noevidence that
SSHIS increase the risk of major matformations. there
Is conflicting tmdenct concerning the association of
paroxetine and cardiac malformations.SSRIs are not
contraindicated nhile breast-feeding.

Postpartum “Blues"
• transient period of mild depression, mood instability, anxiety, decreased concentration; considered

to be normal in response to fluctuating hormonal levels, the stress of childbirth, and the increased
responsibilities of motherhood

• occurs in 50-80% of mothers; begins 2-4 d postpartum, usually lasts 48 h, can last up to 10 d
• does not require psychotropic medication
• usually mild or absent: feelings of inadequacy, anhedonia, thoughts of harming baby, suicidal

thoughts

MAJOR DEPRESSIVE DISORDER WITH PERIPARTUM ONSET
(POSTPARTUM DEPRESSION)

Antidepressant Use in Pregnancy and the Disk of
Cardiac Defects
ItJM 2014 Jun19;370(25):2397-2407
Purpose: It is oncerUin whether selective serotonin -
reuptake inhibitors (SSRIs) and other antidepressants
during pregnancy are associated mth increased risk
uf congenital cardiac defects.There areconcerns
about an association between paroxetine use and
right ventricular outflow tract obstruction, and
between sertraline use and ventricular septal defects.
Methods: Cohort study Including 949S04 women
enrolled in Medicaidfor a 7 yr period.The risk oT
major cardiacdelects among infants born to women
who took antidepressants during thelst trimester
wot com pared with the fish among infants bom
to women rnhodid not useanbdtpreisonti. tn
unadjusted analysis was used, possible conTounders
were considered.
Results:Overall, the chance of infants not exposed
to antidepressants born with a cardiac defect was
72.3 per 10000 infants, and infants with exposuro
was90.1 per 10000 infants, the relative risks of
any cardiacdefect w ilb the useof SSRIs were106
(95% Cl,0.93 to1.22) in the fuly adjusted a na lysis
restricted towomen with depression. No significant
association wasfoond belwtrn the use ol paroxetine
and right reotricolir outflow trad obstruction (11.
1.07|or between the use of sertraine and ventricular
septal defects (PR,1.04).
Conclusions:No substantial increase in risk uf
cardiac malformations attributable to antidepressant
use during thelst trimester.

Clinical Features
• this specifier can apply to a MDE with onset during pregnancy or within 4 wk following delivery
• typically lasts 2-6 mo; residual symptoms can last up to I yr
• may present with psychosis ( rare, 0.2% - more frequent with prior postpartum mood episodes and

postpartum mania)
• severe symptoms may include complete disinterest in baby, suicidal and infanticidal ideation

Epidemiology
• occurs in up to 3-6% of mothers, up to 50% risk of recurrence

Risk Factors
• previous history of a mood disorder (postpartum or otherwise), family history of mood disorder
• psychosocial factors: stressful life events, unemployment, marital conflict, lack of social support,

unwanted pregnancy, colicky or sick infant

Treatment
• psychotherapy (CBT or IPT)
• short-term safety of maternal SSRIs for breastfeeding infants established; long-term effects unknown
• if depression severe or psychotic symptoms present, consider ECT

Prognosis
• impact on child development; increased risk of cognitive delay, insecure attachment, behavioural

disorders
• treatment of mother improves outcome for child at 8 mo through increased mother-child interaction

Bipolar Disorders
BIPOLAR I/BIPOLAR II DISORDER

Definition
• Bipolar I Disorder

disorder in which at least one manic episode has occurred
if manic symptoms lead to hospitalization, or if there are psychotic symptoms, the diagnosis is
bipolar I

• commonly accompanied by at least 1 MDE but not required for diagnosis
time spent in mood episodes:53% asymptomatic,32% depressed,9% cycling/mixed,6% hypo/
manic

• Bipolar II Disorder
disorder in which there is at least 1 MDE, 1 hypomanic episode, and no manic episodes

• while hvpomania is less severe than mania, bipolar 11 is not a “milder" form of bipolar I
time spent in mood episodes:46% asymptomatic,50% depressed, 1% cycling/mixed, 2% hypo/
manic

• bipolar 11 is often missed due to the severity and chronicity of depressive episodes and low rates of
spontaneous reporting and recognition of hypomanic episodes

Classification
• classification of BD involves describing the disorder (1 or II) and the current or most recent mood

episode as either manic, hypomanic, or depressed
• specifiers; with anxious distress, hypo/manic/depressed with mixed features, rapid cycling,

melancholic features, atypical features, mood-congruent or -incongruent psychotic features, catatonia,
peripartum onset, seasonal pattern, rapid cycling (>4 mood episodes in 1 yr)

Bipolar It is quite often missed and many
patients are symptomatic for up to a
decade before accurate diagnosis and
treatment

Patients with bipolar disorder are at
higher risk for suicide when they switch
(tom mania to depression, especially as
they become aware of consequences
of their behaviour during the manic
episode

Lithium is among few agents with
proven efficacy in preventing suicide
attempts and completions LJ

+Epidemiology
• lifetime prevalence: 1% BD 1, 1.1% BD II, 2.4% Subthreshold BD; M:F=1:1
• mean age of onset:25 yr, usually MDE first, manic episode 6-10 yr after; average age of first manic

episode: 32 yr
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Risk Factors
• genetic: 60-65% of bipolar patients have family history of a major mood disorder, especially bipolar

disorder
• clinical features of MDE history favouring bipolar over unipolar diagnosis:early age of onset (<25 yr),

increased number of MDEs, psychotic symptoms, postpartum onset, anxiety disorders (especially
separation, panic), antidepressant failure due to early “poop out" or hypomanic symptoms, early
impulsivity and aggression, substance misuse,cyclothymic temperament, family history of bipolar
disorder

Monotherapy with antidepressants
should be avoided in patients with
bipolar depression as patients can
switch horn depression into mania

The 4 L's for Bipolar Depression
Lithium, lamotriginc. Lurasidonc.
SeroqueL

Treatment
• lifestyle: psychoeducation regarding cycling nature of illness, ensure regular check ins, develop early

warning system, “emergency plan” for manic episodes, promote stable routine (sleep, meals, exercise)
• biological: lithium, anticonvulsants, antipsychotics, ECT (if resistant); monotherapy with

antidepressants should be avoided
• mood stabilizers vary in their ability to treat ( reduce symptoms acutely) or stabilize (prevent

relapse and recurrence) manic and depressive symptoms; multi-agent therapy is common
treating mania:lithium,divalproex, carbamazepine (2nd line), SGA, ECT (2nd line),
benzodiazepines (for acute agitation)
preventing mania:same as above but usually at lower dosages, minus ECT and benzodiazepines
treating depression: lithium, lurasidone, quetiapine, lamotrigine,antidepressants (2nd line, only
with mood stabilizer), ECT (2nd line)
preventing depression: same as above plus aripiprazole, divalproex (note: quetiapine is first line in
treating bipolar II depression)
mixed episode or rapid cycling: multi-agent therapy:lithium or divalproex + SGA (lurasidone,
aripiprazole)

• psychological: supportive psychotherapy, CBT, 1PT or interpersonal social rhythm therapy, family
therapy

• social: vocational rehabilitation, consider leave of absence from school/work, assess capacity to
manage finances, drug and EtOH cessation, sleep hygiene, social skills training, recruitment and
education of family members

A Randoumed Controlled Trialof Cognitive
Therapy for Bipolar Disorder:focus onloug-Teim
Orange
J Clin Psychiatry 2006:67:277 86
Purpose: lo evaluate long term change with
cognitive therapy plus emotive techniques lor the
treatment of bipolar disorder.
Methods: 3 - ded RCI including patents with DSM- IV
b poiar I or it disorder allocated to either a ( mo trial
o!cognitive therapy (Cl) with emotive techniques
or treatmentas usual. Both groups received mood
stobilirers. Main outcomes were relapse rates,
dysfunctional attitudes, psychosocialfuncliomag,
hopelessness, self -control, and medication
adherence.Patients were assessed by independent
raters htnded to treatmentgroup.
Results:At 6no.CT patientserepe rienced fewer
depressive symptoms and fewer dysfunctional
attitudes, (here was a non sgr ficant (p-0.06) trend
to greater time to depressive relapse.At12 mo follow-
up, CT patents had lower Toung Mania Rating scores
and improved behavioural self -control. At IB mo.Cl
patients repotted lets soveiity ol illness.
Conclusions:Cl appears to piovide benefits in the12
mo after completion ol therapy.

Course and Prognosis
• high suicide rate ( 15% mortality from suicide), especially depressive episodes in mixed states
• bipolar I and II disorder are chronic conditions with a relapsing and remitting course featuring

alternating manic and depressive episodes;depressive symptoms tend to occur more frequently and
last longer than manic symptoms

• can achieve high level of functioning betsveen episodes
• may switch rapidly between depression and mania without any period of euthymia in between
• high recurrence rate for mania -90% will have a subsequent episode in the next 5 yr
• long term follow-up of bipolar 1- 15% well, 45% well with relapses, 30% partial remission, 10%

chronically ill

Efficacy of Cognitive-Behavioural Therapy in
Patients with Bipolar Disorder: A Meta -Analysis
dRandomited Controlled Trials
PLoS One 20U;12|5|:e01/6849
Purpose:lo determine the efficacy of cognitive
behavioural therapy (CBT) in the treatment of type I
and II bipolar disorder.
Methods:A systematic review and meta -arutyui of
RCIs of Cll in the trealmeof of adults with bipolar
disorder.
Results: It nefeen RCIs includmg1284 patients with
type I or II BO weie included. C81 lowered the relapse
rate|pooUd 0R*0.506;95\ 0*0.218 -0.921) end
improved depieisme symptoms|g—0.494;95%
CI--0.963 to-D.026), mania seventy )-0.581:95%
CM.127to-0.035), and psychosodal functioning
|g*0.45J;95\0*0.106-0.809). treater effects

weie seen with CBI treatment duration >90 mil.
Relapse rates were lower in people with type I bipolar
disorder.

CYCLOTHYMIA

Diagnosis
• presence of numerous periods of hypomanic and depressive symptoms (not meeting criteria for full

hypomanic episode or MDE) for 2 yr; never without symptoms for >2 mo
• have never met criteria for MDE, manic, or hypomanic episodes
• symptoms are not due to the direct physiological effects of a substance or GMC
• symptoms cause clinically significant distress or impairment in social, occupational,or other

important areas of functioning

Treatment
• similar to Bipolar I:mood stabilizer ± psychotherapy

Anxiety Disorders
Definition
• fear is a universal human experience which can serve as an adaptive mechanism to facilitate

appropriate reactions to external threat
• anxiety may be seen as pathological fear when:

fear is greatly out of proportion to risk/severity of threat
response continues beyond existence of threat (prolonged, excessive, etc.) or becomes generalized
to other similar or dissimilar situations
social or occupational functioning is impaired

r i
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•manifestations of anxiety are a result of the activation of the sympathetic nervous system and can be
described through:

physiology:main brain structure involved is the amygdala; neurotransmitters involved include
5-HT,cholecystokinin, epinephrine, norepinephrine, and DA
psychology:one’s thoughts about a given situation or stimulus contribute to the feeling of fear and
perception of threat

• behaviour:anxiety can lead to avoidance which can perpetuate the fear/avoidance
• often comorbid with substance use and depression; more than 50°u have multiple anxiety

disorders
• when starting medication for anxiety: start low, go slow, aim high, and explain symptoms to

expect prior to initiation of therapy to prevent non-adherence due to side effects
• psychotherapy: individual or group CBT

Differential Diagnosis

Table 2. Differential Diagnosis of Anxiety Disorders
Post-Ml.arrhythmia,congestive heart failure,pulmonary embolus,mitral valve prolapse

Asthma.COPD.pneumonia
Hyperthyroidism,hypoglycemia,hyperadrenalism.hyperparathyroidism

Vitamin BUleficiency, folate deficiency,porphyria,hypoxemia.hypercalcemia
Neoplasm,vestibular dysfunction,encephalitis,trauma (contusion or hematoma).MS. temporal lobeepilepsy,migraine
Cerebral (meningitis,HIV.syphilis) or systemic

Gastritis,esophageal spasm
Substance-Induced Intoxication (caffeine, cannabis, amphetamines,cocaine, thyroid replacement, OTC for colds/decongestants, steroids),

withdrawal (benzodiazepines, alcohol)

Cardiovascular

Respiratory
Endocrine

Metabolic

Neurologic
Infectious

Gl

Medical Workup of Anxiety Disorder
• only proceed with medical workup as clinically indicated
• routine screening:vitals, physical exam, CBC, electrolytes, thyroid function test, glucose, EGG
• additional screening: extended electrolytes, vitamin Bi:, (5-HCG, folate, chest x-ray, any other tests as

per DDx in Table 2

Risk Factors for the Development of Anxiety Disorders
• biological

endocrine disorders (i.e. hyperthyroidism), respiratory conditions (i.e. asthma), CNS conditions
(Le. temporal lobe epilepsy), substances/medications (Le.excessive stimulant use), chronic
medical illness
personal or family history of anxiety or mood disorder

• XX>XY chromosomes
• psychological

• current stress, early childhood adversity or trauma, early parental loss, parental factors

Panic Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR PANIC DISORDER
Reprintedwithpermission from the Diagnostic and Statistical Manual of Mental Disorders.Sth ed.2013.American Psychiatric Association
A.recurrent unexpected panic attacks; a panic attack is an abrupt surge of intense fear or intense

discomfort that reaches a peak within minutes, and during which time four (or more) of the following
symptoms occur

palpitations, pounding heart, or accelerated heart rate
sweating
trembling or shaking
sensations of shortness of breath or smothering
feelings of choking

• chest pain or discomfort
• nausea or abdominal distress
• feeling dizzy, unsteady, light -headed, or faint
• chills or heat sensations

paresthesias ( numbness or tingling sensations)
• derealization (feelings of unreality) or depersonalization (being detached from oneself )
• fear of losing control or "going crazy”
• fear of dying

B. at least one of the attacks has been followed by 1 mo (or more) of one or both of the following:
persistent concern or worry about additional panic attacks or their consequences

« a significant maladaptive change in behaviour related to the attacks
C. the disturbance is not attributable to the physiological effects of a substance or another medical

condition
D. the disturbance is not better explained by another mental disorder

Situational trigger Panic attack

]t
Mentally

associated with
situation

Increased anxiety
and generalization
to other situations

Figure 2.Mechanism of panic
attacks

<§>
Criteria for Panic Attack (>4)

STUDENTS FEAR the 3 Cs
Sweating
Trembling/shaking
Unsteadiness, dizziness
Depersonalization.Derealization
Excessive heart rate,palpitations
Nausea 'abdominal distress
Tingling numbness
Shortness of breath
Fear of dying,losing control, going
crazy
3 Cs:Chest pain,Chills'hot flashes.
Choking

i.j

+
Duration typically 5-10 min
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Epidemiology
• lifetime prevalence: 5% (one of the top five most common reasons to see a family physician ); M:l'= l :2-

3
• onset: average early-mid 20s, familial pattern
• comorbidities: depression, agoraphobia, medical comorbidity

Treatment
• pharmacological and psychological treatment together can be very effective
• psychological

CBT:exposure (graduated exposure to unpleasant sensations of arousal associated with a panic
attack for experiential disconfirmation of their fears), cognitive restructuring (addressing
underlying beliefs regarding the panic attacks), relaxation techniques (visualization, box-
breathing), psychoeducation

• pharmacological (first line agents)
• SSKIs: fluoxetine, citalopram, escitalopram, paroxetine, sertraline, fluvoxamine

SNR!: venlafaxine extended release
• with SSKI /SNKls, start with low doses and titrate up as tolerated
• anxiety disorders often require treatment at higher doses for a longer period of time than

depression (full response may take up to 12 wk)
treat for up to 1 yr after symptoms resolve to avoid relapse
explain expected adverse effects prior to initiation of therapy to prevent non-adherence
other antidepressants: (mirtazapine,TCAs)
benzodiazepines considered 2nd line (short-term, lowest effective dose, helpful while titrating
antidepressant)

Panic Attack vs. Panic Disorder. Panic disorder requires recurrent
unexpected panic attacks + fear of
another panic attack. Panic attacks can occur in the
context of many different disorders

Starting Medication for Anxiety
Start low. go slow, aim high, and explain
symptoms to expect prior to initiation of
therapy to prevent non-adherence due
to side effects

Prognosis
• 85% can achieve good results, 10-20% continue with significant symptoms. Longer term, 65% achieve

remission
• clinical course: chronic, but episodic with psychosocial stressors

Agoraphobia
DSM-5 DIAGNOSTIC CRITERIA FOR AGORAPHOBIA
Reprinted with permission from the Diagnostic and Statistical Manual ol Mental Disorders, 5th cd. 2013.American Psychiatric Association
A. marked fear or anxiety about two (or more) of the following five situations:

• using public transportation
being in open spaces
being in enclosed places
standing in line or being in a crowd
being outside of the home alone

B. the individual fears or avoids these situations because of thoughts that escape might be difficult or
help might not be available in the event of developing panic-like symptoms or other incapacitating
or embarrassing symptoms

C. the agoraphobic situations almost always provoke fear or anxiety
D. the agoraphobic situations are actively avoided, require the presence of a companion, or are

endured with intense fear or anxiety
L. the fear or anxiety is out of proportion to the actual danger posed by the agoraphobic situations and

to the sociocultural context
!•'. the fear, anxiety, or avoidance is persistent, typically lasting S6 mo
G. the fear, anxiety, or avoidance causes clinically significant distress or impairment in social,

occupational, or other important areas of functioning
H. if another medical condition is present, the fear, anxiety, or avoidance is clearly excessive
I. the fear, anxiety,or avoidance is not better explained by the symptoms of another mental disorder

and are not related exclusively to obsessions, perceived defects or flaws in physical appearance,
reminders of traumatic events, or fear of separation
Note: agoraphobia is diagnosed irrespective of the presence of panic disorder. If an individual's
presentation meets criteria for panic disorder and agoraphobia, both diagnoses should be assigned

Treatment
• as per specific panic disorder

+
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Generalized Anxiety Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR GENERALIZED ANXIETY DISORDER
Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders, Sth ed. 2013. American PsychiatricAssociation
A.excessive anxiety and worry (apprehensive expectation), occurring more days than not for at least 6

mo, about a number of events or activities (such as work or school performance)
B. the individual finds it difficult to control the worry
C.the anxiety and worry are associated with three (or more) of the following six symptoms (svith at least

some symptoms having been present for more days than not for the past 6 mo)
1. restlessness or feeling keyed up or on edge
2.being easily fatigued
3. difficulty concentrating or mind going blank
4. irritability
5. muscle tension
6. sleep disturbance (difficulty falling or staying asleep,or restless, unsatisfying sleep)

D.the anxiety, worry,or physical symptoms cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning

E.the disturbance is not attributable to the physiological effects of a substance or another medical
condition

l:. the disturbance is not better explained by another mental disorder

Epidemiology
• I yr prevalence: 1-4%, lifetime prevalence 6%; M:l = l:2

8% of all who seek primary care treatment ( WHO)
• in primary care: 70% initially present with physical symptoms as main concern

• bimodal age of onset: before 20 or middle adulthood
Source:Depression and other common mental disorders:Global health estimates.Geneva:World Health Organization. 2017.

Criteria for GAD (>3)

C-FIRST
Concentration issues
Fatigue
Irritability
Restlessness
Sleep disturbance
Tension (muscle)

Treatment
• lifestyle: avoid caffeine and EtOH,sleep hygiene
• psychological:CBT (cognitive restructuring), muscle relaxation techniques, mindfulness
• biological

1st line:SSRIs (escitalopram,sertraline, paroxetine),SNRls (venlafaxine XR, duloxetine),
pregabalin
benzodiazepines considered 2nd line (short-term, lowest effective dose, helpful while titrating
antidepressant)

• (1-blockers not recommended

Prognosis
• good with treatment
• depends on pre-morbid personality functioning, stability of relationships, work, and severity of

environmental stress

Social Anxiety
• definition: marked and persistent (>6 mo) fear of social or performance situations in which one is

exposed to unfamiliar people or to possible scrutiny by others. They fear that they will be negatively
evaluated in a way that may be humiliating, embarrassing,or lead to rejection (e.g. public speaking,
initiating or maintaining conversation, dating, eating in public)

• situations are avoided or endured with intense anxiety and causes significant distress or impairment
in functioning

• lifetime prevalence 8-12%; M:F ratio approximately equal

Phobic Disorders
Specific Phobias
• definition: marked and persistent ( >6 mo) fear that is excessive or unreasonable, cued by presence or

anticipation of a specific object or situation
• lifetime prevalence 10-13%; M:l; ratio variable
• types: animal/inscct, environment (e.g. heights, storms), blood /injection/injury, situational (e.g.

airplane, closed spaces), other (e.g. loud noise, clowns), multiple fears

Diagnostic Criteria for Phobic Disorders
• marked fear/anxiety about a specific object/situation
• exposure to stimulus almost invariably provokes an immediate fear/anxiety response; may present as

a panic attack
• phobic object/situation is actively avoided or endured with intense anxiety.
• fear/anxiety out of proportion to actual danger/sociocultural context and persistent (lasting 6 mo or

more)
• person recognizes fear as excessive or unreasonable
• significant impact on daily routine, occupational/social functioning, and/or marked distress

LJ
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Treatment
• psychological: psychoeducation, CBT (focusing on both in vivo and virtual exposure therapy,

gradually facing feared situations)
• biological: minimal role for medications

Obsessive-Compulsive and Related Disorders

Obsessive-Compulsive Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR OBSESSIVE-COMPULSIVE DISORDER
Reprintedwithpermissionhorn the Diagnostic and Statistical Manual of Mental Disorders.5thed.2013.American Psychiatric Association
A.presence of obsessions, compulsions, or both

* obsessions are defined by (1) and (2)
1. recurrent and persistent thoughts, urges,or images that are experienced, at some time

during the disturbance, as intrusive and unwanted,and that in most individuals cause
marked anxiety or distress

2. the individual attempts to ignore or suppress such thoughts, urges, or images, or to
neutralize them with some other thought or action (Le.by performing a compulsion)

compulsions are defined by (1) and (2)
1. repetitive behaviours (e.g.hand washing, ordering, checking) or mental acts (e.g. praying,

counting, repeating words silently) that the individual feels driven to perform in response to
an obsession or according to rules that must be applied rigidly

2. the behaviours or mental acts are aimed at preventing or reducing anxiety or distress, or
presenting some dreaded event or situation; however, these behaviours or mental acts are
not connected in a realistic way with what they are designed to neutralize or prevent, or are
clearly excessive

B.the obsessions or compulsions are time-consuming (e.g. take >1 h/d) or cause clinically significant
distress or impairment in social, occupational, or other important areas of functioning

C.the obsessive-compulsive symptoms are not attributable to the physiological effects
D.the disturbance is not better explained by the symptoms of another mental disorder
• specifiers:with good or fair insight, with poor insight, with absent insight/delusional beliefs, tic-

related
• most common obsessions:contamination fear, pathological doubts,harm (sex, aggression), somatic

dysfunctions, need for symmetry, religious
• most common compulsions:checking,washing, repeating,ordering,counting, need to ask, and

hoarding
• rituals serve to counteract the anxiety induced by the obsessive thoughts

Epidemiology
• lifetime prevalence 3%
• mean age of onset: 20 yr, onset after 35 yr rare
• rate of OCD in first-degree relatives is higher than in the general population
• common comorbidities: anxiety disorders (>75%), depressive or bipolar disorder (>60%), obsessive-

compulsive PD, tic disorders, substance use disorder, body dysmorphic disorder, trichotillomania, and
excoriation disorder

Risk Factors
• etiology unknown but linked with:

neurological abnormalities: neurological dysfunction (brain injury, Sydenham’s or Huntington’s
chorea), abnormal EEG, and abnormal evoked auditory potentials
family history of OCD or 'l'ourette’s disorder
paediatric autoimmune neuropsychiatric disorders associated with streptococcal infection
(PANDAS) in children following group A p-streptococcal infection;also linked to D8/17 antigen
positivity

• social isolation, physical abuse, negative emotionality

Treatment
• CBT: ERP which involves exposure to feared situations using various techniques (e.g. imaginal

exposure, systematic desensitization, flooding) with the addition of preventing the compulsive
behaviours; cognitive strategies include challenging underlying beliefs

• pharmacotherapy:SSRls (12-16 wk potential delay until response, higher therapeutic dosages
than used for depression), clomipramine;adjunctive antipsychotics (risperidone, aripiprazole) for
refractor)- OCD

• neurosurgery or neurostimulation: anterior cingulotomy for severe refractory OCD, two techniques:
radiofrequency thermolesion and gamma knife capsulotomy or cingulotomy (50-70% response rate);
ECT (particularly for those with comorbid severe depression)

r ~t
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+
Prognosis
• may be refractor)- and chronic with waxing and waning symptoms (<20% remission rate without

treatment)
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Related Disorders
Body Dysmorphic Disorder

preoccupation with >1 perceived flaws in physical appearance not observed by others
repetitive behaviours (e.g. mirror checking, excessive grooming, skin picking, or reassurance seeking)
or mental acts (e.g. comparing self to others) related to appearance
± muscle dysmorphia
causes clinically significant distress or functional impairment
rule out eating disorder
mean age of onset: 15 y/o
symptoms tend to be chronic; high rate of suicidal ideation and attempts; comorbidity with MDD,
social anxiety disorder, and OCD
treatment:SSRls, CBT (specific to body dysmorphic disorder)

Hoarding Disorder
• persistent difficulty discarding possessions regardless of actual value
• feels the need to save items, discarding creates distress
• results in possessions cluttering/compromising active living areas (may be uncluttered with 3rd party

intervention, i.e. family member, cleaners, authorities)
• causes clinically significant distress or functional impairment
• rule out brain injury, cerebrovascular disease, Prader-Willi syndrome, OCD, MDD (low energy),

psychotic disorder (delusions), neurocognitive disorder, ASD (restricted interests)
• tends to begin in teens and worsens over time, more common in older populations, large genetic

component
• treatment: CBT (specific to hoarding disorder)

Trichotillomania (Hair-Pulling Disorder)
• recurrent pulling out own hair resulting in hair loss (usually involves scalp, eyebrows, or eyelashes but

may include other hair)
• repeated attempts to stop or decrease hair pulling
• causes clinically significant distress or functional impairment
• rule out dermatological condition, body dysmorphic disorder
• treatment:CBT (habit reversal training), SSRls, 2nd gen.antipsychotics, N-acetylcysteine, or lithium

Excoriation (Skin-Picking) Disorder
recurrent skin picking resulting in lesions

• repeated attempts to stop or decrease skin picking
• causes clinically significant distress or functionalimpairment
• rule out scabies, substance use (e.g. cocaine), psychotic disorder (e.g.delusions, tactile hallucinations),

body dysmorphic disorder, stereotypic movement disorder, non-suicidal self-injury
• treatment similar to trichotillomania (described above)

Trauma- and Stressor-Related Disorders

Post-Traumatic Stress Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR POST-TRAUMATIC STRESS DISORDER
Reprinted withpermission Irom the Diagnostic andStatistical Manual of Mental Disorders.5th ed.2013.American Psychiatric Association.
A.exposure to actual or threatened death, serious injury,or sexual violence in one (or more) of the

following ways:
1. directly experiencing the traumatic event(s)
2. witnessing, in person, the event(s) as it occurred to others
3. learning that the traumatic event(s) occurred to a close family member or close friend; in

cases of actual or threatened death of a family member or friend, the event(s) must have been
violent or accidental

4. experiencing repeated or extreme exposure to aversive details of the traumatic event(s) (e.g.
first responders collecting human remains: police officers repeatedly exposed to details of
child abuse)

B.presence of one (or more) of the following intrusion symptoms associated with the traumatic event(s),
beginning after the traumatic event(s) occurred:

1. recurrent, involuntary, and intrusive distressing memories of the traumatic event(s)
2. recurrent distressing dreams in which the content and/or affect of the dream are related to

the traumatic event(s)
3. dissociative reactions (e.g. flashbacks) in which the individual feels or acts as if the traumatic

event(s) were recurring
4. intense or prolonged psychological distress at exposure to internal or external cues that

symbolize or resemble an aspect of the traumatic cvent(s)
5. marked physiological reactions to internal or external cues that symbolize or resemble an

aspect of the traumatic event(s)

The Trauma Triangle
The perpetrator
The victim
The rescuer

n
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C.persistent avoidance of stimuli associated with the traumatic event(s), beginning after the traumatic
event(s) occurred, as evidenced by one or both of the following:

1. avoidance of or efforts to avoid distressing memories, thoughts, or feelings about or closely
associated with the traumatic event(s)

2. avoidance of or efforts to avoid external reminders (people, places, conversations,activities,
objects, situations) that arouse distressing memories, thoughts, or feelings about or closely
associated with the traumatic event(s)

D.negative alterations in cognitions and mood associated with the traumatic event(s), beginningor
worsening after the traumatic event(s) occurred,as evidenced by two (or more) of the following:

1. inability to remember an important aspect of the traumatic event(s)
2. persistent and exaggerated negative beliefs or expectations about oneself,others,or the world
3. persistent,distorted cognitions about the cause or consequences of the traumatic event(s) that

lead the individual to blame himself/herself or others
4. persistent negative emotional state (e.g. fear,horror, anger, guilt, or shame)
5. markedly diminished interest or participation in significant activities
6. feelings of detachment or estrangement from others
7. persistent inability to experience positive emotions

E.marked alterations in arousal and reactivity' associated with the traumatic event(s), beginning or
worsening after the traumaticevent(s) occurred,as evidenced by two (or more) of the following:

1. irritable behaviour and angry outbursts (with little or no provocation) typically expressed as
verbal or physical aggression toward people or objects

2. reckless or self-destructive behaviour
3. hypervigilance
4. exaggerated startle response
5. problems with concentration
6. sleep disturbance (e.g. difficulty falling or staying asleep or restless sleep)

E duration of the disturbance (criteria B,C, D, and E) is more than 1 mo
G.the disturbance causes clinically significant distress or impairment in social, occupational, or other

important areas of functioning
H.the disturbance is not attributable to the physiological effects of a substance or another medical

condition
•specifiers:

with dissociative symptoms (not attributable to physiologic effects of a substance or a medical
condition):this could involve either depersonalization (persistent or recurrent experiences of
feeling detached from,or as ifone were an outside observer of one’s mental processesor body) or
derealization (persistent or recurrent experiences of unreality of surroundings)
with delayed expression:the full diagnostic criteria are not met until 6 mo after the event

Criteria for Post-Traumatic Stress
Disorder

TRAUMA
Traumatic event
Re-experience the event
Avoidance of stimuli associated with
the trauma
Unable to function
More than a Month
Arousal increased-negative alterations in cognition and
moodEpidemiology

•lifetime prevalence in Canada is 9%;onset in mid-late 20s
•75% have another comorbid psychiatric disorder; increased risk of suicide 2-3x
•high rates of chronic pain, sleep problems, sexual dysfunction, cognitive dysfunction
•prevalence F:M=2:1
•most common forms of trauma: unexpected death of someone close, sexual assault, serious illness or

injury to someone close, physical assault by partner or caregiver
• risk factors: severity, duration, and proximity to trauma
•differential diagnosis:bipolar disorder, borderline personality disorder, acute stress disorder (3d-1 mo

after trauma)

Treatment
•trauma therapy, CBT

stage 1 - safety and stabilization:emotional regulation techniques (i.e. breathing, relaxation) to
help build copingskills, medications for FI'SD, manage substance use
stage 2 - remembrance and mourning: exposure to traumatic memories and work through
distorted thoughts, relational patterns,and grief
stage 3- reconnection and integration:exposure therapy, etc. create a new future, new
relationships, strengthen identity

•early intervention via psychological support (not de-briefing)
•psychotherapy:CBT, DBT, supportive, eye movement desensitization and reprocessing (EMDR)
•biological

• first line:fluoxetine, paroxetine, sertraline,venlafaxine XR (50-80% response with residual
symptoms is common)
prazosin (for treating disturbing dreams and nightmares)
benzodiazepines (for acute anxiety; use with extreme caution)
adjunctive atypical antipsychotics (risperidone, olanzapine)

r
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Prognosis and Complications
•substance use disorder, relationship difficulties, depression, impaired social and occupational

functioning disorders, personality disorders
•50% of patients with FI'SD have complete recovery' within 3 mo, symptoms tend to diminish with age
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Adjustment Disorder
Definition
• a diagnosis encompassing patients who have difficulty coping with a stressful life event or situation

and develop acute, often transient, emotional or behavioural symptoms that resemble less severe
versions of other psychiatric conditions

Acute Stress Disorder
• May be a precursor to PTSO
• Similar symptoms to PISD
• Symptoms persist for 3d to1mo

after exposure to a trauma
DSM-5 DIAGNOSTIC CRITERIA FOR ADJUSTMENT DISORDER
Reprintedwithpermission from the Diagnostic andStatisticalManual of Mental Disorders.Sthed.2013.American Psychiatric Association
A.the development of emotional or behavioural symptoms in response to an identifiable stressorfs)

occurring within 3 mo of the onset of the stressor(s)
B.these symptoms or behaviours areclinically significant as evidenced by either of the following:

marked distress that is in excess of what would be expected from exposure to the stressor
• significant impairment in social or occupational (academic) functioning

C.the stress-related disturbance does not meet criteria for another mental disorder and is not merely'an
exacerbation of a pre-existing mental disorder

D.the symptoms do not represent normal bereavement
h.once the stressor (or its consequences) has terminated, the symptoms do not persist for more than an

additional 6 mo
• specifiers:with depressed mood, with anxiety, with mixed anxiety/depression, with conduct

disturbance, with mixed disturbance of conduct/emotions, unspecified

Classification
• types of stressors

• single (e.g. termination of romantic relationship)
multiple (e.g. marked business difficulties and marital problems)

• recurrent (e.g. seasonal business crises)
continuous (e.g. living in a crime-ridden neighbourhood)

• developmental events (e.g.going to school, leaving parental home, getting married, becoming a
parent, failing to attain occupational goals, retirement)

Epidemiology
• FM=2:1,prevalence 2-8% of the population

Treatment
• brief psychotherapy:individualor group (particularly useful for patients dealing with unique and

specific medical issues; e.g. colostomy or renal dialysis groups), crisis intervention
• biological:medications can be used to treat associated symptoms (insomnia, anxiety, or depression )

benzodiazepines may be used for those with significant anxiety symptoms (short-term, low-dose,
regular schedule)

Bereavement
Clinical Features
• bereavement or grief is a reaction (involving thoughts, feelings, behaviours, and physiological

responses) to significant loss, typically the death of a loved one;mourning is the process of integrating
and adapting to the loss

• length and characteristics of “normal" bereavement vary between individual cultures
• normal response: protest 4 searching and acute anguish -» despair and detachment -> reorganization
• presence of the following symptoms may indicate abnormal grief/presence of MDD:

• guilt about things other than actions taken or not taken by the survivor at the time of death
thoughts of death other than the survivor feeling that they would be better off dead or should
have died with the deceased person;morbid preoccupation w ith worthlessness

• marked psychomotor retardation; prolonged and marked functional impairment
• hallucinatory experiences other than hearing the voice or transiently seeing the image of the

deceased person
dysphoria that is pervasive and independent of thoughts or triggers of the deceased;absence of
mood reactivity

• after 12 mo, if patient continues to vearn/long for the deceased, experience intense sorrow/emotional
pain in response to the death, remain preoccupied with the deceased or with the circumstances of
their death, then may start to consider a diagnosis of “persistent complex bereavement disorder"

• if a patient meets criteria for MDD,even in the context of a loss or bereavement scenario, they are still
diagnosed with MDD

Risk Factors for Poor Bereavement
Outcome
• Poor social supports
• Unanticipated death or lack of

preparation for death
• Highly dependent relationship with

deceased
• High initial distress. Other concurrent stresses and losses. Death of a child
• Pre-existing psychiatric disorders,

especially depression and separation
anxiety

Bereavement is associated with a
significant increase in morbidity and
mortality acutely following the loss, with
effects seen up to1yr after

ri
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Treatment
• support and watchful W'aiting should be first line, as well as education and normalization of the grief

process
• management should include assessment for secondary mental health or medical conditions,such as

PTSD, depression, suicidal ideation, increaased substance use,and cardiovascular illnesses

Loneliness is the most common
symptom that continues to persist in
normal bereavement and may last
several years
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• normal grief should not be treated with antidepressant or anti-anxiety medications as it is important
to allow the person to experience the whole mourning process to achieve resolution

• psychosocial: grief therapy (individual or group) is indicated for those needing additional support or
experiencing complex grief/hereavement or significant MOD

• pharmacotherapy: if MOD present, past history of mood disorders, or severe symptoms

sNeurocognitive Disorders

Delirium
• see Neurology. N21

DSM-5 DIAGNOSTIC CRITERIA FOR DELIRIUM
Reprinted with permission Irom the Diagnostic and Statistical Manual ol Mental Disorders.Sth ed.2013.American Psychiatric Association
A.a disturbance in attention (i.e. reduced ability to direct, focus, sustain, and shift attention) and

awareness (i.e. reduced orientation to the environment)
B.the disturbance develops over a short period of time (usually hours to a few days), represents a change

from baseline attention and awareness, and tends to fluctuate in severity during the course of a day
C.an additional disturbance in cognition (e.g. memory deficit, disorientation, language, visuospatial

ability, or perception)
D.the disturbances in criteria A and C are not better explained by another preexisting, established, or

evolving neurocognitive disorder and do not occur in the context of a severely reduced level of arousal
(e.g. coma)

E. there is evidence from the history, physical exam, or laboratory findings that the disturbance is a
direct physiological consequence of another medical condition, substance intoxication or withdrawal
(i.e. due to a drug of abuse or to a medication), or exposure to a toxin, or is due to multiple etiologies

Confusion Assessment Method (CAM)
for Diagnosis of Delirium

Highly sensitive and specific method to
diagnose delirium

Ftort1:an assessment instrument
that screens for overall cognitive
impairment
Part 2: includes four features found
best able to distinguish delirium from
other cognitive impairments

Need (1) (2) (3or 4)
(1) Acute onset and fluctuating course
(2) Inattention
(3) Disorganized thinking
(4) Altered level of consciousness -

hyperactive or hypoactiveClinical Features
• common symptoms

• disturbance of attention: distractibility, disorientation (time, place, rarely person)
• sleep/wake disturbance (daytime sedation, nighttime agitation or wakefulness)

psychotic-like symptoms such as delusions, misinterpretations, illusions,and hallucinations
(visual hallucinations are organic until proven otherwise)
affective symptoms (anxiety, fear, depression, irritability, anger, euphoria, apathy)

• shifts in psychomotor activity (groping/picking at clothes, attempts to get out of bed when unsafe,
sudden movements, sluggishness, lethargy)

• note:fluctuation/major changes in all of the above over the course of the day are to be expected - so
collateral history is important

• hyperactive 30% vs. hypoactive 24% vs.mixed level of activity 46%

(:»5
Etiology of Delirium

I WATCH DEATH
Infectious (encephalitis, meningitis,
urinary tract infection, pneumonia)
Withdrawal (alcohol, barbiturates,
benzodiazepines)
Acute metabolic disorder (electrolyte
imbalance, hepatic or renal failure)
Trauma (head injury, postoperative)
CNS pathology (stroke, hemorrhage,
tumour, seizure disorder, Parkinson's)
Hypoxia (anemia, cardiac failure,
pulmonary embolus)
Deficiencies (vitamin Bui, folic acid,
thiamine)
Endocrinopathies (thyroid, glucose,

parathyroid,adrenal)
Acute vascular (shock, vasculitis,
hypertensive encephalopathy)
Toxins:substance use, sedatives,
opioids (especially morphine),
anesthetics, anticholinergics,
anticonvulsants, dopaminergic agents,
steroids, insulin, glyburide, antibiotics
(especially quinolones), NSAIDs
Heavy metals (arsenic, lead, mercury)

Risk Factors
• a wide range of medical conditions can precipitate delirium in a susceptible individual and there may

be multiple underlying etiologies as a result
• polypharmacy particularly involving psychoactive drugs, anticholinergics, and serotonergic

medications (e.g. Cogentin, Benadryl*, benzodiazepines, opioids, and corticosteroids)
• infection,dehydration, malnutrition, immobility (including use of restraints), and use of bladder

catheters
• hospitalization (incidence 10-56%); frail and surgical patients are at the greatest risk
• previous delirium
• nursing home residents (incidence 60%)
• old age (especially males)
• severe illness (e.g. cancer, AIDS)
• recent anesthesia or surgery (e.g. emergency hip fracture surgery, cardiac surgery)
• brain vulnerability:pre-existing neurologic or neurocognitive disorder, substance use disorder, past

psychiatric illness

Assessment
• observation: for disturbances in consciousness, incoherent and/or disorganized speech, inability to

concentrate upon conversation, disruption of sleep-wake cycle
• history:often gathered from collateral sources as patients may be confused and/or uncooperative
• clinical instruments:Confusion Assessment Method (CAM) and formal mental status testing, such as

the Mini-Mental State Examination, used as needed, are helpful for baseline and ongoing assessment
of altered mental state (i.e. score will improve as symptoms resolve)

• physical examination: may be difficult to perform; focus on vital signs, hydration status, potential
infectious foci, unambiguous neurologic deficits, and suggestive features of general appearance (e.g.
jaundice)

• medication review:drug toxicity accounts for approximately 30% of all delirium cases (including
OTC,non-prescribed medications)

r T
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Investigations
• standard bloodwork:CBC and differential,electrolytes (including Ca-% Mg-’, and PO-ti ), glucose,

BUN,Cr,TSH/T4, LFI's, vitamin Bi’, folate, albumin, toxicology screen; if indicated, order blood
cultures and infectious serologies ( HIV.VDRL, Hep B/C)

• standard imaging: CXR and CT head (indicated especially if focal neurological deficit, acute change in
status, anticoagulant use, acute incontinence,gait abnormality, Hx of cancer); if indicated, abdominal
x-ray for constipation and MK1 head to detect or exclude subacute stroke and multifocal inflammatory
lesions in patients with negative head CT

• standard urinalysis: urine dip; if indicated, urine drug screen, urine C&S- if indicated; lumbar puncture and EEG (typical finding in delirium is generalized slowing,can also be
used to rule out underlying seizures or post-ictal states as etiology')

Factors favouring psychosis over
delirium
t. Auditory hallucinations that are

structured and consistent
2. fersonal or family history of psychosis
3.Gradual onset (unless substance

induced)
4.History of a prodrome (insidious

functional decline)

Factors favouring delirium over
psychosis
1Visual or tactile hallucinations
2.Acute onset
3.No previous history of psychosis
4. Sleep wake changes
5. More global cognitive impairment
6. Recent medical illness/medication

changes

Management
• goal is to treat the underlying causes of delirium while minimizing the physical and psychological

distress to the patient
• step I: identify and manage underlying cause

identify and treat underlying cause immediately
stop all non-essential medications
maintain nutrition, hydration, electrolyte balance, and monitor vitals
work to ensure regular bowel movements and skin care practices to present pressure ulcers

• step 2:optimize the environment
environment: quiet, well-lit, near window for cues regarding time of day

» optimize hearing and vision; protect sleep (with medications if need be)
room near nursing station for closer observation;constant care if patient climbing out of bed,
pulling out lines

• family member present (or consider 1:1 sitter) for reassurance and re-orientation
• frequent orientation: calendar, clock, reminders
• avoid frequent changes of assigned nursing staff as well as room transfers

implement falls prevention strategies and enable safe mobility
physical restraints to maintain safety only if necessary; minimize lines and catheters
calm, supportive approach; therapeutic communication

• step 3:pharmacotherapy
low dose, high potency antipsychotics:haloperidol has the most evidence and can be given IV or
1M; initiate Haldol* 0.5-1 mg IM/IV in elderly patients ql-2 h until agitation is under control for
STAT or PRN situation;0.5-2 mg PO q4-6 h - monitor for signs of EPS and QT prolongation
alternatives include risperidone,which is less sedating (0.25-03 mg PO BID;less sedating),
olanzapine (more sedating, can be anticholinergic itself),quetiapine (if EPS sensitive but risk of
hypotension; 6.25-50 mg PO qHS), aripiprazole (does not prolong QTc)
caution:all neuroleptics prolong the QT interval and decrease seizure threshold, thus increasing
risk of cardiac arrhythmias and seizures, respectively; also, patients with Parkinson's disease or
Lewy body dementia are particularly at high-risk of EPS
ECG to assess QT interval when considering treatment with an antipsychotic agent
benzodiazepines only used in alcohol/substance withdrawal delirium;otherwise, can worsen
delirium (antipsychotics are not useful in EtOH or benzodiazepine withdrawal delirium);
however, benzodiazepines should not be stopped if they are a long-standing medication or this
may precipitate the delirium
try to minimize drugs with anticholinergic effects

• note:antipsychotic medications are used in delirium to treat severe patient agitation, changing
delirium from the hyperactive to hvpoactive state; they do not treat the underlying “acute brain
state" driving the delirium

iBtenmtmasfurPreventingDelirium in
Hosyitafizeit Non-ICU Patients
Cnctrane DU Syst Rev 2016:00005563
Purpose:Is assess effectiveness of interventions
topretest ffeSnam in hospitalized patients in the
nos-lCll setting.
Methods:Hisstudy included RCTs on both
phamacologitaland non-pharmacological
mtemectrons for delirium in hospitalized patients in
theoos-lCtl setting.
lesults: iff t-als involving1(082 patients assessing
22 Afferent isterreetions wereincluded.Strong
entente was identifiedInsupport the use of
nlb-coapoaent interventions for the prevention
of deism.Ibltcomponeiit interventions include
ay utervention that uses nun-pharmacological
approaches to target multiple risk factors for
deirn.Use of die(.spectral index to monitor
acesres a reduced incidence of postoperative
deirwa.hidenee tn date dues not support the
use af cci-esterase inhibitors,antipsychotics.or
metetosia to reduce incidence of delirium.

Prognosis
• up to 50% I yr mortality rate after episode of delirium

Major Neurocognitive Disorder (Dementia)
• see Neurology, N22

DSM-5 DIAGNOSTIC CRITERIA FOR MAJOR NEUROCOGNITIVE DISORDER
Reprinted withpermission from the Diagnostic andStatisticalManual of Mental Disorders,Slh ed.2013.American Psychiatric Association
A.evidence of significant cognitive decline from a previous level of performance in one or more cognitive

domains (complex attention, executive function, learning and memory, language, perceptual-motor,
or social cognition) based on

1. concern of the individual,a knowledgeable informant,or the clinician that there has been a
significant decline in cognitive function;

and
2. a substantial impairment in cognitive performance, preferably documented by standardized

neuropsychological testing or, in its absence, another quantified clinical assessment
B.the cognitive deficits interfere with independence in everyday activities (i.e.at a minimum, requiring

assistance with complex IADLS such as paring bills or managing medications)
Cthe cognitive deficits do not occur exclusively in the context of a delirium

+
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D.the cognitive deficits are not better explained by another mental disorder (e.g. major depressive
disorder,schizophrenia)

Note: if deficits do not interfere (as in B) and cognitive impairments are mild-moderate (as in
A.2), this is considered “mild neurocognitive disorder;” see Neurology. N22

Specify whether due to:
•Alzheimer's disease
•frontotemporal lobar degeneration
•Lewy body disease
•vascular disease
•traumatic brain injury
•normal pressure hydrocephalus
•substance/medication use
•HIV infection
•Prion disease
•Parkinson’s disease
•Huntington's disease
•another medical condition (e.g. nutritional deficiency)
•multiple etiologies
•unspecified
•also specify if mild, moderate or severe; major neurocognitive disorder diagnosis requires an

impairment in functioning *The 7 As of Dementia
Amnesia: loss of memory
Aphasia: loss of language ability
Apraxia: loss of ability to carry out
purposeful movement
Agnosia: no longer rccogniics things
through the senses
Anosognosia: not knowing what one
does not know
Apathy: loss of Initiative
Altered perception

Epidemiology
•prevalence increases with age: 5% in patients >65 yr, 35-50% in patients >85 yr
•probability of dementia in an older person with reported memory loss is estimated to be 60%
•prevalence is increased in people with Downs syndrome and head trauma
•Alzheimer's disease comprises >50% of cases; vascular causes comprise approximately 15% of cases

(other causes of dementia neurocognitive disorder - see Neurology. N 23)
•disease course: insidious onset, usually leading to death within 8-10 yr of first symptoms

Subtypes
•with or without behavioural disturbance (e.g.wandering, agitation)
•early-onset: <65 yr, late-onset: >65 yr

Assessment and Investigations (to rule out reversible causes)
•history: consider the 7 A’s of dementia, significant changes in ADls and IADLS, medication

compliance and substance use, risk factors for dementia and delirium, mood/anxicty and psychotic
symptoms, screen for non-Alzheimer’s dementias, assess safety and consent/capacity issues

•cognitive tests (e.g. MMSE, Rowland Universal Dementia Assessment Scale, frontal Assessment
Battery, MoCA)

•MoCA 18-25 suggestive of mild neurocognitive disorder (NCD), <18 suggestive of major NCD;beware
of many false positives)

•standard “neurocognitive work-up":see Delirium, PS23
•as indicated: VDRL, HIV, LP, CXR, EEG, SPECT, head CT, or MR1
•indications for head imaging: same as for delirium, plus: age <60, rapid onset (unexplained decline

in cognition or function over 1-2 mo), dementia of relatively short duration (<2 yr), recent significant
head trauma, unexplained neurological symptoms (new onset of severe headache/seizures), bleeding
disorder or use of anticoagulants, Hx of cancer, suspicions of normopressure hydrocephalus, and
presence of unsuspected cerebrovascular disease would change management

Management
•see Neurology. N22 for further management
•treat underlying medical problems and prevent new ones (e.g. treatment of hypertension and B I:

deficiency)
•discontinue cognitively impairing medications (e.g. anticholinergic, benzodiazepines, non-

benzodiazepine (“Z-drugs”))
•provide orientation cues for patient (e.g. clock, calendar)
•provide education and support for patient and family (e.g. day programs, respite care, support groups,

home care)
•consider power of attorney/living will and long-term care plan (nursing home)
•inform Ministry of Transportation about patient’s inability to drive safely
•consider pharmacological therapy
•to slow AD:

cholinesterase inhibitors (donepezil (Aricept*, 5-10 mg once daily), rivastigmine, galantamine)
for mild to severe disease
NMDA receptor antagonist (memantine 5 mg once daily to 10 mg BID) for moderate to severe
disease

•to manage AD:
low-dose atypical antipsychotics such as olanzapine (2.5-10 mg/d), quetiapine (25-200 mg/d), or
risperidone (0.25-3 mg/d) for severe behavioural disturbances
trazodone (25-100 mg) can be used for night-time agitation

The "Mini Cog” Rapid Assessment
3word immediate recall
Clock drawn to “10 past 11“
3 word delayed recall

nI
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• to treat comorbid psychiatric conditions:
• antidepressants such as escitalopram can be used for depressive episodes
• “start low and go slow" (effective doses can be 1/3 to 1 /2 that of regular adult age patients);

reassess pharmacological therapy every 3 mo

Table 3. Comparison of Dementia, Delirium, and Cognitive Impairment Associated with
Depression

Dementia/Major
Neurocognitive Disorder

Delirium Cognitive Impairment
Associated with Depression

Most Common Causes of Dementia

• Alzheimer's disease (up to 50-
60%):predominantly memory and
learning issues, insidious onset/
gradual progression

• Frontotemporal degeneration
(5%):language type (early
preservation),behavioural type
(apathy/disinhibition/self-neglect):
more common among those with
dementia that has onset before age
65; progressive

• Lewy body disease (up to 25%);
early changes in executive and
attention,may fluctuate, well-formed
visual hallucinations (e.g. rabbits),
autonomic impairment (falls,
hypotension).Parkinson's type
EPS that does not respond well to
pharmacotherapy and follows >1yr
after cognitive decline, fluctuating
degree of cognitive impairment,
sleep disturbances

• Vascular disease (15-30%);vascular
risk factors, focal neurological signs,
abrupt onset, stepwise progression,
executive dysfunction > memory
impairment personality and mood
changes (loss of motivation). Normal pressure hydrocephalus:
abnormal gait (“magnetic gait”),early
incontinence, rapidly progressive;
dilated ventricles on imaging

6rar)ual.'step-wise decline

Mcrntfis-years
Progressive
Usually irreversible

Normal

Acute (usually hours to days) Subacute
Days-weeks
Fluctuating, reversible,high Recurrent
morbidity,'mortality in the elderly Partially reversible

Fluctuatingbetween hyperactive Normal
(agitation) andhypoactive (stupor)
(over 24h)
Impaired Iwandering, easy Difficulty concentrating
distraction)

Impaired (usually to fame and Intact
place),fluctuates

Onset
Duration
Natural History

Variable

Level of Consciousness

Attention Not initially affected

Orientation Intact initially

Behaviour Oismhibition.impairment in ADU
IADI,personality change, loss ol
social graces

Normal
Fragmented sleep at night

labile,anxiety or depression are
commonin the early stages

Decreased executive functioning,
paucity of thought
Recent eventually remote
Typically,low insight

Agnosia,aphasia,decreased
comprehension,repetition,
speech (echolalia.palilalia)
Compensatory
Variable

Potential for agitation/retardation Arnedonia.decreased increased
(even severe) sleep,'eating,agitation:

retardation

Slowing or agitation
Early morning awakening
Depressed.pervasive

Psychomotor

Sleep Wake Cycle

Mood and Affect

Fluctuates between extremes
Disturbed sleep wake cycle

Anxious,irritable, fluctuating or
apathetic, withdrawn
FluctuatingCognition May appear to be impaired/slowed

Marked recent Recent
More likely to complain

Not affected

Memory Loss

Dysnomia.dysgraphia.speech
rambling, irrelevant,incoherent,
subject changes
Nightmarish and poorly formed
Visual common

Language

Delusions Nihilistic,somatic

Less common:rf present auditory
predominates

Self-deprecatory

Rule out systemic illness,
medications

Hallucinations

Vacuous,bland Frightening,'bizarre

Acute illness,drug toxicity
Ouality of Hallucinations
Medical Status Variable

Substance-Related and Addictive Disorders
Overview
• substance use disorder (SUD): a neurobiological disorder involving compulsive drug seeking and drug

taking, despite adverse consequences, with loss of control over drug use (think issues with the “3 Cs”:
compulsive, consequences, control)

• it is possible to have a substance use disorder without physiological dependence (i.e.withdrawal
syndrome or tolerance); dependence is the hallmark of substance use disorders and comes in the
following forms:

behavioural:substance-seeking activities and pathological use patterns
physical:physiologic withdrawal effects without use or tolerance

• cognitive:continuous or intermittent cravings for the substance to avoid dysphoria or to attain
the desired effects of the substance

• drug misuse:drug use that deviates from the approved social or medical pattern, usually causing
impairment or disruption to function in self or others

• these disorders are usually chronic with a relapsing and remitting course
• there are 10 separate classes of substances identified in the DSM-5:alcohol; caffeine; cannabis

hallucinogens ( PCP or similarly acting arylcyclohexylamines, and other hallucinogens); inhalants;
opioids; sedatives, hypnotics, and anxiolytics (alcohol included ); stimulants (amphetamine-tvpe
substances, cocaine, and other stimulants); tobacco; and other (or unknown ) substances

• whereas substance use disorders imply addiction to substances, addictive disorders include process
(behavioural) addictions such as gambling

Epidemiology
• the lifetime prevalence of SUD in Canada is 21.6% lifetime and 10.1% for the last 12 mo; for alcohol use

disorder it is 18.1% and 3.2%; for cannabis use disorder 6.8% and 1.3% and for other substances, 4.0%
and 0.7%, respectively (data before the legalization of cannabis use in Canada)

• 47% of those with substance use disorder have mental health problems
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29% of those with a mental health disorder have a substance use disorder
• 47% of those with schizophrenia and 25% of those with an anxiety disorder have a substance use

disorder

Etiology
almost all drugs (and activities) related to dependence, directly or indirectly increase dopamine
release from the ventral tegmental neurons synapsing onto the nucleus accumbens (known as the
brain’s‘reward pathway’), an action that contributes to their rewarding properties; with repeated
use,the)'can modulate signaling pathways w'hich further encourages their use,contributing to their
addictive potential

• substance use disorders arise from multifactorial interactions between genetic (neurobiology),
individual (psychological), and environmental factors (low socioeconomic status, peer influence,
adverse childhood or traumatic experiences,social isolation, systemic racism, and chronic stress)

• certain comorbid conditions may also predispose individuals to a substance use disorder (e.g.mental
illness, chronic disease, acute and chronic pain)

• environmental factors play a significant role in the exposure to the substance. For instance, the over
prescription of opioids for pain in North America played a major role in the development of the opioid
use disorder crisis

Diagnosis
• each specific substance is addressed as a separate use disorder and diagnosed utilizing the same

overarching criteria (e.g.a single patient may have moderate alcohol use disorder, and a mild
stimulant use disorder)

• testing for illicit drugs is most commonly done on urine or blood samples
serum toxicology screen measures recent alcohol consumption but has no relation to the
diagnosis of alcohol use disorder
toxicology may be helpful in differentiating withdrawal from other mental disorders
urine drug screens are useful for detecting recent drug use, but not for diagnosing substance use
disorders

• substance use disorders are measured on a continuum front mild to severe based on the number of
criteria met within 12 mo

mild: 2-3
moderate:4-5
severe:6 or more

• criteria for substance use disorders (PEC WITH MCAT)
use despite Physical or psychological problem (e.g.alcoholic liver disease or cocaine related nasal
problems)
failure to fulfill External roles at work/school/home
Craving or a strong desire to use substance
Withdrawal
continued use despite Interpersonal problems
Tolerance: needing to use more substance to get same effect

• use in physically Hazardous situations
More substance used or for longer period than intended
unsuccessful attempts to Cut down
Activities given up due to substance
excessive Time spent on using or finding substance

Questions to Characterize Substance
Use and Risk Assessment (THE WATER)

• When was the last Time you used?. How long can you go without using?
• Have you Experienced medical or

legal consequences of your use?
• Any previous attempts to cut down

or quit,and did you experience any
Withdrawal symptoms?. How has your substance use Affected
your work,school, relationships?. Are there any Triggers that you know
will cause you to use?. Substances can be very Expensive,
how do you support your drug use?

• By what Route (oral ingestion,

inhalation (snorting),smoking. IV) do
you usually use?

Table 4. Substance Symptomatology
Symptoms of Intoxication Symptoms of WithdrawalDrugs

CHS Depressants Euphoria, slurred speech,
disinhibition, confusion, poor
coordination, coma (severe)

Alcohol, opioids, barbiturates,
benzodiazepines,GHB

Anxiety, anhedonia, tremor,
seizures, insomnia, psychosis,
delirium, death

‘Crash’, craving, dysphoria,
agitation, anxiety, psychosis suicidality
(especially paranoia), insomnia,
cardiovascular complications
(stroke. Ml, arrhythmias), seizure

Stimulants Amphetamines, methylphenidate, Euphoria,mania, psychomotor
MDMA, cocaine

LSD, mescaline, psilocybin, PCP, Distortion of sensory
ketamine, ibogaine.salvia

Hallucinogens Usually absent
stimuli and enhancementof
feelings, psychosis (+-• visual
hallucinations), delirium,anxiety
(panic), poor coordination

General Approach to Assessment
• a comprehensive evaluation should inquire about drug history including names of substances used,

amount, frequency, duration, routes, last use, injection drug use, needle sharing, symptoms of
withdrawal, consequences of use (medical, social, or personal), previous treatment programs and
medical (e.g. HIV', hepatitis B and C, chronic pain), psychiatric (e.g. mood and anxiety disorders), and
social history (e.g. family and housing arrangements, any child safety concerns)

• ask about more socially accepted substances (e.g. nicotine, alcohol) before asking about use of
cannabis, misuse of prescription medicines, and about illicit drugs

• obtaining collateral history is recommended as well as evaluating patient insight into the problem
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Lab Testing
• urine, saliva, sweat, and hair can be tested for the presence of drugs
• urine is most commonly used due to ease of collection and adequate sensitivity and specificity, but it

does not reflect serum concentrations
• proper urine drug testing involves an initial screening test (qualitative) followed by confirmatory

testing for substances with positive screening results
• most confirmatory tests use gas or high-performance liquid chromatography
• post-ingestion window of detection with urine test: amphetamine (48 h), barbiturates (1-21 d), short-

acting benzodiazepine (72 h ), long-acting benzodiazepine (30 d), cocaine (12-72 h), morphine (48-72
h ), methadone (72 h), oxycodone (2-4 d), PCP (8 d),cannabis (3d for single use to >30 d for heavy
users)

• limitations: negative tests cannot rule out substance use, and positive results cannot determine how
much or frequency of use

General Approach to Treatment
• approach must be appropriate to the patient’s current state of change (see Public Health and

Preventive Medicine, Health Promotion Strategies,PH11)
• patients will change when the pain of change appears less than the pain of staving the same
• provider can help by providing psychoeducation (emphasize neurobiologic model of addiction),

motivation, and hope
• principles of motivational interviewing (see Psychotherapy, PS-19)

non-judgmental stance
space for patient to talk and reflect
offer accurate empathic reflections back to patient to help frame issue

• encourage and offer referral to evidence based services
social:12-step programs (alcoholics anonymous, narcotics anonymous), family education, and
support

• psychological therapy: addiction counselling, MET, CBT,contingency management, group
therapy, family' therapy, marital counselling
medical management (differs depending on substance):acute detoxification, pharmacologic
agents to aid maintenance. Ontario has the RAAM- Rapid Access to Addiction Medicine clinics
that offer timely, low barrier, specialized services by self-referral

• harm reduction whenever possible: safe-sex practices, avoid driving while intoxicated, avoid
substances with child care, safe needle practices/exchange, pill-testing kits, reducing tobacco use

• comorbid psychiatric conditions: many will resolve with successful treatment of the substance use
disorder but patients who meet full criteria for another disorder should be treated for that disorder
with psychological and pharmacologic therapies

• always consider duty to inform Ministry of Transportation for risk of driving or operating other
vehicles

Nicotine
• see l amilv Medicine. FMI3

Confabulations: the fabrication of
imaginary experiences to compensate
for memory loss

Alcohol
•see f amily Medicine, FM15 and Emergency Medicine. ER34

it
History
•Validated screening questionnaire for alcohol use disorders

C ever felt the need to Cut down on your drinking?
A ever felt Annoyed at criticism of your drinking?
G ever feel Guilty about your drinking?
E ever need a drink first thing in the morning (Eye opener)?

for men, a score of >2 is a positive screen; for women, a score of >1 is a positive screen
• if positive CAGE, then assess further to distinguish between problem drinking and alcohol

use disorder

Makesure toask about other alcohols:
mouthwash, rubbing alcohol, methanol,
ethylene glycol aftershave (may be used
as a cheaper alternative)

A "Standard Drink"(SD)
Spirit (40%);1.5 oz.Of 43 ml
Table Wine (12%):5oz.or 142 ml
Fortified Wine (18%):3oz.or 85 ml
Regular Beer (5%):12 oz.or 341 mL

Canada's Low-Risk Alcohol Drinking Guidelines

Moderate Drinking OR
1pint of beer -1.5 SO
1bottle of wine*5SD
1"mickey"“8SD (375 mL)-2&er-"17 SD (750 mL)
“40 OZ.--27S0

Men:3or less'd (slSfrark) Women:2 or less/d (slO/wk) Elderly:1or less/d r ~t
LJ

Biochemical Markers of Prolonged Alcohol Use
• elevated liver function tests (AST, ALT,GGT), MCV, and carbohydrate-deficient transferrin (CDT)
• ASTrALT ratio >2:1 and elevated GGT are suggestive of alcohol use

Alcohol Intoxication
• throughout Canada, the legal limit for impaired driving is a BAC >0.08% (>80 mg/dL or 17.4 mmol/L)

which is typically reached after 4 drinks in women and 5drinks in men in a 2 h period

+

Activate Windows
GoToSetringsToaaivateWinclowsr



PS29 Psychiatry Toronto N'otcs 2023

•most signs of intoxication are present at over >21.7 mmol/ L (100 mg/dL): altered perception, impaired
judgement, ataxia, hyper-reflexia, impaired coordination, changes in mood/personality, prolonged
reaction time, and slurred speech

* respiratory depression and arrest can occur with >60 mmol/L (non-tolerant drinkers) and 90-120
mmol/L (tolerant drinkers)

Management of Alcohol Intoxication
•stabilize patient if there is reduced level of consciousness or vomiting; assess airways and respiratory

function
•administer IV crystalloid fluids if evidence of volume depiction or shock; correct electrolytes and

hypoglycemia
•monitor for signs of alcohol withdrawal following detoxification in patients with alcohol use disorder

Delirium Tremens
(alcohol withdrawal delirium). Autonomic hyperactivity (diaphoresis,

tachycardia, increased respiration)
• Hand tremor
• Insomnia
• Psychomotor agitation. Anxiety
• Nausea or vomiting. Tonic-clonic seizures. Visual/tactile/auditory hallucinations
, Persecutory delusions

Alcohol Withdrawal
•medical emergency:occurs within 12-48 h after prolonged heavy drinking and can be life-threatening
•-50% of middle-class, functional individuals with alcohol use disorder have experienced alcohol

withdrawal;80% in hospitalized/homeless individuals
alcohol withdrawal can be described as having 4 stages, however not all stages may be
experienced:

stage 1 (onset 4-12 h after last drink): “the shakes" tremor, sweating, agitation, anorexia,
cramps, diarrhea, sleep disturbance, anxiety, insomnia, headache.The majority of alcohol
withdrawal presentations are mild to moderate (stage I )
stage 2 (onset 12-24 h): alcoholic hallucinosis: visual, auditory, olfactory, or tactile
hallucinations
stage 3 (onset 12-48 h): alcohol withdrawal seizures, usually tonic-clonic, non-focal, and brief
(can occur as early as 2 h after alcohol consumption)
stage 4 (onset 48-96 h):delirium tremens, conftision/disorientation, delusions, hallucinations,
agitation, tremors, autonomic hyperactivity (diaphoresis, fever, tachycardia, HTN)

•course:almost completely reversible in young; elderly often left with cognitive deficits
•20% mortality rate of severe presentations (delirium tremens) if untreated

Management of Alcohol Withdrawal
•monitor using the Clinical Institute Withdrawal Assessment for Alcohol (Cl WA-A) scoring system

• areas of assessment include (SHAN'T AS TAV ):
physical (5): paroxysmal Sweats, Headache/fullness in head.Agitation, Nausea and vomiting,
Tremor
psychological/cognitive (2): Anxiety, orientation/clouding of Sensorium
perceptual (3):Tactile disturbances, Auditory disturbances, Visual disturbances
all categories are scored from 0-7 (except:orientation/sensorium 0-4), maximum score of 67
mild <10, moderate 10-20,severe >20

•check for signs of hepatic failure (e.g. ascites, jaundice, and coagulopathy)

Table 5. CIWA-A Scale Treatment Protocol for Alcohol Withdrawal
Diazepam 20 mg PO ql-2 h PRM until CIWA-A <10 points

Observe1-2 h after last dose and re-assess on CIWA-A scale
Thiamine100- 250 mg IM then 100 mg P0 once dally (or 3d.folk acid
Supportive care (hydration, nutrition, andelectrolyte replacement)
Diazepam 20 mg P0 ql h for minimum of three doses regardless of subsequent CIWA scores

Basic protocol

History of withdrawalseizures
Itage >65or patient has severe liver disease, Use a short acting benzodiazepine
severe asthma or respiratory failure Lorazepam1-4 mg P0/5UIM q1-2 h

Haloperidol 2-5 mg IM /P0 q1-4 h -max 5 doses/d or atypical antipsychotics (olanzapine,
risperidone)

Diazepam 20 mg x 3 dosesas seizure prophylaxis (haloperidol lowers seizure threshold)

Still In withdrawal alter >80 mg of diazepam

Delirium tremens, recurrentarrhythmias.or multiple seizures
Medically ill or unsafe to discharge home

If hallucinations are present

Admit to hospital if

Wernicke-Korsakoff Syndrome
• alcohol-induced amnestic disorders due to thiamine deficiency (poor nutrition or malabsorption)
• necrotic lesions: mammillary bodies, thalamus, brainstem
• Wernicke’sencephalopathy (acute and reversible): triad of oculomotor dysfunction such as nystagmus

(CN VI palsy (eye pointing inwards)), gait ataxia, and confusion. If untreated, may progress to
Korsakoff’s syndrome

• Korsakoff 's syndrome (chronic and only 20% reversible with treatment):anterograde amnesia and
compensatory confabulation; cannot occur only during an acute delirium or dementia and must
persist beyond usual duration of intoxication/withdrawal

• management
Wernicke’s preventative treatment (any patient in withdrawal): thiamine 100-250 mg IM/1V x 1
dose
Wernicke’s acute treatment: thiamine 500 mg IV BID/T1D x 72 h, then reassess
Korsakoff’s: IV treatment as for Wernicke’s followed by thiamine 100 mg PO T1D x 3-12 mo

r T
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Treatment of Alcohol Use Disorder
• non-pharmacological

see General Approach to Treatment,PS28
• pharmacological

» naltrexone (Revia*):opioid antagonist, shown to be successful in reducing the “high” associated
with alcohol, moderately effective in reducing cravings, frequency or intensity of alcohol binges;
can be started if still consuming alcohol or abstinent but can precipitate withdrawal in those with
physical opioid dependence
acamprosate (Campral*):NMDA glutamate receptor antagonist; useful in maintaining abstinence
and decreasing cravings
disulfiram (Antabuse*): prevents oxidation of alcohol (blocks acetaldehyde dehydrogenase)
and causes an adverse reaction to alcohol (nausea/vomiting, tachycardia, shortness of breath,
headache); if patient relapses, must wait 48 h before restarting Antabuse*; prescribed only when
treatment goal is abstinence; RCT evidence is generally poor or negative due to poor medication
adherence; contraindicated in severe renal disease, pregnancy, psychoses, and cardiac disease
some evidence for the use of gabapentin, topiramate, and ondansetron as anti-craving agents, but
not approved by Health Canada approved for this indication (currently under investigation)

Opioids
•types of opioids:heroin, morphine, oxycodone, Tylenol #3* (codeine), hydromorphone, fentanyl,

methadone,meperidine (Demerol*)
•in addition to working on opiate receptors, opiates also act on the dopaminergic system, which

mediates their addictive properties
•most commonly used are: Percocet* (oxycodone/acetaminophen), Vicodin* (hydrocodone/

acetaminophen), and OxyContin* (oxycodone)
•major risks associated with the use of contaminated needles: increased risk of hepatitis B and C,

bacterial endocarditis, and H1V/A1DS
•recent considerations of inadvertent overdose secondary to contamination with fentanyl in the drug

supply “opioid crisis" leading to 9000 deaths in Canada between January 2016 and June 2018

Opioid Antagonists
Naltrexone vs. Naloxone
Naltrexone (Revia:)

• Can be used for EtOH dependence
(although not routinely used). Long half-life (>1h)

Naloxone (Narcan ). Used for life-threatening CNS/
respiratory depression in opioid
overdose. Short half-life (<1h)

• Very fast acting (min)
• High affinity for opioid receptor
• Induces opioid withdrawal symptoms

Acute Intoxication
•direct effect on receptors in CNS resulting in decreased pain perception, sedation, decreased sex drive,

nausea/vomiting, decreased G1 motility (constipation and anorexia), pupil constriction (e.g. pinpoint
pupils; exception is meperidine), and respiratory depression (can be fatal)

•medical emergency: typical syndrome includes shallow respirations, miosis, bradycardia,
hypothermia, decreased level of consciousness

•management- ABCs
IV glucose
naloxone hydrochloride (Narcan*): 0.4 mg up to 2 mg IV for diagnosis
treatment: intubation and mechanical ventilation, ± naloxone drip, until patient alert without
naloxone (up to >48 h with long-acting opioids)

•caution:opioids have a longer half-life than naloxone; may need to observe for toxic reaction for at
least 2:24 h

Maintenance Medication foi Opiate Addiction:
The Foundation of Recovery
J Add ct Ois 2012;31:207-225
Maintenance treatment of opioid addiction with
methadone or buprenorptineis associated with
retention in treatment, reduction in illicitopiate use.
decreased craving,and improved social function.
Recently, strides showing extended release
naltrexone injections have showed some promise.

Withdrawal
•symptoms: dysphoric mood, insomnia, drug-craving, myalgias, nausea or vomiting, yawning,chills,

lacrimation, rhinorrhea, pupillary dilation, piloerection, sweating, diarrhea, fever; withdrawal
symptoms can be severe but are not life threatening

•onset:6-12 h (depending on half-life of opioid used); duration: 5-10 d
•complications: loss of tolerance (overdose on relapse), miscarriage, premature labour
•management: long-acting oral opioids (methadone, buprenorphine), a-adrenergic agonists (donidine

for symptomatic management of autonomic signs and symptoms of withdrawal)
•monitor withdrawal severity using Clinical Opioid Withdrawal Scale (COWS)

Classic Opioid Overdose Triad (RAM)
Respiratory Depression
Altered Mental Status
Miosis

Treatment of Opioid Use Disorder
•see General Approach to Treatment, RS28
•long-term treatment may include maintenance treatment with methadone (opioid agonist) or

buprenorphine (mixed agonist-antagonist)
•caution: methadone can cause Q'l'c interval prolongation, screening ECG recommended.Suboxone* formulation includes naloxone in addition to buprenorphine, in an effort to prevent

injection of the drug. When naloxone is injected, it will precipitate opiate withdrawal and block
the opiate effect of buprenorphine. However, it will not have this antagonist action when taken
sublingually

•decreasing risk of overdose: patients with a history of opiate use, and/or friends, family members
and co-workers working with people using opiates should be encouraged to carry a naloxone kit and
educated on ways to limit overdose risk (i.e. use with a friend, avoid mixing drugs). It is a life-saving
strategy
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Cocaine
•street names: blow,C,coke, crack, flake, freebase, rock, snow
•alkaloid extracted from leaves of the coca plant; blocks presynaptic uptake of serotonin (causing

euphoria), dopamine (linked to its addictive effect), norepinephrine and epinephrine (causing
vasospasm, H'l'N)

•sodium channel blockade: cocaine slows or blocks nerve conduction and acts as a local anesthetic
by altering recovery of neuronal Na'channels; it has a similar effect on cardiac Na 'channels and in
overdose can manifest on ECO as prolongation of the QRS complex

•self-administered by inhalation/smoking (crack) (90% bioavailability), insufflation (i.e. intranasal;
80% bioavailability), or intravenous route

•onset and duration of action:onset within seconds if inhaled or IV, lasting 15-30 min; onset in 3-5
min if insufflated, blood levels peak at 10-20 min with effects beginning to fade after 45-60 min;
cocaine has a biologic half-life of I h, thus repeated self-administration is common among users to
maintain an effect

Common Presentations of Drug Use
System filings

tcnefil Weight lou (especially nth
chronic use ol cocaine, heroin)
Injected coniunctira (cannabis)
Pinpoint pupils (opioids)
track marks (injection dings)

frariiM
Viral hepatitis (injection drugs)
Uoerplaiied elevations in All
(injection drugs)

Uissed appointments
non-compliance
Orog-seeUng (especially
bemodiaiepiaes.opioids)

insomnia
fatigue
Depression
Flat affect
(benrodiaiepines,
barbiturates)
Paranoia (cocaine)
Psychosis(cocaine, cannabis,
hallucinogens)

Marital discord
Family violence
Work/schODl
Absenteeism and poor
performance

MSK
Cl

letaiioriral

Intoxication
•elation, euphoria, pressured speech, restlessness, sympathetic stimulation (e.g. tachycardia, mydriasis,

sweating, hypertension)
•prolonged use may result in paranoia and psychosis (including tactile hallucinations)

Psychological

Overdose
•medical emergency: H I N, tachycardia, tonic-clonic seizures, dyspnea, hyperthermia, and ventricular

arrhythmias
•the vasoconstrictive effects of cocaine can also result in stroke,Ml, or intracranial hemorrhage
•treatment with IV diazepam to control seizures
•benzodiazepines may also be used for management of moderate agitation and anxiety, whereas severe

agitation may require antipsychotics
•p-blockers (incl. labetalol or propranolol) are not recommended because of risk from unopposed

a-adrenergic stimulation

Social

Withdrawal
•initial “crash” (1-48 h):increased sleep, increased appetite, dysphoria (non-life threatening)
•withdrawal (1-10 wk):dysphoric mood plus fatigue, irritability, vivid unpleasant dreams, insomnia or

hypersomnia, psychomotor agitation or retardation
•complications: relapse,suicide (significant increase in suicide during withdrawal period)
•management:supportive management

Treatment of Cocaine Use Disorder
•see General Approach to Treatment, PS28
•no pharmacologic agents have widespread evidence or acceptance of use (some evidence for off-label

use of topiramate)
•referral to psychological interventions (e.g. relapse prevention) is the mainstay of long-term treatment

Complications
•cardiovascular:arrhythmias, Ml, cerebrovascular accident, ruptured AAA, chest pain (accounts for

40% of all cocaine-related ED visits)
•neurologic: seizures
•psychiatric: psychosis, delirium, suicidal ideation
•other: nasal septal deterioration, acute/chronic lung injury "crack lung," possible increased risk of

connective tissue disease

Amphetamines
• includes prescription medications for ADHD e.g. Ritalin" and Adderall" and street drugs such as

crystal meth
• intoxication characterized by euphoria, improved concentration, sympathetic and behavioural

hyperactivity, and at high doses, (.'an mimic symptoms of psychosis or mania; can eventually cause
coma

• chronic use can produce psychosis which can resemble schizophrenia with agitation, paranoia,
delusions, and hallucinations

• withdrawal symptoms include dysphoria, fatigue, and restlessness
• treatment of amphetamine induced psychosis: antipsychotics for acute presentation, benzodiazepines

for agitation, p-blockers for tachycardia, H1N

r i
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Cannabis
Cannabinoid Hyperemesis Syndrome
An interesting and relatively new
clinical phenomenon associated with
chronic cannabis use characterized
by cyclical,recurrent severe nausea,
vomiting, and colicky pain.Possibly due
to increased potency of available TKC
products. Patients often present to ED
in acute distress with no evidence of
specific 61pathology. Many patients will
successfully sclf-medicate with hot baths
or showers

• psychoactive substance: delta-9-tetrahydrocannabinol (A9-THC)
• general clinical manifestations: intoxication characterized by tachycardia, conjunctival vascular

engorgement, dry mouth, altered sensorium, increased appetite, and muscle relaxation
• neuropsychiatric effects:

altered mood, perception, and thought content increased sense of well-being, euphoria/laughter
impaired cognitive and psychomotor performance:reduced reaction time, impaired attention,
concentration, and short-term memory. It may also impair motor coordination required to
complete complex tasks requiring divided attention. Notably, psvchomotor impairments may
interfere with one's ability to operate heavy machinery such as automobiles

• inhaled cannabis: onset of psvchoactive effects occurs rapidly with peak effects felt 15-30 min after
intake and lasting up to 4 h
• acute exacerbation in patients with asthma may be a complication with inhalation

• ingested cannabis: following oral ingestion, psychotropic effects set in with a delay of 30-90 min, reach
their maximum after 2-3 h and last for about 4-12 h depending on dose

• high doses can cause depersonalization, paranoia, anxiety and may trigger psychosis and
schizophrenia if predisposed

• chronic use is associated with tolerance and an apathetic, amotivational state; may also exacerbate
respiratory problems such as asthma and chronic bronchitis

• assessment: standard urine drug screens
• treatment of cannabis use disorder: see General Approach to Treatment, PS28

cessation following heavy use produces a significant withdrawal syndrome: irritability, anxiety,
insomnia, decreased food intake

Evidence Based Medical Uses of
Cannabis
• Chemotherapy-induced nausea and

vomiting
• Spasticity, muscle spasms (multiple

sclerosis, spinal cord injury)
• Chronic pain (neuropathic pain)

Canabis Use and Risk of Psychotic or Arfectiae
Mental Health Outcomes:a Systematic Review
L axet 2007:370:319-28
Purpose To review the evidence lor cansabs.se and
occurrence of psychotic or affectne mental health
outcomes.
Study Characteristics: I meta-ana yss of 3S
sopdatioo-lased longitudinal studies, or case-
cootol studies nested within longitudra designs.
Resolts: There was an increased risk of a"y psyctobc
octcone n individuals whu had ever used catrabs
::c:d ad.csted ON.41, 95% Chl.20-1.65).
rndngs were consistent with a dose-response effect.

i4 greater rrsk d people who used canrabs nox
frequently (209, 95% CM.S4-284).fur tegsfor
depression, su c dal thoughts, andannety outcomes
were less consatent. In both cases (psychou a rd
aSectw outcomes), a substantial con‘ou*d *geffect
was present.
Cooctasions: he find igs are consistent with
“e wen that cannabis increases rtsk of psychotic
outcomes independent of transient rntoncatcr
effects,alth ucgfc evidence is less strong for
eSectre outcomes.Although canneha use end the
development of psychosis are strongly associated,
it is AScel!to determine causality and it is possbre
fiat the association results from confounding factors
or bias, the authors did conclude that there is
suScwnterdence to warn young people:hat us ng
cannabscould increase their riskofdevtboga
psychotic illness Idler m life.

Hallucinogens
• types of hallucinogens by primary action

• 5-HT2A agonists: LSD, mescaline ( peyote), psilocybin mushrooms, DMT (avahuasca )
• NMDA antagonists: PCP, ketamine
• K-opioid agonists: salvia divinorum, ibogaine

• 5-HT2A agonists are most commonly used; intoxication characterized by tachycardia, HTN,
mydriasis, tremor, hyperpyrexia, and a variety'of perceptual, mood and cognitive changes (rarely', if
ever, deadly; treat vitals symptomatically)

• psychological effects of high doses:depersonalization, derealization, paranoia, and anxiety (panic
with agoraphobia)

• tolerance develops rapidly ( hours-days) to most hallucinogens so physical dependency is virtually
impossible, although psychological dependency and harmful use patterns can still occur

• no specific withdrawal syndrome characterized but may experience “flashbacks"
• management of acute intoxication: support, reassurance, diminished stimulation; benzodiazepines

(e.g. lorazepam) or high potency antipsychotics (e.g. haloperidol) seldom required (if used, use small
doses), minimize use of restraints

• long term adverse effects:controversial role in triggering psychiatric disorders, particularly mood or
psychosis, thought to be chiefly in individuals with genetic or other risk factors

• Hallucinogen Persisting Perception Disorder: DSM-5diagnosis characterized by long lasting,
spontaneous, intermittent recurrences of visual perceptual changes reminiscent of those experienced
with hallucinogen exposure

Canabis Use and Psychosis:a Review of Reviews
hrim Psychiatry Clin Neurosci 2019:10.100?.
s 00406-019-01068-1
Purpose lo review theevidence eo carrabs use a:d
se development of psychosis
Methods 1'isstudy included systematic renews
rd meta-analyses published after 2006.Sidesoc
cantabis use end psychosis were included •ega'd ess
of use petsi lifetime, past year, past moots,
cfe. ly use.intensive use, occasional ase) andtype
of psychosis (acute psychosis, psychotic tso-drs.
schiaophreuia).
Resalts: 26 systematic rev.ews and meta-analyses
ret inclusion criteria,i dose dependertretatoisnip
was uleotfied between cannabis use and the
development of psychotic illness.Cannabs users also
sad eerier symptom onset, increased release rate,
more hospitalization, and more posit ve symptoms
compared to non-users.
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“Club Drugs”
Date Rape Drugs
• GHB. Flumtrarepam (Rohypnol')
• Ketamine (sometimes used as it is

tasteless and odourless)

Table 6. The Mechanism and Effects of Common “Club Drugs”

Mechanism EffectDrug Adverse Effects
MDMA
("Ecstasy".“XVEVM",
“Molly")

Acts on serotonergic and
dopaminergic pathways,
properties ola hallucinogen and
stimulant

Enhanced sensorium: feelings ol
well-being,empathy

Diaphoresis, tachycardia,fatigue,
muscle spasms (especially jaw
clenching),ataiia.hyperthermia,
arrhythmias.DIC.rhabdomyolysis.
renal failure,seizures,death
Diaphoresis, tachycardia,fatigue,
muscle spasms (especially jaw
clenching),ataiia
Severe withdrawal from abrupt
cessation of high doses results in
tremor,seizures,psychosis

CNS depression with EtOH

Formication
Tactile hallucination that insects or
snakes are crawling over or under the
skin (especially associated with crystal
meth use but also observed among
some cocaine and PCP users)

Gamma Hydroxybutyrate (GHB. Biphasic dopamine response
“G”,"Liquid Ecstasy")

Euphoric effects,increased
aggression,impaired judgment(inhibition then release) and

releases opiate-like substance

Flunitrazepam
(Rohypnol r,“Roofies"."Rope", absorption
“The ForgetPill")
Ketamine
("Special K"."Kit-Kat")

Potent benzodiazepine,rapid oral Sedation,psychomotor
impairment,amnestic effects,
decreased sexual inhibition
"Dissociative"state,profound Psychological distress,accidents
amnesiai'analgesia.hallucinations due to intensity of experience and
and sympathomimetic effects lack of bodily control

In overdose:decreased LOC.
respiratory depression,catatonia

Short-term use:high agitation,
rage,violent behaviour,
occasionally hyperthermia and
convulsions
Long-term use:addiction,anxiety,
confusion,insomnia,paranoia,
auditory and tactile hallucinations
(especially formication),
delusions,mood disturbance,
suicidal andhomicidal thoughts,
stroke
May be contaminated with lead,
and IV users may present with
acute leadpoisoning

Amnestic,euphoric,hallucinatory Horizontal/vertical nystagmus,
myoclonus,ataiia.autonomic
instability (treat with diazepam
IV).prolonged agitated psychosis
(treat withhaloperidol)
High-risk for suicide:violence
towards others
High dose can cause coma

Emerging Medical Uses of
Hallucinogens
Many hallucinogens are currently under
investigation for therapeutic benefit
LSD & psilocybin for end of life anxiety.
MDMA for PTSD.ketamine for rapid
treatment of depression,ibogaine
derivatives for addiction

NMDA receptor antagonist,rapid-
acting general anesthetic usedin
paediatrics and by veterinarians

Rush begins in min.effects
last 6-8h.increased activity,
decreased appetite,general
sense of well-being,tolerance
occurs quickly,users often binge
and crash

Methamphetamine
("speed”,“meth",“chalk”,
“ice”.“crystal”)

Amphetamine stimulant, induces
norepinephrine,dopamine, and
serotonin release

Malingering:intentional production of
false or grossly exaggerated physical
or psychological symptoms,motivated
by secondary gain- external reward
(e.g.avoiding work,obtaining financial
compensation,or obtaining drugs)

Factitious Disorder intentional
production or feigning of physical or
psychological signs or symptoms.Unlike
malingering,patients are not motivated
by secondary gain but rather may seek
sympathy,nurturance.and attention

Not understood.used by
veterinarians toimmobilize large
animals

Phencyclidine
(“PCP”,“angel dust") state

Somatic Symptom and Related Disorders
General Characteristics
• physical signs and symptoms lacking objective medical support in the presence of psychological

factors that are judged to be important in the initiation, exacerbation, or maintenance of the
disturbance (suffering is out of keeping with what would be normally expected)

• cause significant distress or impairment in functioning
• symptoms are produced unconsciously and are not the result of malingering or factitious disorder,

which are disorders of voluntary presentation of symptoms (or intentionally inducing, e.g. injecting
feces) for secondary gain

• primary gain: somatic symptom represents a symbolic resolution of an unconscious psychological
conflict; serves to reduce anxiety and conflict with no external incentive

• secondary gain: the sick role; external benefits obtained, or unpleasant duties avoided (e.g. work)
• theories for root cause: may represent a masked presentation of a psychiatric issue, amplified

perception; social /cultural norms that devalue psychological suffering; lack of ability/language to
express distress in a non-somatic way

Management of Somatic Symptom and Related Disorders
• brief, regular scheduled visits with CiP to facilitate therapeutic relationship and help patient feel

supported (e.g. q4-6 wk)
• good, clear communication among all involved care providers
• limit number of physicians involved in care, minimize medical investigations, coordinate necessary

investigations
• emphasis on mechanism of the symptoms and not on the cause while focusing on what the patient can

change and control; the psychosocial coping skills, not their physical symptoms (functional recovery
> explanation of symptoms)

+
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• focus on functional improvement (physiotherapy, occupational therapy) and provide psychoeducation
to validate suffering in the face of medically unexplained symptoms

• psychotherapy:CBT,psychodynamic therapy, mindfulness interventions, biofeedback
• minimize psychotropic drugs: anxiolytics for short-term use only (associated with worse outcomes),

antidepressants for comorbid depression and anxiety

Somatic Symptom Disorder
DSM-5 DIAGNOSTIC CRITERIA FOR SOMATIC SYMPTOM DISORDER
Reprinted withpermission Irom the Diagnostic andStatistical Manual of Mental Disorders.Sth ed.2013.American Psychiatric Association
A.one or more somatic symptoms that are distressing or result in significant disruption of daily life
B.excessive thoughts, feelings,or behaviours related to the somatic symptoms or associated health

concerns as manifested by at least one of the following:
1. disproportionate and persistent thoughts about the seriousness of one’s symptoms
2. persistently high level of anxiety about health or symptoms
3. excessive time and energy devoted to these symptoms or health concerns

although any one somatic symptom may not be continuously present, the state of being symptomatic
is persistent (typically >6 mo)

• somatic symptom disorder with predominant pain (previously pain disorder) for those whose
somatic symptom is primarily pain

• patients have physical symptoms and believe these symptoms represent the manifestation of a serious
illness

• persistent belief despite negative medical investigations and may develop different symptoms over
time

• lifetime prevalence may be around 5-7% in the general adult population
• females tend to report more somatic symptoms than males do; cultural factors may influence sex ratio
• other risk factors include: history of sexual abuse, lower education and socioeconomic status, and

concurrent psychiatric/chronic physical illnesses
• complications: anxiety and depression commonly comorbid (up to 80%), unnecessary medications, or

surgery
• often a misdiagnosis for an insidious illness, so rule out all organic illnesses (e.g.multiple sclerosis)
• DDx:GAD, depressive disorder, delusional disorder, body dysmorphic disorder, obsessive compulsive

disorder, other medical condition

Illness Anxiety Disorder
• preoccupation with fear of having, or the idea that one has a serious disease to the point of causing

significant impairment
• convictions persist despite negative investigations and medical reassurance; however, able to

acknowledge the possibility that feared disease is not present, unlike a delusion, which is fixed and
firm

• somatic symptoms are mild or not present (not acute)
• there is a high level of anxiety about health and the individual is easily alarmed about personal health

status
• person engages in maladaptive behaviour such as excessive physical checking or total healthcare

avoidance
• duration is 26 mo; onset in 3rd-4th decade of life
• epidemiology: 3-5% of patients seen by primary care physicians; increased risk of substance use

problems
• possible role for SSRls as treatment due to generally high level of anxiety
• specifiers:care-seeking type or care-avoidant type

Conversion Disorder (Functional Neurological Symptom
Disorder)

• one or more symptoms or deficits affecting voluntary motor or sensory function that mimic
a neurological or OMC (e.g. impaired coordination, local paralysis, double vision, seizures, or
convulsions)

• does not need to be preceded by a psychological event as per previous DSM criteria; however this
is still worth exploring as many patients will present after such an event or are related to a medical
diagnosis in a first-degree relative

• incidence of 2-5 in 100000 in general population; up to 20-25% of neurology inpatients and 5% of
psychiatry inpatients

• more common in rural populations and in individuals with little medical knowledge
• spontaneous remission in 95% of acute cases, 50% of chronic cases (>6 mo)
• incompatible findings detected from specific neurological testing can help differentiate between

functional and neurological origin (e.g. Hoover's sign and dermatome testing)
• for more details about Conversion Disorder, please consult the DSM-5

Screening questions for somatic
disorders
1. When did the symptoms start?
2.Have you been frustrated with getting

no answers?
3. What has been your experience with

other physicians?
4. What is your understanding of your

symptoms?
5. How have the symptoms affected your

n \
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Table 7. Differential of Somatic Symptom and Related Disorders
Somatic Symptom Illness Anxiety

Disorder
Conversion
Disorder

Factitious
Disorder

Malingering
La belle Indifference: an
inappropriately cavalier patient attitude
in the face of serious symptoms:
classically associated with conversion
disorder but is not diagnostic

Disorder

Somatic Symptoms Present Neurologic, voluntary Psychological or
motor or sensory physical
Unconsciously Consciously
Incompatible Possible, attempts

lo falsify

Psychological or
physical
Consciously
Possible, atlempts
to falsify

Mild or absent

Symptoms Produced Unconsciously
Physical Findings Absent

Unconsciously
Absent Hoover's sign: involuntary extension of

the “normal" leg occurs when flexing the
contralateral leg against resistance

Dissociative Disorders
General Characteristics
• severe dissociation resulting in breakdoivn of integrated functions of consciousness and perception of

self
• severe stress or traumas are predisposing factors for dissociative disorders (e.g. survivors of significant

or chronic trauma, child abuse)
• result in significant distress or impairment in social/occupational functioning
• psychotherapy (psychodynamic, CUT) are the mainstays of treatment; lack ofevidence for use of

medications
• DDx: P'l'SD, acute stress disorder, borderline personality disorder, somatic symptom disorder,

substance use disorder, CiMC (various neurologic disorders including complex/partial seizures,
migraine, Cotard syndrome)

Dissociative Identity Disorder
• disruption of identity characterized by >2 distinct personality states or an experience of possession
• can manifest as sudden alterations in sense of self and agency (ego-dystonic emotions, behaviours,

speech)
« features recurrent episodes of amnesia (declarative or procedural) as well as episodes of

depersonalization and derealization
• rare (<1%); can manifest at any age, although childhood physical/sexual abuse or neglect are a major

risk factor
• caution: high-risk of attempting suicide and/or self-harm
• DDx includes borderline personality disorder and PTSD

Dissociative Amnesia
• inability to recall important autobiographical information, usually of a traumatic or stressful nature,

that is inconsistent with normal forgetting and not attributable lo a psychiatric disorder, a medical
illness, or effects of a substance

• localized /selective amnesia: failure to recall all /some events during a prescribed period of time
(however procedural memory is preserved)

• can experience periods of flashbacks or nightmares related to associated trauma, increased risk of
suicide as amnesia resolves

• generalized amnesia (more rare): complete loss of memory for one’s life history, ± procedural
knowledge, ± semantic knowledge; usually sudden onset; often presents with perplexity,
disorientation, and aimless wandering

Dissociative Fugue
Sudden unexpected travel away from
home that Is accompanied by amnesia
for identity or other autobiographical
details

Depersonalization/Derealization Disorder
• persistent or recurrent episodes of one or both of:

depersonalization: experiences of detachment from oneself, feelings of unreality,or a sense of
being an outside observer to one’s thoughts, feelings, speech, and actions (can feature distortions
in perception including time, as well as emotional and physical numbing)
derealization: experiences of unreality or detachment with respect to the surroundings (i.e.
feeling as if in a dream,or that the world is not real; external visual world is foggy or distorted)

• transient (s-h) experiences of this nature are quite common in the general population
• episodes can range from h-yr; patients are often quite distressed and verbalize concerns of "going

crazy"

During depersonalization (detachment
from one's self ) or derealization
(detachment from one's surroundings),
patients usually have intact reality
testing, which adds to their alarming
nature
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Sleep Disorders
•for more information regarding normal sleep cycles and the illnesses described, see

Disorders, N48

Overview
•adequate sleep is essential to normal functioning; deprivation can lead to cognitive impairment and

increased mortality
•circadian rhythms help regulate mood and cognitive performance
•neurotransmitters commonly implicated in psychiatric illnesses also regulate sleep

• increased ACh activity and decreased activity of monoamine neurotransmitters are associated
with greater REM sleep
decreased adrenergic and cholinergic activity are associated with NKEM sleep

•depression is associated with decreased A (deep, slow-wave) sleep, decreased REM latency, and
increased REM density

•criteria for sleep disorders:
must cause significant distress or impairment in normal functioning
not due to a General Medical Condition (GMC ) or medications/drugs (unless specified)

Management
•sleep hygiene is a simple, effective, but often underutilized method for addressing sleep disturbances;

recommendations include:
waking up and going to bed at same time every day, including on weekends
avoiding long periods of wakefulness in bed
not using bed for non-sleep activities ( reading, TV, work)
avoiding screens, especially smartphones and iPads in the hour before bed
avoiding napping
discontinuing or reducing consumption of alcohol, caffeine, drugs

• exercising at least 3-4 X /WK (but not in the evening if this interferes with sleep)
•cognitive behavioural therapy for insomnia (CBTi) is considered first-line treatment for chronic

insomnia
•pharmacological treatments are illness-specific

avoid benzodiazepines: increased risk of abuse/dependence, rebound anxiety/insomnia, cognitive
impairment, daytime somnolence, and disturbed sleep architecture (suppresses deep and REM
sleep)
non-benzodiazepines (c.g. zopiclone/eszopiclone/zolpidem, lemborexant, low dose doxepin ) are
preferred and effective for short-term treatment; they should be re-evaluated regularly as long-
term use is associated with dependency

• “z-drugs": common side-effect is bitter metallic taste, which is improved by something acidic such
as orange juice; high doses increase risk of cognitive impairment and falls (particularly among
the elderly)
lemborexant (orexin receptor antagonist) reduces wake pressure/drive, as opposed to increasing
sleep pressure/drive with other sedating agents; avoid use in patients with narcolepsy or cataplexy
trazodone, mirtazapine, and quetiapine can be prescribed off-label if there are comorbid
psychiatric symptoms
low-dose amitriptyline can be prescribed for patients with comorbid pain
screen for complex sleep behaviours before and after prescribing a medication for insomnia
consider whether sleep issue is part of another psychiatric or medical illness and treat those
conditions

n«. J
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Table 8. Major DSM-5 Sleep-Wake Disorders
Note:For more information regard rg specific disorders,see Necrology.Sleep Disorders.N48: Family Medicine. Sleep Disorders.FM-8 and RespireI:?.1, Steep Apnea.R29

Category Disorder Description Management
Dyssomnias
(insufficient,excessive.or
altered timingof sleep)

Insomnia disorder Difficulty initiating/maintaining sleep or early-morning
awakening with inability to return to sleep:can be acute
or chronic (»3 mo)

Sleep hygiene measures
CBT for insomnia

*on-beniodiazep:nes are first-line (“z-drugs".
lemborejanL km dosedoxepin)

Excessive daytime sleepiness despitesleeping atleast 7 HodafinJ or stimulant drugs
h;difficulty being fully awake after awakening at least 3 Scheduled napping
limes per wk for at least 3 mo

Classic tetradconsists of recurrent attacks of irrepressible Sleep hygiene
need to sleep (sleep attacks).REM -related sleep
phenomena, hypnagogic or hypnopompic halkrcinations. Non- amphetamines (Uodafiml.sodium oxybate)
and cataplexy (sudden loss of tone evoked by strong
emotion without IOC)

Hypersomnolence disorder

Narcolepsy
Amphetam.nes (methamphetamine)

Circadian rhythm sleep-wake disorders Insomnia or excessive sleepiness dueto misalignment or Helaton.n
alteration in endogenous circadian rhythm Bright hghtphototherapy

Hodafinil if severe
Uncomfortable, frequent urge lo move legs at night:relief Dopamine agonists and benzodiazepines are first- line

Replace»onif low ferritin
Modify medications that may be exacerbating symptoms

Restless legs syndrome
with movement and aggravation with inactivity

Substance 'medication-induced sleep
disorder

Disturbance in sleep (insomnia or daytime sleepiness)
caused by substancc/medication intoxication or
withdrawal

Breathing-RelatedSleep
Disorders

Obstructive sleep apnea hypopnea Breathing issues due to repetitive collapse of the upper Continuous positive airway pressure (CPAP)
airway during sleep - resulting in nonrestorative sleep and Weight loss exercise
excessive daytime sleepiness:snoring,disrupted sleep. Surgery
and morning headaches are common signs

Breathing issues due lo aberrant brain signaling
More common among chronic opioid users

Breathing issues due to decreased responsiveness to
carbon dioxide levels (decreased respiration)

Central sleep apnea CPAPbrierel positive airway pressure (BiPAP)
Supplemental oxygen

CPAPBtPAP
Medications that support breathing

Sleep-related hypoventilation

Incomplete awakening from sleep,complex motor
behaviour without conscious awareness:amnesia
regarding episodes; includes symptoms of:

Parasomnias
(unusual sleep-related
behaviours)

Non-rapid eyemovement sleep arousal
disorders

Sleepwalking: rising from bed and walking about,blank Most cases do cot require treatment aside from
addressing precipitating factors and education regarding
sleep hygiene
Severe cases may respond to low-dose clonazepam

Often setf-limited and benign

face,unresponsive, awakened withdifficulty

Sleep terrors:recurrent episodes of abrupt terror
arousals from sleep,usually beginning with a panicky
scream, intense fear,and autonomic arousal:relative
unresponsiveness lo comfort during episodes

Specifiers:sleep-related sexual behaviour|sexsomnia)
and sleep-related eating
Repeated extended,extremely dysphoric,often very vivid. Reassurance
well-remembered dreams that usually involvesignificant Oesensitizaboninageryrehearsaltherapy
threats:rapid orientation and alertness on awakening Prazosin can behelpful for those with P1SD
withautonomic arousal

Nightmare disorder

Rapid eye movement sleep behaviour
disorder

Arousal during sleep,associated with vocalization and.' Melatonin
or complex motor behaviours; can cause violent injuries: Clonazepam
rapid orientation and alertness on awakening Discontinuation of causative medications such as ICAs.

SSRIs.and SNRIs

Sexuality and Gender

Gender Dysphoria
Definition
• discomfort or distress caused by a discrepancy between sex assigned at birth and a person’s gender

identity
• gender identity1 refers to a person’s intrinsic sense of self as male, female, both, neither, or anywhere

along the spectrum
• for more details about Gender Dysphoria, please consult the DSM-5

r n
L J

Clinical Features
• strong and persistent cross-gender identification
• desire to be rid of primary/secondary sex characteristics and to gain the primary/secondary sex

characteristics of their identified gender
• repeated stated desire or insistence that one is of the opposite sex
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•preference for cross-dressing, cross-gender roles in make-believe play
•intense desire to participate in the stereotypical games and pastimes of the opposite sex
•strong preference for playmates of the opposite sex
•significant distress or impairment in functioning and persistent discomfort with his or her sex or

gender role

Management
•supportive psychotherapy or other mental health counselling
•hormone therapy with feminizing (c.g. estrogen and anti-androgen) or masculinizing (e.g.

testosterone) agents
•gender affirming surgery

Paraphilic Disorders
Definition
• intense and persistent sexual arousal, over a period of at least 6 mo, that is elicited by something other

than genital stimulation or preparatory fondling with phenotypically normal, physically mature,
consenting human partners

• paraphilic disorder: when paraphilia causes distress or functional impairment to the individual, or a
paraphilia whose realization entails personal harm or risk of harming others

Clinical Features
• begins in childhood or early adolescence; increasing complexity and stability with age
• tends to be chronic but decreases in intensity with advancing age; may increase with stress
• rarely self-referred;come to medical attention through interpersonal or legal conflict
• person usually has more than one paraphilia; more common in men (only 5% of patients with

paraphilia are women)
• subtypes:

voyeuristic - sexual arousal when spying intentionally on unsuspecting individuals
exhibitionistic - sexual arousal from the act or fantasy of exposing one’s genitals to non-
consenting individuals
frotteuristic - sexual arousal from touching or rubbing one’s genitals up against non-consenting
individuals
sexual masochism - sexual arousal from being humiliated, beaten, bound, or otherwise made to
suffer
sexual sadism - sexual arousal from the psychological or physical suffering of a victim including
humiliation
pedophilic - sexual attraction to prepubescent children - may be exclusive (only children) or
nonexclusive (children and adults)
fetishistic - recurrent, intense sexual arousal from an inanimate object or specific focus on a non-
genital body part(s)
transvestic - sexual arousal from act or fantasies of cross-dressing
other specified paraphilic disorder or unspecified paraphilic disorder

Management
• anti-androgen drugs (e.g. medroxyprogesterone or leuprolide)
• ssuis (e.g. high-dose fluoxetine)
• behaviour modification
• psychotherapy

Sexual Addiction
• definition:engaging in persistent and escalating patterns of sexual behaviour, despite increasing

negative consequences to self and others
• clinical features: may be characterized by compulsive searching for multiple sexual partners,

persistent thoughts of or craving for sex to the detriment of other activities, compulsive masturbation,
extensive use of pornography, compulsive sexuality in a relationship, and feelings of remorse or guilt
after sex

• management: CBT, 12-step programs,SSRls to reduce libido

Sexual Dysfunction
r i
LJ

• important to identify treatable causes (e.g.atrophic vaginitis, diabetes, antidepressant medications)
• see Gynaecology, GY34 and Urology, U33
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sEating Disorders
Definition
• eating disorders are characterized by a persistent disturbance of eating that impairs psychosocial

functioning or health
• disorders include: anorexia nervosa, avoidant/restrictive food intake disorder, binge eating disorder,

bulimia nervosa, pica, and rumination disorder
Eating Disorder Screening
Method to identity patients with
eating disorders. A "Yes" to two or
more questions is associated with a
sensitivity and specificity of 78 and 88%.
respectively

Epidemiology
• anorexia nervosa ( AN): 1% of adolescent and young adult females; 0.3% males; onset in mid-teens

(14 -18 yr )
• bulimia nervosa ( BN ): 2-4% of adolescent and young adult females; 0.5% males;onset in late teens or

early adulthood
• I::M= I 0: I ; mortality of AN 5- 10",,
t common comorhidities:depression (50-75%), substance misuse (35% in BN, 15% in AN ), OCD (25% in

AN )

SCOFF
Do you make yourself Sick because you
feel uncomfortably full?
Do you worry you have lost Control over
how much you eat?
Have you recently lost more than One
stone (M pounds or 6.35 kg) in a 3 mo
period?
Do you believe yourself to be Fat when
others say you are too thin?
Would you say that Food dominates
your life?

Etiology
• multifactorial: psychological, sociological, and biological associations
• individual: perfectionism, lack of control in other life areas, history of sexual abuse
• personality: anxiety, perfectionism, obsessionality, negative emotionality, cognitive inflexibility
• family & sociocultural: invalidating family structure, prevalent in industrialized societies,

idealization of thinness in the media, athletic demands
• puberty
• genetic factors

AN:6% prevalence in siblings, with one study of twin pairs finding concordance in 9 of 12
monozygotic pairs vs.concordance in 1 of 14 dizygotic pairs (lOx greater risk among first-degree
relatives)
BN:higher familial incidence of affective disorders than the general population

Risk Factors
• physical factors:obesity, chronic medical illness (e.g. DM)
• psychological factors:individuals who by career choice are expected to be thin, family history'

(mood disorders, eating disorders, substance use disorder), history of sexual abuse (especially for
BN), competitive athletes, concurrent associated mental illness (depression, OCD, anxiety disorder
(especially panic and agoraphobia), substance use disorder (specifically for BN))

Complications
• growth delay, osteoporosis (40%), osteopenia (50%), cardiovascular complications (bradycardia,

QTc prolongation, starvation edema), gastrointestinal complications (irritable bowel syndrome,
constipation, gastric dilation), electrolyte disturbances (hypokalemia, hypomagnesemia,
hypophosphatemia), refeeding syndrome, and endocrine abnormalities (increased GH, reduced LH,
1'SH, and T3)

Anorexia Nervosa
DSM-5 DIAGNOSTIC CRITERIA FOR ANOREXIA NERVOSA
Repiinled with permission from the Diagnostic and Slatislical Manual olMental Disorders, 5th cd. 2013. American Psychiatric Association
A.restriction of energy intake relative to requirements, leading to a significantly low body weight in

the context of age, sex, developmental trajectory, and physical health. Significantly low weight is
defined as a weight that is less than minimally normal or, for children and adolescents, less than that
minimally expected

B.intense fear of gaining weight or of becoming fat, or persistent behaviour that interferes with weight
gain, even though at a significantly low weight

C.disturbance in the way in which one's body weight or shape is experienced, undue influence of body
weight or shape on self-evaluation, or persistent lack of recognition of the seriousness of the current
low body weight

• specifiers: partial remission, full remission, severity based on BM1 (mild = BMI >17 kg/m - , moderate
= BMI 16-16.99 kg/m2, severe = BMI 15-15.99 kg/m 5 extreme = BMI <15 kg/m2), type ( restricting =
during last 3 mo no episodes of binge-eating or purging vs. binge-eating/purging type = in last 3 mo
have participated in recurrent episodes of binge-eating/purging)

Athletic Triad
Disordered eating
Amenorrhea
Osteoporosis

Some patients with insulin-dependent
DM may stop their insulin in order to
lose weight

r -t
Management
• standard svork-up:vitals (weight and orthostatic BP and HR), Woodwork (CBC, electrolytes,

creatinine, liver enzymes, B 12,TSH), KCG
• psychotherapy:individual,group, family; address food and body perception, coping mechanisms,

health effects
• CBT:sets clear weight goals and expectations, makes use of recording sheets, targets maintaining

factors such as negative body image
• family-based treatment is primarily used in the paediatric system, main focus is on weight restoration

and return to physical health

LJ
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•medications of little value; however, SSRls may be helpful in treating concurrent mood and anxiety
disorders

•outpatient and inpatient programs are available (nutritional rehabilitation)
•inpatient psychiatric hospitalization for treatment of eating disorders is rarely on an acute basis

(unless there is a concurrent psychiatric reason for emergent admission (e.g. suicide risk)); such
patients often require a specialized LD program

•criteria to admit to medical ward for hospitalization: <65% of standard body weight (<85% of standard
body weight for adolescents), hypovolemia requiring intravenous fluid, heart rate <40 bpm, abnormal
serum chemistry (e.g. low K+ , low Mg2+, Low PO43-, high creatinine),or if actively suicidal

•agree on target body weight on admission and reassure this weight will not be surpassed
•monitor for complications of AN (see Table 9, PS41)
•monitor for refeeding syndrome

• potentially life- threatening metabolic response to refeeding in severely malnourished patients
resulting in severe shifts in fluid and electrolyte levels
complications include hypophosphatemia, congestive heart failure, cardiac arrhythmias,
delirium, and death
prevention: slow refeeding,gradual increase in nutrition, supplemental phosphorus, and close
monitoring of electrolytes and cardiac status

Prognosis
•adolescent onset has much better prognosis than adult onset
•only about 50% make a full recovery
•witn treatment, 70% resume a weight of at least 85% of expected levels and about 57% resume normal

menstrual function
•eating peculiarities and associated psychiatric symptoms are common and persistent
•high rates of mortality (7%) secondary to severe and chronic starvation, metabolic or cardiac

catastrophes, with a significant proportion dying by suicide

Bulimia Nervosa
DSM-5 DIAGNOSTIC CRITERIA FOR BULIMIA NERVOSA
Reprinted withpermission from the Diagnostic and Statistical Manual of Mental Disorders. Sth ed. 2013. American Psychiatric Association
A.recurrent episodes of binge-eating; an episode of binge-eating is characterized by both of the

following:
eating, in a discrete period of time, an amount of food that is definitely larger than what most
individuals would eat during a similar period of time and under similar circumstances

• a sense of lack of control over eating during the episode
B. recurrent inappropriate compensatory behaviour in order to prevent weight gain, such as self-induced

vomiting, misuse of laxatives, diuretics, enemas, or other medications, fasting, or excessive exercise
C.the binge-eating and inappropriate compensatory behaviours both occur, on average, at least once a

week for 3 mo
D.self-evaluation is unduly influenced by body shape and weight
E.the disturbance does not occur exclusively during episodes of AN
• specifiers: partial remission, full remission, severity (mild = 1-3 inappropriate compensatory

behaviours/wk, moderate = 4-7 inappropriate compensatory behaviours/wk, severe = 8-13
inappropriate compensatory behaviours/wk, extreme = 14+ inappropriate compensatory behaviours/
wk)

Associated Features- fatigue and muscle weakness due to repetitive vomiting and fluid/electrolyte imbalance
• tooth decay, perioral irritation, mouth ulcers
• swollen appearance around angle of jaw and puffiness of eye sockets due to fluid retention, edema
• reddened knuckles, Russell’s sign (knuckle callus from self-induced vomiting)
• trouble concentrating, fatigue, headache, abdominal pain/reflux
• weight fluctuation over time

Management
• medical admission for significant electrolyte abnormalities
• biological: treatment of starvation effects,SSRls (60 mg fluoxetine has the most evidence) as adjunct
• psychological: develop trusting relationship with therapist to explore personal etiology and triggers,

CBT, family therapy, recognition of health risks
• social: challenge destructive societal views of women, use of hospital environment to provide external

patterning for normative eating behaviour

Prognosis
• relapsing/remitting disease
• good prognostic factors:onset before age 15, achieving a healthy weight within 2 yr of treatment
• poor prognostic factors: later age of onset, previous hospitalizations, individual and familial

disturbance
• 60% good treatment outcome, 30% intermediate outcome, 10% poor outcome (mortality rate of

approximately 2% per decade)

LJ
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Binge-Eating Disorder
Definition
• recurrent episodes of hinge-eating (as defined by criteria A of BN ) that are associated with eating

much more rapidly than normal, eating until feeling uncomfortably full, eating large amounts when
not physically hungry, eating alone because embarrassed by how much one is eating, and/or feeling
disgusted with oneself /depressed/very guilty afterwards at least once/wk x 3 mo

• not associated with any compensatory behaviours
• dieting usually follows binge-eating (vs. BN where dysfunctional dieting typically precedes binge-

eating)
• for more details about Binge- hating Disorder, please consult the DSM-5

Points for Differentiating Between
Eating Disorders

• AN of binge-eating/purging type
(significantly low body weight) takes
priority over a BN diagnosis (body
weight not in criteria)

• BN requires compensatory
behaviours

• Binge-eating disorder does not
involve compensatory behaviours

• Avoidant/restrictive food intake
disorder does not involve
disturbances in body image

Epidemiology
• F:M«2:1
• begins in adolescence or young adulthood

Treatment
• CUT

Avoidant/Restrictive Food Intake Disorder
Definition
• eating/feeding disturbance (i.e. apparent lack of interest in eating or food ) to the extent of persistent

failure to meet appropriate nutritional and/or energy needs, resulting in significant weight loss/
growth failure and nutritional deficiencies; patients experience disturbances in psychosocial
functioning and may become dependent on enteral feeding/oral nutritional supplementation

does not occur during an episode of AN or BN and not better explained by lack of available food
or culturally sanctioned practice
no evidence of distress in the way in which one’s body weight or shape is experienced

Risk Factors
• temperament (e.g. anxiety disorders), environment (e.g. familial anxiety), genetic (e.g.history of GI

conditions)
• begins in infancy and can persist into adulthood

Treatment
• psychoeducation
• behaviour modification
• psychotherapy

Important electrolytes in eating
disorders:KPMg (potassium,phosphate,
magnesium)

Table 9. Physiologic Complications of Eating Disorders
System Starvation/Restriction Binge-Purge

Russell's sign (knuckle callus)
Parotid gland enlargement

Perioral skin irritation and mouth ulcers
Periocular and palatal pelechiae

loss of dental enamel and caries
Aspiration pneumonia

Metabolic alkalosis secondary to hypokalemia and loss of acid
Fatigue

General low BP
low HR
Significant oithostatic changes i syncopal episodes Low body tempeiature

Vitamin deficiencies
Emaciation
Sleep disturbances
fatiguefweakncss

Endocrine
Neurologic
Cutaneous

Primary or secondary amenorrhea, cold intolerance, decreased I3/ T4
Seiture (decreased Ca*'.M g P0r!)

Ory skin, lanugo hair, hair loss or thinning, brittle nails, yellow skin from high
carotene
Constipation.GERO.delayed gastric emptying, abdominal painGI Acute gastric dilation/rupture, pancreatitis. GERD.hematemesis secondary to Mallory- Weiss

tear
CVS Arrhythmias.CHF

Osteoporosis secondary to hypogonadism
Pre-renal failure (hypovolemia), renal calculi
Pedal/periorbital edema (decreased albumin)

Starvation:decreased RBCs, decreased WBCs.decreased LH, decreased FSH,
decreased estrogen, decreased testosterone, increased GH. increased cholesterol

Dehydration:increased BUN

Arrhythmias, cardiomyopathy (from use olipecac). sudden cardiac death (decreased K )

Muscle wasting
Renal failure (electrolyte disturbances)

Pedal/periorbital edema (decreased albumin)

Vomiting:decreased Ni.decreased K; decreased Cf. decreased H *, increased amylase;
hypokalemia with metabolic alkalosis

Laxatives: decreased Na*. decreased K*. decreased Cl ; increased H"; metabolic acidosis

MSK
Renal r i

L JExtremities
Lab Values
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Personality Disorders
•in the literature, personality and its disorders can be understood using a trait-based dimensional

approach (i.e. 5 major traits such as extraversion, agreeableness, conscientiousness, neuroticism,
and openness to experiences rated on a continuum of dysfunctional effects), rather than discrete
categories; however, the discrete categories still remain in the current DSM and will be referenced here

General Information
•an enduring pattern of inner experience and behaviour that deviates markedly from the expectations

of the individual’s culture; manifested in two or more of:cognition, affect, interpersonal functioning,
impulse control

•inflexible and pervasive across a range of situations
•pattern is stable and well-established by adolescence or early adulthood (i.e. not a sudden onset)
•associated with many comorhidities such as depression, suicide, violence, brief psychotic episodes,

substance use, and treatment resistance
•relationship building and establishing boundaries are important; focus should be placed on

validating, finding things to be truly cmpathetic about, and speaking to the patient's strengths
•mainstay of treatment is psychotherapy (e.g. CUT, interpersonal psychotherapy, psychodynamic

psychotherapy, DBT); add pharmacotherapy to treat associated psychiatric disorders (e.g. depression,
anxiety, substance misuse)

Classification
•personality disorders are divided into three clusters (A, B, and C), with shared features among

disorders within each

A flag for personality disorders in clinical
setting is the reaction that a patient is

eticiting in you

Personality disorders with familial
associations: schizotypal, antisocial,and
borderline

Table 10. Description and Diagnosis of Personality Disorders
Cluster A:"Mad" Personality Disorders
• Patients seem odd.eccentric,withdrawn
• Familial association with psychotic disordcis
• Common defense mechanisms: inlellectualuation.projection,magical thinking

Paranoid Personality Disorder (1-4% ot general population)
Pervasive distrust and suspiciousness of others,interpret motives as malevolent
Blame problemson others and seem angry and hostile
Diagnosis requires 4» of:SUSPECT
1.Suspicious that others are exploiting or deceiving them (withoutsufficient basis)
2.Unforgiving (bears grudges)
3.Spousal infidelity suspected without justification
4.Perceive attacks on character,counterattacks quickly
5.Enemies ot Inends? Preoccupied with acquaintance trustworthiness
6.Confiding in others Is feared
/. fluents interpreted in benign icmaiks
(Hole:Must rule oulpsychotic disorder wheieno true delusions or hallucinations present)

Schizotypal Personality Disorder (4-5% of general population)
Pervasive pattern of social and interpersonal deficits,cognitive/perceptual distortions,eccentric
behaviours,and peculiar thought patterns
Diagnosis requires 5*01:ME PECULIAR
1.Magical thinking
2.Experiences unusualperceptions (including body illusions)
3.Paranoid ideation
4.Eccentric behaviour or appearance
5. Constricted or inappropriate alfect
6.Unusual Ihinkmgfspccch (e.g, vague,stereotyped)
1.Lacks closeItiends
8. Ideas of relcrcnce
9.Anxiety in social situations that does not diminish with familiarity (related to fears)
(Note:Rule out psychotidpervasive developmental disorders this is not part of the criteria: the
more lixed and systematic a belief is.the more likely it isof delusional intensity)

Schizoid Personality Disorder (3-5% of general population)
Neither desires nor enjoys close relationships including being a part ot a family:prefers to be alone.Lifelong pattern of social withdrawal. Seen as eccentric and reclusive with restricted affect in a
variety of contexts
Diagnosis requires 4* ot:DISTANT
1.Oetachcd/flat alfect, emotionally cold
2. Indifferent to praise or criticism
3.Sexual experiences ol little interest
4.Tasks done solitarily
5.Absence ol close friends (other than lirsl degiee relatives)
6.Neither desires nor enjoys close relationships (including family)
7.Takes pleasure in lew (if any) activities

r "i
LJ

+

Activate Windows
GotoSettingsto activate-Windows.



PS-13 Psychiatry Toronto Notes 2023

Table 10. Description and Diagnosis of Personality Disorders
Cluster B:"Bad"Personality Disorders
• Patients seem dramatic,emotional,inconsistent,and impulsive
• Sensitive to perceived criticism,abandonment, or lack ol attention;dilficulty with interpersonal relationships due to self -serving, hostile,or erratic behaviour
• Familial association with mood disorders
• Common defense mechanisms:denial,acting out. regression (histrionic PD), splitting (borderline PD),projective identification,idealication/devatualion
Borderline Personality Disorder (1-2% of general population)
A pervasive pattern of instability of interpersonal relationships,self - image, and affects; maiked
impulsivily.Strong correlation with a history of childhood sexual abuse. Character iced by
inlerpersonal.cognilivc.behavioural, and affective deficits. Often exposed lo an emotionally
invalidating environment. The morcdramatic behavioui tends lo diminish as patients age. DBT is
the principal treatment (see Psychotherapy. />549)
"10% suicide rale"
Diagnosis requires 5* ol IMPULSIVE
1. Impulsive (minimum of 2 sell-damaging ways.e.g.sex/drugs/spending)
2.Mood/affect instability
3.Paranoia or dissociation under stress
4. Unstable self -image
5. labile intense relationships (extremes of idealization and devaluation)
6.Suicidal gestures/self -harm
7.Inappropriate anger
8. Voiding abandonment (real or imagined, frantic efforts lo)
9.Emptiness (feelings of)
(Note:More frequently diagnosed in females but research suggests equal gender distribution)

Antisocial Personality Disorder (M:2-4%.F:0.5-1%)
lack of remorse for actions,manipulative and deceitful,often violate the law.May appear
charming on first impression.Pervasive pattern of disregard for others and violation of others'
rights must be present before age15:however, for the diagnosis of ASPD,patients must be at least in females butstudies suggest equal prevalence
18.Must have evidenceof conduct disorder before age15:history of trauma /abuse common (see
Child Psychiatry.PS44
Diagnosis requires 3- of:CORRUPT
1.Cannot conform to law and/or social norms(repeated illegalacts)
2.Obligations ignored (irresponsible)
3.Reckless disregard for safety of self or others
4. Remorseless
5.Underhanded (deceitful:conning others for personal profitor pleasure)
8.Planning insufficient (impulsive)
7.Temper (irritable and aggressive)

Narcissistic Personality Disorder (around 6% of generalpopulation)
Sense of superiority,needs constant admiration,lacks empathy,but with fragile sense of self.
Consider themselves "special" and will exploit others for personal gain.Beginning by early
adulthood and present in a variety of contexts
Diagnosis requires 5* ol: GRANDIOSE
1.Grandiose sense of self - importance (e.g. exaggerates achievements and talents)
2.Requires excessive admiration
3.Arrogant
4 Needs lo be special (and associate with other special or high status people)
5.Dreams ol success,power,beauty,love (preoccupied with these fantasies)
6. Inlerpcrsonally exploitative
7.Olliers (lacks empathy,unable lo recognize feelings/needs ol others)
8.Sense of entitlement
9.Envious (or believesothers are envious)

Histrionic Personality Disorder (2% of generalpopulation)
Attention-seeking behaviour and excessively emotional.Are dramatic,flamboyant,and
extroverted.Cannot form meaningful relationships.Often sexually inappropriate.Diagnosed more

Diagnosis requires 5»of:ACTRESSS
1.Appearance used to attract attention
2.Centre of attention (else uncomfortable)
3.Theatrical
4.Relationships (believed to be more intimate than they are)
5.Easily influenced
6.Seductive behaviour
7.Shallow expression of emotions (whichrapidly shift)
8.Speech (impressionistic and vague)

Cluster C:"Sad"Personality Disorders
• Patients seem anxious, fearful
• Familial association with anxiety disorder
• Common defense mechanisms:isolation, avoidance, hypochondriasis

Avoidant Personality Disorder (2.4% of generalpopulation)
fimid and socially awkward with a pervasive sense of inadequacy,social inhibition,and
hypersensitivity tocriticism.Fear olembarrassing or humiliating themselves in social situations so closed-off.and inefficient.Highly comorbid with mood/anxiety andeating disorders

Diagnosis requires 4* of: SCRIMPER
1.Stubborn
2.Cannot discard worthless objects
3.Rule /detail obsessed (lo poinlof activity lost)
4. Inflexible in mailers of morality,ethics,values
5.Miserly
6.Perfecbonislic lo the extern that it hampers task completion
7.Excludes leisure due lo devotion lo work
8.Reluctant lo delegate lo olhers

Obsessive-Compulsive Personality Disorder (2.1-7.9%)
Preoccupation with orderliness,perfectionism,and menial and interpersonal control.Is inflexible.

remain withdrawn and socially inhibited
Diagnosis requires 4* of: CRINGES
1.Criticism or rejection preoccupies thoughts in social situations
2. Restraint in relationships due lo lear ol bemgshamed
3.Inhibited in new relationships due lofeat of inadequacy
4. Needs to be sure of being liked before engaging socially
5.Gels around occupational activities requiring interpersonal contact
G. Embarrassment prevents new activity or taking risks
7.Self -viewed as unappealing or inferior
Dependent Personality Disorder (0.5 0.6% of generalpopulation)
Pervasive and excessive need lo be taken care of.eiccssivc fear ol separation,clinging and submissive behaviours.Difficulty making everyday decisions.Useful to set regulated treatment schedule
(regular,briel visits) and being firm about in between issues.Encourage palienl to do more lor themselves,engage In own problem-solving
Diagnosis requires 5* of: RELIANCE
1. Reassurance and/or advice required for everyday decisions (excessive)
2.Expressing disagreement difficult
3.life responsibilities assumed by others
4.Initiating projects difficult [because lack of self -confidence)
5.Alone (feels helpless and uncomfortable when alone)
6.Nurturance (goes toexcessive lengths to obtain)
7.Companionship sought urgently
8.Exaggerated fears of being left to care for self
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Table 11, Key Differences Among Schizoid, Schizotypal, and Schizophrenia
Schizoid Schizotypal Schizophrenia

Organized Organized, bulvague and
circumstantial

Disorganized, tangential,
loosening of associations

Thought Form OCPD vs. OCD
OCPD OCD

Thought Content No psychosis:may have ideas of Psychosis
reference, paranoid ideation, odd
beliefs, and magical thinking
lacks close relationships,
INIERESIED in relationships but
has difficulty forming them

No psychosis Ego-Syntonic Ego-syntonic Ego dysteme
orEgo-
Dystoak
Thought
Coaleat

Solitary. NO desire for social
relationships

Socially marginalized, but nol
by choice

Relationships Obsessional Obsessions and
thinking. no compulsions,
compulsions, rituals, anxiety
strict routine provoking
and rigidity unwanted
in day-to-day intrusive
matters, more thoughts
perfectiomstic
and rigid

Child Psychiatry

Developmental Concepts
• temperament: a child 's innate psycho-physiological and behavioural characteristics ( i.e. emotionality,

activity, and sociability); spectrum from “difficult" to “slow-to-warm-up" to “easy temperament”
• parental fit: the congruence between parenting style (authoritative, permissive) and child’s

temperament
• attachment: special relationship between child and primary caretaker(s); develops during first year,

the caretaker’s attachment style is the best predictor of their child’s attachment style, see Table 12
• separation anxiety (normal between 10-18 mo): where separation from attachment figure results in

distress

Consider speaking to children alone.
Always consider child abuse in your ODx.
See Paediatrics. P18

Q
Tips for the Child Interview
• Use language the child will

understand (e.g. don't ask about
feelings of worthlessness, ask about
whether they feel like they are a
bad kid)

• Use developmentally-appropriate
questions (e.g. don't ask about lack
of interest in activities, ask children
whether they feel bored)

Table 12. Attachment Models
ParentfCaregiver Features In Child (during Strange Situation

experiment)
Attachment Type

Loving, consistently available,
sensitive,and receptive

Secure Freely explores and engages with strangers well (as long as
mother in close proximity), upset with caregiver's departure,
happy with return
Ignores caregiver, shows little emotion with arrival or

departure, little exploration
Clingy but inconsolable, often displays anger or helplessness,

little exploration

Simultaneous approachfavoidancc and stress-related
straining behaviour

Rejecting, unavailable
psychologically, insensitive responses
Inconsistent, insensitive responses. Insecure (ambivalcnt/resistant)
role reversal

Frightening,dissociated, sexualized. Disorganized
or atypical
Often history of trauma or loss

Insecure (avoidant)

Mood Disorders in Children and Adolescents
MAJOR DEPRESSIVE DISORDER

Epidemiology
• lifetime prevalence for prc- puhertal I -2% ( l ':M= l: l ); adolescents -1 - 18".'. (1-':M=2: I )

Clinical Features
• only difference in diagnostic criteria for children and adolescents is that irritable mood may replace

depressed mood
• physical features: insomnia (children), hypersomnia (adolescents), somatic complaints, substance

misuse, decreased hygiene
• psychological features: irritability, boredom, anhedonia, low self-esteem, deterioration in academic

performance, social withdrawal, lack of motivation, listlessness
• common comorbid diagnoses: anxiety, ADHD, ODD, conduct disorder, eating disorders, and

substance misuse

HEEADSSS Interview
Home enviionment
Education/Employment
Eating
Activities
Dzugs
S:
Safety
Suicide/depression

Treatment
• majority never seek treatment
• supportive therapy including psvchoeducation, active listening, and lifestyle advice helpful in mild

depressive episode
• CBT or 1PT, internet-based therapy if in-person options unavailable
• 1st line SSR1: fluoxetine
• 2nd line SSRls: escitalopram, sertraline, citalopram
• close follow-up for adolescents starting SSRls to monitor for increased suicidal ideation or behaviour
• in severe depression, best evidence for combined pharmacotherapy and psychotherapy
• EO' or rTMS: limited evidence in this population, only for use in adolescents 212 y/o with severe

illness, psychotic features, catatonic features, persistently suicidal
• light therapy, self-help books, and applications can he used as adjuncts

r1
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Prognosis
« prolonged episodes, up to 1-2 yr = poor prognosis
• prognosis variable; adolescents with depression more likely to have depression in adulthood than

adolescents without
• approximately 2% of adolescents with depression will develop bipolar disorder within 4 yr
• complications: negative impact on family and peer relationships, school failure, significantly increased

risk of suicide attempt or completion (however, suicide risk low for pre-pubertal children), substance
use disorder

DISRUPTIVE MOOD DYSREGULATION DISORDER

Clinical Features
• severe, developmental^ inappropriate, recurrent verbal or behavioural temper outbursts at least 3x/

wk with persistently irritable mood in between
• symptom onset before age 10, occurring for 212 mo, in 22 settings, with no more than 3 consecutive

mo free from symptoms
• diagnosis should be made between ages 6-18
• criteria not met for intermittent explosive disorder nor bipolar disorder ( no mania/hypomania)
• supersedes diagnosis of ODD if criteria for both are met
• common comorbidities: ADHD,anxiety'disorders, depressive disorders

BIPOLAR DISORDER

Clinical Features
• mixed presentation and psychotic symptoms ( hallucinations and delusions) more common in

adolescent population than adult population
often misdiagnosed in the adolescent population

• unipolar depression may be an early sign of adult bipolar disorder
• associated with rapid onset of depression, psychomotor retardation, mood-congruent psychosis,

affective illness in family, and pharmacologically-induced mania
Attachment type can be assessed
in infants 10-18 mo of age using the
Grange Situation test, in which the
child is stressed by the caregiver being
removed from the situation and the
stranger staying. Attachment style is
measured by the child's behaviour
during the reunion with the caregiver

Treatment
• lack of research in adolescent population, treatment guidelines based off of adult recommendations
• pharmacotherapy: mood stabilizers (lithium, anticonvulsants) and/or antipsychotics (risperidone,

olanzapine, quetiapine, aripiprazole)
• psychotherapy: CBT, family-focused therapy (a therapeutic modality designed for bipolar disorder

that combines psychoeducation, communication skills training, and problem-solving skills training) 8
Attachment problems may present as
a child who is difficult to soothe,has
difficulty sleeping, problems feeding,
tantrums, or behavioural problems

Anxiety Disorders in Children and Adolescents
•prevalence 10% in childhood/adolescence; 1-':M=2:I
•often not recognized oClinical Features
•becomes problematic when it interferes with typical academic/social functioning
•children and adolescents may not vocalize their anxiety and instead may exhibit behavioural

manifestations
•associated with school problems, unrealistic worries, physical/somatic symptoms (abdominal pain,

headaches), social and relationship problems, social withdrawal and isolation, sleep difficulties,
tearful episodes or temper tantrums, lack of confidence, irritability and mood symptoms, alcohol and
drug use in adolescents

•tension may look like fidgeting

Differential Diagnosis
•depressive disorders,ODD, truancy
•persistence and impairment to daily functioning differentiates anxiety disorder from normal anxiety
•for school avoidance, differentiate social anxiety (fear of performance and humiliation) from

generalized anxiety
•consider anxiety about separation, and rule out bullying and school refusal due to learning disorder

Course and Prognosis
•better prognosis with later age of onset, fewer comorbidities, early initiation of treatment, ability to

maintain school attendance and peer relationships, and absence of social anxiety disorder
•with treatment, up to 80% of children will not meet criteria for their anxiety disorder at 3 yr follow-

up, but up to 30% will meet criteria for another psychiatric disorder

Treatment
•similar principles for most childhood anxiety disorders due to overlapping symptomatology and

frequent comorbidity
•psychoeducation of child and family
•psychotherapy: CBT has been shown to be effective in children and adolescents with anxiety
•pharmacotherapy: SSRls can be helpful

The shy child is quiet and reluctant to
participate but slowly ‘warms up'

Fluoxetine, Cognitive Behavioural Therapy
and Their Combination for Adolescents with
Depression: Treatment lor Adolescents with
Depression Study (TAOS) landomired Controlled
Trial
JAMA 2004:292^07-820
Purpose:To evaluate effectiveness of fluoxetine
alone, cognitive behavioural therapy(CBT) akme.CBT
with fluoxetine, and placebo among adolescents with
major depiessive disorder (MOD)
Methods:Randomized controlled trialat 13 IIS
academic and community chores between spring
2000-summer 2003, including patients12-17 yfo with
a piimary OSMIV diagnosis of MOO aligned to one ol
the afoiemenlloned lour treatment arms. The primary
outcome was the Children'sDepression Bating Scale-
Revised (CORSR) totad score.
Results:Fluoxetine with CBT bad a statisticaly
significant CORSR score as compared to placebo
|P*O.OOI|with a 71% response rate.This combination
wasgieater than fluoxetine alone (M.D2],and CBT
alone (P^O.01). fluoxetine alone was greater than CBT
alone (P-0.01).
Conclusion: Combination of fluoxetine with CBI
offered the most favourable benebt nsl tradeoff for
adolescents with MOD.
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SEPARATION ANXIETY DISORDER
• excessive and developmentally inappropriate anxiety on real, threatened, or imagined separation from

attachment figures or home, with physical or emotional distress for at least 4 wk
• persistent worry about losing attachment figures or experiencing an untoward event to self; reluctance

to go places, be alone, or sleep alone; nightmares involving separation; physical symptoms when
separated

• often associated with school refusal, comorbid major depression

Efficacy and Safety of Selective Serotonin
Reoptake Inhibitors, Serotonin-Norepinephrine
feuplake Inhibitors, an if Placebo forCommoa
Psychiatric Disorders Among Children and
Adolescents:aSystematic Review and Meta-
Analysis
JAMA Psychiatry 201f ;M(10):l0ll 1020
Purpose: iuminelhe relativeefllcacyand safety
of SSfllt.Stills, and placebo for the treatment
of depressive disorders (DDs) , timely disorders
(AOs), obsessive compuisi it disorder (OCD), and
posttraomatc stressdisorder (P1S0) in thildrenand
adolescents.
Methods:Meta-analysis of RCTs regarding use
of SSRIsor SNRts i n youths with DD.AD, OCO.or
PI5D.Effect sires,calculated as standardized mean
differences (Hedges gland risk ratios (tits) for
advene events, were assessed in a random-effects
model.
desalts: thirty-sir trials were eligible and analysis
showed that SStlsand SNRIs weie more beneficial
com pa red with placebo(g•0.32; 95% Cl , 0.25 0.40:
P- ,00t|.AOs|g•0.51; 95% Cl , 0,40-0.72; P * .00l|
had larger belwten-group effect sues than 00s
(g•0.20;95% Cl, 0.13-0.27; P- ,00l|.Patients with
DDs eihiMed signiticantly larger placebo responses
(9-1.57:95% Ct 1-36-1.78; P< .001) compared
with those with AOs (g-1.03; 95% Cl, 0.84-1.21;
P‘.0Ot).IheSStls produced a relatively large effect
size for AOs (g-0.71;95% Cl, 0.45-0.92; P <.001).
Patients receiving an antidepressant vs.a placebo
reported sigoibcantly moie treatment-emergent
advene events ( RR.1.07;95% Cl,1.01-1.12; P-.01
or 9t,l49;95% CI, 1.22-1.82; P « .001, depending
on Hie reporting me!hod|, severe adverse events
(88.1.76:95% Cl, 1.34-2.32; P< .001). and study
discontvruationduelo adverse events ( RR.1.79; 95%
Cl.1 382.J2; P « .001).
Conclusion: Compared with placebo, SSRIs and
SMIs are more beneficial than placebo in children
and adolescents; however, the benefit is small and
disorder specific, yielding a larger drug-placebo
difference for AD than far other conditions.Response
to placebo is large,especially in DD.Severe adverse
eventsaresigniticantly m ore common with SSRIs and
SNRIs than placebo.

SOCIAL ANXIETY DISORDER (SOCIAL PHOBIA)
• anxiety, fear, and/or avoidance provoked by situations where child feels under the scrutiny of others
• must distinguish between shy child, child with issues functioning socially (e.g. autism), and child with

social anxiety
diagnosis only if anxiety interferes significantly with daily routine, social life, academic
functioning, or if markedly distressed. Must occur in settings with peers, not just adults

• features: crying, tantrums, freezing, clinging behaviour, mutism, excessively timid, stays on
periphery, refuses to be involved in group play

• significant implication for future quality of life if untreated; lower levels of satisfaction in leisure
activities, higher rates of school dropout, poor workplace performance, increased rates of remaining
single

SELECTIVE MUTISM
• consistent failure to speak in specific social situations where speaking is expected, despite speaking in

other situations for 21 mo
• the disturbance interferes with educational or occupational achievement or with social

communication
• not due to lack of knowledge of language or communication disorder

GENERALIZED ANXIETY DISORDER
• diagnostic criteria same as adults (note; only 1 item is required in children for Criteria C)
• children worry about many things (e.g. school, future, family, past)
• often redo tasks, show dissatisfaction with their work, and tend to be perfectionistic
• often fearful in multiple settings and expect more negative outcomes when faced with academic or

social challenges, and require reassurance and support to take on new tasks

SPECIFIC PHOBIA
• common phobias in childhood: fear of heights, small animals, physicians, dentists, darkness, loud

noises, thunder, lightning

OCD
• diagnostic criteria same as adults
• note: young children may not be able to articulate the aims of their compulsions

Neurodevelopmental Disorders

Autism Spectrum Disorder
Diagnosis
• persistent deficits in social communication and interaction, manifested in three areas;

social-emotional reciprocity: abnormal social approach and failure of normal back-and-forth
conversation; reduced sharing of interests, emotions, or affect; failure to initiate or respond to
social interactions
nonverbal communicative behaviours: poorly integrated verbal and nonverbal communication;
abnormalities in eye contact and body language or deficits in understanding and use of gestures;
total lack of facial expressions and nonverbal communication
developing, maintaining,and understanding relationships: difficulties adjusting behaviour to
suit various social contexts; difficulties in sharing imaginative play or in making friends; absence
of interest in peers

• restricted, repetitive patterns of behaviour, interests, or activities manifested by >2 of:stereotyped or
repetitive motor movements, insistence on sameness, highly restricted fixated interests, hyper-/hypo-
reactivity to sensory input

• symptoms must be present in early developmental period
• symptoms cause clinically significant impairment in social,occupational, or other important areas of

current functioning
• not better explained by intellectual disability or global developmental delay
• specifiers

• current severity; requiring very substantial support, requiring substantial support, requiring
support
± language impairment, ± intellectual impairment, ± catatonia

• associated with known medical or genetic condition or environmental factor
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Differential Diagnosis
• neurodevelopmental:global delay, intellectual disability, language disorder, social communication

disorder, learning disorder, developmental coordination disorder, stereotypic movement disorder
• mental and behavioural: ADHD, mood disorder, anxiety disorder, selective mutism, attachment

disorder, ODD, conduct disorder, OCD, childhood schizophrenia
• conditions with developmental regression: Rett syndrome, epileptic encephalopathy (Landau-

Kleffner)
• other: hearing/visual impairment, abuse

Treatment
• team-based: school, psychologist, occupational therapist, physiotherapist, speech-language

pathologist, paediatrics, psychiatry
• psychosocial: family education and support, school programming, behavioural therapy, social skills

training
• treat concomitant disorders such as ADHD, tics, OCD, anxiety, depression, and seizure disorder
• adjunctive pharmacotherapy (does not treat ASD itself ): atypical antipsychotics (for irritability,

aggression, agitation, self-mutilation, tics),SSRls (for anxiety, depression), stimulants (for associated
inattention and hyperactivity)

Prognosis
• variable, but improves with early intervention

Attention Deficit Hyperactivity Disorder
•prevalence: 5-12% of school-aged children; M:l;=4:l, although girls may be under-diagnosed
•girls tend to have inattentive symptoms;boys tend to have impulsive/hyperactive symptoms

Etiology
•genetic: 75% heritability, dopamine candidate genes DAT1, DRD4
•neurobiology: decreased catecholamine transmission, low prefrontal cortex (FTC) activity, increased p

activity on HHCi
•cognitive: developmental disability, poor inhibitory control, and other errors of executive function

Diagnosis
•diagnosis requires: onset before age 12, persistent symptoms 26 mo, symptoms present in 22 settings

(i.e. home, school, work), interferes with academic, family, and social functioning, and is divided into
3subtypes

combined type: 26 symptoms of inattention and 26 symptoms of hyperactivity-impulsivity
predominantly inattentive type: 26 symptoms of inattention

» predominantly hyperactive-impulsive type: >6 symptoms of hyperactivity-impulsivity
• for older adolescents and adults (> age 17), >5 symptoms required

•does not occur exclusively during the course of another psychiatric disorder
•DDx: learning disorders, hearing/visual defects, thyroid, atopic conditions, congenital problems (fetal

alcohol syndrome, fragile X syndrome), lead poisoning, history of head injury, traumatic life events
(abuse)

•specify current severity (mild/moderate/severe); if in partial remission (past diagnosis, has not met
full criteria >6 mo,still functional impairment present)

Comparative Efficacy and Tolerability of
Medications for Attention-Deficit Hyperactivity
Disorder iaChildren, Adolescents, and Adults:A
Systematic leview and Network Meta -Analysis
lancet 2018:5:727738
Purpose Estimate the comparative efficacy and
tolerability of oral medications for ADHO in children,
adolescents, and adults.
Methods:Reviewof double-blind RCTscocnparing
amphetamines,atomoxetine. bupropion,donidne.
guanfacine.methylphenidate.and modafiiti] with
each other or placebo.
Conclusions lei mg into account both efficacy and
solely, evidence from this mela-analysissupports
methylphenidate in children and adolescents, and
amphetamines in adults, as preferred hrst-cheice
medications for theshort-term treatment of ADHD.

Contrary to the concerns of many
parents and health care providers,
treatment with stimulant medications
of ADHD in childhood does not increase
the likelihood of substance misuse later
in life

Table 13. Core Symptoms of ADHD (DSM-5)
Inattention Hyperactivity Impulsivity

Careless mistakes
Cannot sustain attention in tasksot play

Does not listen when spoken to directly
fails to complete tasks
Disorganized

Avoids and/or dislikes tasks that require
sustained mental effort
loses things necessaty for tasksor activities
Distractible
Forgetful

Fidgets, squirms in seal
Leavesseal when expected to remain sealed Difficulty awaiting turn
Runs and climbs excessively
Cannot play quietly

“On the go", driven by a motor
Talks excessively

Blurts out answers before questions completed

Interrupts/inlrudes on others

nClinical Features
• difficult to differentiate from highly variable normative behaviour before age 4, but often identified

upon school entry
• present across multiple settings (i.e.school, home, extracurricular)
• rule out developmental delay, sensory impairments, genetic syndromes, encephalopathies, or toxins

(alcohol, lead)
• increased risk of substance use disorder, depression, anxiety, academic failure, poor social skills,

comorbid CD and/or ODD, adult ASFD
• associated with family history of ADHD, difficult temperamental characteristics
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Treatment
• non-pharmacologicai: psychoeducation, behavioural management (e.g. parent training, classroom

management, social skills training)
• pharmacological: 1st line: stimulants (methylphenidate.amphetamines); 2nd line: atomoxetine and

guanfacine XK; 3rd line: donidine, bupropion, imipramine
• for comorbid symptoms:antidepressants, antipsychotics
• psychosocial intervention is first line for children <6, whereas psychosocial intervention plus

medication is considered first line for children >6

Prognosis
• 70-80% continue into adolescence, but hyperactive symptoms usually abate
• 65% continue into adulthood; secondary personality disorders and compensatory anxiety disorders

are identifiable

Disruptive, Impulse Control,and Conduct
Disorder

(DOppositional Defiant Disorder
Children with ODD like MRATs and
BEARS"•prevalence: 2-16%, M=T after puberty
Rule breaker
Annoying
Temper

Diagnosis
•pattern of negativistic/hostile and defiant behaviour for >6 mo, with >1 non-sibling, with >4

symptoms manifested in 3 areas of:
angry/irritable mood:easily loses temper, touchy or easily an noyed, often angry and resentful
argumentative/defiant: argues with adults/authority figure, defies requests/rules, deliberately
annoys, blames others for their own mistakes or misbehaviour
vindictiveness: spiteful or vindictive twice in past 6 mo
note: difference between normal behaviour and ODD is frequency of symptoms (most days if age
<5 yr, weekly if age >5 yr) exceeds what is normative for one’s age, gender, culture

•behaviour causes significant distress or impairment in social, academic, or occupational functioning
•behaviours do not occur exclusively during the course of a psychotic, substance use, or mood disorder
•severity (mild/moderate/severe) according to number of settings in which symptoms are present
•diagnosis of disruptive mood dysregulation disorder supersedes ODD if criteria for both are met

Blames others
Easily annoyed
Argues with adults
Resentful
Spiteful/vindictive

A Systematic Reviewaid Analysis of tong-Term
Outcomes in Attention Deficit Hyperactivity
Diorder: Effects of Treatment and Non-Treatment
BMC Med 2012:10:95
Purpose: lo determine Ike long-term outcomes of
AOHDand whether there is an effect on long-term
outcomes with treatment.
Methods:Systematic reriew of studies, including
patients with diagnosed or symptomatic presentation
of ADHD, assigned to pharmacological, non-
pharmacological.multi-modal treatments, or a no-
treatment control.Outcome measures included use/
addictive behaviour,academic outcomes, antisocial
behaviour, social function, occupation, sell-esteem,
driving outcomes, services use.a nd obesity.
Results: Unnealed parlkpeelt with AOHO had
poorer outcomes vs.non-AOKD participants in 74%
(n'244|of studies, wtrde 26% (n'89) showed similar
outcomes.72% (n-37) of studiesshowed a benefit
from ADHD treatment vs.untreated ADHD and 28%
(n-15|showed no benefit Treatment ol ADHD was
found to be beneficial in studies looking at driving
P00%), obesity (100%).self -esteem|90%), social
function (13%). academicoutcomes|?1%|, drag usef
addictive behaviour (67%).antisocial behaviour
|SO%|, andoccupatron (33%).
Conclusion: Overal.people with ADHD have poorer
long-term outcomes than controls (those without
ADHD|.For those with ADHD, treatment improves
long-term outcomes.

Clinical Features
•first symptoms usually appear during preschool and rarely later than early adolescence
•associated with poor school performance, few friends, strained parent/child relationships,

developing mood disorders later on, often precedes CD
risk of

Treatment
•parent: parent management training, psychoeducation for parents and family
•behavioural therapy: to teach, practice, and reinforce prosocial behaviour
•social: school/day-carc interventions
•pharmacotherapy for comorbid disorders

Conduct Disorder
•prevalence: 1.5-3.4% (M:l-'=4:1)

Etiology
•parental/familial factors: parental psychopathology (e.g. ASPD, substance use disorder), child-rearing

practices (e.g. child abuse, discipline), low socioeconomic status (SKS), family violence
•child factors: difficult temperament, ODD, learning problems, ADHD, neurobiology

Diagnosis
•pattern of behaviour that violates rights of others and age appropriate social norms with S3 criteria

noted in past 12 mo and Si in past 6 mo:
aggression to people and animals: bullying, initiating physical fights, use of weapons, forced sex,
cruel to people and/or animals, stealing while confronting a person (i.e. armed robbery) Conduct Disorder Diagnosis
destruction of property: arson, deliberately destroying others’ property
deceitfulness or theft: breaking and entering, conning others, stealing nontrivial items without TRAP

Theft: breaking and entering,
deceiving, non-confrontational stealing
Rule breaking:running away,skipping
school, out late
Aggression: people, animals, weapons,
forced sex
Property destruction

confrontation
violation of rules:out all night before age 13, often truant from school before age 13, runaway >2
times at least overnight or for long periods of time
disturbance causes clinically significant impairment in social, academic, or occupational
functioning
if 18 yr, criteria not met for ASPD

+
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•diagnostic types
• childhood-onset (>1 criterion prior to age 10)
• adolescent-onset (no criteria until age 10)

unspecified onset (insufficient information)
mild, moderate, severe

•differential: ADHD, depression, head injury, substance misuse

Treatment
•early intervention necessary and more effective: long- term follow-up required
•psychosocial: parent management training, anger replacement training, CBT, family therapy,

education/employment programs, social .skills training
• pharmacotherapy for comorbid disorders

Prognosis
•poor prognostic indicators include: early-age onset, high frequency, variety of behaviours,

pervasiveness (i.e. in home, school, community), comorbid ADHD,early sexual activity,substance
misuse

•50% of children with CD develop ASPD as adults

Intermittent Explosive Disorder
Diagnosis
• recurrent behavioural outbursts representing a failure to control aggressive impulses in children ages

S6, manifested as either:
verbal or physical aggression that does not damage others or property, occurring >2 times per wk
for 3 mo
3 outbursts involving physical damage to another person,animal, or piece of property in the last
12 mo

• outbursts are out of proportion to triggers and are not premeditated /for primary gain
• outbursts cause clinically significant distress or impairment in occupation or interpersonal

functioning, or financial/legal consequences

See Paediatrics
• Child Abuse,PIS, Chronic Abdominal Pain, P48, Developmental Delay, P2<>. Intellectual Disability.

P27, Learning Disabilities, P29, Sleep Disturbances, P15

See Neurology
• Tic Disorders, N35, Tourette's Syndrome, N35

Psychotherapy
•treatment in which a person with mental or physical difficulties aims to achieve symptomatic relief

through interactions with another person
•psychotherapy is delivered by a trained counsellor, social worker, nurse, psychologist, general

practitioner, or psychiatrist
•various types of therapy exist based on diverse theories of human psychology and mental illness

etiology

Common Factors of Psychotherapy
•good evidence that effective psychotherapy creates observable changes in brain circuitry and

connectivity, but these changes are different from those observed with successful pharmacologic and
other treatment modalities

•studies suggest that up to 60-90% of therapy outcome is due to common factors with only 10-40% due
to specific factors

•common factors are warmth (unconditional positive regard), accurate empathy, genuineness,
goodness of fit, relationship with provider; predict positive outcomes

n
LJ
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Table 14. Summary of Psychotherapeutic Modalities
Type Indications Approach. Technique,and Theory Ideal Candidates Duration
Supportive Therapy Adjustment disorders, somatic Uses empathy, validation, and reflection to facilitate Individuals in crisis or with severe

symptoms andrelated
disorders, severe psychotic or Help patients leel sale, secuie, and encouraged
personality disorders
Adjunct to pharmacologic
management in most disorders

Interpersonal Therapy Mood disorders

Variable Isingle session to years,
though often short - intermittent)adaptation and coping symptoms in acute or chronic settings

Focuses on how interpersonal relationships impact Individuals with depression or bipolar
disorder with some insightand difficult

Weekly sessions, 12-20 sessions
symptoms
4 key problem areas addressed:1. grief and loss.2. social functioning
role transitions.3.conflict,4. interpersonal deficits Absence of severe psychotic process.
Break the interpersonal cycle: depression,self-
esteem.social withdrawal

personality disorder,or comorbid
substance use disorder

Cognitive Behavioural Most mental health disorders Combines theory and method from cognitive and Individuals with motivation to change
including:mood,anxiety.0C0. behavioural therapies to leach thepatient to change and who are able to participate in
personality,eating,substance connections between thinking patterns,habitual homework
use,psychotic disorders behaviours,and mood/anxiety problems

Cognitive component includes using thought records
to helpmonitor thoughts and identify inaccurate
automatic thoughts
Behavioural component includes techniques
such as systematic descnsiliialion (mastering
aniiety-provoking situations by approaching them
gradually and m a relaxed stale that limits anxiety),
flooding (confronting feared stimulus foi prolonged
periodsuntil it is no longer frightening),positive
reinforcement (strengthening behaviour and causing
it to occur more frequently by rewarding it),negative
reinforcement (causingbehaviour to occur more
frequently by removing a noxious stimulus when
desired behaviour occurs), extinction (causing a
behaviour to diminish by not rewarding il),and
punishment/aversion therapy (causing a behaviour to
diminish by applying a noxious stimulus)

Dialectical Behavioural Borderline personality disorder Therapy that combines CBT techniques with 8uddhist Individuals with borderlinepersonality
Zen mindfulness practices and dialectical philosophy disorder or borderline personality trait
Focuses on 4 types of skills:mindfulness,emotional and severe problems of emotional
regulation,interpersonal effectiveness, and distress dysregulation,impulsivity.orself -harm
tolerance
Involves 4 components: individual therapy,
group skillstraining,phone consultations,and a
consultation team

Spiritol Ml (CAPE):Compassion, Acceptance,
Partnership.Evocation
Principles ol Ml (RULE): Resist "righting reflex".
Understand client andIhcir reasons for change,
listen.Empower by conveying hope and supporting
autonomy
Icchniqucsof Ml(OARS):Open-ended questions.
Affirmations lovalidate client.Reflections (the skill
of accurale empathy),Summaries lo helpclient
organize self

Croup Psychotherapy Most mental health disorders Aims topromote self-understanding,acceptance,
including mood,anxiety.OCD. social skills
personality,eating, substance
use.and psychotic disorders
can benefitfrom group therapy
as part of treatment

Family Therapy Most mental health disorders Familysystem considered more influential than
including mood,anxiety.OCD. individual,especially for children
personality,eating, substance Focus on here and now.re-establishing parental
use.and psychotic disorders authority,strengthening normal boundaries,and
can benefit from group therapy rearranging alliances
as part of treatment

Emerging evidence for treating Derived from Buddhist meditative and philosophical Individuals who aremotivated and
adjustment disorder.MDD practices;aims to help people attend lo thoughts. willing lo engage in therapy
(relapse prevention),anxiety. behaviours,and emotions in the moment and non-
pain disorders,insomnia. judgmentally using guided breathing exercises
substance use disorder
(relapse prevention)
Anxiety,obsessional
thinking, conversion disorder, and how they affect emotions and patterns of

behaviour
Recollection (remembering), repetition (reliving with Able to withstand difficult emotions
the therapist), working through (gaining insight) without fleeing or self -destructive acts
Techniques:free association,dreaminterpretation. High level of function
transference analysis

Typically weekly or twice weekly
sessions.12-20 sessions
Maintenance therapy can be carried out
over years

Therapy

Typically1yr
Weekly individual and group therapyTherapy

Motivational
Interviewing
and Motivational
Enhancement hcrapy change inmost psychological

problems

Substance use disorders
Techniques can be applied
to facilitate behavioural

Individuals with problematic substance
use.maladaptive behaviour patterns
[therapy disengagement,medication
noncompliancc.poor healthhabits)

Brief interventions (efficacy with as
little as 15 inm,single session),better
result with more sessions
Addiction is a chronic condition, often
need boosters over lime

MET - 4 sessions

Adolescents,individuals not currently
in crisis,absence of severe psychotic
symptoms

Variable
Often time-limited (e.g. weekly
sessions for 12 wk)

Children and adolescents with families
willing to engage in treatment

Often short-term (e.g.12 sessions)

Mindfulness-based
Cognitive Therapy/
Mindfulness-based
Stress Reduction

Generally weekly sessions for 8 wk

r i
L JPsychoanalytic /

Psychodynamic
Therapy

theory:exploration of meaning of early experiences Psychologically minded, highly
motivated,wish lo understand selves

Time intensive:
Psychoanalysis: 4 -5 times/wk lor 3-7 yr
Psychodynamically oriented therapy:
2-3 times/wk for fewer yr

depression and not just relieve symptoms
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Pharmacotherapy
Dopamine Pathways Affected by
AntipsychotksAntipsychotics
Pathway Effects Associated

Pathology
•“antipsychotics" used to be called “neuroleptics”
•overall mechanism of action: functionally antagonize, to varying degrees, D2 activity in target brain

pathways
•primarily indicated for psychotic symptoms in: schizophrenia and related disorders, manic episodes,

depressive episodes, substance use, medical conditions (e.g. neoplasm)
•other uses: treatment-resistant MDD,severe GAD, complex PTSD, severe OCD, borderline PD,

behavioural symptoms of dementia, delirium, 'l'ourette syndrome, substance use disorder in dual
diagnosis, Huntington s disease, ASD, and impulse control disorders

adjunctive management of agitation, aggression, severe anxiety, and severe sleep difficulties when
sedative-hypnotics are contraindicated

•onset: acute, rapid calming effect and decrease in agitation;antipsychotic effect with improvement in
thought disorder, delusions, and hallucinations may take 1-4 wk

•rational use
• no reason to combine two or more antipsychotics, although this is quite common in clinical

practice
all antipsychotics are equally effective, except for clozapine (considered to be most effective in
treatment-resistant schizophrenia)
atypical antipsychotics ( i.e. second generation) are as effective as typical ( i.e. first generation)
antipsychotics and have different adverse effect profiles; main difference is lower risk of EPS and
TD but more metabolic side effects (see sidebar)
choose a drug to which the patient has responded to in the past or that was used successfully in a
family member

• route: PC), short-acting or long-acting depot IM injections, and sublingual; more recently there is
inhaled loxapine mainly used in the setting of acute agitation

•if no response in 4-6 wk, switch drugs
•duration: minimum 6 mo and usually for life in most patients with primary psychotic disorders;

variable for other indications

Mesolimbic Emotion HIGH dopamine
origination, causes positive
reward symptoms ol

schiiophrenia
(delusions,
hallucinations)

Mesocortkal Cognition, LOWdopamine
executive causes
function negative

symptoms of
schiiophrenia

Nigrostriatal Movement 10W dopamine
causes EPS
LOWdopamine
causes hyper-
prolactinemia

Tubero- Prolactin
infundibular hormone

release

Typical (first Generation) vs.Atypical
(Second Generation) Antipsychotics

Typical Atypical

Mechanism Block Block
postsynaptlc postsynaptic
dopamine dopamine
receptors (D2) receptors (02)

Block serotonin
receptors (5-HT2)
on presynaptic
dopaminergic
terminals,
triggering DA
release,and
reversing 0A
blockade in some
pathways.Some
are partial 02
agonists

Long-Acting Preparations
•antipsychotics formulated in oil for IM injection
•received on an outpatient basis
•indications: initially meant for individuals with schizophrenia or other chronic psychosis who relapse

because of non-adherence, but current initial evidence suggests they are better than oral preparations
overall

•should have been exposed to oral form prior to first injection
•dosing: start at low dosages, then titrate every 2-4 wk to maximize safety and minimize side effects
•side effects: similar to side effect profile to oral preparation of the same drug

Canadian Guidelines for the Treatment of Acute Psychosis in the Emergency Setting
•haloperidol 5 mg IM ± lorazepam 2 mg IM
•loxapine PO or IM 25 mg ± lorazepam 2 mg IM
•olanzapine 2.5-10 mg (PO, IM, oral quick dissolve - it’s time to peak is the same as regular PO, 4-6 hr)
• risperidone 2 mg (M-tab, liquid )

Inexpensive EPS less prevalent
Plenty ol low-risk
injectable ol tardive
lotms
available

Pros

syndromes
Mood stabilizing
effects

Cons EPS more
prevalent,
including
tardive
syndromes side effects
in long-term (weight gain.
Hot mood
stabilizing

Expensive
Fewinjectable
lorms available
Metabolic

hyperglycemia.
abnormalities.
metabolic
syndrome)
Exacerbation
(or new onset)
olobsessive
behaviour

Anticholinergic Effects
Red beetasa

hareHot asa
Dry boneasa +Blind batasa
Mad hatterasa
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Table 15. Common Antipsychotic Agents
Starting Dose Maintenance Maximum Relative Potency (mg)

See landmark Psychiatry Trials table lor more
information onMilt, which details a comparison
b elween first and second-generation antipsychotics
m the treatmentof sdnroplirenia.

Typicals (in order olpotency Iromhigh to low)
Haloperidol (Haldol!) 2 5 mg IM q4-8 h

0.5-5 mg PO B/TIO
0.2mg/kg/d PO

Fluphenaiine enanthate 2.5-10 mgfd PO
(Moditen '.Modecate (or
IM formulation)
Zudopenlhixol HCI
(Clopixol -)
Zudopenthixo! acetate 50-150 mg IM q48-72 h
(Acuphase3)
Zuclopenthixol decanoale 100 mg IM q1-4 wk
(Cloxipol Depot' )

Perplsenaiinc (Irilafon ' ) 8 16 mqP0 8/IID
Lonapme HCI (Loxitane ) 10 mg P01ID

12.5-50 mg IM q4-6 h

10-25mgP0 B/l/0ID

20 mgfd PO 2Based on clinical effect

20 mg/d PO 21-5 mg PO OHS
25 mg IM/SC q1- 3 wk

Metabolic and Cardiovascular Adverse thesis
Associated with Antipsychotic Drugs
N at Rev Endocrinol 2012:8:114-126
All atypical antipsytbobts can cause cardiovascular
and metabolic side effects,such as obesity,
dyslipidemia.hyperglycemia, and vreightgain.
Olanrapme anddoupme are most likely to cause
these adverse effects.Ihe medianism that nnderkes
the metabolic and cardiovascular effects is not Inly
understood.However,the histamine,dopamine,
serotonin,and muscarinic receptors are implicated.

20-30 mg/d PO 20 - 40 mg/d PO 100 mg/d PO 4

400 mg IM (q2 wk)

150-300 mg IM q2 wk 600 mgIM/wk

4 8 mg PO T/OID
60-100 mg/d PO

64 mg/d PO
250 mg/d PO

TO
10

Chlorpromazlne
(Largactil : )

400 mg/d PO 1000 mgfd PO 100

Atypicals (in order ol potency fromhigh lo low)

Risperidone (Risperdal 1, 12 mg once daily/BID
Risperdal Consta' lor IM
long acting preparation.
Risperdal 1 M-Tab lor
melting form -placed on
tongue)
Paliperidone (Invega'. 3mgfdP0
Invega Sustenna’ lone
v) orTrima' (three
months) forIM long acting
preparalions)

OTc prolongation is an important adverse
effect of all antipsycholics; although not
required,consider getting ECG prior to
and after initiating new medication and
to monitor OTc
Typicals:chlorpromazine and
haloperidol warrant systematic baseline
and follow up ECG
Atypicals: ziprasidone has the highest
risk among atypicals, clozapine also
warrants systematic baseline and
follow-up ECG

4 8 mg/d P0
25 mglMq2 wk

8 mg/d P0 2

3-12 mg/d P0 12 mgfd P0 4

10-20 mg/dPO 30 mg/d P0Olanzapine (Zyprexa 3, 5 mg/dPO
Zyprexa Zydrs ' lor melting
form - placed on tongue)

Asenapinc (Saphris’) 5 mg $1BID
20 mg P0 BIO
10-15 mg/dPO
25 mg PO BID

5

5-10 mg St BID
40 - 80 mg PO BID
10-15 mgfd P0
400-800 mg/dPO

10 mg St BID

160 mg/d P0
30 mg/d P0
800 mg/d P0

5 Features ol Neuroleptic Malignant
SyndromeZiprasidone (Zeldox ’)

Aripipraiole(Ability 9)
Ouetiapine (Seroquel -.
Seroqnel XR! for extended
release 3 }

Clozapine (Clozaril ' ) 25 mg P0 BIO

6
7.5 FARM

Fever
Autonomic changes (e.g. increased
HR/BP,sweating)
Rigidity of muscles
Mental status changes (e.g.
confusion)

75

300 600 mgfd P0 900 mq/d P0 100

FARM symptoms are also seen in
serotonin syndrome (SS)
SS can be distinguished from NMS by
the following:
SS NMS
Twilchy.shivering, Severe global rigidity
restless

Flushed,sweaty Pallor
Vomiting,diarrhea. No Gl symptoms
abdominal pain

r i
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Table 16. Commonly Used Atypical Antipsychotics
Olanzapine
(Zyprexa .
Zydis’l

Ouetiapine
(Seroquel )

Clozapine
(Clozaril )

Aripiprazole
(Ability )

Risperidone
(Risperdal )/
Paliperidone
(Invega )

Most cltective for
treatment-resistant
schizophrenia
Docs not worsen
tardive symptoms:
may (real them
Approximately 50%
of patients benefit,
especially paranoid
patients and those
with onset after 20 yr

Lower incidence Better overall
of EPS than typical efficacy compared to slightly less weight
antipsychotics at haloperidol gain compared
lower doses («8 mg) Well tolerated to clozapine and
Associated with less Low incidence of EPS olanzapine, but
weight gain compared and ID more than the other
to clozapine and atypicals
olanzapine Mood stabilizing

Associated withAdvantages less weight gain
and risk of metabolic
syndrome compared
toolanzapineand
a lower incidence
olEPS compared to
haloperidol
Mood stabilizing

Disadvantages
Relative toOther
SGAs

Highest risk of EPS/ID Weight gain and
among SGAs - avoid metabolic effects -
il high - risk for EPS or avoid in DM
existing movement Sedating - avoid if
disorder or elderly high -risk for fallsor
Elevated prolactin - fracture
sexual dysfunction,
galactorrhea.
gynecomastia.
menstrual
disturbance.
infertility

Sedating/orthostatic Weight gain and
hypotension - avoid metabolic effects-
if high - risk for falls or avoid m DM
fracture
DT prolongation in
high doses - caution high -risk for fallsor
If cardiac risk

Insomnia, akathisia

Sedalingforthostatic
hypotension - avoid if

fracture
Potentially severe
constipation - avoid if
risk of fecal impaction
or bowel perforation
Cardiomyopathy -
caution if existing
heart disease
Reduces seizure
threshold - caution il
seizure disorder
Agranulocytosis
(1%)- avoid in
existing leukopenia/
neutropenia,
requires ongoing CBC
monitoring

Ouick dissolve
formulation (Eydis )
used commonly in
ER setting for better
compliance (but does
notactlaslcr)
Acute IM form
available

Comments Ouick dissolve
IM -tabs).and long
acting (Consta 3/
Invega Irinza - )
formulations
available

Weekly blood counts
for 6 mo. Ihenq2 wk
Do not use with
other drugs that
may cause bone
marrow suppression
due to risk of
agranulocytosis

Note: Risk o!weight gain:Clozapine > Olanzapine* Ouetiapine > Risperidone

Table 17. Side Effects of Antipsychotics
System Side Effects

Dry mouth , urinary retention, constipation, blurred vision, confusional slates
Orthostatic hypotension, erectile dysfunction, failure toeiaculate
Extrapyramidal syndromes, galactorrhea, amenorrhea, erectile dysfunction, weight gain
Sedation, weight gam
Agranulocytosis (clozapine)

liver dysfunction, blood dyscrasias. skin rashes, neuroleptic malignant syndrome, altered temperature
regulation (hypothermia or hyperthermia)
Metabolic syndrome

OT prolongation

Anticholinergic
a-adrenergic Blockade

Dopaminergic Blockade
Anti-Histamine

Hematologic

Hypersensitivity Reactions

Endocrine
Cardiac

Neuroleptic Malignant Syndrome
• psychiatric emergency

• hypothesis: due to strong DA blockade; increased incidence with high potency and depot
antipsychotics

• risk factors
medication factors: sudden increase in dosage, starting a new drug

• patient factors: medical illness, dehydration, exhaustion, poor nutrition, external heat load, male,
young adults

• clinical features
tetrad: mental status changes (usually occur first), fever, rigidity, autonomic instability

• develops over 24 -72 h
• labs: increased creatine phosphokinase, leukocytosis, myoglobinuria

• treatment: supportive - discontinue antipsychotic drug, hydration, cooling blankets, dantrolene
(hvdantoin derivative, used as a muscle relaxant), bromocriptine ( DA agonist)

• mortality: 5%

r n
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Extrapyramidal Symptoms
• incidence related to increased dose and potency
• acute (early-onset; reversible) vs. tardive (late-onset; often irreversible)

Table 18. Extrapyramidal Symptoms
DyskinesiaDystonia Akathisia Parkinsonism

Both Both Acute tardive
Older patients

Acute or Tardive
High-Risk Groups Older females Older femalesAcute:young Asian and

Black males
Sustained abnormalPresentation tremor;rigidity
posture: torsions, twisting, crawling sensation in legs (cogwheeling): akinesia:
contraction of muscle relieved by walking: very postural instability

distressing, increased (dccrcascd/absent arm-
risk of suicide and poor swing, stooped posture.

shuffling gait,difficulty
pivoting)

Acute:within 30 d

Purposeless, involuntary,
constant movements
that involve facial and
mouth musculature:less
commonly - the limbs:
rarely, the diaphragm
("hiccups”)

Tardive:>90 d.more
commonly yr
tardive: no good
treatment:may try
clozapine:discontinue
drug or reduce dosage
Recently the FOA
approved valbenazine
and deutetrabenazinefor
the treatment ol tardive
dyskinesia

Motor restlessness;

groups; muscle spasms
(l.e.oculogyric crisis,
laryngospasm. torticollis) adherence

Onset Acute:within 5 d
tardive: »90 d
Acute: benztropine
or diphenhydramine,
usually IM

Acute: within10 d
tardive: >90 d
Acute:lorazcpam,
propranolol, benztropine, reduce dosage or
or diphenhydramine:best change antipsychotic
approach:reduce dose or to low potency atypical
change antipsychotic to antipsychotic
lower potency

Treatment Acute:benztropine:

Anticholinergic Agents
• types

• benztropine (Cogentin*) 2 mg PO, IM, or IV once daily (1-6 mg)
• diphenhydramine (Benadryl*) 25-50 mg PO/IM Qll)

• do not routinely prescribe with antipsychotics
give anticholinergic agents only if at high-risk for acute EPS or if acute EPS develops

• do not give these for tardive syndromes because they worsen the condition

Antidepressants
• onset of effect

relief of neuro-vegetative/phvsical symptoms:1-3svk
relief of emotional /cognitive symptoms: 2-6 wk

• tapering of most antidepressants is usually required to avoid withdrawal reactions:speed of taper
is based on the medication’s half-life and the patient’s Individual sensitivity (i.e. fluoxetine does
not require a taper due to its long half-life; paroxetine and venlafaxine require a slower taper than
sertraline or citalopram)

• must be vigilant over the first 2 wk of therapy:neuro-vegetative symptoms may start to resolve while
emotional and cognitive symptoms may not (patients may be at risk for suicidal behaviour during this
time, particularly in children/adolescents)

• treatment of bipolar depression
• patients with bipolar disorder ( bipolar depression ) should not be treated with an antidepressant as the

first-line therapy
patients with bipolar disorder should only be treated with an antidepressant if combined with
a mood stabilizer or antipsychotic; monotherapy with antidepressants is not advisable as the
depression can switch to mania
maintenance of patients with bipolar disorder with antidepressants is not advisable except in
specific cases

r i
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Table 19. Common Antidepressants
Class Daily Starting Dose

|mg)'
Therapeutic DoseDrug Comments
(mg)

20 80SSRI fluoxetine (Proaac * )
lluvoxarnine (Luvox |
paroxetine (Paxil ' )
sertraline (Zololl 3)
citalopram (Celexa -*)
escitalopram (Cipralex 1)

20 Useful lor typical and atypical depression, seasonal depression, anxiety
disorders. 0C0.eating disorders
All SSRIs have similar effectiveness bul consider side effect profiles and hall lives
Citalopram and escitalopiam have the fewest drug interactions and ate sleep
v/ake neutral
Sertraline is the safest SSRI in pregnancy and breastfeeding
fluoxetine is the most activating SSRI (recommend taking in the AM)
Fluoxetine does not require a taper due to long half -life and is themost used in
children and adolescents as it has most evidence
fluvoxainlno is sedating (should be taken in PM) and can be involved in many
drug drug Interactions
For OCD,aim for maximum doses, sometimes higher
Useful for depression,anxiety disorders,neuropathic pain

50 100 150300
10 20 60
SO 50 200
20 20-40
10 10 -20

venlafaxinc ((flexor 3)
desvenfafaxine (Pristiq :)
duloxetine (Cymballa :)

bupropion(Wellbutrin -)

37.5 - 75 75 - 225
50-100

SNRI
SO
30 30 60

100 300-450 Useful for depression,seasonal depression:not recommended for anxiety
disorder treatment because of stimulating effects
Causes less sexual dysfunction (may reverse effects of SSRIsfSNR Is),weight gain,
and sedation
Increased risk of seizures at higher doses
Conliaindicated with history ol sciiurc, stroke,brain tumour,brain injury,dosed
head injury
Important to specify formulation,as available in IR.SR.XI(longest)
Useful for OCD Idomipramine is gold standard),melancholic depression,can also
be used in other types of depression and anxiety disorders
Requires ECG monitoring
Check blood levels if using higher dosage
Highly lethal in overdose

Preferred to tertiary amines because ol lower propensity for anticholinergic
adverse effects
Requires(CG monitoring
Check blood levels if using higher dosage
Highly lethal in overdose

Useful for moderate/seveie depression that does not respond to other
antidepressants:atypical depression;anxiety disorders
Requires strict adherence to MAOI diet, (lova tyramine)

Useful for some anxiety disorders (e.g.social phobia) and depression

Useful In depression with prominent features of insomnia,agitation, or cachexia
Useful in those with constipation as diarrhea is a common side effect
May improve cognitive function

HDRI

TCA (3” Amines) 25-50 150-300
150-300
100-250

amitriptyline (Elavil!)
imipramine (Tofranil!)
clomipramine (Anafranil 1 )

25-50
25 50

TCA (2" Amines) nortriptyline (Aventyf ’ )
dcsipramine (Norpramin |

25 50 75-150
25 50 150 300

MAOI phenelzine (Nardil - )
tranylcypromine (Parnate ' )

15 60-90
20 10 - 60

300 600moclobeinidelManerix 'l
miltazaplne (Renteronr1)

vilazodone IViibryd )
Serotonin Receptor vortioxeline (Irintellix:)
Modulator

300RIMA
HaSSA 15 15 45
SPARI 10 10 40

5 205

'for depression (start with X M this dose for treatment ot anxiety disorders)
MAOI = monoamine oxidase inhibitors;NaSSA = noradrenergic and specific serotonergic agent;NDRI = norepinephrine and dopamine reuptake inhibitors;RIMA = reversible inhibition ol MAO-A; SNRI =
serotonin and norepinephrine reuptake inhibitors; SSRI - selective serotoninreuptake inhibitors; TCA * tricyclic antidepressants; SPARI - serotoninpartial agonist and reuptakc inhibitor

ri
L J

+

Activate Windows
Go to Settings to activate Windows.
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Treatment Approach for Depression

Select and initiate
a first-line antidepressant Psychopharmacology of SSRIs

Post-Synaptic
Serotonin Receptor
Stimulated

EffectSide EffectMonitor 4
i ’

NO Optimize dose Consider factors for
switch vs. adjunct *

Early improvement
after 2-4 wk? 4 5HT1A centrally Relief of depression

Anxiolytic effectEarly treatment failure
5HI2A in spinal cord Sena: dysfunction:

delayed ejaculation,
anorgasflia.
decreased interest'

1T
Switch to another

first-line antidepressant
preferably with

superior efficacy

Switch to a
2nd or 3rd line
antidepressant

Add adjunctive
medication libidoYES

5HT205HT2A in brain Activation:anxiety.
insomnia
Worst with fbimetne.
paroiebne
Warn patients anxiety
may worsen *!first
1-2 wk of treatment

SHT3A in gut Gl upset nausea.
vomiting, bioatng
lake with food

Monitor: consider
longer evaluation
period for more
persistant depression

l r

Continue treatment
for 6-El wk

YES Early improvement
after 2-4 wk?

NO
Optimize dose

4

NO
Symptom remission?

YES

NORisk factors
for recurrence?

Maintain treatment
for 6-9 mo>

YES

Maintain treatment for
2 yr or longer

Figure 3. Depression treatment algorithm
Adapted bom:Sidney H. Kennedy, Raymond W.Lem.Roger S.McIntyre, et al.The Canadian Journal of Pay criatry (61.9). p. 21.copyright : 2020.
Modified by Permission of SAGE Publications. Inc.

•optimization: increase dosage to maximum tolerated or highest therapeutic dosage
•augmentation: the addition of a medication that is not considered an antidepressant to an

antidepressant regimen ( i.e. thyroid hormone, lithium, atypical antipsychotics (aripiprazole,
quetiapine, olanzapine, risperidone))

•combination: the addition of another antidepressant to an existing treatment regimen (i.e. the
addition of bupropion or mirtazapine to an SSR1 or SNR1)

•switch:change of the primary antidepressant (within or outside a class)
•note:it is important to fully treat depression symptoms (i.e. to remission) to decrease relapse rates

Symptoms of Antidepressant
Discontinuation (mainly from serotonin
reuptake inhibition activity)

FINISH
Flu-like symptoms
Insomnia
Nausea
Imbalance
Sensory disturbances
Hyperarousal (anxiety/agitation)

Serotonin Syndrome
•thought to be due to over-stimulation of the serotonergic system
•can result from medication combinations such as more than oneSSRI.SSRl + SNR1.SSRI or SNR! -

MAOl, SSRI + tryptophan, MAOI + meperidine, MAOI + tryptophan
•rare but potentially life-threatening adverse reaction to SSRIs and SNRIs
•symptoms include: nausea, diarrhea, palpitations, chills, diaphoresis, restlessness, confusion, and

lethargy, but can progress to myoclonus, hyperthermia, rigor, and hypertonicity
•treatment:discontinue medication and administer emergency medical care as needed
•important to distinguish from NMS

Discontinuation Syndrome
•caused by the abrupt cessation of some antidepressants; most commonly with paroxetine,

tluvoxamine, and venlafaxine (drugs with shortest half-lives)
•symptoms usually begin within 1-3 d and can include anxiety, insomnia, irritability, mood lability,

N/V, dizziness, headache, dystonia, tremor, chills, fatigue, lethargy, and myalgia ("flu-like symptoms")
•treatment: symptoms may last between 1-3 wk, but can be relieved within 24 h by restarting

antidepressant at the same dosage the patient was taking initially and initiating a slower taper over
several weeks

•consider avoiding drugs with a short half-life

r T
L J
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Table 20. Features of Commonly Used Antidepressant Classes
SSRI SNRI TCA MAOI NDRI RIMA NaSSA SPARI Serotonin

receptor
modulator

Examples fluoxetine.
sertraline.
citalopram

Block serotonin
reuptake only

xenlafaxine.
duloxetine

amitriptyline.
clomipramine

phenelzine bupropion modobemide mirtazapine vilacodone vortioxetine

Mode of
Action

Block
norepinephrine norepinephrine
and serotonin reuptake
reuptake (clomipramine also

blocks serotonin
reuptake)

Block Irreversible
inhibition of MAO
AandB increases
duration that NE.
dopamine,and 5HI
are in the synaptic
cleft by preventing
their degradation

Block
norepinephrine
and dopamine
reuptake

Reversible
inhibitor of
monoamine
oxidase A leads
to increased
duration of
norepinephrine. o-2 adrenergic
dopamine. receptors
and SHT in the
synaptic deft by
preventing their
degradation

Enhance central 5HT1A partial
noradrenergic agonism causes
and serotonergic downregulation
activity by
inhibiting
presynaptic

5HT1A agonism
downregulates
presynaptic
5HT1A receptors
to disrnhibit
serotonin
release,and
5HT7 antagonism
theoretically
enhances cognitive
function

ofpresynaptic
5HT1Areceptors
todisinhibit
serotonin
release,and 5HT4
agonism treats
constipation

Side Effects CMS: CHS:dizziness. CHS (usually
headache,
tremor,insomnia, headache.

CNS:sedation. CNS:sedation
Gl:nausea,
diarrhea

Gl:nauseaAnticholinergic
effects: (see Table

Antihistamine
effects (minimal):
sedation,weight

Low dose
restlessness. side effects
tremor,insomnia, similar toSSRIs 77.KJ3)

(serotonergic) Noradrenergic
effects: tremors,
tachycardia,
sweating
a-t adrenergic
effects: orthostatic
hypotension, falls
ORS prolongation

minor):dizziness, dizziness
Endocrine:

tremor, insomnia increase in
cholesterol,
increase in

hypotension triglycerides,
dysrhythmia.HIM Gl: dry mouth. weight gain
Gl:dry mouth. N/V.diarrhea, Gl:constipation.
N/Y.constipation, abdominal pain. AIT elevation

dyspepsia
GU: delayed
ejaculation
Other:
diaphoresis

gain agitation,
anxiety,lower CVS:
seizure threshold dysrhythmia.

headache,
drowsiness.EPS Higher dose
Gl:NY.diarrhea, side effects:

CVS:orthostatic
hypotension,
hypertensive crises
with lyramine
rich foods (e.g.
wine,cheese),
or combination
with serotonergic
or adrenergic
medications,
headache,flushes,
reflex tachycardia,
postural
hypotension,
insomnia
Minimal
anticholinergic
effects

abdominal tremors.
tachycardia.
sweating.
insomnia.
orthostatic
hypotension.
increase in BP
(noradrenergic)
SIADH

cramps,
weight gam
Sexual
dysfunction:
erectile
dysfunction,
anorgasmia
CVS:increased
HR.increased
OTc.serotomn
syndrome.
SIADH.decreased
platelet
aggregation-
increased risk of
bleeding
Relatively safe in Tachycardia Toxic in overdose

and H' V seen in 3 times therapeutic
acute overdose dose may be lethal

Presentation:
anticholinergic
effects.CNS
stimulation, then
depression and
seizures
ECG: prolonged ORS
and OIc (relied
severity)
Treatment:
activated charcoal,
cathartics,
supportive
treatment,
IV diazepam
for seizure,
physosligmine
salicylate for coma
Do not give ipecac,
as can cause
rapid neurologic
deterioration and
seizures

decreased
appetite

Risk in
Overdose overdose

Risk of fatal
overdose when overdose
combined with
SSRIs.SNRIs.or
clomipramine

Relatively safe in Relatively safe in Relatively safe in
overdose

Toxic in overdose,
but wider margin of
safety than TCA

Tremors and
seizures seen in
overdose

overdose

MAOI.SNRI
Interactions Some SSRIs

(fluoxetine,
fluvoiamine.
paroxetine)
strongly inhibit
cytochrome
P450 enzymes,
therefore
win affect
levels of drugs
metabolized by
P450 system

MAOI.SSRI MAOI.SSRI
Low inhibition ElOH
of cytochrome
P450
compounds

Hypertensive crises MAOI
with noradrenergic Drugs that reduce Opioids
medications|i£. seizure threshold:
TCA.decongestants, anbpsychotics.
amphetamines) systemic
Serotonin syndrome steroids,
with serotonergic guinolone
drugs(i.e.SSRI. antibiotics.
SNRI. tryptophan. antimalanal
dextromethorphan) drugs

MAOI.paroxetine MAOI.RIMA MAOI MAOIDrug
No inhibition of
cytochrome P450

r T
L.J
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Mood Stabilizers
General Prescribing Information
• examples: lithium, divalproex, lamotrigine, carbamazepine
• used mainly for long-term stabilization of bipolar disorder, also used as first-line monotherapy or in

conjunction with atypical antipsychotics for acute episodes of bipolar disorder (i.e.depression and
mania)

• vary in their ability to “treat” (i.e. reduce symptoms acutely) or “stabilize” (i.e. prevent relapse and
recurrence) manic and depressive symptoms; multi-agent therapy can be avoided in many patients but
it is common

• before initiating, get baseline: CBC with differential and platelets, ECG (if patient >45 y/o or
cardiovascular risk), BUN, creatinine, extended electrolytes, TSH, LFTs for divalproex and
carbamazepine

• screening for: pregnancy, thyroid disease, neurological, renal, liver, cardiovascular diseases
• full effects may take 2-4 wk, thus may need acute coverage with benzodiazepines or antipsychotics

Specific Prescribing Information
• detailed pharmacological guidelines available online from the Canadian Network for Mood and

Anxiety Treatments (CANMAT) and International Society for Bipolar Disorders (1SBD)
• for clinical information for treating bipolar disorder (see Mood Disorders, PS10)
• be mindful that divalproex and carbamazepine are teratogenic thus if prescribed for women at

reproductive age, a reliable contraceptive strategy is required

Table 21. Commonly Used Mood Stabilizers
Lithium Lamotrigine (Lamictal ) Divalproex (Epival } Carbamazepine (Tegretol )

Indications 1st line
Acute mania (monotherapy or with
adjunct SGA)
Bipolar Idepression (combination with
lithium or SSRI)
Bipolar disorder maintenance
(monotherapy or with ad.unct SGA)

2nd line
Acute mania (monotherapy)
Bipolar disorder maintenance
(monotherapy or in combination with
lithium)

1st line
Acute mania (monotherapy or with
adjunct SGA)
BipolarIdepression (monotherapy or in
combination with divalproei,SSRI,or
bupropion)
Bipolar disorder maintenance
(monotherapy or with adiunct SGA)

1st line
BipolarIdepression (monotherapy)
Bipolar disorder maintenance (limited
efficacy in preventing mania,more
effective when combined with titnum)

Other uses
Bipolar II depression

Other uses
Rapid cycling bipolar disorder

Other uses
Bipolar II depression
Rapid cycling bipolar disorder
Mixed phase/dysphoricmania

Hot recommended for acute maniaOther uses
Bipolar It depression
Augmentation of antidepressants in MOD
and OCD
Schizoaffective disorder
Chronic aggression,antisocial behaviour
Recurrent depression

Unknown
Therapeutic response within 7-14 d
Adult 600-1500 mg/d
Geriatric:150-600 mgd
Usually daily dosing
Blood levels monitored and dose adjusted
accordingly

Adult: 0.8-1.0 mmol/l(1.0-1.25 mmol/L
for acute mania)
Geriatric:0.6-0.8 rmto:l

Mode of Action May rahibrt5-HT3 receptors
May potentiate DA activity
Hote:very slow titration required due
to riskof Stevens-Johnson Syndrome
Oose adjusted in patients taking other
anticonvulsants such as divalproei
Daily dose:100-200 ing/d
Therapeutic plasma level not
established
Dosing based on therapeutic response

Depresses synaptic transmission
Raises seizure threshold
750-2500 mg/d
Usually daily dosing withER preparation

Depresses synaptic transmission
Rases seizure threshold
400-1600mgi'd
Usually BID orTID dosing

Dosage

Therapeutic Level 17-50 mmol/L
Same therapeutic levels as used for
seizure prophylaxis
(no data specific for mood stabilizing
effect)
Monitor serum levelsevery 5-7 d until
therapeutic
LFTs weekly x 1mo.thenmonthly, then
q2-3 mo due to risk of l.ver dysfunction
Watch for signs of liver dysfunction:
nausea,edema,malaise
Check platelets andmonitor levels to
adjust dosage andconfirm adherence

Skin:rash(consider discontinuing due to Gl:liver dysfunction.H V.diarrhea
risk of Steven-Johnson syndrome which CHS:ataxia,drowsiness,tremor,
is an emergency),slow dose titration to sedation,cognitive blurring
reduce risk
Otherwise,usually well tolerated
(Gl:H/V.diarrhea
CHS:ataxia,dizziness,diplopia,
headache,somnolence
Other:anxiety)

350-700pmol/L
Same therapeutic levels as used for
seizure prophylaxis
(no data specific for mood stabilizing
effect)
Monitor serum levels every 5-7 duntil
therapeutic
Weekly blood counts for 1st mo.due to
risk of agranulocytosis
Watch for signs of blood dyscrasas:
fever,rash,sore throat,easy bruising

Monitoring Monitor serum levelsevery S-7 d until
therapeutic (always12h after dose)
Then monitor monthly,then q2-3 mo
Monitor thyroid function.creatinine
q6 mo

Monitor for skin rash and suicidality
when initiating treatment

Side Effects Gl:H/V,diarrhea,stomach pain
GU: polyuria,polydipsia,nephrogenic
diabetic insipidus,glomerulonephritis,
renal failure,decreased glomerular
filtration rate
CHS: fine tremor,headache,fatigue,
lethargy
Hematologic:reversible benign
leukocytosis
Other: teratogenic (Ebstein's anomaly),
hypothyroidism,weight gain,edema,
worsening of psoriasis,bradycardia.ECG
changes

HSAIDs, thiazides.ACEI.and
metronidazole decrease clearance,risk
for lithium toxicity

Gl:H/V.diarrhea, hepatic toxicity
CHS:atana.dizziness, slurred speech,
drowsiness,confusion,nystagmus,
diplopia
Hematologic:transient leukopenia
(10%).rareagranulocytosis,aplastic
anemia

Stun:rash (5% risk;consider
discontinuing drug becauseof risk of
Stevens-Johnson syndrome)
Other:neural tube defects when used
inpregnancy

Other: hair loss,weight gain,
thrombocytopenia,nexal tube defects
when used in pregnancy,polycystic
ovarian syndrome r m

t- J

+
0CP 0CPInteractions



PS59 Psychiatry Toronto Notes 2023

Lithium Toxicity
• clinical diagnosis as toxicity can occur at therapeutic levels
• common causes:overdose, sodium/fluid loss, concurrent medical illness or initiation of NSAIDs,

diuretics, or ACE1
• clinical features

Gl: severe nausea/vomiting and diarrhea
cerebellar: ataxia, slurred speech, lack of coordination
cerebral: drowsiness, myoclonus, tremor, upper motor neuron signs, seizures, delirium, coma

• management
discontinue lithium for several days and begin again at a lower dose when lithium level has fallen
to a non-toxic range
monitor serum lithium levels, creatinine, BUN, electrolytes
IV saline
hemodialysis if lithium >2 mmol/L, coma,shock, severe dehydration, failure to respond to
treatment after 24 h, or deterioration

Longterm lithium use can lead to a
nephropathy and diabetes insipidus in
some patients

Anxiolytics
•anxiolytics mask or alleviate symptoms
•indications

• short-term treatment of anxiety disorders, insomnia, alcohol withdrawal (especially delirium
tremens), barbiturate withdrawal, akathisia due to antipsychotics, seizure disorders,
musculoskeletal disorders,agitation or aggression associated with acute mania, or psychosis

•relative contraindications
major depression (except as an adjunct to other treatment), history'of drug/alcohol misuse,
caution in pregnancy/breastfeeding
myasthenia gravis is a relative contraindication for benzodiazepines

•mechanism of action
benzodiazepines: potentiate binding of GABA to its receptors; results in decreased neuronal
activity
buspirone:partial agonist of 5-HT1A receptors

Benzodiazepines
•should be used for limited periods (i.e.davs-weeks) to avoid tolerance and dependence
•all benzodiazepines are sedating, decrease respirator)'drive, and increase risk for falls, confusion,

and motor vehicle accidents; be wary with use in the elderly, especially in combination with other
psychotropic medications

•have similar efficacy, so choice depends on half-life, metabolites, and route or schedule of
administration

•taper slowly over weeks-months because they can cause withdrawal reactions (see below)
•beware of use with alcohol and other CNS depressants because of potentiation of CNS depression;

caution with drinking and driving/machinery use
•side effects

CNS: drowsiness, cognitive impairment, reduced motor coordination (falls), memory impairment
dependence, tolerance, withdrawal

•withdrawal
low dose withdrawal symptoms: tachycardia, HTN, panic, rebound insomnia,anxiety, impaired
memory and concentration, perceptual disturbances

• high dose or rapid withdrawal symptoms: hyperpyrexia,seizures, death
onset: 1-2 d (short-acting), 2-4 d (long-acting)
duration:days-weeks

• complication with above 50 mg diazepam/d or abrupt withdrawal:autonomic hyperactivity,
seizures, delirium, arrhythmias
management: taper slowly; may need to switch to a long-acting benzodiazepine
similar to but less severe than alcohol withdrawal; can be fatal

•overdose
overdose is common but rarely fatal unless combined with other substances
more dangerous or potentially fatal when combined with alcohol, other CNS depressants,opioids,
orTCAs

Benzodiazepine Antagonist-
Flumazenil (Anexate:)
Use for suspected benzodiazepine
overdose
Specific antagonist at the
benzodiazepine receptor site

Benzodiazepines Thatare Safe for
Patients with Impaired Liver Function

LOT
Lorazepam
Oxazepam
Temazepam

Buspirone (Buspar - )
•primary use: GAL)

•may be preferred over benzodiazepines because it is non-sedating, has no interaction with alcohol,
does not alter seizure threshold, not prone to abuse

•onset of action:2 wk
•side effects: dizziness, drowsiness, nausea, headache, nervousness, EPS

Z-drugs for Sleep
•non-benzodiazepine sedatives indicated for short-term management of insomnia +•examples include zopiclone (Imovane*), eszopidone ( Lunesta*), and zolpidem (Sublinox’)
•anecdotally provide a more restful sleep than benzodiazepines
•similar side effect profile and warnings to benzodiazepines
•should not be used long-term due to side effects and likelihood of dependency
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Table 22. Dosing and Indications for Common Anxiolytics
Class ti/2|h) Appropriate UseDrug Dose Range

(mg/d)
tmax (h)

Benzodiazepines

Long-acting Clonazepam|Rivotril!) 0.25- 4 18-50 Seizure prevention, akathisia.generalized anxiety disorder, panic
disorder

Seizure prevention, muscle relaxant, alcohol withdrawal,
generalized anxiety
Alcohol withdrawal

Should be avoided
Should be avoided due to high dependency rate
Alcohol withdrawal (no first- pass liver metabolism), akathisia.
short-term sedation (or anxiety during procedures (e.g.Cl or MRI).
generalized anxiety; sublingual or IM for rapid action
Alcohol withdrawal (no first-pass liver metabolism),generalized
anxiety disorder

Should be avoided
Shortest tV2, rapid sleep without daytime sedation (e g. overnight
plane travel), but risk of rebound insomnia

1- 4

Diazepam (Valium 1-) 2 40 30 -100 1-2
Chlordiazepoxrde (Librium ; )

Flurazepam|Dalmane:)
Alprazolam (Xanax 1 )

Lorazepam (Ativan -)

30-1005-300 1-4
15-30 50-160 0.5-1

Short-acting 0.25-4.0 6-20 1-2
0.5-6.0 10 -20 1-4

Oxazepam (Serax ' ) 8-12 2- 310 -120

temazepam (Restoril 1)
triazolam IHs!cion ’)

7.5 -30 8-20 2-5
0.125-0.5 1.5-5 1-2

Azapirones

15 - 30 2-3 Generalized anxiety disorderBuspirone ( Buspar - ) 1-1.5

Somatic Therapies
Electroconvulsive Therapy
• the fastest and most effective acute treatment of depression
• ECT is a safe and controlled way of producing seizures to treat mental illness
• various methodological improvements have been made since the first treatment in 1938 to reduce

adverse effects
• modern ECT: induction of a generalized seizure using an electrical pulse through scalp electrodes

while the patient is under general anesthesia with a muscle relaxant
• considerations: unilateral vs. bilateral electrode placement, pulse rate, energy, number, and spacing of

treatments
• usual course is 6-12 treatments, 2-3 treatments per wk
• indications

treatment-resistant depression (unipolar, bipolar I, bipolar II ): psychotic features, catatonic
features, when medications may be unsafe or rapid response is needed (e.g. cachexia, severe
dehydration, frail elderly, high suicide risk, pregnancy)

• catatonia: refractory,severe, or life-threatening
schizophrenia: treatment-resistant, acute symptoms, catatonia, history of NMS
mania: refractory, severe or life-threatening situation

• personal or family history of good response to ECT
inconclusive evidence for OCD

• adverse effects: risk of anesthesia (equal to risk of ECT), memory loss (may he retrograde and/or
anterograde, tends to resolve by 6-9 mo, permanent impairment controversial ), transient headaches,
transient myalgias

• unilateral ECT causes less memory loss than bilateral but may not be as effective
• contraindications: no absolute contraindications; relative contraindications: increased intracranial

pressure, recent (<4 wk ) hemorrhagic stroke, recent (<2 wk) Ml, requires special monitoring

ECT in Society
Prior to the 1940 s. ECT was performed
without the use of muscle relaxants.
resulting in seizures with full scale
convulsions and rare but serious
complications such as vertebral and
long-bone fractures. This practice may
have led to negative societal perceptions
of ECT , further perpetuated by negative
depictions in popular culture. Despite
ongoing stigmatization. ECT as it is
practiced today is an effective and safe
option for patients with severe mental
illness, including depression

Electroconvulsive Therapy for treatment
Resistant Schizophrenia
C ochrane OB Syst Rev 2019:CD 0I1847
Purpose:Assess henehtsand harmsof EC T for people
with treatment-resistant schizophrenia.
Outcomes: Moderate-quality ev dence indicates that
relative to standard care. ECT has a positive effect
on medium-term clinical response for peoplewith
treatment- resistant schizophrenia. However, there is
no clear and convincing advantage nr disadvantage
lor adding ECI to standard care lor other ouhomes.

Repetitive Transcranial Magnetic Stimulation (rTMS)
• noninvasive production of focal electrical currents in select brain circuits using magnetic induction
• indications:strong evidence for treatment-resistant depression and pain disorders; possibly efficacious

for anxiety disorders, PTSD, eating disorders, and substance use disorders
• adverse effects: common - transient local discomfort, hearing issues, or cognitive changes; rare -

seizure, syncope, mania induction

Magnetic Seizure Therapy (Experimental) r T

• magnetic seizure therapy ( MS I ) is generalized seizure induction using strong magnetic current
• early studies demonstrate efficacy for depression as well as anxiety, with reduced memory effects vs.

ECI
+
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Neurosurgical Treatments
Ablative/Lesion Procedures
• used for MDD or OCD unresponsive to all other forms of treatment;efficacy ranges from 25-75%

depending on procedure
• adverse effects: related to lesion location and size, high-risk of suicide in those who are not helped by

surgery
• focused ultrasound therapy (PUS) is an experimental surgical technique under investigation for the

treatment of MDD, OCD with the advantage of avoiding an open skull surgery

Deep Brain Stimulation (Experimental)
• placement of small electrode leads in specific brain areas to alter neuronal signaling
• most evidence for treating OCD, some evidence for other disorders such as treatment-resistant MDD
• response rates (>50% symptom reduction) of 40-70%,adverse effects related to surgical risks and poor

treatment response

Vagus Nerve Stimulation
• direct, intermittent electrical stimulation of left cervical vagus nerve via implanted pulse generator
• used for chronic, recurrent MDD with poor response to previous therapy'and KCT
• slow onset,approximately 30% response rate at 1 yr

Other Therapy Modalities
Phototherapy (Light Box Therapy)
• bright light source exposure (usually 10000 lux) for 30 min daily within the first hour of awakening
• proposed mechanisms: reverses pathological alterations in circadian rhythm through action on

suprachiasmatic nucleus
• indications:seasonal affective disorder (SAD), non-seasonal depression (as augmentation), and some

sleep disorders
• adverse effects:mania induction, reaction with photosensitizing drugor photosensitive eye or skin

conditions

Aerobic Exercise
• moderate-intense aerobic exercise is associated with acute increased release of serotonin,

phenethylamine,brain-derived neurotrophic factor,endogenous opioids, and cannabinoids (likely
this combination is what contributes to the “runners high”)

• associated with long term increases in grey matter in multiple areas,as well as improvements in
cognition, memory, and stress tolerance

• indications: monotherapy for mild-moderate MDD;adjunctive therapy for moderate-severe MDD
• may be helpful in PTSD, schizophrenia

r ~t
LJ
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Canadian Legal Issues

Common Forms
• the legislation is specific to each province, as are the types and numbers of forms, but the principles

are common across Canada

Table 23. Common Forms Under the Mental Health Act (in Ontario)
Expiration Date Right of Patient Options Before

to Review Board Form Expires
Hearing

Form Who Signs When
Form1: Application for Psychiatric
Assessment. Filled out when patients are

thought to be in imminent danger
to harm themselves (suicide) or
others (homicide), or when they
are incapable of self -care (e.g. not
dressed for freezing weather) and
are suffering from an apparent
mental disorder

• Based on any combination of the
physician's own observations and
facts communicated by others. Box A or Box B completed

• Box A:Serious Harm Test
• The Past/Present Test assesses

current betiaviours/threats/attempts. The Future Test assesses the
liketihood of serious harm occurring
as a result of the presenting mental
disorder. In this section, one should
document evidence of the mental
disorder and concerning behaviours/
thoughts. Box B: Patients with a known mental
disorder who are incapable of
consenbng to treatment (substitute
decision-maker needed), have
previously received treatment and
improved, and are currently at risk of
serious harm due to the same mental
disorder

Within 7 d after having 72 halter
examined the patient hospitalization

Void il not
implemented
within 7 d

Form 3and 30 or
voluntary admission

Form1: Application by
physician to bring a patient
to hospital (schedule!
facility) for psychiatric
assessment against
patient's will (Form 42 given
to patient)

Form 2:Order by Justice
of the Peace to bring
patient to a hospital for
an examination against
patient's will

Any physician No

or
send home t
follow -up

Justice of the Peace No statutory lime
restriction

7 dlromwhen
completed
Purpose of form
is complete once
patient brought to
hospital

Form land 42 or
voluntary admission
or send home
t follow-up

No

Form 3:Certificate of
involuntary admission to a
schedule!facility (Form 30
given to patient, notice to
rights advisor)

Form 4:Certificate of
renewal of involuntary
admission to a schedule!
facility ( Form 30 given to
patient, notice to rights
advisor)
Form 4a:Certificate of
continuation of involuntary
admission to a schedule!
facility ( Form 30 given to
patient, notice to rights
advisor. Form!7 sent to
the Capacity and Consent
Board, copies to chart)

Form 5:Change to informal/
voluntary status

Any physician other Before expiration of
than physician who Form!
completed Form 1 Anytimetochange

status of a voluntary
inpatient

Prior to expiration of
Form 3

14 d Yes Form 4 and 30
or voluntary
admission
(Form 5)

Form 4 and 30 or
voluntary admission
(Form 5)

Any physician,
usually the
attending physician
following patient
on Form 3

First:1mo
Second:2 mo
Third:3 mo (max)

Yes

Prior to expiration of
the third Form 4

3 moAny physician,
usually the
attending physician
following patient
on Form 4

Mandatory review
board hearing

Another Form 4a or
voluntary admission

Any physician,
usually the
attending physician the criteria for
following patient involuntary admission
onform 3/4/4a under the Mental

Health Act arc no
longci fulfilled)

Physician issuing Whenever Form
the form 3/4/4a 3/4/4a filled

N .'A N /A N/AWhenever deemed
appropriate (i.e.

Form 30: Notice to patient
that patient is now under
involuntary admission
on either form 3.4.or 4a
(original to patient, copy
to chart)
Form 33: Notice to patient
that patient is incapable of
consenting to treatment of
a mentaldisorder,and/or
management of property
and/or disclosure of health
information (original to
patient, notice to rights
advisor, copy to chart)
Form 42: Notice to the
patient that patientis now
on a From land the reason
forthis change (original to
patient, copy to chart)

N /A Yes N /A

N /A Yes N /AAttending physician Whenevei deemed
appropriate

Physician who is
signing Form!

Whenever Form1
filled

N /A No
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Consent
• see Ethical, Legal, and Organizational Medicine. FLOM11

Community Treatment Order (CTO)

• purpose: a community treatment order (CTO)orders a person suffering from a serious mental
disorder to receive treatment and supervision in the community.Based on a comprehensive plan
outlining medications, appointments, and other care believed necessary to allow the person to live in
the community (vs. in a psychiatric facility, where conditions are more restrictive)

• intended for those who:
due to their serious mental disorder, experience a pattern of admission to a psychiatric facility
where condition is usually stabilized

• after being released, these patients often stop treatment, leading to destabilization
• due to the destabilization of their condition, these patients usually require readmission to

hospital
if CTO violated (i.e. treatment not taken, does not comply with follow up), the physician can issue
a Form 47 which is an order for examination that allows the police to bring the patient to the
hospital for an examination (usually the patient is examined and the treatment will continue as
per the CTO)

• criteria for a physician to issue a CIO
patient with a prior history of psychiatric hospitalization (cumulative >30 d over >2
hospitalizations in the past 3 yr),or the person has been subject to a previous CTO in the past 3yr
a community treatment plan for the person has been made
examination by a physician within the previous 72 h before entering into the CTO plan

• ability of the person subject to the CTO to comply with it
consultation with a rights advisor and consent of the person or the person’s substitute decision
maker

• CTOs are valid for 6 mo unless they are renewed or terminated at an earlier date such as
when the person or his/her substitute decision-maker withdraws consent to the community
treatment plan

• CTO process is consent-based and all statutory protections governing informed consent apply
• the rights of a person subject to a CTO include

the right to a review by the Consent and Capacity Board with appeal to the courts each time a
CI'O is issued or renewed
a mandatory' review by the Consent and Capacity Board every second time a CTO is renewed
the right to request a re-examination by the issuing physician to determine if the CTO is still
necessary for the person to live in the community
the right to review findings of incapacity' to consent to treatment
provisions for rights advice

CTO Legislature
• Ontario passed CTO legislature

on December 1.2000 (known as
"Brian’s law"). Similar CTOs have been implemented
in Saskatchewan (1995), Manitoba
(1997), and British Columbia (1999)

Duty to Inform/Warn
• see Ethical, Legal, and Organizational Medicine, ELOM10

r T
LJ

+



PS6!Psychiatr\T Toronto Notes 2023

Landmark Psychiatry Clinical Trials
Trial Reference Results

Schizophrenia

CATIE Psychiatr Serv 2008;59(5):500-506 Title:What CATIE Found:Results From the Schizophrenia Trial
Purpose: Compare the effectiveness of a proxy first-generation antipsychotic (perphenazine) toseveral second-generation
antipsycholics.
Methods:1460 patients with chronic schizophrenia were randomly assigned in a double-blind study to receive one of
perphenazine,olanzapine,quetiapine.risperidone, or ziprasidone for up to 18 mo.
Results:Perphenazine did not differ significantly in overal effectiveness or benehts compared to the second-generation
antipsycholics.Perphenazine was the most cost -effective drug.Individual clinical circumstances impacted drug effectiveness.
Patients who have a poor response to an initial medication may tolerate and see greater effectiveness with a different medication.
Conclusions:First and second-generation antipsychotics did not differ in overall effectiveness.Patient factors must be considered
when prescribing antipsychotic medications.

Major Depressive Oisorder

TRANSFORMS Am J Psychiatry 2019,176|6):428-438 Title: Efficacy and Safety of Flexibly Dosed Esketamine Nasal Spray Combined with a Newly Initiated Oral Antidepressant in
Treatment-Resistant Depression:A Randomized Double-Blind Active-Controlled Study
Purpose:Evaluate the efficacy and safety of flexibly dosed esketamine nasal spray for patients with treatment-resistant
depression.
Methods:Patients with treatment-resistant depression vrere randomly assigned treatment of esketamine nasal spray with a
newly initiated antidepressant or a placebo nasal spray with a newly initiated antidepressant.
Results:197 participants completed the study. Patients receiving the esketamine nasal spray plus antidepressant treatment
demonstrated a change in Montgomery-Asberg Depression Rating Scale score that was signifrcantly greater than placebo nasal
spray plus antidepressant atd 28. Clinically meaningful improvements were found in the esketamine group earlier in the study
timeline.
Conclusions:Esketamine nasal spray was a safe,rapid-acting, and efficacious therapy for treatment-resistant depression.
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Acronyms
ADLs activities of daily living

attributable risk
CAS Children’s Aid Society

cost benefit analysis
CEA cost effectiveness analysis
CFR case fatality rate
CTFPHC Canadian Task Force on

Preventive Health Care
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FP false positives
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ITT intention-to-treat analysis
IICO low income cut-off
MERS Middle East respiratory
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Medical Health Officer
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MMR maternal mortality ratio
NNH number needed to harm

N NT number needed to beat
NPV negative predictivevalue
OR odds ratio
PFT pulmonary function test
PHAC Public Health Agency of Canada TP

per protocol analysis
PPV positive predictive value
PSA prostate screening antigen

potential years of life lost
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quality improvement
relative risk
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SOS safety data sheets
SMR standardized mortality ratio
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Public Health Context m•see Ethical. Lenal, and Organizational Medicine.Overview of Canadian Healthcare System.ELOM2 for
the organization of health care in Canada including the legal foundation and historical context

Definitions
•population health

refers to the health of defined groups of people, their health determinants, trends in health, and
health inequalities
influenced by: physical, biological, social, environmental, and economic factors; personal health
behaviours; access to and quality of healthcare services
broader scope compared to public health;accounts for socioeconomic, policy, and historical
issues

•public health
an organized effort by society to promote, protect, improve, and when necessary, restore the
health of individuals, specified groups, or the entire population
a combination of sciences, skills, and values that function through collective societal activities
and involve programs, services, and institutions aimed at protecting and improving the health of

population as a whole
public health services in many provinces (e.g.Ontario) are administered, funded, and delivered
entirely separately from healthcare services

•epidemiology’
“study of the distribution|...] of determinants of disease, health-related states, and events in
populations”

•Public Health and Preventive Medicine (formerly called Community Medicine)
the medical specialty that focuses on population rather than individuals’ health
works with diverse populations to improve population health, address social determinants of
health, and promote health equity
5 yr Royal College training in medical skills and knowledge,epidemiology, statistics, social
sciences, public administration, policy development, program management, and leadership

Sources:Shah, CP. Chapter 2 Measurementand Investigation.Public Health and Preventive Medicine in Canada]"5e. Toronto:Elsevier.2003
Shah, CP.Chapler15 Community Health Services. Public Health and Preventive Medicinein Canada. Se.Toronto:Elsevier, 2003

Preparing for the LMCC
The AFMC Primer on Population Health
is the core text for the LMCC and is
available as an online resource on the
AFMC website (http://phprimer.afmc.ca)
For the LMCC exam, it is recommended
that you also read Chapter15 in Shah CP.
Public health and preventive medicine in
Canada.5th ed.Toronto:Elsevier.2003

G
Historical Perspective
Over the last century, the focus of pubic
health has evolved:. Infectious diseases:a prominent

issue in low- and middle-income
countries and higher income
countries aike:includes emergent
dseasescaused by unfamiliar
or new pathogens, inefficient or
inappropriate antibiotic use.travel
global wanning (eg.HV.drug-
resistant TB.C0V1D-19).and the
manufactured conditions of crisis
and/or routineconditions of poverty
imposed on Indigenous.Black,and
other communities of colour

• Chronic diseases:have increased
morbidity and mortality (e g. heart
disease and cancer due to risk
factors and'or exposures) and
disproportionatety affect Indigenous
populations throughout the world

• Social determinants of health:
driven by a growing body of evidence
since the1980s that universal
access to health care services did
not ameliorate health inequalities,
and that significant improvements
in health could only be achieved
by going 'upstream ' with action on
policies

the

Public Health in Canada
The public health service in Canada is composed of various agencies at the federal (Public Health Agency
of Canada), provincial (Public Health Ontario), and municipal/local levels (local public health units).
The organization of the public health system in each province varies widely and is usually separate from
the healthcare system.

Mission of the Public Health Agency of Canada (federal only): to promote and protect the health of
Canadians through leadership, partnership, innovation, preparedness, and action in public health
•local public health units and services within regional health authorities (in most provinces except

Ontario, where local public health units are either autonomous or within local government) provide
programs and activities for health protection, promotion, and disease prevention at local and regional
levels

•catchment-area populations range widely (hundreds to millions), covering areas of 15-1.5 million km -
•the “core functions" of public health include six essential activities
The Association of Faculties of Medicine of Canada Public Health Educators' Network. AFMC Primer on Population Health[Internet). The organization of
health services in Canada;[cited 2006 Mar 25[. Available from https://phpriiner.afnic.ca/enl

1. health protection: measures taken to address potential health risks at the population level
through regulation and advising government (e.g.safe water and food supply)

2. health surveillance: monitoring and predicting health outcomes and determinants with
systematic, longitudinal data collection

3. disease and injury prevention:addressing infectious disease through preventive (e.g.
vaccination, droplet protection) and control (e.g. quarantine) measures; reduce morbidity
through lifestyle improvement

Example of a Municipal Health Unit
The Middlesex-London Health Unit
• Serves 450000 people living,

working, visiting, and studying in the
city of London and Middesex county

• 275 fulFtime staff indudingMOHs
(physicians), public health nurses,
epidemiologists, health promotion
educators, dental hygiene managers.
etc

• Services indude infectious disease
control, ensuring environmental
health standards, health promotion,
and providing family health programs

+
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4. population health assessment: studying and engaging with a community to understand their
needs and improve policies and services

5. health promotion: advocating for improved health through broad community and
government measures (e.g. policy, interventions,community organizations)

6. emergency preparedness and response: developing protocols and infrastructure for natural
(e.g. hurricane) and man-made (e.g. opioid crisis) disasters. In many types of health-related
disasters, public health leads the disaster response

Sources:Shah.CP.Chapter 15Community Health Services. Public Health and Preventive Medicine in Canada.5e.Toronto:Elsevier,2003
the Association of Faculties olMedicine of Canada Public HealthEducators' Network. AFMC Primer on Population Health [Internet],The organization of
healthservices inCanada:[cited 2006 Mar 25].Available from https://phprimer.afmc.ca/en/

Chief Public Health Officer (CPHO) of
Canada
• Responsible for the Public Health

Agency of Canada (PHAQ and
reports to the Minister of Health

• As the federal government’s lead
public health professional,provides
advice to the Minister of Health
and Government of Canada and
collaborates with other governments,
jurisdictions,agencies,organizations,
and countries on health matters

• Communicates public health
information to health professionals,
stakeholders,and the public

• In an emergency,such as an
outbreak or natural disaster,directs
PHAC staff, including medical
professionals, scientists,and
epidemiologists, to coordinate
emergency response

Sauce:Government ol Canada:the role ol the chief
public health ollicer [Internet!- Government olCanada:
[updated 2016 Feb 8;cited 2022 July[:[about too
screere[.Avaiable Irom:htlps:' wvbw.cdradd.ca
en'public-health.'corporatefccganuatioral-structure.'
canada-chiel-pubic-heaHh-ollicerirole-chel-Fwbfic-
health-olfker.html

Legislation and Public Health in Canada

Table 1. Legislation and Public Health in Canada
Municipal (Ontario)Federal Provincial

Health Canada
• Provides health services to the Canadian

military and velerans
• Provides non-insured health benefits
|NIH8) to status First Nations peoples and
Inuit.and is responsible for the funding of
healthcare services on reserve

• Approves new drugs and medical devices
• Food Guide

Public Health Agency of Canada|main
Government of Canada agency responsible for
public heallh)
• An independent body created post-SARS

to strengthen public health capacity and
response

• Focuses on preventing chronic diseases,
preventing injuries,and responding to
public health emergencies and infectious
disease outbreaks

• Activities include CIFPHC guideline
secretarial,knowledge brokers

• Oversees immigration screening,protects
Canadian borders (e.g.airporl heallh
inspection)

• Liaises with the WHO on global health
issues

Canadian Food Inspection Agency
• Regulates food labeling
• Deals wilh animal-related infections

Canadian Institutes of HeallhResearch
(CIHR)
• Formed in 2000 to support research to

improve heallhand the health care system

Each province has its own Public Health Act
or equivalent (e.g. the Heallh Protection and
PromotionPel in Ontario) and agencies (e.g.
Public Health Ontario)
• Designates the creation of geographic

areas for the provision of public health
services

• Gives powers to the Chief Medical Officer
olHealth to control public health hazards

• Specifies diseases to he reported to public
health units by physicians,laboratories,
and hospitals (seeytppem/M. PH31)

• Mandates programs that address public
health issues,environmental health,and
chronic disease prevention

Local public health units (e.g. Middlesex-
London Health Unit) deliver programs
mandated by provincial,municipal,or regional
legislation and are responsible for the delivery
of most public health services, such as:
• Infectious disease control,including

the follow-up of reported diseases and
management of local outbreaks

• Inspection of food premises, including
those in hospitals,nursing homes, and
restaurants

• Family health services,including pre-
conception,preschool, school-aged,and
adult health programs

• Tobaccocontrol legislation enforcement
• Assessment and management ol local

environmental health risks
• Collection and dissemination of local

health status reports
• Oral health
• By-laws may be approved by municipal

governments to facilitate public health
issues

Medical Officer of Health (MOH)
(Ontario)
May be called “Medical Health Officer"
(MHO) in other provinces
Appointed to each public health unit by
the board of health
Position held by a Public Health and
Preventive Medicine specialist physician
Responsibilities include oversight of a
multidisciplinary team who:
• Collect and analyze epidemiological

data
• Provide occupational and

environmental health surveillance
• Implement health programs,

including tobacco use prevention
inspections (restaurants,physician's
offices, tattoo parlors) and prenatal
courses

The MOH.by tew.ten require en irdrndujlpremne
egency to take«refraui hem any action due to a public
healthhazard (Section 13and 22 ot the Health Protection
and Promotion Act)Determinants of Health

Concepts of Health Determinants of Health
Income and social status
Employment and working conditions
Education and literacy
Childhood oeperiences
Physical environments
Social supports and coping skills
Healthy behaviours
Access to health services
Biology and genetic endowment
Gender
Culture
Exposure to colonization and racialized
prejudice
Racism
Soiree Social iMermirunlicl hcuKh and health
int’qujAlici ,Internd,.Govumnwnt olCanada:[mcdlud
2022 June 14;cited June 2022]. Available hemhltpv
«Yvw.canjda.u'vn/publK -hejnh,Servlcevhealth-
piomotlcn'populjUcn-heallh'whal.dvleriTurei-heanh.

• wellness: “state of dynamic physical, mental, social, and spiritual well-being that enables a person to
achieve full potential and have an enjoyable life”

• disease: “abnormal, medically-defined changes in the structure or function of the human body"
• illness: “an individual 's experience or subjective perception of a lack of physical or mental well-being

and consequent inability to function normally in social roles"
• illness behaviour: an individual’s actions resulting from and responding to their illness, including

their interactions with, or avoidance of, the healthcare system
• sickness: views the individual and their society hold towards a health condition, affecting their

thoughts and actions
• impairment: “any loss or abnormality of psychological, physiological, or anatomical structure or

function"

• disability: “any restriction or lack of ability to perform an activity within the range considered
normal for a human being”

• handicap: a disadvantage for an individual arising from impairment or disability
“limits or prevents the fulfillment of an individual's normal role as determined by society and
depends on age, sex, social, and cultural factors"

I- If
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•health equity: when all people have “ the opportunity to attain their full health potential" and no
one is “disadvantaged from achieving this potential because of their social position or other socially
determined circumstance." Health inequities are systematic differences in the health of individuals/
groups which are considered unjust

•health equality: defined as where populations have equal or similar health status. Health inequalities
systematic differences in the health of groups that do not necessarily carry a moral judgement

Source:ACC Institute olHuman Services.Special Needs Education. Impanmrnl.Disability, andHandicap: what's the dillerence’llnlcrnetf Instituted
Human Services: 2018 Nov 9 Idled 2020 Apr 281Available lioni:hHps://acc.cdu.sipen/linpalinicnl^^ dlsablllly aiid handicap whats the difference/

Definitions ol Health
• Multidimensional definition ol health,

as defined by the WHO in1948:
"state ol complete physical,menial
and social well being and not merely
the absence ol disease or infirmity"

• WHO updated the definition (socio-
ecological definition) of health In
1986:"The ability to Identify and to
realize aspirations, to satisfy needs,
and to change or cope with the
environment. Health is therefore
a resource for everyday life,not
the objective of living.Health is a
positive concept emphasizing social
and personal resources,as well as
physical capacities" (Ottawa Charter
for Health Promotion)

• Other definitions of health have since
been proposed that incorporate
other dimensions of health

• "Health is a social, economic,
and political issue and above all a
fundamental human right” - The
People's Charter for Health

• "Health is the continuous and
harmonious interaction and balance
between the physical,emotional,
spiritual, and mental/intellectual
realms" The National Aboriginal
Health Organization

are s

Determinants of Health
• I 974: the Honourable Marc Lalonde, federal Minister of Health, publishes A New Perspective on the

Health of Canadians which outlines four factors that determine health: “human biology, environment,
lifestyle, and health care organizations." The idea of determinants of health has since been expanded
and refined to include many additional factors

Sources:Shah.CP. Concepts.Determinants, and Promotion ol Health.PublicHealth and Preventive Medicine in Canada. Se. Toronto:Elsevier.2003
The Association of Faculties of Medicine of Canada Public Health Educators’Network.AFMC primer on population health [Internet].Chapter 1.Concepts of
health and illness [cited Jul 2022);[about 7p.|.Available from https://phprimer.afmc.ca/en/part-i/chapter-1/

Water and
sanitation Health care

services
/ General

socioeconomic, cultural,
and environmental/^

conditions /

Unemployment
Housing

Living and working
conditions

Social and community
networksWork environment

Individual lifestylu
factors /Education

Age.sex.and
hereditary factorsAgriculture and

food production
<K> Cassandra Cetlm 2015 j

Figure 1. Population health model
Adapted from Dalilgrecn G, Whitehead M. European strategies lor tackling social inequities in health: Leveling up Purl 2.World Health Organization. 2006 Stale ol the Art Bcview:Poverty and the

Developing(rain
Pediatrics 2016:13(4):c201S30)S
Socioeconomic stalus ISIS) plays an important
role inportable bum development, lower SES is
associated with developmental delay, lower academic
achievement,and morebelravioural andemotional
problems.SES has been found lo influence brain
regions that support memury.emotion regulation,
r.ighei ordei cognitive functioning,and regions
that support language and literacy.Some passible
mechanisms underlying these changes include
ep genetics,material deprivation (e.g.cognitive
stimulation,nutrient deficiencies!, stress (e.g.
-egathre parenting behaviours),and environmental
toxins.There is a needlor primary care providers to
build capacity to address poverty in their practice
and facilitate referral to evidence based community
intervention programs.

• cultural humility: an approach to health care based on humble acknowledgement of oneself as a
learner when it comes to understanding a person's experience, This is a life-long process of learning
and being self-reflexive

• cultural safety:
developed by Ur. lrihapeti Ramsden, a Maori nurse scientist, in the 1980s and is “concerned with
the power relationships between nurses and those in their care. The recipients of nursing care are
empowered to decide what is culturally safe rather than complying passively with the authority of
nurses or other health professionals"- Cancer Australia

“an approach that considers how social and historical contexts, as well as structural and
interpersonal power imbalances, shape health and health care experiences. Practitioners are self-
reflective/self-aware with regards to their position of power and the impact of this role in relation
to patients” - HeretoHelp British Columbia

• cultural awareness: an attitude that includes awareness about differences between cultures
• cultural sensitivity: an attitude that recognizes the differences between cultures and that these

differences are important to acknowledge in health care
• cultural competency: an approach that focuses on practitioners’attaining skills, knowledge, and

attitudes to work in more effective and respectful ways with Indigenous patients and people of
different cultures Ottawa Charier for Health Promotion

(1986)
• Health promotion: the process of

enabling people to increase control
over, and improve their health

• Some health promotion can be
achieved through clinical interactions
with patients,but most health
promotion is done at the population
level by public health professionals
and agencies through engaging
stakeholders,formulating policy, and
influencing upstream factors

• The Ottawa Charter is a framework
for thinking about health promotion

• The Ottawa Charter states that
governments and health care
providers should be involved in
a health promotion process that
includes:
1. Building healthy public policy
2. Creating supportive environments
3. Strengthening community action
4. Developing personal skills
5. Re-orienting health services

Groups Facing Systemic Barriers, Discrimination, and
Structural Violence

• certain groups are at greater risk for poorer health outcomes not due to their identity, but rather due
to systemic barriers, discrimination, and structural violence (e.g. harmful policies, historic, and
contemporary factors). The readers are strongly cautioned against pathologizing entire groups and
are encouraged to further read into the historical factors that have contributed to creating systemic
barriers which perpetuate inequities

• see Colonization ami Healthcare, PH7; l.lhical. Lenal, and Organizational Medicine, Indigenous
Disproportionate Over-Representation of Biological, Psychological and Social Co-Morbidities, BLOM27;
Indigenous Health, BLOM24

r T
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Table 2. Equity-Seeking Groups Facing Systemic Barriers
Definition Physical Environmental Personal Risk Factors Population-Specific

Interventions
Indigenous Peoples three distinct groups:First

Nations (status and non-status
Indians as per (lie Indian Acl|,
Metis,andlnuit
the original inhabitants ol the
land now tailedCanada
All Indigenous communities
and individuals experience
the eflccts ol(oloniralion.but
sometimes in very dilfcicnt
ways

A history ol surviving
coloniralion and genocide
Systemic racism
lower income
Higher risk ol experiencing
violence and unemployment
Homelessness

limited overcrowded housing
in disrepair in community
Homelessness oil-reserve
exposures to environmental
toxins (poor drinking water)
duelo land dispossession
and loss ol environmental
stewardship

lifestyle adaptation, loss
ol traditional livelihood,
unemployment, and lack of
facilities

Movements towards
decolonization and addressing
the tecommendalions ol
the truth and Reconciliation

Obesity (higher SMI) secondary Commission
lopoorer access to high quality Menial health awaicness and
nutrition flood insecurity)
Higher rales of smoking.
substance misuse,and suicide disease management,
secondary tomtergeneiational including DM
trauma

increasing health literacy
Indigenous-specific chronic

Culturally appiopriate and
interdisciplinary harm
reduction,substance use
treatment,and smoking
cessation piograms
Cultural continuity
(language and cultural
programs ate protective
against depression and
suicide)
Incorporation ol Traditional
Medicine into the care
plan (wellness journey) for
Indigenous patients v/ho want
Uns lobe part of their care
Health practitioner training in
cultural humility and safety

Black Individuals and
Communities

Sub-Saharan African Ancestry,
diverse culturesand histories
(people may self -identity
by geographic or ancestral
regions(e.g.Caribbean.
Ghanaian.Somali,African
American.Black Canadian,
etc.)but socially classified
by society based on hair/skin
phenotype as'Black')
3rd largest “visible minority"
group inCanada
43 o Canadian-born

Anti-Black systemic racism
in Canada (officially
acknowledged by the United
Nations, the Canadian Public
Health Association,and

Higher risk DM and HTN
Ipoor data quality for
identifying disparities
inCanada due to lack of
collection of race-based data)

Cullurally-specific and safe
practices
Anti- racist approaches to care,
policy,andprogramming
Movements to reallocate police
funding to more appropriate
social services to curb police
violence through transparency
and public oversight

Variable,depending on
socioeconomic status and
immigrant statusi'history in
Canada
The Nova Scotian Black
population has been in Canada several provincial and local
for centuries;historically governments) has led ID
displaced into rural settings physical and mental health
Newer immigrants tend to live inequities
in urban centres High BMI

Higher risk DM and HTN
(poor data quality for
identifying disparities
in Canada due to lack of
collection of race-based data)

Isolated Seniors Individuals »65 yr Aging in place of choice
Falls andinjury prevention
Menial health promotion
Preventing abuse and neglect
Improvements in (amity income
most significant
Access locally childhood
education
Access lo sale housing

Eldei abuse
lack ol emotional support
Isolation

Low hazard tolerance
Higher rates of
Institutionalization
Mobility issues
Housing availability
Unsafe housing
Lack of recreational space

Inactivity
Polypharmacy
Medical comorbiditics

Individuals/Children in
Poverty

Based onllCOs Poor supervision
Food insecurity
High-risk behaviours

low income
Family dysfunction
Lackol educational
opportunities

IICO is an income threshold
below which a family will likely
devote a larger share ol its
income on the necessities ol
food,shelter, and clothing than
the aveiagc lamily

Includes impaiiments.activity
limitations, and participation
lesliklions

People with Disabilities Substance misuse
Poor nutrition
Inactivity
Dependency lorADls

Institutionalization
Barriers to access
Transportation challenges

Transportation support
Multidisciplinary care
Unique suppoit lor individuals
with specific disabilities (c.g.
trisomy 21)

Women'shealth
Mental health
Comprehensive medical exam
Dental and vision screening
Vaccinations
Cancer screening
Receive language and
employment training
Support integrating into local
community
Benefit from culturally
appropriate and culturally
safe interventions,ideally
developed in collaboration
with the specific target
communities

low income
low education status
Discrimination
Stigma

New Immigrants Person born outside
of Canada who has been
granted the light to live in
Canada permanently by
immigration authorities

Access to community services Exposure lo diseases and
Cultural perspectives
(including reliance on
alternative health practices)
Unstable or precarious housing (e.g.smoke Irom wood fires.

incidence of TB)

Barriers finding employment
conditions in country ol origin, that matches skills and
in current country of residence, qualifications
or during immigration process Exposure to cultural

discrimination and isolation
which can impact health
English language learner
Healthy immigrant effect
(health worsens over time
to match that of the general
population)
Cultural or religious
expectations

r ->
LJ

+
Nate:thischart delineates themajor challenges lacedby each group,but the issues listed are not unique tD each papulation.
Sources:Shah.CP.The Health of Vulnerable Groups.Public Health and Preventive Medicine in Canada. 5e.Toronto: Elsevier.2003.
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Table 2. Equity-Seeking Groups Facing Systemic Barriers
Definition Physical Environmental Personal Risk Factors Population-Specific

Interventions
Persons Experiencing
Homelessness

Higher ratesof adverse
childhood events and
subsequent substance use
Greater risk of experiencing
violence due to lack of housing
and protection

An individual who lacks
permanent housing or
adequate housing

low income
Food insecurity
Mental illness

A history of colonial
subjugation and land
expropriation
Eiposure to temperature
extremes
Eiposure to communicable
diseases inshelters

Housing First policies
Sale housing
Addictions support
Mental health

Refugees Forced to flee country of origin Post-traumatic stress disorders
because of a well-founded Depression
fear of persecution and given Adjustment problems
protection by the Government Partial health coverage

via Interim Federal Health
Refugee claimant:arrive Program
in Canada and ask to be
considered refugee

Diseases and condrbons in Employment
country of origin (e.g.malaria. English language learner
IB.onchocerciasis,etc.)
Direct and indirect effects
of war

Vaccinations
Women's health
Mental health
Comprehensive medicaleiam
Dental and vision screening
Political advocacy
Language training
Support for transitioning into
the workplace
Support integrating into local
community

If possible and when
requested, offer patients a
healthcare provider of the
same gender
Provide accessible multi- faith
spaces and chaplainservices in
the hospital
Instill a culture of inclusion
beyond tolerance and provide
religious accommodation
where possible
Proactively consult healthcare
workers if they require
alternative scheduling for
religious holidaysor fasting
Collaborate with religious
leaders and chaplains in

supporting the health of their
respective communities
Apply an intersectional lens
to understand LGBTI02S
populations (racialued.
gender-diverse,traditional'
cultural roles asin 2S)
Gender-neutral language
and the avoidance of
heteronormativeassumptions
to invite patients to self -
identity as gender or seiual
minorities
Increased awareness of the
broader social,legal,and
medical context inwhich
LGBTI02S individuals live
Improve recognition that
individuals who belong
tomultiplemarginalded
communities may face
additional barriers to
maintaining good health

Longstanding prior lack of
access to health care
(chronically
neglected problems)
Cultural or religious
expectations

of Canada

Religious Minorities Religious minorities are
those who do not practice the
statistically dominant faith
It varies by country,but in
Canada,religious minorities
are currently those who are not and court workers from
affiliated with one of the major wearing religious symbols like
Christian denominations hijabs. turbans, and kippahs
Not all members of a minority
faithpractice and degree
of identification varies by
individual

Reduced employment options
inOuebec due to laws banning
government workers such
as teachers,police officers,
publicly employed lawyers.

At risk of experiencinghate Poorer mental health
crimes,especially those who Suboptimal health and care-
wear visible re :g ous symbols, seeking behaviours
such asMuslim women.Sikh
men.and Jewish men

Over-representation in youth
homeless population
Violence,harassment,and
discrimination when seeking
stable housing,employment,
health,or social services

Higher ratesof depression,
anxiety,obsessive-compulsive
andphobicdisorders,
suicidality, and self-harm
Increased risk of alcohol,
tobacco,and other substance
misuse
Double the risk for post -
traumatic stress disorder than
heterosexual people
Greater participation in high-
risk sexual practices related to
HIV infection
Deterioration of mental
health due to multiple factors
(internalized queerphobia.
limited sociomedical
infrastructure perpetuating!
instigating underlying
comorbidities)

LGBTI02S Individuals Those who identify aslesbian
(a homosexualwoman),
gay (a homosexual person
iirespective of gender),
bisexual (a person who is
attracted to both genders),
trans (a person whose core motivatedby sexual
gender identity andfor gender orientation and/or gender
expression does not align with identity:higher prevalence of
the sex-assigned gender at hale crimesagainst racialued
birth; the sexuality of trans communities with greater
persons is independent of their fatality
gender diversity),intersex
(an umbrella term to describe
bodies that fall outside the
strict maleifemale binary),
questioning (regarding one's
sexual or gender identity),
queer (a historically reclaimed
pejorative that is an umbrella
term to encompass allsexual
and gender diversities),
two-spirited (a pan-indigenous
term acknowledging gender
diversity in uniquely traditional
rotes as distinct from western
gender diverse identities),and
asexual (a person who does not
experience sexual attraction
to others as distinct from
celibacy:asexual individuals
may stillhave sex

family violence
Lower income
Identity documents lacking
correct name or sex
designations
Victims of hate crimes

Note: thischart delineates the major challenges faced by each group,but the issues listed are not unique to each population.
Sources:Shah.CP.TheHealth of Wlnerable Groups.Public Healthand Preventive Medicine in Canada.5e.Toronto:Elsevier.2003. r T

L.J
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Screening for Poverty
• poverty is not always apparent despite being widespread (20% of families in Ontario live in poverty)
• poverty is a risk factor for many chronic diseases, cancer, and mental illness
• women, Indigenous peoples, new immigrants, and LGBTQ+ are some of the groups at highest risk of

living in poverty
• primary healthcare providers should intervene, such as by asking the following two questions:

step 1: “Do you ever have difficulty making ends meet at the end of the month?”
for living below the poverty line, sensitivity 98% and specificity 40%

step 2: “Have you filled out and sent in your tax forms?"
tax returns are required for accessing many income security benefits like GST/HST credit,
working income tax benefits, property tax credits, child benefits, etc.

connect your patients to a free community tax clinic to assist them

New Immigrants to Canada
• Mandatory medical exams on entry

to Canada by a designated medical
practitioner

• Complete medical examination for
persons of all ages. Chest x-ray and report for persons
>11 yr

t Urinalysis for persons 25 yr
• Syphilis serology for persons 215 yr
• HIV testing for applicants 215 yr.as

well as for those children who have
received blood or blood products,
have a known HIV-positive mother, or
have an identified risk. An ELISA HIV
screening test should be done for
HIV land HIV 2

• Serum creatinine for persons 215 yr.
and children with a history of HIN
(resting BP >150/90 mmHg).DM.
kidney disease, or signs of impaired
renal function

• Provide compassionate psychosocial
assessment, be aware of increased
prevalence of mental health issues
(c.g. PTSD. depression, intimate
partner violence). Assess Immunization documents and
develop catch-up schedule

Sou»:CltUamMp anilIraniyalkn Canada Handbook
|M«l»l|. townm.nl cl Canada [rmHM 2022
Sapl 20;. Avodcbt.lien Mtpu.’wwwxiiudt MWV
Inwiigiallafl-i.lnynwi'lMiiNp/rorpo.otntNbfcoticiti-
itwnuab.rilml

Indigenous Health in Canada
Definitions
•Indigenous peoples represent approximately 4.9% of the total population of Canada in 2016 and speak

over 70 Indigenous languages
•3 distinct groups of Indigenous peoples in Canada (per sec. 35 of the Constitution Act 1982): first

Nations (status and non-status), Metis, and lnuit
• f irst Nations: includes over 600 diverse communities in Canada; status vs. non-status refers to

the registration of first Nations peoples under the Indian Act (1876), which, in addition to the
establishment of the Department of Indian Affairs, was originally established by the government
to administcr/manage Treaty commitments, and to remove self-governing and traditional
practice rights. ’Ihe Indian Act impacts the lives of countless Indigenous peoples, families and
communities from birth to death

• Metis: descendants of the first Nations and European settlers; nearly 2/3 residing in cities,
greatest percentage in Ontario

• lnuit: roughly 75% of this population of 70000 resides in the 4 Canadian Regions known as lnuit
Nunangat, the lnuit Homeland. These include: Nunavut, Nunavik ( N. Quebec), Nunatsiavut
(Labrador), and Inuvialuit (Northwest Territories). 'Ihe majority of lnuit live in Nunavut (30135),
followed by Nunavik (11800), Inuvialuit (3110), and Nunatsiavut (2285). Another 17690 lnuit
live outside of lnuit Nunangat, many in urban centres in southern Canada, including Ottawa,
Edmonton, and Montreal Traditional and Complementary Medicine Use

Among Indigenous Cancer Patients in Australia.
Canada, New Zealand, and the United Stales:A
Systematic Review
Integr Carreer Iher 2018:17(3): 568 581
Purpose: lo systematically review the use of
traditional Indigenous and complementary medicines
among Indigenouscancer patients in Australia.
Canada. Newlealand.and the United States.
Methods:St odes on the use of traditional Indigenous
and complementary medicines among Indigenous
cancer patients in Australia.Canada. New Zealand,
and the United States published between January
2000 and October 2017 wereeligible for inclusion.
Results:21articles based on1Sstudies were
included.Traditional Indigenousand com pfcmeotary
medicines were used by between191to 57.7% of
Indigenous patients.Ibese modalities were most
often used in combination with conventional cancer
treatments to meet spiritual, emotional,and cultural
needs.These treatments bad multiple perceived
spiritual, emotional, and cultiral benefits.Traditional
Indigenousand comptementaiy medicine use
was influenced by a patient’s perceptions of their
healthcare practitioner's attitudes towardsthese
modalities.

Young and Growing Populations
•between 2006-2016 the Indigenous populations have increased by 42.5%, 4 times that of non-

Indigenous Canadian population growth
•32.1 is the average age of the Indigenous population, about 8 yr younger than the non-lndigenous

Canadian population
•the aging Indigenous population is also growing, with anticipated doubling of >65 age group by 2036

Colonization and Healthcare
Colonizers have perpetrated specific acts throughout Canadian history that have greatly impacted the
physical, mental, emotional, and spiritual health of Indigenous peoples. Physicians should therefore
be aware of the historical (and current) underpinnings of Indigenous health disparities, and the
way in which health care professionals, including physicians, have acted as agents of the colonial
agenda historically, which are discussed here, and their responsibility to redress previously damaged
healthcare relationships (seeEthical, Legal, and Organizational Medicine, Resources in Indigenous
Health, ELOM29). Despite institutionalized abuse and assimilation, Indigenous people have survived
remarkable injustice and have built resilience through traditional knowledge and practices.

Residential Schools (1870s-1996)
The residential school era is well-known for its lasting and damaging effects on many generations
of Indigenous people.Many Indigenous students suffered from poor nutrition, hygiene, and living
conditions, as well as physical, sexual, and psychological abuse from teachers and others in power.
The intent of residential schools to assimilate Indigenous people also led to spiritual harms through
significant loss of traditional language and culture. Residential school survivors report poorer general
and self-rated health as well as increased rates of chronic and infectious diseases, mental distress,
depression, substance use, and suicide. Importantly, many of these outcomes extend to subsequent
generations (i.e. intergenerational trauma).
The term “residential school syndrome” has been proposed to better characterize the traditional
DSM-V definition of post-traumatic stress disorder with additional criteria speci
school survivors, such as tendency to misuse alcohol and drugs (often at a young age), loss of cultural
knowledge, violent or angry outbursts, and difficulty parenting. Treatment approaches must take into
account a holistic viewof all these criteria, rather than simply focusing on one aspect, like substance
use, which often perpetuates negative stereotypes.

In Canada, many Indigenous healing
practices include drumming, singing,
smudging, herbal teas, sweat lodges,
and other ceremonies.Healthcare
providers are encouraged to
research and explore these options
as an additional therapeutic tool for
Indigenous patients requesting them.
Not all Indigenous patients will request
such treatments and so perhaps first ask
patients. “What do I need to know about
you as a person to give you the best care
possible?”

n
fic to residential i. J

+
The Truth and Reconciliation Commission (TRC) (2015) is a document jointly created by the Canadian
government and residential school survivors that preserves in writing the truth of residential schools
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and delineates recommendations for reconciliation. Many TRC recommendations pertain directly to
health and healthcare providers. Unfortunately, seven years later they remain recommendations and
have not become Calls to Action.
Nutrition Trials
Prom 1942 to 1952, nutritional scientists in conjunction with the Canadian government performed
unethical research on Indigenous people with tne aim of “studying the state of nutrition of the Indian.”
The lames Bay Survey is perhaps the most well-known of these studies conducted on the Attawapiskat
and Rupert's House Cree First Nations, though many were conducted on residential school children
as well. One of the lead physician-scientists was Dr. Frederick iisdall (inventor of Pablum), former
president of the Canadian Paediatric Society and paediatrician at the Hospital for Sick Children in
Toronto, Ontario.Some unethical and arguably criminal acts committed by researchers were:
•lack of informed consent from parents or children
•Indigenous children were kept malnourished over a two-year period to establish a baseline
•one group of children received a flour mix not yet approved for sale that caused them to develop

anemia, contributing to greater morbidity and mortality in this group with no therapeutic
intervention

•in an effort to control as many factors as possible, dental care was denied to observe the progression of
dental cavities and gingivitis in the setting of malnutrition

Impact of Sustained Caloric Restriction on Residential School Survivors and Other
Generations
•sustained caloric restriction can cause height stunting, induce physiological changes to prioritize fat

over lean mass, and higher risk of developing type 2 diabetes
•stunting negatively impacts neurological, psychological, and immune systems
•due to sustained starvation, “the child’s physiology is essentially ‘programmed’ by hunger to continue

the cycle of worsening effects, with their bodies displaying a rapid tendency for fat-mass accumulation
when nutritional resources become available”

•other generations are at risk of having a higher BM1 and developing obesity

Tuberculosis, Tuberculosis Sanatoriums, and “Indian Hospitals”
kuropean colonizers brought tuberculosis (TB) to Indigenous populations as early as the 1700s.

genous communities, particularly the Inuit, already had risk factors predisposing the spread of
TB. For example, there was malnutrition from food scarcity and overcrowding on federally mandated
reserves after forced relocation from traditional territories. From 1930-1940, death rates from TB
in Inuit populations were roughly 700 per 100000, among the highest ever recorded in a human
population. For comparison, TB was the tenth leading cause of death globally in 2016 at a crude death
rate of 17 per 100000, while ischemic heart disease was the first at 126 per 100000. This led the Canadian
government to forcibly relocate many Indigenous people to TB sanatoriums and “Indian hospitals,"
often hundreds of kilometres away.The average length of stay at these institutions was 2.5 yr and many
patients never returned home.

hull

The TB health crisis persists today; in 2016, the average annual incidence rate of T'B among the Inuit in
Canada was roughly 296 times higher than Canadian-born non-lndigenous people. In March 2018, the
national representational organization for Inuit people in Canada, called Inuit Tapiriit Kanatami (1TK),
and the Government of Canada committed to reduce TB rates across Inuit communities by 50% by 2025
and to eliminate TB by 2030 in a project called the Inuit Tuberculosis klimination Framework.

It is worth noting that “Indian hospitals” were initially welcomed by many First Nations who were under
the impression that reasonable healthcare was part of treaty terms. In reality, “Indian hospitals" were
crowded, underfunded, and poorly staffed, serving to segregate sick Indigenous people from the rest
of the population. They were also the site of the cycle of apprehension, coercive sterilization, chemical
and physical restraints, and scientific experimentation, all of which inflicted significant morbidity
and mortality. When the Canadian government began closing these hospitals in the 1960s, Indigenous
people continued to fight for their right to healthcare, which was finally recognized in the Indian Health
Policy of 1979.
Coerced Sterilizations
Throughout the twentieth century, eugenics programs existed across the country. In the 1920s-1930s,
both Alberta and British Columbia legalized eugenic policies in the Sexual Sterilization Acts which
were not repealed until the 1970s.To limit reproduction of ”unfit’’ people in the eyes of the government,
Indigenous women were disproportionately targeted. This is referred to as forced or coerced sterilization
and, according to various accounts by Indigenous women across the country, involved any number of
the fallowing:
•tubal ligations being performed without consent
•being falsely told that a procedure is reversible
•being pressured into signing consent forms while actively in labour or on operating tables
•being given an ultimatum to undergo a tubal ligation or risk child apprehension
It is important to note that many sterilizations also occurred outside legislation, in federally run “Indian
hospitals," and some have been documented as recently as 2018.At least 100 Indigenous women have
come forward with accounts of coerced sterilization by physicians and nurses, spanning from the 1970s
until 2018.

+
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Sixties Scoop and Indigenous Child Welfare
The “Sixties Scoop” (Johnson, 1983) (1951-1980s) refers to the government-mandated practice of
removing Indigenous children from their families without consent for placement in foster care or
adoption. As residential schools started to close, many children were transitioned to child welfare
facilities as the state deemed Indigenous parents unfit to care for their children - a legacy that persists
today. Similar to the Indian Residential School system, the goal was to assimilate Indigenous children
into a non-lndigenous family, rather than to directly provide child welfare to Indigenous communities.
Though Indigenous bands have increasingly been allowed to provide their own child welfare. Indigenous
children are still overrepresented in foster care. In 2016, Indigenous youth ages 0 to 4 made up about
half of all foster children in private households, despite being only8% of total youth in this age group
in Canada. Youth with a history in government care may be at greater risk for substance misuse,street
involvement, and incarceration.
To this day, Indigenous children are disproportionately represented in the child welfare system and are
often apprehended for reasons directly related to the routine conditions of poverty.The apprehensions
that continue today echo the practices of the Sixties Scoop and residential school eras; the displacement
of Indigenous children separates them from their language and culture and hinders the ability of
Indigenous families to build resilience. Importantly, many Indigenous mothers and families avoid
accessing healthcare services for fear of their children being apprehended.

Indigenous Approaches to Health and Wellness
• it is important to recognize the significant diversity amongst Indigenous nations in the land now

known as Canada. Even within the same nation or language group, there will be variability in
practices. Despite this diversity, there are some ideas that recur across many nations

• restoring balance in the four realms of spiritual,emotional, mental,and physical health of a person
acting as an individual, as well as a member of a family, community, and nation

ideas represented by the medicine wheel of First Nations peoples, the Learning Blanket of Inuit
peoples, and the Metis tree model all share a worldview based on holistic lifelong learning and
wellness
Indigenous medicines may take many forms (song, dance,smudge,ceremonies, plant medicines,
etc.)
practiced by experts who have decades of apprenticeship
while allopathic medicine often focuses on treating illness (like HTN or DM), Indigenous
medicine may understand the cause of a condition and the approach to healing in a different way
than a biomedical guideline
Indigenous medicine may focus on quality'of life and not just cure

• cultural humility
cultural humility is a respectful, person-centered way of bringing curiosity and compassion
when a patient is willing to come for support

it takes courage to be humble enough to admit that we do not know what we do not know
Indigenous medicine is thousands of years old and eludes randomized controlled trials
Traditional Medicine is unlikely to interfere with Western Therapies
Latin root of “curiosity" is “cura,” which means “to care.” Caring about someone’s healing and
their beliefs about what may help them heal is a powerful act of witnessing and honouring.
Beginning with the belief that a person has wisdom about themselves that no one else does
and that we can be supporters of their healing, if they consent, can be a way to honour the
inherent wholeness of a person seeking care.This is especially true of Indigenous patients for
whom regaining self-determination is tantamount to regaining their wellness.

before assuming that an Indigenous person is interested in using traditional medicine, it is
important to begin with questions and curiosity'.Dr.Chantal Perrot speaks about the Patient
Dignity Questionnaire which advises healthcare workers to first ask patients, “What do I need to
know about you as a person to give you the best care possible?”
National Indigenous Health Organization (N1HO) offers 8 guidelines on practicing culturally
safe health care for Indigenous patients including the need to allow Indigenous patients to access
ceremony,song, and prayer; the need for information and for family support; guidelines for the
appropriate disposal of body parts and for handling death

Disease Prevention
Natural History of Disease
• course of a disease from onset to resolution

1. pathological onset
2. presymptomatic stage:from onset to first appearance of symptoms/signs
3. clinical manifestation of disease: may regress spontaneously, be subject to remissions and

relapses, or progress to death

Surveillance
• the continuous, systematic collection, analysis, and interpretation of health-related data needed for

the planning, implementation, and evaluation of public health practice
Sources:Public health surveillance (Internet].World Health Organization.Available Iromhttpsi'wwn.who.int'topics/public health survedlance/ea’

+
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• types of surveillance
• passive surveillance: reporting of disease data by all institutions that see patients, relying solely

on the cooperation of healthcare providers (laboratories, hospitals, health facilities, and private
practitioners)

most common, least expensive, but difficult to ensure completeness and timeliness of data
active surveillance: regular visits to health facilities for reviewing medical records to identify
suspected cases of disease under surveillance, or active testing of a population for the presence of
a disease

resource-intensive, used when a disease is targeted for eradication where every possible case
must be investigated, or for outbreak investigations

sentinel surveillance: selective reporting of disease data from a limited network of carefully
selected reporting sites with a high probability of seeing cases in question

well-designed system can be used to signal trends, identify outbreaks, and monitor the
burden of disease in a community in a timely and cost-effective manner compared to other
kinds of surveillance
may not be as effective in identifying rare diseases, or diseases that occur outside the
catchment area of sentinel sites

Sources: World HealthOiganuation . Public Health Surveillance. Accessed horn: hllps://www.who.lnl/immunli <ilion /monilormg surveillance/burden/ vpd/
surveillance lype passivcieni; htlpsri/www.who.inl/lmmuiiixalion /monitoring surveillanceiburdcn/vpd /survcillance type/achvefen/: hitps: .WAY who.
int/ immuniiationfmonitoring surveillance) burden,1vpdisurveillance lypci'senlinel /en /

Passive Prevention
Measures that operate without the
person’s active involvement (e.g.airbags
in cars) are more effective than active
prevention,measures that a person must
do on their own (e.g.wearing a seatbelt)

Example of Primary Prevention
HPV 9-Valent Vaccine and Its Efficacy in
the Prevention of Cervical Cancer
• This is a nonavalent HPV vaccine

coveting strains 6.11, 16.18. 31.33.
45.52,and 58

• The efficacy of this vaccine was
studied in 4 randomized,double-
blind. placebo-controlled trials on
females between 11 and 26 yt and
was found to prevent nearly100%of
precancerous cervical changes for up
to 4 yr after vaccinationDisease Prevention Strategies

• measures aimed at preventing the occurrence, interrupting through early detection and treatment, or
slowing the progression of disease/mitigating the sequelae

Table 3. Levels of Disease Prevention Does Evidence Support Supervised
Injection Sites?
Can Fam Physician 2017:63(11):866
• Clinical question:Do supervised

injection sites (SISs) reduce mortality,
hospitalizations,ambulance calls,or
disease transmission?

• Bottom line: The best evidence
from cohort and modelling studies
suggests that SISs are associated
with lower overdose mortality
(88 fewer overdose deaths per
100000 person-years (PYs)),67%
fewer ambulance calls for treating
overdoses, and a decrease in HIV
infections.Effects on hospitalizations
are unknown

Level of Prevention Goal Examples
Primordial Preventing the development of risk factors Education that begins in childhood about behaviour thatcan

harm health
Programs that encourage physical activity

Immunization programs (e.g. measles, diphtheria, pertussis,
tetanus, polio,see Paediatrics, P5)
Smoking cessation
Seatbelt use
See f andmark Public Health and Preventive Medicine Idols.
PH32for more information on VAXICOl. which details the
impact of influenza vaccination ol nursing home staff on
mortality of residents
Mammography
Routine Pap smears
FIT (vs.FOBI vs. colonoscopy)

Treatment and rehabilitation of disease to DM monitoring with HbAlc, eye exams, foot exams
prevent progression, permanent disability, and Medication to manage chronic conditions
future disease

Primary Protect health and prevent disease onset
Reducing exposure to risk factors

Secondary Early detection of (subdinical) disease to
minimize morbidity and mortality

Tertiary

Smoking Cessation:Ifaping Compared with
Traditional Nicotine Replacement Therapies:a
Systematic Review and Meta -analysis
BMJ Open 2021:11:e444222
Pooled results from six randomized control*d
trills Identified no difference m smoking cessation,

the proportion ol participants teducmgsnokmg
tonsunpkon, mean reduction in cigarettes smoked
per day, or harms, between e-ogaret1es and
traditional nicobne replacement therapy.Most
studies were judged to have a high risk of bias,
resulting in the overall quality of evidence as low.
More research is necessary prior to estabbshng
recommendations related to e-cigarettes as smoking
cessation tools.

Source: Basic Concepts in Prevention. Surveillance, arid Health Promotion.AFMC Primer on Population Health. Iittp:/Vphprimei.armc.ca/Pait1-
ThcoryThinkingAboutHealtli Chapter4BasicConceptslnPreventionSurveillanceAndHealthPromotion/Thestagesofprevention

Screening (Secondary Prevention)
• "screening is a strategy used in a population to identify the possible presence of an as-yet-undiagnosed

disease in individuals without signs or symptoms"
• screening vs. case finding: screening tests are not diagnostic tests

the primary purpose of screening tests is to detect early disease or risk factors for disease in
large numbers of apparently healthy individuals.The purpose of a diagnostic test is to establish
the presence (or absence) of disease as a basis for treatment decisions in symptomatic or screen
positive individuals (confirmatory test). Both screening and case finding seek to risk stratify for
further investigation
to minimize biases and harms, and maximize benefits, screening is best done at the population
level, not the individual clinical level, as part of a screening program (e.g. provincial breast cancer
screening program vs. screening by primary care/family physicians)

• types of screening
universal screening: screening all members of a population for a disease (e.g. phenylketonuria
(PKU ) and hypothyroidism in all newborns)

• selective screening: screening of targeted subgroups of the population at risk for a disease (e.g.
mammography in women >50 yr)

• multiphasic screening: the use of many measurements and investigations to look for many
disease entities (e.g. periodic health exam )

• types of bias in screening
• lead-time bias: overestimation of survival time ‘from diagnosis' when the estimate is made from

the time of screening, instead of the later time when the disease would have been diagnosed
without screening
length-time bias: overestimation of the survival time due to screening at one time point
including more stable cases than aggressive cases of disease, which may have shorter survival
times

r -i
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A Snapshot of the Opioid Crisis in
Canada
Canada is experiencing a crisis of opioid-
related overdose and death.Between
January 2016 and September 2019.
there were more than14700 deaths in
Canada related to opioids.There were
also19490 hospitalizations and17000
emergency services.Individuals 25-34
y/o are at the greatest risk of overdose
death (1in 6 deaths),but rates have
increased for all adult ages.Deaths are
most commonly unintentional.Heroin,
fentanyl.and hydromorphone are most
commonly invoked.The highest rates of
opioid-related overdose and death are
found in British Columbia.An estimated
300 per million British Columbians died
in relation to opioid use in 2017.More
died from opioids than homicide,motor
vehicle accidents, and suicide combined.
In 2017,deaths from opioids in Ontario
were -1250,while deaths from motor
vehicle accidents vrere"450.Fentanyl
or a fentanyl analogue were involved in
more than 70% of cases, increased from
55%in 2016.
Sources:JAddict Med.Measuring the BurdenolQpwid-
reloted Mortality inOntario.Canada. Latest Trendsin
Opioid-Related Deathsin Ontario:1991to 2015.Toronto:
Ontario Orug Policy ResearchKetvnxk.Health Canada.
March 2018.Opioid-relatedharms inCanada.Health
Canada.March 2020

Screen Detected Clinically Detected

Figure 2. Lead-time bias

Table 4. Ideal Criteria for Screening Tests
Health Care SystemDisease Test

Causes significant suffering and/or death
Natural history must be understood
Must have an asymptomatic stage that can be Acceptable to providers and the population

Continuously utilized

High sensitivity
Safe, rapid, easy, relatively inexpensive

Adequate capacity for reporting, lollow-up,
and treatment of positive screens
Cost effective
Sustainable program
Clear policy guidelines on who to treat

detected by a test
Early detection and intervention must result in
improved outcomes
Adapted from:Shah CP.Public Health and Preventive Medicine in Canada,5th ed.Toronto:Elsevier,2003

Health Promotion Strategies

Table 5. Disease Prevention vs. Health Promotion Approach
Disease Prevention Health Promotion

Health - absence of disease
Medical model (passive role)

Aimed mainly at high -risk groups in the population
One-shot strategy aimed at a specific pathology

Health ~ positive and multidimensional concept

Participatory model of health

Aimed at the population in its total environment
Diverse and complementary strategies aimed at a network at issues/
determinants
Facilitating and enabling approaches by incentives offered to the
population

Focused on a person's health status and environment
Led by non-professional organizations, civic groups, local, municipal,
regional, and national governments

Directive and persuasive strategies enforced in target groups

Focused mostly on individuals
Led by professional groups from health disciplines

See landmark Public Health and Preventive Medune
trials table for more information on the Swedish Two-
County trial, which details the long-term effect ol
mammugraphic screening on breast canter mortality.

Source: Shah CP. Public Health and Preventive Medicine in Canada,5th ed. Toronto:Elsevier.2003

Healthy Public Policy
• purpose: to create a supportive environment to enable people to lead healthy lives, thereby making

healthy choices easier for citizens
•governments and non-governmental agencies need to consider the cost and acceptability of proposed

public health interventions (e.g.. more invasive or costly measures should be justified by the extent of
beneficial impacts on people's lives)

•the Nuffield Intervention Ladder provides one way of ranking the level of intrusion and hence a need
for proportionate benefit of health promotion interventions at a population level

•methods
• fiscal: imposing additional costs (e.g. taxes on tobacco and alcohol )
• legislative: implementing legal deterrents (e.g. smoking bans, legal alcohol drinking age)
• social: improving health beyond providing universally funded health care (e.g. providing

affordable housing)
Source:International Conference on Health Promotion, Adelaide,South Australia (1998)

Transtheoretical Model Stages ol Change lor
Dietary and PhyskaI Exercise Modification ia
Mright Loss Management for Overweight and
Obese Adults
Cochrane DB Syst Dev 20I 4 CD008066
Purpose: loexplore the efficacy of dietary
and physical activity inlerventmns based n the
transtheoretical model otchange for sustained
weight loss alter one yr in overweight ov obese
adults.
Methods: RCTs com paring the use ol weight loss
or physical activity intervention grounded m the
transtheoretical model otchange to usual care for
weight loss in adults who were overweight or obese
were eligible lor inclusion. Interventions had to he
carried out by healthcare professionals ov trained lay
people.Weight loss or change m 8MI was required as
an outcome measure.
Results: llneestudes including a total ol
29)1 participants were included in thrsreview.
Interventions grounded kr Ihismodeldd have positive
effects on physical activity and dietary habits that
included increased exercise duration and lieguency,
reduced lat intake, and increased fru t a -d vegetao e
consumption, theevidence for sustained weight loss
at oneyr was inconclusive (mean difference in favour
ol the transtheoretical model was between 2.1 kg and
0.2 kg at 24 mo).

Behaviour Change
•behaviour is a result of three factors

1. predisposing factors: knowledge, attitude, beliefs, values, intentions
2. enabling factors: skills, supports
3. reinforcing factors: health care professionals and the social context of family and community

•health education serves to: increase knowledge and skills and promote healthy behaviours

Health Belief Model (1975)
•a psychological model that explains and predicts individual short- and long- term health behaviours

based on one's beliefs and attitudes
•based on the assumption that one will adopt a beneficial health behaviour if the following three beliefs

are present:
• the negative health outcome is avoidable

expects that the health outcome can be prevented if the recommended health behaviour is
adopted

• the individual can he successful in adopting the health behaviour
•six concepts:

• four concepts influencing one's "readiness to act" - perceived susceptibility, perceived severity,
perceived benefits, perceived barriers
cues to action: stimuli that can trigger health action

• self-efficacy: confidence in one’s ability to take a health action

c

+
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Stages of Change Model
• provides a framework in which the Health Belief Model is applied to facilitating behaviour change (e.g.

quitting smoking) Principles of Standardization
• When comparing a health measure

(e.g. mortality) between two
populations (or the same population
at different time points) that
differ in characteristics known to
influence that outcome (e.g.age),
standardization is used to control for
the effect of that factor

• Standardization is either direct or
indirect

• Indirect standardization is expressed
as standardized outcome ratio.For
example.Standardized Mortality
Ratio (SMR) is calculated using
age specific rates for a reference
population, as well as agestructure
and total cases for a sample/
known population, (e.g. an SMR
of 100 signifies that deaths are at
the expected level, a SMR of 110
indicates a death rate 10% higher
than expected)

• Direct standardization is expressed
as a rate (i.e. using age specific
rates in a known/sample population
against a standard population)

1.Precontemplation: me individual is not seriously considering change p
(for various reasons) and is not interested in any kind of intervention

,2.Contemplation: the individual begins to seriously consider making
|be change within the foreseeable future (often defined as six

^Lithsl
'» \ Relapse:

\ i possible
* at any

'* / stage

iration:the individual begins experimenting, making
tanqes. he or she resolves to make a serious attempt

in tb^fere ( usually defined as 30 days)
f-.sml

' r
4. Actio*
the chani

individual is actively involved in making
king different techniques

v

> /

5. Maintena
success's*to the previi

fee individual must learn to

^felMemptations to return
behaviour pattern

Figure 3. Stages of change model
Source:Prochaska JO.DiClenerte CC.and Norcross JC. In search of how people change.Applications to Addictive Behaviours.Am Psychol
1992:47:1102-1114

Risk Reduction Strategies
•risk reduction: lower the risk to health without eliminating it (e.g. avoiding sun to lower risk of skin

cancer)
•harm reduction: a set of strategies aimed to reduce the negative consequences of drug use and other

risky behaviours (e.g. needle exchange programs)
Source:Shah,CP.Concepts, Determinants, and Promotion of Health. Public Health and Preventive Medicine in
Canada, 5e.Toronto:Elsevier, 2003

Community Needs Assessment
•a community needs assessment studies a community’s health gaps and pairs identification of that

community’s existing resources and strengths to find solutions to address those gaps.This assessment
strongly values interviewing community members to gather their concerns and proposed solutions.
Steps include:

1. define the community and understand its history and demographic characteristics to
formulate context for subsequent data collection

2. understand what matters to com munity stakeholders (e.g. interviews, surveys, focus groups)
3. use evidence (e.g.mortality rate, feasibility), prioritize each concern
4. identify barriers that may prevent a concern from being addressed and propose solutions

using community-based resources

Measurements of Health and Disease in a
Population

MEASURES OF DISEASE OCCURRENCE

Rates, Ratios, and Proportions
• a rate measures the frequency of an event in a defined population over a specific period of time (e.g.

number of opioid overdoses in Canada in one year)
• a ratio compares the magnitude of one quantity to another (e.g. ratio of women to men with lupus)
• a proportion is a ratio where the numerator is a part of the denominator (e.g.proportion of deliveries

complicated by placental abruption)

Incidence Rate
• number of new cases in a population over a specific period of time

Prevalence
• total number of cases in a population over a defined period of time
• two forms of prevalence

point prevalence: assessed at one point in time
• period prevalence: assessed over a period of time, therefore including new cases and excluding

cases that terminate (cure or death)
• a function of the incidence rate and disease duration from onset to termination
• favours the inclusion of chronic over acute cases and may underestimate disease burden if those with

short disease duration are missed
• prevalence estimates are useful for measuring disease burden and therefore help in the planning of

facilities and services
+
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Age-Standardized Rate
• adjustment of the crude rate of a health-related event using a “standard” population
• standard population is one with a known number of persons in each age and sex group
• standardization prevents bias that can occur when crude rates from two dissimilar populations are

compared (e.g. crude death rates over a number of decades are not comparable as the population age
distribution has changed with time)

• this allows for the calculation of a Standardized Mortality Ratio (SMR), where SMR (observed
number of dcaths)/(expected number of deaths)

MEASURES OF MORTALITY

Life Expectancy
• the expected number of years to be lived by a newborn based on age-specific mortality rates at a

selected time

Crude Death Rate
• mortality from all causes of death per 1000 in the population

Infant Mortality Rate (IMR)
• number of reported deaths among children <1 yr of age during a given time period divided by the

number of reported live births during the same time period and expressed as per 1000 live births per
year

Maternal Mortality Rate (MMR)
• “number of deaths of women during pregnancy and due to puerperal causes|...|per 1000 live births

in the same year"

MEASURES OF DISEASE BURDEN

Potential Years of Life Lost (PYLL)
• calculated for a population using the difference between the actual age at death and a standard/

expected age at death
• increased weighting of mortality at a younger age

Disability Adjusted Life Year (DALY)
• number of years lost due to premature mortality + number of years lost due to disability, where 0 = a

year of perfect health and 1 = death
• both premature death and time spent with disability accounted for; these disabilities can be physical

or mental
• used to assess burden of diseases in a population

Top 10 Causes of DALYs in Canada,
2019
1. Neoplasms
2. Cardiovascular diseases
3. Musculoskeletal disorders
4. Neurological disorders
5. Mental disorders
6. Other non-communicable diseases
7. Unintentional injuries
8. Chronic respiratory diseases
9. Diabetes and kidney diseases
10.Substance use disorders
Source:QcCi.ilBurden ot Oiseese CompareIVic Hub
[MnnelJ. Seattle|WA|: tlrnelsitf ot WeUangton.
hnbtule1«Health Metliuand tahaliou (lHMtl; 2021
Idled 2021Mar 20|. Available boot MtpWMduib.
hrelltidala.oijj/glMj-compare/

Quality Adjusted Life Year (QALY)
• years of life weighted by quality (utility is a proxy for quality), ranging from 0 ( = death ) to 1 (= perfect

health ). Weights are assigned based on large studies that assessed the effect of various conditions on
quality of life (e.g. blindness = 0.3)

• it is possible to have “states worse than death” (e.g. QALY <0 for extremely serious conditions)
• usually used as an economic measure to assess the value for money of medical interventions

For additional rate calculations see Steps to Control an Outbreak, PH24
Consult the Public Health Agency of Canada for examples and latest statistics
Government of Canada:Chaplet 3: The chief public health officer's report on the state of public health in Canada 2008•our health [lnlernct|.Our
population, our health,and the distributions of our health;[updated 2008 Jun 6|. Available from: https://www.canada.ca/enrpublic- heallh/corporate/
publicalions/chref public heallli offker reporls state public heallli canada /report on slate public health Canada 2008ichapler -3b.html
Sources:Shah.Cf Health indicators and data sources. Public Health and Preventive Medicine in Canada.Se. Toronto: Elsevier. 2003
The Association ol Faculties of Medicine of Canada Public Health Educators' Hettvork. AFMC primer on population health (Internet). Methods:measuring
health:[cited 2006 Mar 25].Available from https://phprimer.afmc.ca/en/

Epidemiology
Population
• a defined collection of Individuals/ regions/lnstitutions/ctc. (e.g. individuals defined by geographic

region, sex, age)

Sample
• a selection of individuals from a population
• types

LJ

SPIN:use a Specific test to rule IN a
hypothesis.Note that specific tests have
very few false positives. If you get a
positive test, it is likely a true positive
SNOUT: use a SENsitive test to rule OUT
a hypothesis. Note that sensitive tests
have very few false negatives. If you get
a negative test, it is likely a true negative

random: all members are equally likely to be selected
systematic:an algorithm is used to select a subset
stratified: population is divided into subgroups that are each sampled
cluster: grouped in space/time to reduce costs
convenience: non-random inclusion, for populations that are difficult to reach (e.g. people with
precarious living conditions)

+
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Sample Size
• increasing the sample size increases the statistical precision of the observed estimate, resulting in

more narrow confidence intervals
• increasing the sample size decreases the probability of type I and type 11 errors
• increasing sample size does not alter the risk of bias/confounding

Bias
• systematic error leading to an incorrect estimate of the true association between exposure and

outcome
• can occur at several points in study execution (e.g. collection, analysis, interpretation, publication, or

review of data)
• selection bias: a systematic error in the recruitment or retention of study participants
• Berkson’s bias occurs in a case-control study using hospitalized controls, as they may not be a

representative sample of the population due to the complexity that led to their hospital admission
• non-response bias occurs when participants differ from non-participants in a study, in that those

who volunteer may be healthier
• loss to follow-up bias occurs when dropout rates differ between study groups and patients who

dropped out are different from those who did not
information bias: the way in which information is collected about study participants is inadequate

• recall bias occurs when individuals with disease may be more likely to incorrectly recall / believe they
were exposed to a possible risk factor than those who are free of disease

• interviewer bias occurs when interviewers are unblinded to outcome status and this knowledge
biases their behaviour

• observer bias occurs when knowledge of exposure status (e.g. race, gender ) biases the observer
towards a diagnosis; this occurs more commonly with subjective diagnoses like those found in
psychiatry

Confounder
• a variable that is related to both the exposure and outcome but is not a mediator in the exposure-

outcome relationship
• distorts the estimated effect of an exposure if not accounted for in the study design/analysis (e.g.

late maternal age could be a confounder in an investigation of birth order >4 and risk of developing
Trisomy 21)

• randomization, stratification, matching, and regression modelling can help minimize confounding
effects

The Association of Faculties ol Medicine ol Canada Public Health Educators' Network. AFMC primer on population health [Internet],
Assessing evidence and information. Available from https://phprimer.afmc.ca/en/part-ii/chapter-5l

Figure 5. Understanding sensitivity
and specificity
Source:Loony TW. Understanding sensitivity and
specificity with the right side ol the brain.8MJ
2003:327:716-719

O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
O O O O O O O O O O
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Likelihood Ratio (LH|
• Likelihood that a given test result would be expected in a patient with disease compared with the likelihood

that the same result would be expected in a patient without disease
• LR.indicates how much tho probability of diseaso increases if Iho tost is positivo
• LR indicates how much tho probability of disoasa decreases if the tost is nogotivo Dork grey positive test resrit

Light grey negative test result
LR. Sensitivity ITP/TP.FNII

i spQcmcuy IFP/ITN + FPI1
Sensitivity |FN/(TP+ FN )|

specificity (TTWmTFFTT
LR

Figure 5b. Results of diagnostic test
on hypothetical population

Positive Predictive Value ( PPV)
• Proportion of people with a positive test who have the disease

PPV = TP
TP + FP

Negative Predictive Value ( NPV)
• Proportion of pooplo with a nogativo tost who oro froo of disoaso

NPV TN
Figure 5c. Sensitivity of test
(e.g. 24/30 = 80% sensitive)TN A FN

0 239LR + - 3.85Advanced Neoplasia 0.938 r -tO O O O O O O O
O O O O O O O O
O O O O O O O O
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o o L JPresent Negative LR- JJLSE
0.938
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Test Result Positive 68 147 O O

68 O ONegative 216 2234 PPV = -31.6%(68 + 1471 O O284 2381Total O O +NPV 2234 O OSonsitivrty 68/ 284 - 23 9%
Spacrficity • 2234/2381 . 93.8%

Figure 4. Interpreting test results: practical example using FOBT testing in advanced colon cancer
Source*: Collins J. lieberman D. Durbin T. et al.Accuracy ol screening for fecal occult blood on a single stool sample obtained by digital rectal
examination:a comparison with recommended sampling practice.Ann Intern Med 2005:142:81-85

91.2%
(2234 216)

Figure 5d. Specificity of test
(e.g. 56/70 80% specific)
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Sensitivity
• proportion of people with disease who have a positive test $

• Sensitivity and specificity are
characteristics of the test

• LR depends on the test
characteristics, not the prevalence

• PPV and NPV depend on the
prevalence of the disease in the
population

Specificity
• proportion of people without disease who have a negative test

Pre-Test Probability
• probability that a particular patient has a given disease before test/assessment results are known

Post-Test Probability
• a revision of the probability of disease after a patient has been interviewed/examined/ tested
• post- test odds = pre-test odds x l.K i , or, pre-test odds x LR-; for a positive test or negative test,

respectively ( recall odds » probability/!1-probability))
• the post- test probability from clinical examination is the basis of consideration when ordering

diagnostic tests or imaging studies
• after each iteration, the resultant post-test probability becomes the pre-test probability when

considering new investigations

PRE • TEST
PROBABILITY

POST - TEST
PROBABILITY

0 001 -i 1- 0 939

. U 998
- 0 997
. U 999- 0 993- 0 39

0 002 -
0003 -
0 005 -
0 007 -001 -

LIKELIHOOD
RATIO

Effectiveness of Interventions 0 98- 0 97- 0.95- 0 93

0 02 -
003 1000

500 - -
200 - -
100 - -

Effectiveness, Efficacy, Efficiency
• three measurements indicating the relative value ( beneficial effects vs. harmful effects) of an

intervention
efficacy: the extent to which a specific intervention produces a beneficial result under ideal
conditions (e.g. RCT)

ideal conditions include adherence, close monitoring, access to health resources, etc.
effectiveness: measures the benefit of an intervention under usual conditions of clinical care

considers both the efficacy of an intervention and its actual impact on the real world,
taking into account access to the intervention, whether it is offered to those who can benefit
from it, its proper administration, acceptance of intervention, and degree of adherence to
intervention

efficiency:a measure of economy of an intervention with known effectiveness
considers the optimal use of resources (e.g. money, time, personnel, equipment)

Disease (e.g. lung cancer)
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0.1 - 0.9
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Figure 7.Fagan's likelihood ratio
nomogram: practical example using
PSA levels to calculate post-test
probability of prostate cancer
Modified from source:Holmstrom
B, Johansson M, Bergh A,et
al. Prostate specific antigen
for early detection of prostate
cancer:longitudinal study. BMJ
2009;339:b3537
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Figure 6. Measures of effect by study type

Number Needed to Treat (NNT)
• number of patients who need to be treated to achieve one additional favourable outcome
• only one of many factors that should be taken into account in clinical or health system decision

making (e.g. must take into account cost, ease, feasibility of intervention)
a condition with death as a potential outcome can have a higher NNT (and be acceptable), as
compared to an intervention to prevent an outcome with low morbidity, in which a low NNT
would be necessary

A Crelative risk -
(RRT

attributable risk.
(AR)*" A i B C + D

Equations to Assess Effectiveness
CER - control group event rate
EER - experimental group event rate
ARR • absolute risk reduction
RR • relative risk
NNT x number needed to treat
RR - EERCER
ARR = CER- EER
NNT x VARR

r1
L J

Number Needed to Harm (NNH)
• number of patients who, if they received the experimental treatment, would lead to one additional

patient being harmed, compared with patients who received the control treatment

Adherence (formerly compliance)
• degree to which a patient’s behaviour and lifestyle concords with the recommendations of healthcare

providers (e.g. the extent to which a patient takes medications as directed)

+
NNT
Consult http://www.thennt.com for quick
summaries of evidence-based medicine
(includes NNT. LR, and risk assessments)
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Coverage
• extent to which the services rendered cover the potential need for these services in a community
Sources: Shah.CP.Health Indicators and data sources.Public Health and Preventive Medicine in Canada,5e.Toronto:Elsevier.2003
The Association olFaculties of Medicine olCanada Public Health Educators' Network.Assessing Evidence and Information.AFMC Primer on Population
Health

Beware
Do not be swayed by a large RR or
odds ratio,as it may appear to be large
if event rate is small to begin with.In
these cases AR is more important (e.g.
a drug which lowers an event which
occurs in 0.1% of a population to 0.05%
can boast a RR of 50%,and yet the AR
is only 0.05%.which is not nearly as
impressive)

Types of Study Design

Qualitative vs. Quantitative

Table 6. Qualitative vs. Quantitative Study Designs
Qualitative Quantitative Formulating a Research Question
Often used to generate hypotheses (Why? What does it mean?)
"Bottom-up" approach
Observation •pattem tentative hypothesis • theory

Sampling approach to obtain representative coverage of ideas,
concepts,or experiences

Narrative:rich, contextual, and detailed information from a small
number of participants

Often tests hypotheses (What? How much/many?)

“Top-down" approach
Theory »hypothesis * observation -»confirmation
Sampling approach to obtain representative coverage of people in the
population

Numeric: frequency, severity, and associationsfrom a large number of
participants

PICO
PopulatioruPatient characteristics
Intervention/exposure of interest
Comparison group or control group
Outcome that you are trying to prevent
or achieve

Source: Adapted trom httptrphprimer.almc.cn
Souice: The Association ot Faculties of Medicine of Canada Public HealthEducators' Network. Assessing evidence andInformation. AFMC Primer
on Population Health

Quantitative Research Methods

Were exposures assigned by the investigator?

I£ i
(~NoYes

Experimental Study I( Observational Study

T
Random allocation to groups? Testing a hypothesis?

I I
T T

[ Yes [ NoYes No

\ f 2 '
Analytical StudyRandomized

Controlled
Non- Descriptive

StudyRandomized
DesignsTrial

Sampling based on

1
OutcomeExposure Neither

1 l .
Cross-Sectional

Study
Cohort Case-Control

StudyStudy

Figure 8.Quantitative study designs
Source:adapted from The Association of Faculties of Medicine of Canada Pubic Health Educators’Network.AFMC Primer on Population Health
[Internet].About the primer onpopulation health. Available from https://phprimer.afmc.ca/en/

Observational Study Designs
•observational studies involve neither the manipulation of the exposure of interest nor randomization

of the study participants
•there are two main subtypes of observational studies: descriptive and analytic studies

Descriptive Studies
•describe the events and rates of disease with respect to person, place, and time; estimates disease

frequency and time trends
•includes case reports, on one person or event, or a case series, which assesses exposures and outcomes
•can be used to generate an etiologic hypothesis and for policy' planning

An ecological fallacy is an erroneous
conclusion made when extrapolating
population level data to txplaln
phenomena occurring in individuals.An
example of an ecological fallacy would
be concluding that red wine drinking
leads to lower risk of death (tom CVS
disease based on an ecological study
showing that countries with a higher rate
of red wine consumption have a lower
rate of death from CVS causes

r i
L J

+



PH17 Public Health and Preventive Medicine Toronto Notes 2023

Analytic Studies
• observational studies used to test a specific hypothesis
• includes ecological studies, cohort studies, case-control studies, and cross-sectional studies

Table 7. Observational Study Designs
Type of Study Ecological Cross-Sectional Case-Control Cohort

Definition Units of analysis are
populations or groups
of people,rather than
individuals

Use individual data on Samples a group of people
exposures and outcomes who already have a
gathered allhe same time particular outcome (cases)

and compares them to
a similar sample group
without that outcome
(controls)
Two or more samples
of individuals with and
without the outcome|s)
of interest (i.e.cases and
controls)

Subjects are sampled and,
as a group,classified on (he
basis of presence or absence
of exposure to a particular
risk factor

Subjects Aggregated groups (e.g. Sample of a population
cities)

One or more cohorts
Cohort:group of people with
common characteristics
(e.g.year of birth,region of
residence)
Divided into measured
exposed vs.unexposed
groups

Collect information on factors
from all persons at the
beginning of the study
Subjects are foilowedfor
a specific period of time to
determine development of
disease in each exposure
group
Prospective:measuring from
the exposure at present lo the
future outcomes
Retrospective:measuring
forward in time from
exposures in the past to later
outcomes
Use statistical models to
test associations between
exposures and disease or
other measured outcomes
Provides estimates of
incidence,relative risk,
attributable risk

Shows an association
between risk factoi(s) and
outcome(s)
Stronger evidence for
causation
Can consider a variety of
exposures and outcomes

Descriptions of the average Collect information
exposure or risk of disease from each person at one

particular time
Can use regression models Tabulate the numbers in
lo lest associations
between area-level

Select sample olcases of
a specific disease during a
specific timeframe
Representative of

groups (e.g.by presence or spectrum of clinical
absence of disease/factor disease

Methods

lor a population

predictors and aggregate of interest)
outcomes

Select control(s)
Make tables and compare Represent the general

population
To minimice risk of bias.

groups
Estimate prevalence
Use regression models to may select more lhan one
test associations between control groupand/or match
predictors and outcomes controls to cases (e.g.age.

gender)
Assess past exposures

of interest

(e.g.EMR, questionnaire)
Association canbe
concluded between the
risk factor and the disease
(odds ratio)

Ourck.easy to do
Uses readily available data between variables
Generates hypothesis Quick and uses lewer

resources
Surveys with validated
questions allows
comparison between
studies

Determinesassociation Often used when disease
in population is rare (less
than 10% of population)
due toincreased efficiency
or when lime to develop
disease is long
Less cosily and lime
consuming
Recall bias
(see Bias, Wf14)

relationship or offer strong Confounding
evidence for causation Selection bias lor cases

and controls
Only one outcome can be
measured

Advantages

Confounding may occur due
lo individuals self -selecting
the exposure,or unknown/
unmeasured factors are
associated with the measured
exposure and outcome
Cost and duration of time
needed lo follow cohort
Selection bias

A famous cohort study is the
Framingham Heart Study,
which assessed the long-term
cardiovascular risks of diet,
exercise,and medications
such as ASA, etc.

Disadvantages Poor generalicabilily lo Does not allow lor
Individual level (not direct assessment of temporal
assessment ol causal
relationship)
Ecological fallacy: an
Incorrect Inference from
groups to individuals
Confounding

between variables
Confounding
Selection bias
Recall bias
(see Bias.W14)
A study lira!examines Ihe A famous case control
distribution of SMI by age study published by Sir
in Ontario at a particular Richard Doll demonstrated

the link between tobacco
smoking exposure and
lung cancer cases at the
individual level

Examples A study looking allhe
association between
smoking rales and lung
cancer rates in dillerenl poinl in time
countries at the population
level without individual
data on both factors

Sources:Shah,CP.Measurement and investigation. Public Health and Preventive Medicine In Camida,5e. Toronto:Elsevier, 2003.
The Association of Faculties ol Medicine at Canada Public Health Educators'Network. AFMC primer on population health (Internet). Assessing
evidence and information.Available from https://phpfirner.alinc.ca/enrpart-iirchopter -5/
RothmanKJ.Greenland SG. lash Tl.Modem epidemiology.3e.Philadelphia: Wolters Kluwer. 2012.

+
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Experimental Study Designs Study begins by sampling ~
subjects based on outcome|

Disease
(cases)

•not discussed here are non-randomized controlled trials (e.g.allocation by clinic or other non-random
basis - performed when randomization is not possible) No Disease

(controls) :
RANDOMIZED CONTROLLED TRIAL (RCT) 1i

i IDefinition
•participants are assigned by random allocation to two or more groups, one of which is the control

group and the other group(s) receive(s) an intervention

Participants
•individuals are selected using explicit inclusion/exclusion criteria and recruitment targets are guided

by sample size calculations

Methods
•random allocation of individuals into two or more treatment groups through a centralized concealed

process
•method of assessment to reduce bias

single-blind: participant does not know group assignment (intervention or placebo)
double-blind: participant and observer both unaware of group assignment
triple-blind: participant,observer, and analyst unaware of group assignment

•control group receives standard of care or placebo if no standard of care exists
•one or more group(s) receive(s) the intervention(s) under study
•baseline covariate(s) and outcome(s) are measured and the groups are compared
•all other conditions are kept the same between groups

Advantages
•“gold standard" of studies, upon which the practice of LBM is founded
•provides the strongest evidence for effectiveness of intervention
•threats to validity are minimized with sufficient sample size and appropriate randomization
•randomization is one of few methods that can eliminate confounding (including unmeasured

confounders) and self-selection bias
•allows prospective assessment of the effects of intervention

Disadvantages
•sonic exposures are not amenable to randomization (e.g. cannot randomize participants to poverty/

wealth or to harmful exposures such as smoking) due to ethical or feasibility concerns
•can be difficult to randomly allocate groups (e.g.communities, neighbourhoods)
•difficult to study rare events since RCTs require extremely large sample sizes
•contamination, co-intervention, and loss to follow-up can all limit causal inferences
•can have poor generalizability (e.g.when trial participants are healthier than the average patient

population)
•costly
Shah.CP. Measurement and investigation. Public Health and Preventive Medicine inCanada. Se. Toronto:Elsevier. 2003.
the Association ol Faculties olMedicine olCanada Public Health Educators' Network. AFMC primer on population health(Internet]. Assessing evidence and
inhumation.Available from hltps:/lphpiimei.afmc.ca/cnlpait-iilchapter-S/

i
5A A e

Exposed Unexposed Exposed Unexposed

Classify Exposure
Figure 9.Case-control study
Adapted Irom http://phptlrner.almc.ca

Study begins
Unexposed groupf

J
Exposed group

J:1

A A :

Disease No disease Disease No disease
^

Figure10.Cohort study
Adopted from http://phprliner.iilmc.ca

Analysis
Per-Protocol Analysis (PP)
Strategy of analysis in which only
patients who complete the entire study
are counted towards the results

Intention-to-Treat Analysis (ITT)
When groups are analyzed exactly as
they existed upon randomization (l.e.
using data from all patients. Including
those who did not complete the study)

Summary Study Designs
ft

META-ANALYSIS
An example of an RCT is the SPARCL
trial, which demonstrated intense
lipid-lowering with atorvastatin
reduces the risk of cerebrovascular
and cardiovascular events in patients
with and without carotid stenosis when
compared to placebo

Definition
• a form of statistical analysis that aggregates all relevant studies addressing the same research question

in order to increase statistical precision

Participants
• all the studies identified through a systematic literature review

Methods
• selection of relevant studies from the published literature which meet quality criteria
• statistical models used to combine the results of each independent study
• provides a summary statistic of overall results as well as graphic representation of included studies

(forest plot)

Advantages
• attempts to overcome the problem of reduced power due to small sample sizes of individual studies
• can address questions (e.g. subgroup analyses) that the original studies were not powered to answer

Disadvantages
• studies may be heterogeneous and therefore inappropriate to combine (e.g. different patient

populations, exposure classification/measurement, outcome assessment)

An example of a meta analysis is one
that compares the effects of ACEIs,
calcium channel blockers, and other
antihypertensive agents on mortality
and major cardiovascular events by
compiling and analyzing data from a full
set of reported RCTs

n
LJ

+
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• reliance on published studies may increase the potential conclusion of an effect as it can be difficult to
publish studies that show no significant results ( publication bias)

Shah.CP. Measurement and investigation. Public Health andPrevenlivo Medicine inCanada. Se. Toronto: Elsevier. 2003.
the Association ol Faculties olMedicine olCanada Public HealthEducators' Network. AFMC primer on population healthllnternet]. Assessing evidence and
information. Available from https://phprinier.afmc.ca/crCpart ii/chaplet SI

Methods of Analysis

Distributions
• a distribution describes the frequency at which each value (or category) occurs in a study population
• distributions can take characteristic shapes (e.g. normal (Gaussian) or non-normal (binomial,

gamma, etc.))
• characteristics of the normal distribution

mean = median = mode
68% of observations fall within one standard deviation of the mean
95% of observations fall within two standard deviations of the mean

• measures of central tendency
mean:sum of each observation’s data (e.g. ages) divided by total number of observations

» median: value of the 50th percentile; a better reflection of the central tendency for a skewed
distribution

• mode: most frequently observed value in a series
• measures of dispersion

• range: the largest value minus the smallest value
variance: a measure of the spread of data

• standard deviation: the average distance of data points from the mean (the positive square root of
variance)

• given the mean and standard deviation of a normal distribution curve, a description of the entire
distribution of data is obtained

Consult the Cochrane Library of
Systematic Reviews (http://www.
cochranelibrarycom) for high-quality
systematic reviews and meta-analyses

Example Calculation
Data set:17, 14,17.10, 7
Mean - (17 +14 + 17 + 10 + 7)

+ 5- 13
Median (write the list in order, median is
the number in the middle)
- 7,10, 14, 17,17- 14
Mode (number repeated most often)- 17
Range - 17- 7- 10
Variance - [(17- 13)2 + (14 - 13)2

(17 - 13)2 + (10 - 13)2
(7 - 13)21 * 5 - 19.5

Standard Deviation - -/variance - V19.5
- 4.42

Data Analysis
lean-Median-Modes>

Statistical Hypotheses
• null (Ho)

the default hypothesis; often states there is no relationship between two variables
• alternative (HI)

the hypothesis that we are interested in;often states there is a relationship between two variables
we can find evidence against Ho but we can never ‘prove’ H i

Type I Error (a Error)
• the null hypothesis is falsely rejected (Le.concluding an intervention X is effective when it is not, or

declaring an observed difference to be real rather than by chance)
• the probability of this error is denoted by the p-value
• studies tend to be designed to minimize this type of error since a type I error can have larger clinical

significance than a type II error
• e.g. in a study exploring a drug’s effectiveness on lowering blood pressure, the data may indicate the

drug is effective and therefore lowers blood pressure, when in reality the drug is ineffective

Type II Error (0 Error)
• the null hypothesis is falsely accepted (i.e. stating intervention X is not effective when it is, or

declaring an observed difference/effect to have occurred by chance when it is present )
• by convention a higher level of error is often accepted for most studies
• can also be used to calculate statistical power
• e.g. in a study exploring the effectiveness of a COVID-19 vaccine, the data suggests the vaccine is

ineffective and therefore does not protect against CGVJD-19 infection, when in reality it does

Power
• probability of correctly rejecting a null hypothesis when it is, in fact, false (i.e. the probability of

finding a specified difference to be statistically significant at a given p-value)
• power increases with an increase in sample size
• power = 1 - p, and is therefore equal to the probability of a true positive result

Statistical Significance
• the probability that the statistical association found between variables is due to random chance alone

(i.e. there is no association)
• the preset probability is set sufficiently low that one would act on the result; frequently p<0.05
• when statistical tests result in a probability less than the preset limit, the results are said to be

statistically significant (denoted by the a-value)

-

Normal Distribution

Negatively Skewed
Figure 11. Distribution curves

*Type I (a) Error
“There Is An Effect" where in reality
there is none

n
L J

+
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Clinical Significance
• measure of clinical usefulness (e.g. 1 mmHg BP reduction may be statistically significant, but may not

be clinically significant)
• depends on factors such as cost, availability, patient adherence, and side effects in addition to

statistical significance

Confidence Interval (Cl)
• provides a range of values within which the true population result (e.g. the mean ) lies, bounded by the

upper and lower confidence limits
• frequently reported as 95% Cl (e.g. if this study were repeated 100 times, estimates would fall within

the 95% Cl 95 out of 100 times)

A wider confidence interval implies
more variance than a tighter confidence
interval given the same critical value

Good reliability
Good validity

Poor reliability £
Good validity <5Data

• there are 2 types of quantitative data
• continuous data (e.g. height in cm)

discrete data (e.g. number of patients in the 1CU)
• information collected from a sample of a population
• there are 4 overall levels of measurement for quantitative data

• categorical (e.g. blood type, marital status)
ordinal (e.g. low, medium, high)
interval (e.g.°C, time of day)
ratio (e.g. serum cholesterol, hemoglobin, age)

Validity/Accuracy (of a measurement tool)
• how closely a measurement reflects the entity it claims to measure

Reliability/Precision
how consistent multiple measurements are when the underlying subject of measurement has not
changed

• may be assessed by different observers at the same time (inter-rater reliability) or by the same
observer under different conditions (test-retest reliability)

Internal Validity
• degree to which the findings of the sample truly represent the findings in the study population
• dependent on the reliability', accuracy, and absence of other biases

External Validity (i.e. Generalizability)
• degree to which the results of the study can be generalized to other situations or populations

Good reliability
Poor validity

Poor reliability
Poor validity

Figure 12. Validity vs. reliability

What's the difference between Pearson
and Spearman correlation?
Different types of correlation are used
for different levels of measurement.
Rrarson is for continuous and Normal
data, Spearman is for ordinal or
non-Normal data.There are other
forms of correlation for other levels
of measurement (e.g. tetrachoric/
polychoric)

Common Statistical Tests

Table 8. Statistical Tests
Two Sample Z-Test Analysis of

Variance (ANOVA)
Chi-Squared Test (y2) Linear Regression Logistic Regression Pearson Product-Moment

Correlation (Pearson's r)

What are you trying to show?
Compare the mean Compare the mean Tests if two categorical variables Model relationship
values of an outcome values of an outcome are independent or not (e.g.
variable between two variablebetween two association between family history variable and one or
groups (eg.difference or more groups(e.g. of breast cancer and having breast more explanatory
in average BP between differencein average cancer)
men and women) BP between persons in

three towns)

Model relationship Assesses the strength of the linear
between a continuous between a categorical relationship between two variables.

variable and one or more Ranges from -1(perfect negative
explanatory variables association, increases in one variable

are associated with decreases
inanother) to1(perfect positive
association,increases in one variable
are associated with increases in the
other). A correlation of 0 indicates no
relationship

variables

What kind of variables do youmeasure?
Continuous Categorical (2 or morel'ordinal Continuous Categorical (outcomes Continuous

usually dichotomous)

ContinuousfOrdinalf Continuous
Categorical

Dependent
Variable

Continuous

CategoricalOrdinal (2 CategoricalOrdinal (2 or more)
or more)

Continuous/Ordinal/
Categorical

Independent
Variable
Assumptions

Dichotomous

Data follow a normal/t- Normal distribution of Expected counts rust be at least 5 Dependent variable's linearity (on logit scale) Underlying relationship is linear
error term has normal No influential values Data for both variables are normally

Model has adequate distributed
goodness-of-fit
Data are independent

distribution dependent variable's for afl cells innbyn table r m
LJEqual variances

Data are independent Data are independent
Data are independent distribution

linear relationship
between variables
Homoscedasticity
No influentialvalues
Data are independent

error term
Data are independent

+
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Causation
Criteria for Causation (Bradford Hill Criteria)

1. strength of association: the frequency with which the factor is found in the disease and the
frequency with which it occurs in the absence of disease

2. consistency: is the same relationship seen with different populations or study design?
3. specificity: is the association particular to your intervention and measured outcome?
4. temporal relationship: did the exposure occur before the onset of the disease?
5. biological gradient: finding a dose-response relationship between the exposure-outcome
6. biological plausibility: does the association/causation make biological sense?
7. coherence: can the relationship be explained /accounted for based on what we know about

science, logic, etc.?
8. experimental evidence:does experimental evidence support the association (e.g. is there

improvement?)
9. analogy:do other established associations provide a model for this type of the relationship?

Note:Not all criteria must be fulfilled to establish scientific causation, and the modern practice of EBM
emphasizes ‘experimental evidence’ as superior to other criteria for experimental causation review.
However, many causation questions in health cannot be answered with expe
Source:Bradford Hill A. the environment and disease:association or causation. (hoc It Sue Med 1965;58(5):295-3rimental methods

30 0

Assessing Evidence
• critical appraisal is the process of systematically examining research evidence to assess validity,

results, and relevance before using it to inform a decision

FILTERED
INFORMATION

(Evidence Syntheses)
itically-Appraised Individual \Articles (Article Synopses) \

Randomized Controlled Trials
(RCTs)

UNFILTERED
INFORMATIONCohort Studies

Case-Controlled Studies
Case Series / Reports

Background Information / Expert Opinion

Figure13. Pyramid of pre-appraised evidence
: Copyright 2006.Trustees ul Dartmouth CollegeS Yale University.All rights reserved. Produced by Glover J.. IHO D., Odalo K..and Wang L

A.Arc the results of the study valid?
•see below for classifications of evidence that has already been assessed

B. What arc the results?
•what was the impact of the treatment effect?
•how precise was the estimate of treatment effect?
•what were the confidence intervals and power of the study?

C.Will the results help me in caring for my patients?
•are the results clinically significant?
•can l apply the results to my patient population?
•were all clinically important outcomes considered?
•are the likely treatment benefits worth the potential harm and costs?

n
i j
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Levels of Evidence: Classifications Cited in Guidelines/Consensus Statements
Level I evidence: based on RCTs (or meta-analysis of RCTs) big enough to have low risk of incorporating FP or FN results
Level II evidence: based on RCTs too small to provide Level ! evidence:may show positive trends that are non-significant or have a high
risk of FN results
Level III evidence: based on non-randomired. controlled or cohort studies:case series: case-controlled:or cross-sectional studies

Level IV evidence: based on opinion of respected authorities or expert committees, as published consensus conferences/guidelines
Level V evidence: opinions of the individuals who have written/reviewed the guidelines (i.e. Level IV evidence!, based on expeuence/-
knowledge of literature/peer discussion
Notes:These 5 levels of evidence are not direct evaluations of evidence quality or credibility: they refle
RCTs tend to be most credible (with <1111. level III evidence gains credibility when multiple studies from different locations and/or time periods
report consistent findings. Level IV and V evidence reflects decision-making that is necessary but in the absence of published evidence.

Figure 14. Levels of evidence classifications
Note: This is only one method of classifying evidence.Various systems exist,but operate within the same premise that certain types of evidence carry
more weight than others

ct the nature of the evidence. While

Health System Planning and Quality

Continuous Quality Improvement
Quality Improvement (Ql)
• a means of evaluating and improving processes; focusing more on systems and systematic biases,

which are thought to cause variation in quality
• measures to increase efficiency of action with the purpose of achieving optimal quality

Quality Assurance
• process to guarantee the quality of health care through improvement and attainment of set standards
• “five-stage process of quality assurance”
Source;Shah. CP.Public Healthand Preventive Medicine in Canada, 5e. Toronto:Elsevier. 2003.

1.formulation of working goals
2.procedural changes to implement those goals
3.regular comparison of current performance with original goals
4.development of solutions to bring performance closer to goals
5.documentation of quality assurance activities

Quality Control
• a process of surveying the quality of all factors involved in the process to maintain standards

Continuous Quality Improvement
• the process of ongoing service/product refinement via the vigilant review of expectant issues

detrimental to the system and regular incorporation of improvements

Quality Management
• combination of several processes (assurance, control, improvement ) to maintain consistent quality

Total Quality Management
• management principle for advancing quality while minimizing additional expenditures
• focuses on the entire system rather than discrete elements

Audit
• methodical analysis of a quality system by quality auditors
• to determine whether quality processes and results comply with goals and whether processes have

been implemented effectively

Systems Analysis Tools
1. 5 Whys: brainstorming to simplify the process of change; continue asking 'why' until the root of the

problem is discovered
2. Ishikawa Diagrams (i.e. fishbone Diagrams): identify generic categories of problems that have an

overall contribution to the effect
3. Defect Check Sheets; consider all defects and tally up the number of times the defect occurs
4. Pareto Chart: x vs. y chart; x-axis = defect categories, v-axis = frequency; plot cumulative frequency

on the right y-axis; purpose is to highlight most important among large set of factors contributing to
defects/poor quality

r n
L J
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Decreased Handwashing j ( Improper Precautiunsj

Lack of time Lack of training

Improperly assignedLack of hand sanitizer

- •Nosocomial Infections7 /Common waiting
rooms

Not sterilizing stethoscope
between patients

Not changing uniforms
between shifts ,

7More thanI—patient per room7
^ Healthcare Team j ^Patient Exposures j

Figure 15.Ishikawa diagram

Precede-Proceed Model
• tool for designing, implementing, and evaluating health interventions/programs

Table 9. Precede-Proceed Model
PRECEDE Phase PROCEED Phase

Phase1- Identify the ultimate desired result
Phase 2- Identity health issues and then behavioural and
environmental determinants. Set priorities among them
Phase 3- Identify the predisposing, enabling, and reinforcing factors
that ailed the behaviours and environmental delciminanls
Phase 4- Identify the administrative and policy factors lhal influence
what can be implemented

Phase 5- Implementation (design and conduct the intervention)

Phase 6 - Process evaluation (determine II the piogiam Is implemented
as planned)

Phase 1- Impact evaluation (measure intermediate effects on the
target population )

Phase 8- Outcome evaluation (determine whether the original desired
result was achieved)

Planning Cycles/Models
1 . APIE Planning Model: Assessment, Planning, Implementation, Evaluation
2. PDSA Planning Cycle: Plan, Do, Study, Act

Economic Evaluation
Cost Benefit Analysis (CBA)
• an analysis which compares the total expected costs with the total expected benefits of actions in

order to choose the most profitable or beneficial option(s)
• costs are controlled for inflation and market changes so that the effect of the change is evaluated over

a consistent, preset financial value

Cost Effectiveness Analysis (CEA)
• ratio of change in cost (numerator) to change in effect (denominator) in response to a new strategy or

practice
the numerator highlights the cost of the health gain

• some examples of changes in effect (denominator) could be years of life gained or sight-years
gained

• the most commonly used outcome measure is quality-adjusted life years (QALY) (see Quality
Adjusted Life Year, Pill 3 )

• can be used where an extensive cost benefit analysis is not applicable or appropriate

Cost Utility Analysis (CUA)
• special case of CEA where effectiveness is measured in utility, commonly in quality-adjusted life years

(QALY)
• Note: term is sometimes used interchangeably with CEA

+
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Managing Disease Outbreaks
COVID-19 precautions
Precautions include hand hygiene,
gown, eye protection, and well-
fitting masls (e.g.surgical mask).
N95 respirators are reserved for
aerosol-generating procedures,
such as endotracheal intubation and
bronchoscopy
For specific examples, see
“Communicable Diseases" section in:
Shah CP. Public health and preventive
medicine in Canada.5th ed. Toronto:
Elsevier:2003
Source:Pubic Health Ontario:
hltpsu'iWww.pubikheallhontaiio.u'-i'medidi'docunert^1

ncov>lpacty.K-«tttx>flat-fVKdutiOM-acute-<iHt.
pdfflA'M

Definitions
Outbreak
• incidence of new cases beyond the usual frequency of disease in a population or community in a given

time

Endemic
• consistent existence of infectious agent or disease in a given population or area (i.e. usual rate of

disease)

Epidemic
• an increase, often sudden, in cases of a disease above what is usually expected in a particular

population (e.g. SAKS epidemic)
• can occur due to a recent increase in the virulence or amount of an agent, introduction of a new agent

to an area, enhanced mode of transmission of the agent, altered host response, and/or increased host
susceptibility through more exposure or portals of entry

Pandemic
• epidemic that has spread across international or intercontinental boundaries, alTecting a large number

of people (e.g. COVID-19 pandemic)

Attack Rate
• proportion of an initially disease-free population that develops the disease over a specified time period
• = [(* of new cases of disease) / (initial population size)) ’ 100%

Secondary Attack Rate
• the proportion of individuals who develop disease as a result of exposure to primary contacts during

the incubation period
• = [(total # of cases - initial - of cases) / (- of susceptible individuals - initial # of cases)] * 100%
• measure of infectiousness, which reflects the ease of disease transmission

Active Surveillance
Outreach such as visits or phone calls by
the public health/surveillance authority
to detect unreported cases (e.g. an
infection control nurse goes to the ward
and reviews temperature charts to see il
any patient has a nosocomial infection)

Passive Surveillance
A surveillance system where the public
health/surveillance authority depends
on others to submit standardized forms
or other means of reporting cases (e.g.
ward staff notify infection control when
new cases of nosocomial infections are
discovered)

Virulence
• measure of an infectious agent to cause significant sickness
• = (* of cases that are severely ill or died) / (total # of cases)

Case-Fatality Rate (CFR)
• proportion of individuals with the disease who died as a result of the illness during a specified time

period
• must be dearly differentiated from the mortality rate

Mortality Rate
• proportion of the population that died from any cause during a specified time period
• crude mortality rate (unadjusted for age)

Basic Reproduction Number (RO)
• the average number of secondary infections that arise from one infection
• can only be calculated in a susceptible population

Reducing Inequities During the COVID-19 Pandemic
Public Health Rev 2022:42:1604031
• this review outlines public health recommendations during the COVID-19 Pandemic including

primordial, primary, secondary, and tertiary prevention strategies

Canada's Response to the COVID-19
Pandemic
• In late 2019. the novel coronavirus

(COVID-19) led to a global pandemic
• By May 2020, there were over 70000

cases in Canada and more than 4.3
million cases worldwide

• Symptoms of the virus varied from
dry cough, fever, and fatigue, to mote
severe respiratory symptoms such as
dyspnea and chest pain

• PHAC developed the following
response:

• Development and implementation
of new diagnostic tests based on
the genetic sequence of COVID-19

• Prompt identification, risk
assessment, management, and
placement of confirmed cases by
healthcare professionals

• Application of routine practices
and additional precautions for
healthcare workers: gloves, long-
sleeved gowns, facial protection,
and masls

• Enforcement of national physical
distancing protocols and 14-day
self -isolation for those returning
from international travel

• Free vaccines against COVID-19
were made available to everyone in
Canada over the course of 2021

• The temporary closure of many
Institutions and reduction in income
for millions of Canadians resulted in
novel social assistance programs,
such as the Canada Emergency
Response Benefit

Source:Gcri«rrxnt ol Canada.Coronavirus ( COVI0-19):
Canada's llespomo [IntetnctJ. Ottawa (ON}: Govurnmort
ol Canada:2020 Moled 2020 Jim 18; ut«d 2020
Jon 20|.AvaitaUc horn: https.'ivww.tnruda .ta'cr.
|Hiblit -haalUvstfvfctVdtstas<-sJ2019-nowl-cofoiia*us.
Inlot Ircovcanadas-icpcnse.htmihopIt -Uelink

Steps to Control an Outbreak
Infection Control Precautions

Contact (e.g. impetigo, chicken pox, warts)
• wash hands
• gloves
• gown
• wipe equipment after use

+Droplet (e.g. influenza, mumps, pneumonia)
• contact precautions PLUS
• goggles/face shield
• surgical mask
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Airborne (e.g. TB)
• contact precautions PLUS
• N95 mask (fit-tested)
• negative pressure room

Figure 16. Epidemic curves

0

S o '

Table 10. Ten-Step Approach B<
_

> ..
ODetailsSteps

1.Identify the investigation team and resources Local public health units {e.g.Toronto Public Health)
Federal level {e.g.PHAC)

Compaie the number of cases during the suspected outbreak to the
number of cases expected during a non-outbreak time frame
(e.g. receiving a report of a vomiting baseball team after a team dinner
at a restaurant)
Obtain medical records and lab reports
Conduct further clinical testing as needed

3 components:Person.Place.Time {e.g. "Diagnosis A:Person with XVZ
signs and symptoms...Occurred alter visiting X...During months/year'')
A line listing should include clinical information (signs/symptoms,onset
times/dates), demographic Information,exposure information
Create epidemic curves (see figure 16 )
Case -control studies:uselul whennot everyone exposed can be found
and Included in the study

Cohort studies: useful whenall persons exposed can be included in
the study
Can occur at any stage inan outbreak (e.g. Isolation)

Involve the media to address public concerns and call for public action
Determine when the outbreak Is over
Document the effectiveness of control measures

I IZ 2

} 1 A 5 < 1Ii1 1)14 IS'I1711US :i:»i:sras
2.Establish existence of an outbreak Day of OnsQt

Figure 16a. Point source epidemic
curve3. Verify the diagnosis

4.Definea case
»

S.Find cases systemically and create a line listing s;
n

6. Perform descriptive epidemiology anddevelop hypotheses
7.Evaluate hypotheses and conduct additional studies as needed

"Sl
J?

I II
uimJii1) 111) 1) 14 I)

Day of Onsot
8. Implement control measures
9.Communicate findings
10.Continue surveillance

Figure 16b. Extended continuous
source epidemic curve

Source: Adopted fiom Mootc 2. Outbreak Investigations: The 10-Step Approach [Internet!.Ninth Carolina: Government of North Carolina; [updated
2019 Dec 16:cited 2020 Jun 20). Available (tom:https:/ /epi.dph.ncdhlis.gov

:

b
1 J .Infection Control Targets a '
i:

• interventions should target host, agent, environment, and their interactions z :

nutrition,
sickle coll trait

antimalarials,
proper nutrition

f Day of Onsethost
age, immune

response,
susceptibility

-J’

-- Figure 16c. Propagated source
epidemic curve

Q

. educate,
\ avoid exposed

skin at dusk

DISEASE MALARIA

IIenvironment
climate, physical

structures, population
density

plasntodiuin
falciparum
eradicate,

genetically modify

tropical.agent
virulence, toxicity,
ability to survive

outside body

remove stagnant
water sources stagnant water

mosquito netting on homes

Figure 17. Epidemiology triad as framework for infection control interventions:practical example using
malaria

The International Health Regulations (IHR)
• an international agreement involving 196 nations to prevent, protect against, control, and provide a

public health response to pandemics
• a public health emergency of international concern ( PHE1C) is “an extraordinary event which is

determined to constitute a public health risk to other States through the international spread of
disease and to potentially require a coordinated international response"

• the IHR Emergency Committee provides the WHO Director-General with temporary
recommendations on PHE1C events

r ->
L J
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Environmental Health
Environmental Health Jurisdiction
Taking an Environmental Health History
CMAI 2002; 166{8):1049-1055

Definition
• study of the association between environmental factors ( both constructed and natural ) and health
• environmental exposures

• four common hazards: chemical, biological, physical, and radiation
four main reservoirs: air, food, water, and soil

• three main routes: inhalation, ingestion, or absorption (skin )
• usually divided into two main settings

• workplace (including schools): may see high level exposure in healthy individuals (see
Occupational Health, PH29)

• non-workplace: lower levels of exposure over a longer period of time; affects vulnerable
populations more severely, such as at extremes of age, and the immunosuppressed; maybe
teratogenic

• health impacts of the environment also include factors (e.g. urban planning) and how individuals
interact with the built environment (e.g. safe pedestrian and bicycle paths can facilitate more active
lifestyles)

CH20PD2
Community
Home
Hobbies
Occupation
Personal habits
Diet
Drugs

BPA, The Toxin Concern of 2009
Bisphenol A (BPA) is a chemical
compound found in some hard,
dear lightweight plastics and resins.
According to the NIH, animal studies
suggest that ingested BPA may imitate
estrogen and other hormones. In
Odober 2008, Canada became the first
country in the world to ban the import
and sale of polycarbonate baby bottles
containing BPA. stating that although
exposure levels are below levels that
cause negative effects, current safety
margins need to be higher. The US FDA
does not consider normal exposure to
BPA to be a hazard, however the NIH
has some concern that fetuses, infants,
and children exposed to BPA may be at
increased risk for early-onsct puberty,
prostate, and breast cancer

Table 11. Environmental Health Jurisdiction
Public Health Unit Enforcement of water and food safety regulations (including restaurant food safety)

Assessment of local environmental risks
Monitoring and follow-up of reportable diseases
Investigation of environmental contamination,clusters of disease
Waste disposal, recycling, water and sewage Ireatmenl/colleclion /distribution
Water and air quality standards
Industrial emission regulation
Tonic waste disposal

Designating and regulating tonic substances
Regulating food products (e.g. Health Canada (drugs), Canadian food Inspection Agency (Cf IA))
Setting policy for pollutants that can travel across provincial boundaries
Multilateral agreements (e.g. Kyoto Protocol,UN Convention on Climate Change. International
Joint Commission)

Municipal Government
Provincial and Territorial Government

Federal Government

International

Source-Path-Receiver Model
• to prevent workplace injuries, strategies can be implemented to improve the safety profile of the

source, modify the path, and/or protect the receiver
Cannabis Legalization and Driving
Under the Influence of Cannabis (DUIC)
Soutce:Put*[ Health OnUnlo. Evidence BrlvMliivIng
Undei the Inliuence ol Cannabis,2017
Since the Government of Canada stated
its commitment to legalize cannabis
via the Cannabis Act (Bill C-45) on April
13, 2017, the Canadian Task Force on
Cannabis Legalization and Regulation
specifically noted driving impairment
as an important consideration. Higher
cannabis use. cannabis-dependence,
lower perceived risk from DUIC, and
normative beliefs about DUIC were
identified as risk factors. As such, an act
to amend the Criminal Code Bill C-46
was simultaneously introduced to enable
the police to request an oral fluid sample
for roadside drug screening and to
implement THC per se whole blood limits
(>2 ng/mL punishable). Public health
was also advised to devise population-
based interventions such as 6 hour
waiting period recommendations before
driving, as well as preventive strategies
through addiction services, mass-
media campaigns, and school-based
instructional programs

Environmental Risk Assessment
Hazard Identification and Risk Assessment (HIRA)

Hazard Identification
what is the hazard involved?

• assess potential hazards by taking environmental health history

Risk Characterization
• is the identified agent likely to elicit the patient’s current symptoms?
• review known health impacts of the hazard and identify specific properties that contribute to or

diminish adverse effects (e.g. evaluate hazard threshold levels)

Exposure Assessment
• is the patient’s exposure to the environmental agent sufficient to have caused the current symptoms?
• quantify exposure through direct measurement or by reviewing frequency and nature of contact with

hazard
Adapted from p.2S0, Sixth Edition ol A Dictionary ol Epidemiology by Miguel Porta

Air
Biological Hazards
• moulds thrive in moist areas; 10-15% of the population is allergic
• bacteria survive as spores and aerosols, can be distributed through ventilation systems (e.g.

Legionella)
• dust mites (yr-round ) and pollens (seasonal ) can trigger upper- and lower-airway symptoms

Chemical Hazards
• ground-level ozone

• main component of smog with levels increasing in major cities
worsens asthma, irritates upper airway

r n
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•carbon monoxide (fossil fuel-related, common byproduct of combustion )
aggravates cardiac disease at low levels
headache, nausea, dizziness at moderate levels
fatal at high levels

•sulphur dioxide (fossil fuel-related ), nitrogen oxides
• contribute to acid rain and exacerbate breathing difficulties

•organic compounds at high levels (e.g. benzene, methylene chloride, tetrachloroethylene)
tend to be fat-soluble, easily absorbed through skin, and difficult to excrete

•heavy metal emissions (e.g. nickel, cadmium, chromium)
variety of health effects: upper airway disease, asthma, decreased lung function

•second-hand tobacco smoke
respiratory problems, increased risk of lung cancer

• particulates associated with decreased lung function, asthma, upper airway irritation

Radiation Hazards
•sound waves
•ionizing radiation

radon is naturally produced by soil containing uranium or radium; can contaminate indoor air
associated with ~20% of lung cancers

•increasing ultraviolet radiation from ozone layer destruction increases risk of skin cancer
•non-ionizing radiation

visible light, infrared, microwave

Particulate Matter Air Pollution and
Cardiovascular Disease; An Update to the
Scientific Statement Irom the American Heart
Association
Circulation 20I0:121(21):2331 23/8
Ascientihc statement by the American Heart
Association in 2004 reported that enposate to
particulate matter air pollution contributes to
cardiovascular morbidity and mortality. An updated
American Heart Association statement in 2010
confirmed a causal relationship between paniculate
matter eiposure and cardiovascular morbidity
and mortality. The statement reported that such
an eiposure over several h to wk may trigger
cardiovascular disease-related mortality and non-
fatal events, whereas longer eiposurts over several
yr may further increase cardiovascular mortality risk
and leducelife eipectanty within higtily-ei posed
populations by several mo to yr

The Walkerton Tragedy
In May 2000, the drinking water system
in the town of Walkerton.ON. became
contaminated with Escherichia coli
0157:H7 and Campylobacter jejuni.
Over 2300 individuals became ill; 27
people developed hemolytic uremic
syndrome and 7 individuals died in the
outbreak
Source: Ministry c4 the Attorney General.Report ot Hie
Walkerton injury. Ontario.2002

Water
Biological Hazards
• mostly due to human and animal waste
• Indigenous peoples.Black Nova Scotians, and rural Canadians at higher risk
• bacteria: Escherichia coli (e.g. Walkerton, ON),Salmonella, Pseudomonas, Shigella
• protozoa: (iiardia.Cryptosporidium (e.g. North Battleford, SK )

Chemical/Industrial Hazards
• chlorination by-products (e.g. chlorinated water can cause cancer at high levels)
• volatile organic compounds, heavy metals, pesticides, and other industrial waste products can be

present in groundwater
• mercury from fish (exposure during pregnancy can he neurotoxic for the fetus)
• asbestos (e.g. from old buildings)
• lead (can be found in paint, older buildings, and traditional medicines in dangerous quantities)

Water Fluoridation
Water fluoridation, and the resulting
decrease in dental caries and reduction
in health inequities, is one of the
greatest public health achievements of
the 20th century. At the recommended
concentration of 0.7 mgll , fluoride
reduces cavities by18-40%.Small but
vocal groups opposed to fluoridation
have claimed that fluoride intake is
not easily controlled , and that children
may be more susceptible to health
problems.These claims have been
widely debunked but still persist, and
have led some communities to opt not
to fluoridate their water, resulting in
increased dental caries (e.g.Calgary).
Fluoride concentrations In municipal
water should be 0.7 ppm

Soil
Biological Hazards
• biological contamination: tetanus, Pseudomonas

Chemical Hazards
• contamination sources: rupture of underground storage tanks, use of pesticides and herbicides,

percolation of contaminated water runoffs, leaching of wastes from landfills, dust from smelting and
coal burning power plants, residue of industrial waste/development (e.g. urban agriculture), lead
deposition, leakage of transformers

• most common chemicals: petroleum hydrocarbons, solvents, lead , pesticides, motor oil, other
industrial waste products

• infants and toddlers at highest risk of exposure due to hand-mouth behaviours
• effects dependent on contaminant: leukemia, kidney damage, liver toxicity, neuromuscular blockade,

developmental damage to the brain and nervous system, skin rash, eye irritation, headache, nausea,
fatigue

r -v
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Food
Biological Hazards

Organic Foods
• Foods designated as “organic" in

Canada must conform to the Organic
Products Regulations enforced by the
Canadian Food Inspection Agency

i Organic foods are not free of
synthetic pesticide residues but
typically contain smaller amounts
compared to conventionally grown
foods

• Currently, there has not been
strong evidence to suggest that
eating organic foods is safer or
more nutritious compared to eating
conventionally grown foods

Souim: O9MK toocti Jim bitan M«l 2012.151 34«-
300. tkJflh Cm*.FnlkMi't mi load. 2011. UpMMt
Orgtnk loads art iMMicn.2009

Table 12.Comparison of Select Biological Contaminants of Food and Effects on Human Health
Source Effects

Salmonella
Campylobacter

Ischetkhiacoli

Raw eggs, poultry,meat
Raw poultry, raw milk
Various including meal, sprouts
Primarily undercooked hamburger meat

Gl symptoms
Joint pain.Gl symptoms
Wateiy or bloody diarrhea
Hemolytic uremic syndrome (especially
children)
Listeriosis:nausea, vomiting, fever, headache,
rarely meningitis or encephalitis

Listeriamonocytogenes Unpasteurized cheeses, prepared salads,
cold cuts
Unpasteurized honey, canned foodsClostridium botulinum Dizziness,weakness, respiratory failure

Gl symptoms:thirst, nausea, constipation

Variant Creutzlcldl-JakobdiseasePrion (BSE “ ) Beef and beet products
‘BSE •(mine spongiform encephalopathy

•other biological food contaminants include:
viruses, mould toxins (e.g. aflatoxin has been associated with liver cancer), parasites (e.g.
Toxoplasma gondii, tapeworm), paralytic shellfish poisoning (rare), genetically modified
organisms (controversial as to health risks/benefits)

Chemical Hazards
•many persistent organic pollutants are fat-soluble and undergo bioamplification
•drugs (e.g.antibiotics, hormones)
•inadequately prepared herbal medications
•food additives and preservatives

nitrites highest in cured meats; can be converted to carcinogenic nitrosamines
« sulphites commonly used as preservatives; associated with sulphite allergy (hives, nausea, shock)

•pesticide residues
• older pesticides (e.g. DDT) have considerable human health effects (e.g. dermatological,

gastrointestinal, neurological, carcinogenic, respiratory, reproductive, and endocrine effects)
•polychlorinated biphenyls (PCBs)

effects (severe acne, numbness, muscle spasm, bronchitis) much more likely to be seen in
occupationally-exposed individuals than in the general population

•dioxins and furans
levels highest in fish and marine mammals, also present in breast milk

• can cause immunosuppression, liver disease, and respiratory disease

Examples of Simple Interventions to Reduce Environmental Exposures and Risk of
Disease
•sunscreen to prevent sunburns and U V-related damage
•ear plugs to prevent damage from high intensity sound waves

Environmental Racism
•defined as the deliberate and disproportionate development of environmental hazards and toxic

facilities near communities without a strong voice (Indigenous, immigrant, racialized groups, and
lower SES)

•furthermore, historic and present-day colonialist and racist practices contribute to the
marginalization of these communities, resulting in a diminished organizational capacity and political
power to advocate against the placement and impacts of these environmental hazards

•exposure to these environmental hazards therefore undergird to poorer health outcomes and
marginalization already faced by affected individuals and communities •can also impact livelihood
(e.g. fishing, agriculture, hunting, trapping)

•examples of environmental racism in Canada are ubiquitous against Indigenous communities and
communities of colour. Present-day examples include: the placement of oil and gas industries (e.g.
the Trans-Mountain pipeline across Indigenous lands); a lack of access to potable water, as seen in
communities such as Attawapiskat, Ontario; and other environmental hazards, with two specific
examples provided below

L J
Grassy Narrows, Ontario
* a reserve in northwest Ontario, which came to public attention in the 1970s when many of its residents

began to develop symptoms of mercury poisoning, including severe neurotoxicity
•the source of contamination was attributed to an upstream paper mill dumping tonnes of untreated

mercury into the water over a period of several years +
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•a loss of natural resources and environmental stewardship had a devastating pervasive impact on the
community:

• the decimation of two major sources of employment in the area (fishing and working as guides)
contamination of local food and water supplies
leaving the community with limited resources to manage the short- and long-term effects of
mercury poisoning

•despite ongoing protest, agreement from the federal government to build a mercury treatment facility
was not reached until 2020, approximately 50 years following the initial contamination of Grassy
Narrows. At time of writing, construction of such a facility had yet to begin

•despite the federal government’s promise to eliminate drinking water advisories on reserves,61
remain in effect as of February 2020, many in communities that are not even isolated

•oil sands, hydroelectric,diamond mines, and many other projects have negatively impacted
Indigenous territories across Canada. Indigenous peoples have reaped very little of the economic
benefits from these activities

• the remote geographic location of many Indigenous communities, in conjunction with complex
jurisdictional issues, lead to debate over who is responsible for the health of these communities; this
often leaves communities with delayed and inadequate responses to community needs

•Canada's adoption of the United Nations Declaration on the Rights of Indigenous Peoples ( U NDR1P)
will help rectify some of these detrimental activities on our environment and Indigenous peoples

Africville, Nova Scotia
•Halifax was founded in 1749
•African people, many of whom were descendants of slaves in Jamaica, dug out roads and built much of

the city
•the early Black community lived a few kilometres north of the city in a community established on the

Bedford Basin in Halifax, an area that became Africville
• the proximity to the waterfront for fishing, prospects for wage labour in the city, and establishment of

structures including a post office, school, and church created a tight-knit Black community which, at
one point, housed over 400 individuals and families

•facilities deemed otherwise unfit for surrounding areas were established in Africville by city council
and businesses, including an oil plant, tar factory, prison, hospital for infectious diseases, and open
garbage dump, with raw sewage and waste products emptying directly into the water supply

•the community was denied resources available to predominantly White neighbouring areas, despite
being within the municipal jurisdiction, including garbage collection, law enforcement, paved roads,
and appropriate water treatment

•in 1957, the city expropriated the land for industrial use and forced the relocation of residents, many
of whom into public housing

•a settlement was reached between some former Africville residents and the City of Halifax in 2010,
although an application for a class-action lawsuit submitted to the Supreme Court of Halifax was
overturned in 2018

•on 24 February 2010, Halifax Regional Municipality Mayor Peter Kelly apologized for the destruction
of Africville

(*;
Taking an Occupational Health Hx:
WHACS
What do you do?
How do you do it?
Ate you concerned about any particular

exposures on or off the job?
Co-workers or others with similar

problems?
Satisfied with your job?
Source: jOcuip tfinoi Med1998:40.680-684

Occupational Health
• a field involved in the prevention of illness or injury and the promotion of health in the work

environment
• services encompass recognizing and controlling exposure to hazards (primary prevention),

occupational health surveillance and screening (secondary prevention), and treatment and
rehabilitation (tertiary prevention)

• occupational disease often looks clinically the same as non-occupational disease and, without a
thorough occupational health history, may go unrecognized as distinct

Occupational Health Statistics
• In 2018,1027 workers died of work-

related causes in Canada. The average time-loss injury rate
between 2014-2018 ranged across
Canadian provinces and territories
from 1.02 to 2.89 per 100 workers

• Provincial and territorial
compensation boards do not cover
all workplaces (e.g.most agricultural
workers)

• Compensation board insurance
coverage ranges across provinces
and territories from 74-99% of the
workforce

Soura:2020Deport OP Stork taljit,end Injury Dates
in Cauda

Taking an Occupational Health History
• current and previous duties at place of employment
• exposures

identification:screen for chemical, metal, dust, biological, and physical hazards as well as
psychological stressors - workers may bring safety data sheets (formerly MSDSs) that provide
information about hazards of exposure

• assessment: duration, concentration, route, exposure controls (e.g. ventilation and other
environmental controls, personal protective equipment)

• temporal relationship: changes in symptoms in relationship to work environment, latency between
first exposure and current symptoms

• presence of similar symptoms in co-workers
• non-work exposures to hazardous agents: home, neighbourhood, hobbies
• additional assessment may be required (e.g. chest radiography, ultrasound, PFT)

n
L J

+

Information about worker's
compensation at: https://awcbc.org/en/
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Occupational Hazards OuapationalSafcty And Health Enforcement
tool!For Preventing Occupational Diseases
A nd Injuries
Cochrane OB Syst Re* 2013:8.00010183
Purpose: To assess the effectsof occupational
safety and health regulation enforcement tools for
preventing occupational diseases and injuries.
Outcome: Inspectionsdecrease injuries In the long
term, but not short term, ruth an unclear magnitude
of effect.

Table 13. Occupational Hazards
Chemical Biological Psychosocial Ergonomic/SafetyPhysical

Otganic solvents (e.g.
beruene, methyl alcohol:
most toxic is carbon
tetrachloride)
Mineral dusts (e.g.
silica leads to silicosis
and predisposition to
IB. asbestos leads to
diffuse fibrosis and
mesothelioma, coal leads

Noise|e.g. hearing loss)
Temperature
Heat cramps, beat
exhaustion, heatstroke
Hypothermia,
frostbite
Air pressure (e.g.
barotrauma,
decompression sickness)
Radiation

Exposure to bacteria,
viruses, lungi. protozoa.
Rickettsia
Exposure to biological
proteins, endotoxins,
emymes.animal excreta
Blood should be
considered a potentially
toxic substance due to
blood-borne infectious
diseases (e.g. HIV,

Heavy metals (e.g.nickel, hepatitis B)
Ionizing: UV.x-rays, y rays cadmium , mercury, lead) Consider exposure to
Vibration - related disorders Cases|e.g. halogen gases, disease in endemic
(e.g. secondary Raynaud's, sulphur dioxide, caibon countries, travellers Irom
whole body vibration) monoxide, nitrogen oxides) endemic countries, or

Second-hand smoke recent travel history in the
(causal factor for lung setting of acute onset of
cancer, lung disease. symptoms (e.g.malaria,
heart disease, asthma SARS.TB)
exacerbations:may be
linked lo miscarriage)
Skin diseases (major
portion of compensations,
e.g. contact dermatitis,
occupational acne,
pigmentation disorders)

Workload stressors
Responsibility
Fear oljob loss
Geographical isolation Geographical isolation
Shift work Shift work
Bullying
Harassment (sexual/
non-scxual)

Incurs high cost from
absenteeism, poor
productivity, mental illness productivity, mental illness
(e.g. post-traumaticstress (e.g. post-traumatic stress

disorder)
Workplace violence
(involving stall, clients,
the general public)

Workload stressors
Responsibility
Feat of job loss

Bullying
Harassment|sexual/non -
sexual)
Incurs high cost from
absenteeism, poor

Most Effective

Elimination
Physically remove

hazard
Non-ionizing:visible light, to pneumoconiosis)
infrared

disorder)
Workplace violence
(involving staff , clients,
the general public)

e.g. drivurluss car

Substitution
Replace hazard

a.g. replace with train

Engineering
Controls

Isolate Irom hazard
e g. airbags

Administrative
Controls

Change the way
people work « g. traffic laws

/Workplace Legislation
• universal across Canada for corporate responsibility in the workplace: reasonable precautions

to ensure a safe workplace, application of Workplace Hazardous Materials Information System
( WHMIS), and existence of joint health and safety committees in the workplace with representatives
from workers and management

• jurisdiction in Canada is provincial (90% of Canadian workers), except for 16 federally-regulated
industries (e.g.airports, banks, highway transport) under the Canada Labour Code

• Ontario’s Occupational Health and Safety Act
sets out rights of workers and duties of employers, procedures for workplace hazards, and law
enforcement
workers have the right to:

know (e.g. be trained and have information about workplace hazards)
participate (e.g. have representatives on joint health and safety committees)
refuse work (e.g. workers can decline tasks they feel are overly dangerous)

- note: for some occupations, this right is restricted if, for example, danger/risk is
normal part of work or refusal would endanger others (e.g. police, firefighters, some
health care workers)

stop work (e.g. ‘certified’ workers can halt work they feel is dangerous to other workers)
enforced by Ministry of Labour via inspectors

• Health Protection and Promotion Act ( HPPA) (Ontario)
• Medical Officer of Health has right to investigate and manage health hazards where workplace

exposures may impact non-workers (e.g. community members living close to the work site)

tt.g. sujtbults

&K/iiten Brown* 2011Least Effective

Figure 18. Hierarchy of controls for
reduction of occupational exposures
Source:Modified from CDC.2015. Hiererchy
ot controls, http://www.cdc.gav/niosh/toptcs/
hierarchy/

Ontario's Workplace Safety and
Insurance Act (each province will have
their own corresponding legislation)
• Establishes Workplace Safety

and Insurance Board(WSIB). an
autonomous government agency that
oversees workplace safety training
and administers insurance for
workers and employers

• WSIB decides benefits for workers,
which may include reimbursement
for:

• Loss of earned income
• Non economic loss (e.g.

physical,functional, or
psychological loss extending
beyond the workplace)

• Loss of retirement income
• Health care expenses (e.g. first-

aid.medical treatment)
• Survivor benefits (e.g.

dependents and spouses can
receive benefits)

• Employers pay for costs (e.g.no
government funding)

• No-fault insurance (e.g. worker has
no right to sue the employer) in
return for guaranteed compensation
for accepted claims

• Negligence is not considered a factor
• Physicians are required to provide

the WSIB with information about a
worker's health without a medical
waiver once a claim is made

1«rmo litlotmotion:http.1 wwwwill) uruo'un1

conmwilly.WSIB

Workplace Health Promotion
• a strategy for addressing the health and well-being of workers in the workplace, not legislated
• may include education, event planning, information campaigns, and workplace supports to promote

personal worker health and a healthy workforce

Workplace Primary Prevention r “i
i j

• proactive efforts to reduce workplace illness or injury
• achieved through anticipating, recognizing, evaluating, and controlling workplace hazards
• hierarchy of controls (see figure 18) is followed to minimize exposure- elimination/substitution of

hazards is most superior, followed by isolation (engineering controls), training and behavioural efforts
(administrative controls), and lastly, personal protective equipment

+
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Workplace Secondary Prevention
• for workers who are exposed to workplace hazards, goal is to identify earliest signs of overexposure

or disease through medical surveillance ( periodic examinations to identify early changes in a single
worker or multiple workers). Some examples include:

whole blood lead testing to identify effectiveness of controls and to remove workers from
expo

• PET for asthma (e.g. occupational dust exposure)
audiograms for hearing loss (e.g. occupational noise exposure)

sure

Workplace Tertiary Prevention
• treatment of the disease or injury to facilitate safe and timely return to the workforce
• may require rehabilitation, retraining, change in job duties, and/or workers’compensation ( WS1B)
• often also involves accommodating the workplace for a worker who has a non-occupalional injury

or illness, with routine reassessments of the fit between the worker and their duties • work that is
considered safety-sensitive may be restricted for workers with ailments that could impede their ability
to work safely, or a worker may be medically determined to have limitations with what they can
reasonably do at work

• advise relevant authorities if necessary (e.g. report notifiable diseases to public health, conditions
impeding driving to Ministry of Transportation)

Appendix- Mandatory Reporting

Reportable Diseases
As an essential part of the public health system, physicians in Canada are required by provincial law
to report certain diseases to public health. Physician reporting is also outlined by provincial physician
licensing Colleges (e.g. College of Physicians and Surgeons of Ontario (CPSO)). failure to report can
result in suspension of a license to practice.
the reasons that reporting is mandatory include:

1. to identify and control an outbreak
2.to prevent spread if the disease presents a significant threat to individuals or a subset of the

population (e.g. Lassa Fever)
3.if the disease is preventable with immunization (e.g. polio, diphtheria, congenital rubella)
4.if infected individuals require education, treatment, and/or partner notification (e.g. gonorrhea, IB)
5.surveillance (to monitor disease trends overtime)

Diseases of Public Health Significance
Cryptosporidiosis’
Cyclosporiasis'
Diphtheria*

Diseases marked with * (and
Influenza in institutions) should
be reported immediately to the
Medical Officer of Health by either
telephone or fax.Other diseases can
be reported the next working day by
fax, phone, or mail. Each province/
territory has a similar legislation.
Acquired Immunodeficiency
Syndrome (AIDS)
Acute flaccid paralysis <15 yr
Amoebiasis
Anthrax*

2. Hepatitis B
3. Hepatitis C

Q Fever*
Rabies*
Respiratory infection outbreaks in
institutions and public hospitals*

Rubella*

Rubella, congenital syndrome

Salmonellosis
Shigellosis*

Smallpox*
Syphilis

Echinococcus midtiloadaris
infection
Encephalitis, including:
1. Primary, viral
2. Post-infectious
3.Vaccine-related
4.Subacute sclerosing
panencephalitis
5. Unspecified

Influenza ( Note: Influenza in
Institutions*)

Lassa Fever*

Legionellosis
Leprosy-
Listeriosis
Lyme Disease

Measles*
Meningitis, acute*:
1. Bacterial*
2. Viral
3.Other
Meningococcal disease, invasive*
Mumps

Ophthalmia neonatorum

Tetanus
Trichinosis
Tuberculosis, active and latent
Tularemia
Typhoid Fever

Botulism’
Brucellosis*
Blastomycosis

Food poisoning,all causes

Gastroenteritis, institutional
outbreaks and in public hospitals*

Giardiasis, except asymptomatic
cases*

Gonorrhea

Campylobacter enteritis
Carbapenemase-Producing
Entcrobactcriaceae (GPE)
Chancroid
Chickenpox (Varicella)
Chlamydia trachomatis infections
Cholera*

Clostridium difficile' associated
disease (CDAD) outbreaks in public
hospitals
Coronavirus novel including SARS,
MERS, and COVID-19*

Creutzfeldt-Jakob Disease, all types*

Verotoxin-producing E. coli
infection* indicator conditions,
including Hemolytic Uremic
Syndrome (HUS)*

West Nile Virus illness, including:
1. West Nile fever
2. West Nile neurological

manifestations

j

I laemophilus influenzae b disease,
all types*

Hantavirus pulmonary syndrome*

Hemorrhagic fevers', including:
1. Ebola virus disease*

2.Marburg virus disease*
3.Other viral causes*

Hepatitis, viral*:
1.Hepatitis A’

Paralytic shellfish poisoning
Paratyphoid fever
Pertussis (whooping cough)
Plague*

Pneumococcal disease, invasive
Poliomyelitis, acute’
Psittacosis/Ornithosis

+
Yersiniosis
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Other Reportable Conditions
• in addition to reporting diseases, physicians have a legal responsibility to report certain conditions.

Ihe list below highlights some reportable conditions for Ontario, but is not exhaustive. See your
jurisdiction’s regulatory body for the full list

Live Births, Stillbirths, and Deaths- to the Registrar General or Coroner’
• all live and stillbirths must be reported within 2 business days
• a physician with sufficient familiarity of a patient’s illness or who was in attendance of a deceased

patient’s last illness must complete and sign the medical certificate of death
• physicians must contact a coroner or the police if patient is suspected to have deceased from violence,

misadventure, negligence, misconduct or malpractice, or any cause other than disease; by unfair
means; during pregnancy or postpartum from circumstances reasonably attributed to the pregnancy;
suddenly and unexpectedly; front an illness not treated by a legally qualified medical practitioner; or

..limit ’
eaths to the coroner'

under circumstances that may require investig
• physicians must report all medically assisted dr

Child Abuse - to Local Children's Aid Society (CAS)
• all child abuse and neglect where reasonable grounds to suspect exist (including physical harm,

emotional harm, sexual harm, and neglect)
ongoing duty to report; if additional reasonable grounds are suspected, a further report to CAS is
necessary

Gunshots Wounds - to Local Police Service
• all patients with gunshot or stab wounds should be reported as soon as is practical
• self-inflicted knife wounds are not reportable

Abuse of Long-Term Care or Retirement Home Residents - to the Registrar of the
Retirement Homes Regulatory Authority or Long-Term Care Home Director
• any resident suspected of being subject to or at risk of improper or incompetent treatment or care,

abuse or neglect, or unlawful conduct including financial abuse must be reported immediately

Unfit to Drive - to Provincial Ministry of Transportation
• all patients with a medical condition (e.g. dementia, untreated epilepsy, ophthalmological ) that may

impede their driving ability
• if a physician does not report and the driver gets into an accident, the physician may be held liable

Unfit to Fly- to Federal Ministry of Transportation
• all patients believed to be flight crew members or air traffic controller with a medical or optometric

condition that is likely to constitute a hazard to aviation safety
Source: CPSO. Mandatory anil Permissive Reporting. 2011. Available Iron: htlps:tfwww.cpso.on.ca/Physieians/Policies-6uidince/Policies/ Mandatory and -
Permissive-Repot ling

Landmark Public Health and Preventive Medicine Trials
Trial Name Reference Clinical Trial Details
Mammography

Swedish Two- County Trial Radiology 2011;260|3):6S8 63 Title: Swedish Iwo County Inal: Impact ol Mammographic Screening On Breast Cancer Mortality
During 3 Decades
Purpose: Evaluate the long-term effect ol mammographic screening on breast cancer mortality.
Methods;133065women aged 40-74 yr were randomly assigned to either a group invited lor
mammographic screening ora control group.A negative binomial regression analyzed mortality.
Results; At 29 yr of lollow- up.a large significant reduction in breast cancer mortality was found in
the group invited lor mammographic screening compared to the control group (relative risk'0.69;
95% Cl:0.56 to 0.84).
Conclusions: Invitation to mammographic screening leads lo a large significant deciease in bieast
cancer-related mortality.

Vaccination
VAXIC0 L J Am Geriatr Soc 2009:57|9):1580 G Title: Effect ol Influenza Vaccination ol Nursing Home Stall on Mortality ol Residents:A Cluster -

Randomized Iria!
Purpose: Evaluate the impact of influenza vaccination among staff on all-cause mortality in nursing
home residents.
Methods:40 nursing homes matched in pairs were randomly assigned to Ihe vaccination arm
or no-vaccination control arm. the vaccination arm involved a vaccine promotion campaign and
adminislration program for staff.
Results:Vaccination rates among stall In Ihe vaccination arm were 69.9% compared to 31.8% in the
no- vaccination arm. A stiong correlation between stall vaccination coverage and all-cause mortality
ol Ihe residents was found (correlation coellidenl - 0.42. P'0.007).
Conclusions: Ihe results support stall of nursing homes being vaccinated against influenza lo reduce
all-cause mortality ol residents.

r i
L J

+
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Acronyms
CPAP long-acting muscarinic

antagonist
low molecular weight heparin PIT
leukotricne receptor antagonist RA
left atrium
left ventricle
left ventricular end diastolic RF
pressure
maximal expiratory pressure RVEDV
maximal inspiratory pressure
metered dose inhaler
musculoskeletal
non-specific interstitial
pneumonia
nausea/vomiting
obstructive sleep apnea
posteroanterior
arterial partial pressure of
carbon dioxide
arterial partial pressure of
oxygen
alveolar partial pressure of
oxygen
positive airway pressure
atmospheric pressure
pulmonary capillary wedge UC
pressure
pulmonary embolism
positive end expiratory pressure V/Q
peak expiratory flow
pulmonary function tests
inspired oxygen tension

A-a alveolar-arterial
A-aD02 alveolar-arterial oxygen

diffusion gradient
ABG arterial blood gas
ACEI angiotensin converting enzyme CWP

inhibitor
AECOPD acute exacerbation of COPD

continuous positive airway
pressure
central sleep apnea
central venous pressure
coal worker's pneumoconiosis LA
disseminated intravascular
coagulation
carbon monoxide diffusing
capacity of lung
direct oral anticoagulant
distal phalangeal finger depth MDI
dry powdered inhaler
endobronchial ultrasound
early goal-directed therapy
expiratory reserve volume
forced expiratory flow rate
forced expiratory volume in 1 PA
second
fraction of oxygen in inspired air
functional residual capacity Pa02
forced vital capacity
glomerular basement membrane PA02
gastroesophageal reflux disease
headache
hypersensitivity pneumonitis Patm
hypothalamic-pituitary axis
inspiratory capacity
inhaled corticosteroid
interstitial lung disease
interphalangeal depth
idiopathic pulmonary fibrosis PFT
long-acting p-agonist

LAMA PP pulse pressure
proton pump inhibitor
partial thromboplastin time
rheumatoid arthritis
right axis deviation
right atrial pressure
rheumatoid factor
residual volume
right ventricular end diastolic
volume
right ventricular hypertrophy
short-acting (J2-agonists
short-acting muscarinic
antagonist
systemic inflammatory response
syndrome
sepsis-related organ failure
assessment score
quick sepsis-related organ
failure assessment score
stroke volume
superior vena cava
systemic vascular resistance
index
total lung capacity
ulcerative colitis
usual interstitial pneumonia
upper respiratory tract infection
ventilation-to-perfusion
vital capacity
venous thromboembolism
tidal volume

PPI
LMWH

CVI LTRA
RAD

DIC RAPLV
LVEDP

DLCOAHI apnea hypopnea index
acute interstitial pneumonia

RV
A1P MEP

DOACALI acute lung injury
ALS amyotrophic lateral sclerosis
ANA antinuclear antibody
ANCA anti- neutrophil cytoplasmic

antibody

MIP
DPD RVH
DPI MSK SABA
EBUS
EGDT

Anti-CCP anti-cyclic citrullinated peptide ERV
antibody

aPTT activated partial thromboplastin FEVt
time

ARDS acute respiratory distress
syndrome

ASA acetylsalicylic acid (Aspirin!) FVC
AV arteriovenous
BAPE benign asbestos pleural effusion GERD
8G blood glucose
BiPAP bilevel positive airway pressure HP
8SA body surface area

cancer
CCB calcium channel blocker
CF cystic fibrosis

cardiac index
CO cardiac output
COP cryptogenic organizing

pneumonia

NSIP SAMA

N/V SIRS
OSAFEF

SOFA
PaC02

Fi02 qSOFA
FRC

SV
GBM SVC

SVRI
PAPH/A

TLC
PCWPHPA

CA 1C UIP
ICS PE URTI
ILD PEEP

Cl IPD PEF VC
IPF VTE
LABA PiOB VT

Approach to the Respiratory Patient Respiration Patterns

yww
Normal

Basic Anatomy Review
A7V\.
Obstructive (prolonged expiration)
•Asthma. COPO

Bradypnea (slow respiratory rate)
•Drug-induced respiratory depression
•Diabetic coma (nonketotic )
•Increased ICP

Right upper lobe Lelt
upper lobe

Wl/WWWl
middle lobe _, Kussmaul's Breathing (fast and deep)

Metabolic acidosis
•Exercise
•Anxiety' Inferior lobar < 8,

t. bronchus .
« d._ •m XAA AAA-1

* Lett
Ibwer lobe

:;Right
lower lobe —1

Biol's/Atnxic
(irregular with long apncic periods)
•Drug-induced respiratory depression
•Increased ICP
•Brain damage (especially mcdullaryl

Lingula 2—x

8
f

SJ
Figure 1. Lung lobes and bronchi Cheyne- Stokes Breathing ( cyclical

pattern of crcsccndo-dccrcsccndo
breathing between periods ol apnoal
•Drug-induced respiratory depression
•Brain damage (especially cerebral!
•CHF
•Uremia

u ;

-xr̂ rvx/
+Apneuslic (prolonged inspiratory pause)

•Pontine lesion
rBonnm Tang 2012 j

Figure 2. Respiration patterns in
normal and disease states
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Differential Diagnoses of Common Presentations

Table 1. Differential Diagnosis of Dyspnea Table 2, Differential Diagnosis of Chest Pain
IPD>DPD DPD>IPu =Acute Dyspnea (Minutes-Days) Nonpleuritic Pleuritic

Cardiac
Acute Coronary Syndrome
Acute Oecompcnsdtcd Heart Failure
Acute myocardial infarction
CHF exacerbation
Cardiac tamponade
Arrhythmia

Pulmonary
Upper airway obstruction (anaphylaxis,aspiration, croup.EBV)

Airway disease (asthma.COPO exacerbation,bronchitis)
Parenchymal lung disease (ARDS, pneumonia)
Pulmonary vascular disease (PE,vasculitis)
Pleural disease (pneumothorax,tension pneumothorax,pleural
effusion)

Neurologic/Psychogenic
Respiratory control (metabolic acidosis, trauma)
Anxiety

Panic attack (Post Traumatic Stress Disorder)

Pulmonary
Pneumonia

Pulmonary
Pneumonia

PE PE
Neoplasm

Cardiac
Neoplasm
Pneumothorax
Pleurisy
Hemothorax

Ml Schamroths sign
Myocarditisipericarditis
Deconditioning

Esophageal
GERO
Spasm
Esophagitis
Ulceration
Achalasia
Neoplasm
Esophageal rupture

Mediastinal
Lymphoma
Thymoma

Subdiaphragmatic
Peptic ulcer disease
Gastritis
Biliary colic
Pancreatitis

Figure 3.Signs of nail clubbingTB
Empyema

Cardiac
Pericarditis
Drcsster 's syndrome

Signs of Respiratory Distress
Tachypnea
Central/peripheral cyanosis
Tachycardia
Inability to speak
Nasal flaring
Tracheal tug
Intercostal indrawing
Tripoding
Paradoxical breathing

Gl
Subphrenic abscess

MSK
Costochondritis
Fractured rib/flail chest
Myositis
Herpestoster

Psychogenic
Anxiety
Panic altackfdisorder

Chronic Dyspnea (+4 Weeks)
Cardiac
Valvular heart disease
Myocardial dyslundion (decreased CO)

Pulmonary
Airway disease (asthma.COPD)
Parenchymal lung disease (interstitial disease)
Pulmonary vascular disease (pulmonary HTN.vasculitis)
Pleural disease (effusion)

Metabolic
Medication
Severe anemia
Hyperthyroidism

Neuromuscular and chest wall disorders
Deconditioning,obesity,pregnancy,neuromuscular disease

Psychogenic
Anxiety

Vascular
Aortic aneurysm
Aortic dissection
Aortic iniury/rupturc Common Causes of Clubbing

• Pulmonary: lung CA.bronchiectasis,
pulmonary fibrosis,abscess, CF.TB.
empyema.A-V fistula/malformation
(NOT COPD)

• Cardiac: cyanotic congenital heart
disease, endocarditis

• Gl: inflammatory bowel disease,
celiac,cirrhosis, neoplasm

• Endocrine:Graves' disease
• Other:other malignancy,primary

hypertrophic osteoarthropathy

MSK
Costochondritis
Skin
Breast
Ribs
Rheumatic disease

Metabolic
Anemia
Hyperthyroidism

Psych
Anxiety
Panic attack/disorder

Miscellaneous
Pregnancy
Weight gain

See Cjrdioloqv and Cardiac Surqciy CS and Emergency MvJ mi- ER21 Clubbing is not seen in COPD - if
present, think malignancy

Table 3. Differential Diagnosis of Hemoptysis Table 4. Differential Diagnosis of Cough
Hemoptysis DDx Cough DDx

Airway Irritants
Inhaled smoke,dusts, lumes
Postnasal drip (upper airway cough syndrome)
Aspiration
Gastric contents (GERD)*
Laryngopharyngeal reflux
Oral secretions
Foreign body

Airway Disease
URTI includingpostnasal drip andsinusitis*
Acute or chronic bronchitis
Bronchiectasis
Neoplasm
Exlcrnal compression by node or mass lesion
Asthma*
COPD

Parenchymal Disease
Pneumonia
Lung abscess
Interstitial lung disease

Hemoptysis
• Most common cause is bronchitis
• 90% of massive hemoptysis is from

the bronchial arteries
• Definitions for hemoptysis vary,often

defined as “massive" if >600 mL/24
h or bleeding rate of >100 mL/h

Airway Disease
Acute orchronic bronchitis’
Bronchiectasis and CF
BronchogenicCA
Bronchial carcinoid tumour

Parenchymal Disease
Pneumonia
IB
lung abscess
Fungal Infection
Primary lung cancer
Pulmonary metastasis

Vascular Disease
Most Common Causes of Chronic
Cough in the Non-smoking Patient
(Cough >3 mo with Normal CXR). GERD
• Asthma
• Postnasal drip. ACEI

PE
Elevated pulmonary venous pressure:

lell ventricular dyslundion,' failure
Mitral stenosis

Vascular malformation
Vasculitis:
ANCA related vasculrtides

Goodpasture's syndrome
Idiopathic pulmonary hemosiderosis

Miscellaneous
Iatrogenic (lung biopsy,airway ablation procedures)
Impaired coagulation
Pulmonary endometriosis -catamenial hemoptysis
Trauma
Foreign body

r “i
L J

PE
CHF
Drug-induced (e.g. ACEl)
Smoking +

’"Big Three* causes of chronic cough

'Most common cause of hemoptysis

Adapted from: Weinberger SE. Principles of pulmonary medicine.Oth ed. 2008. With permission from Elsevier
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Pulmonary Function Tests
• useful in differentiating the pattern of lung disease (obstructive vs. restrictive)
• assess lung volumes, flow rates, and diffusion capacity
• note: normal values for FEVt are approximately ±20% of the predicted values (for age, sex, and

height); “Race” differences in predicted values are recognized but are not fully understood and likely
represent genetic ancestry and the effects of the social determinants of health

Table 5. Comparison of Lung Flow and Volume Parameters in Lung Disease
Figure 4A. Lung volumes and
capacities

Obstructive Restrictive
Decreased flow rales (most markedduring expiration)

Air trapping (increased RV/HC)

Hyperinflation (increased IlC)

Asthma,CORD, bronchiolitis.bronchiectasis/Cf•

Decreased lung compliance

Decreased lung volumes
m

I- /•DDx IlD.pleural disease, neuromuscular disease, chest wall
disease
Elevated or normal
Reduced

Reduced,normal or elevated
Normal or elevated (neuromuscular disease may have elevated
RV/TU ratio)

Reduced or normal depending on whether parenchymal or
extraparenchymal restriction is present

i v

t H f ' - , ;"-Ob&tfuctve - s’. , TFEWFVC Reduced
Elevated or normal .1second

time framer
ILC

Elevated or normal
Elevated or normal

RV
6 C 20

, NQ VOll MlRV/HC in

Figure 4B. Expiratory flow volume
curves
Adapted with permission from Elsevier.
Weinberger SE.Principlesof pulmonary medicine.
5th ed. 2008

DLCO Normal or reduced depending on disease state

'Bronchiectasis can be obstructive or mixed

Table 6. Common Respirology Procedures
Technique Purpose Description

Measure ERC After a normalexpiration, the patient inhales against a closed mouthpiece
Resultant changes in the volume and pressure of the plethysmograph are used to
calculate the volume of gas in the thorax
Useful lor patients with air trapping

A patient breathes from a closed circuit containing a known concentration and
volume olhelium
Since the amount olhelium remains constant. ERC is determined based on the
final concentration ol the helium in the closed system
Only includes airspaces that communicate with thebronchial tree and is
dependent on airflow - may underestimate volumes inpatients with gas trapping

A flexible or rigid bronchoscope is used for visualization of a patient's airways
allows lor:
Bronchial and broncho- alveolar lavage (washings) loi culture, cell count
analysis,and cytology
Endobronchial ortransbronchial tissue biopsies
Removal of secretions/foreign bodies/blood
Laser resections
Airway stenting
Mediastinal lymph nodes can also be sampled using a special bronchoscope
equipped with an U/S probe (EBUS)

Plethysmography ("body
box")

Lung Volumes
ERV Expiratory Reserve Volume

Forced Expiratory Flow Rate
Forced Expiratory Volume

(in one second)
Functional Residual Capacity
Inspiratory Capacity
Residual Volume

FEFHe Dilution Measure ERC
FEVr

FRC
1C
RV
TLC - Total Lung Capacity
FVC - Forced Vital Capacity
VT - Tidal Volume

Diagnosis and therapyBronchoscopy

PvImMMv Fanctlon Tests IPFTs)

i i
FEV,;FVC >LLN FEV yEVC <LLN

Airflow obstf ucton

» I J^Lunq voluTtinormal j Lung volurr•» low.
especta .y TIC.RV [ Give branched *tor

t

s
0L»
I

* T^Normal j

0 Rise KV J."- , SIKI
jJOO CC » cl 01 positive

methachobie tail
][ No significant

changa in FEV.I
fNorma PFT^V, J I tANEMIA

PULMONARY VASCULAR
DISEASE. NTERSTIHAL

DISEASE (EARLYI,
EMPHYSEMA(EARLY)

t Flow volume loop, lung
volumes.DtnINTERSTITIAL

LUNG DISEASE ASTHMA r i
L J

TI I J f n-un TCC,uwOC J( Normal TLC and DL^Decreased
TLC and FRC.

normalRV

Decreased TLC and FRC •
mc/fjiedRV (and low

MlPandMEPl t
CHRONIC BRONCHITIS.

BRONCHIOLITIS.
BROCHIECTASIS

+EMPHYSEMAI
CHEs

"?WALL
DISEASE

NEUROMUSCULAR
DISEASE•LLN - lower lirriof normal

Figure 5. Interpreting PFTs
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Chest X-Rays
• see Medical Imaging. M14

Table 7. CXR Patterns and Differential Diagnosis
Pattern Signs Common DDx

Consolidation ("Airspace disease") Acute: water (CHF ). pus ( pneumonia), blood
(hemorrhage)
Chronic: neoplasm (lymphoma, bronchioloalveolar
carcinoma), inflammatory (eosinophilic pneumonia ,

organicing pneumonia), infection (T8.fungal)

110|IPF, collagen vascular disease, asbestos, drugs.

Airbronchogram
Silhouette sign
less visible blood vessels

Reticular (“Interstitial disease") Increased linear markings
Fine or ground glass opacities
Honeycombing (clustered cystic changes seen
in IPF usually, but also in rheumatoid arthritis,
asbestosis etc.)
Cavitary vs. non cavitary

HP)

Cavitary: neoplasm ( primary - squamous cell
carcinoma vs.metastatic cancer), infectious
(anaerobic or Cram negative, IB. fungal),
inflammatory ( RA. sarcoidosis, granulomatosis with
polyangiitis (G PA))
Non-cavitary:above *sarcoidosis. Kaposi's sarcoma

(in HIV),silicosis, and coal worker's pneumoconiosis

Hodular

10D
Arterial Blood Gases

• provides information on acid-base and oxygenation status
• see Nephrology. NPI7

BO

5 CDe
3Approach to Acid-Base Status

1 . Is the pH acidemic ( pH <7.35), alkalemic (pH >7.45), or normal (pH 735-745)?
2. What is the primary disturbance?

metabolic: change in HCOJ and pH in same directions
respiratory: change in HCOi- and pH in opposite directions

3.is there appropriate compensation? (see Table S )
metabolic compensation occurs over 2-3 d reflecting altered renal HC03- production and excretion
respiratory compensation through ventilatory control of FaCOj occurs immediately
inadequate compensation may indicate a second acid-base disorder

u2 ti&
pH 7.40. T=3S"C

20

^ 0 2D -CD GO 30 ICO
pOilmmHgl

Figure 6. Oxygen-Hb dissociation
curve

Table 8. Expected Compensation for Specific Acid-Base Disorders
Disturbance PaC02 (mmHg) (normal ~40) HCOrTmmHg) (normal '-24)

Factors that Shift the Oxygen-Hb
Dissociation Curve to the RightRespiratory Acidosis

Acute

Chronic
110 1 1

"CADET, face right!"
tIO t 3 CO l

Add
2,3-DPG
Exercise
Temperature (increased)

Respiratory Alkalosis

Acute

Chronic

Metabolic Acidosis

* 24 10

* 1 0 * 5
Note: 2,3-DPG (2,3-diphosphoglycerate)
is now called 2.3-BPG
(2,3-biphosphoglycerate)

* 1 « t
Metabolic Alkalosis »10tS-7

4. If the patient has metabolic acidosis, what is the anion gap and osmolar gap?
• anion gap =|Na + ]-(|Cl")+|HCOj']); normal 5-14 mmol/L
• osmolar gap = measured osmolarity - calculated osmolarity = measured - (2[ Na '|+ glucose t

urea); normal £10 mmol/ L
abnormal osmolar gap indicates the presence of alcohols

5. If anion gap is increased, is the change in bicarbonate the same as the change in anion gap?
if not, consider a mixed metabolic picture

Acidosis «»Hyperkalemia
Alkalosis••Hypokalemia

Note:Mixed acid-base disturbances can
still have a "normal" pHTable 9. Differential Diagnosis of Respiratory Acidosis

Incieosed MOisecondory tohypovonIdalion

Neuromuscular Disorders
(Decreased Vital Capacity)
Myasthenia gravis
Guillain - Barre syndrome
Botulism
Poliomyelitis
Muscular dystrophies

Mechanical Hypoventilation
(Inadequate Mechanical
Ventilation)

Respiratory Centre Depression
( Decreased RR )
Drugs (anesthesia, sedatives,
narcotics)
Iraume
Encephalitis
Stroke
Central apnea
Supplemental Ol in chronic C02
retainers (e.g. C0P0)

Lung Disease
Chronic: C0P0. CF
Acute: Asthma
Pulmonary edema
Pneumothorax
Pneumonia

r i
L J

Osmolar Gap - measured osmolarity
- calculated osmolarity: for calculated
osmolarity think "2 salts and a sticky
BUN” (2Na +glucose + urea)

ILD (late stage)
ALS - IT' * +Myopathies
Chest wall disease (obesity,

kyphoscoliosis)
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Table 10. Differential Diagnosis of Respiratory Alkalosis
Oectcan'd P<iCO:se<ondoty to hypeivtnlilotion

Anion Gap Metabolic Acidosis
Systemic Diseases
Pulmonary disease (pneumonia,edema.PE.
interstitial fibrosis)
Severe anemia
Heart failure

Respiratory Centre Stimulation
Drugs (ASA.progesterone,theophylline,
catecholamines,psychotropics, nicotine,
salicylates)
Hepatic failure
Gram-negative sepsis
Pregnancy
Anxiety

Mechanical Hyperventilation
(Excessive Mechanical Ventilation) MUDPILESCAT

Methanol
Uremia
Diabetic ketoacidosis/starvation
ketoacidosis
Phenformin/Paraldehyde
Isoniazid.Iron. Ibuprofen
Lactic acidosis
Ethylene glycol
Salicylates
Cyanide.Carbon dioxide
Alcoholic ketoacidosis
Toluene.Theophylline

Pain
High altitude

• see Nephrology. N PIS for differential diagnosis of metabolic acidosis and alkalosis

What is the P.Or? (normal 95-100 mntHy )
I

fP,0;<95 mmHg j
* At Sea Level on Room Air

FiOr‘0.21
Hlem - 760 mmHg
PHrO - 47 mmHg
RO -0.8
Thus.A-aDCC gradient on room air
A-aDQ - (150 -1.25[PaOrfl - PaOr
P1O2 - (FiOz x (barometric pressure-
PHrO))

What is the A-a gradient?
(normal <15 mmHg but increases with age)

I
T r

[ Lung normal A-a gradient|<15 mmHgl = normal lungs ]Increased A-a gradient (>15 mmHg) = lung disease
• Decreased DLco

T Ti Increased ft C0r

• Hypoventilation
Normal P.CQ
• Low PiQ

(e.g. high altitude)
( Give 100% 0,

£ jr_ Diffusion Capacity for CO
PjOrimproves
• V/Q mismatch
• Airway disease (asthma.C0PD)
• ILD
• Alveolar disease
• Pulmonary vascular disease

P.Qdoes not improve
• Shunt
• Anatomical (intracardiac or
intrapulmonary)
• Physiological (severely

consolidated or atelectatic
lung)

DLco decreases in:. ILD
• Pulmonary vascular disease
• Anemia. Emphysema (decreased surface area)

DLco increases in/with:
• Asthma
• Obesity
• Pulmonary hemorrhage
• L eft to right intracardiac shunt
• Polycythemia
• Post exercise physiology (increased

pulmonary blood volume)

Figure 7. Approach to hypoxemia

0r= 150 mmHg
C0r= 0

B

Or- 40
CO- 45

Pulmonary Shunt
When blood bypasses the alveolar
membrane by means of an abnormal
circulation pathway and reaches the
pulmonary venous system with de-
oxygenated hemoglobin.
Shunt like physiology occurs when
blood passes through areas of the lung
that have very little ventilation (e.g.
densely consolidated lung in a severe
pneumonia).

:Q- 45Shunt Dead Space

O; -4 *Normal 00

Decreasing
Vx /Q

Increasing
V*/Q

Figure 8. Pathophysiology of V/Q mismatch
Flguie adapted from West -Respiratory Physiology: The Essentials.9th Ed. 2012. lippincott Williams & Wilkins.Philadelphia, PA.

1
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Airway Disease
Pneumonia Airway Obstruction (Decreased FEVi). Asthma

• COPD (chronic bronchitis,
emphysema)

• Bronchiectasis (obstructive or mixed)
• Cystic fibrosis (obstructive or mixed)

• see Paediatrics, P93

Asthma

<§>•see Family Medicine. 1M19 and Paediatrics, P9 I

Definition
•chronic inflammatory disorder of the airways resulting in episodes of reversible bronchospasm

causing airflow obstruction
•associated with reversible airflow limitation and airway hvper-responsiveness to endogenous or

exogenous stimuli
•inflamed airways undergo a variety of changes including hypertrophy of airway smooth muscle and

hyperplasia of mucous producing goblet cells

Epidemiology
•common, 10.8% of Canadians (3.8 million);8-10% of adults, 10-15% of children (however often

“overdiagnosed” because inaccurate clinical diagnosis, failure to use objective testing)
•most children with asthma significantly improve in adolescence
•often family history of atopy (asthma, allergic rhinitis, eczema )
•work-related asthma (includes work-exacerbated asthma or occupational asthma caused hy high or

low molecular weight sensitizer exposure)

Red Flags
Severe tachypnea/tachycardia,
respiratory muscle fatigue, diminished
expiratory effort cyanosis, silent chest,
decreased IOC

Central cyanosis is not detectable until
SaOjis <85%. It is more easily detected
in polycythemia and less readily
detectable in anemia

Pathophysiology
Severe asthma attack:
•airway obstruction * V/Q mismatch >•hypoxemia * t ventilation •» *PaCiO > » tpH and muscle

fatigue * *ventilation, t PaQ)’/*pH

Signs and Symptoms
•dyspnea, wheezing, chest tightness, cough, sputum
•symptoms usually occur or worsen at night or early morning
•symptoms can be paroxysmal or persistent
•when having an asthma attack: signs of respiratory distress, pulsus paradoxus

Asthma Triggers
Irritants, such as:. URTIs
• Emotion/anxiety
t Cold air
• Exercise. GERD
• Cigarette smoke, air pollution
• Strong scents
Allergens, such as:
• Pet dander
• House dust
• Mould
« CockroachesTable 11. Criteria for Determining if Asthma is Well Controlled
• Seasonal allergens (grassj'tree/weed/

ragweed)
Daytime symptoms <2 d/wk

Night-time symptoms <1 night/wk
Physical activity normal (unimpaired by symptoms)

Exacerbations mild, infrequent (no ER visit, hospitalization, use oi
prednisone)

No asthma -related absence from work/school
p2- agonist use <2 times/wk
FEVi or PEf >M% of personal best

PEE diurnal variation <10-15%

Other:
• NSAIDs (Samter's triad ^ asthma.

NSAID sensitivity , nasal polyps)
• |3 blockers (especially non-

cardioselective)
• Hormonal fluctuationsCan J Rcspli Crll Cnru Sleep Med 2021: 5:0.348-351

Table 12. Pulmonary Function Criteria for Diagnosis of Asthma (in ages 6+)
Preferred Measurement Alternative Measurements

Signs of Poor Asthma ControlSpirometry Showing Reversible Airway Obstruction
1. 4 FEVt/ FVC below lower limit of normal

Adults: typically <0.75 to 0.8
Children age 6>: typically < 0.8 0 9

Peak Expiratory Flow Variability
1.1 in PEE after a bronchodilator or couisc of controller therapy

Adults: PEF increase >60 L /min (and >20%) OR
Diurnal variation >8% loi twice daily readings|- 20% lor multiple
daily readings)
Children age 6*: PEF increase >20%

•DANGERS"
Daytime Sx >3 d/wk
Activities ( physical) reduced
Night -time Sx >1 night/wk
GP visits (unscheduled visits for
exacerbations, requiring steroids)
ER visits or hospitalizations for
exacerbations
Rescue puffer (SABA) use >3times/wk
School or work absences

AND
2. t FEVt >12% (and >200 ml in adults) after bronchodilator or a

course of controller therapy
PositiveChallenge Test
1. Methacholine challenge: positive if FEV r 4 >20% at any inhaled

methacholine dose <4 mg/ml (borderline if 4-16 mg/ml is required)
2. Post -exercise: 4 FEVi >1015%

Adapted horn: Can J Respir Cut Care Sleep Med 2021:5:6.348-351

Treatment
• environment: identify and avoid triggers
• patient education: features of the disease, goals of treatment, self-management asthma action plan,

inhaler technique
• pharmacological

• symptomatic relief in acute episodes: short-acting (12-agonist or combined, long acting (12-agonist
with inhaled corticosteroid (formoterol/budesonide)

r -\
L J

+



R8 Rcspirology Toronto Notes 2023

• long-term maintenance: any patient with poor control ( Table 11, 1(7 ) and /or at risk of
exacerbations should be on an inhaled corticosteroid-containing regimen (see l igure 9 )
risk of exacerbation defined as any of: 1) history of a previous requiring any of: systemic steroids,
ED visit or hospitalization, 2) poorly-controlled asthma, 3) overuse of SABA (defined as use of
more than 2 inhalers of SABA in I year), or 4) current smoker

1. start with daily inhaled corticosteroids (or long acting p2-agonist with inhaled
corticosteroid (formoterol/budesonide) as needed in patients 12 y/o - especially in
patients expected to have low adherence to a daily inhaled corticosteroid)

2. add long-acting p2-agonists to low dose inhaled corticosteroids in adults (use a combination
inhaler; avoid separate ICS and LABA inhalers)

3. escalate inhaled corticosteroid dose
4. consider L I RA, long-acting anticholinergics, oral corticosteroids, and biologies (e.g. anti-

IgE agents, including omalizumab, anti-lL5/lL5R agents, such as mepolizumab, and anti-
IL-4/13 drugs, including dupilumab)

Emergency Management of Asthma
•see Emergency Medicine, ER29

1.inhaled (52-agonist first line (MD1 route and spacer device recommended)
2.systemic steroids (PO or IV if severe)
3. if severe, add anticholinergic therapy ± magnesium sulfate
4.SC/ I V adrenaline if caused by anaphylaxis or if unresponsive to inhaled (52-agonist
5. rapid sequence intubation in life-threatening cases (plus 100% 02, monitors, IV access)
6.inhaled corticosteroid maintenance therapy at discharge

Asthma Action Plan
A written plan developed by providers
for patients with asthma, which includes
signs and symptoms for patients to
recognize acute loss of asthma control
(typically denoted as 'greerf for good
control, ‘yellow' for transient loss of
control, or ‘red'emergency1 zones) and
personalized treatment instructions for
each zone (usually quadrupling inhaled
corticosteroid dose in the yellow zone
for 7-14 days)

Addition of Long -Acting g2-Agonists to
Inhaled Corticosteroids vs.Same Dose Inhaled
Corticosteroids for Chronic Asthma in Adults
and Children
Cochiane 08 Syst In2O10:CDOOS53S
Purpose In quantify the solely and effiucyof
addiiion of LABAs to ICS in asthmatic patients
insufficiently controlled on ICS alone.
Methods: RCIs co — paring addition of inhaled LABAs
vs. placebo to the same dose of ICS in children 2 yr
and above and in adults neie included.
Results: II studies.16623 adults and 4626 d ildren.
Addiiion of a daily LABAio ICS reduced risk of
exacerbations requiring oral steroids by 23% and
led tn a significantly greater improvement in FEV1
compared to ICS monotherapy.
Conclusions: In adults who are symptomatic on low
to high doses ol ICS monotherapy, the addition ol a
LA8A induces rale ol eiaterhaltonsand improves lung
function. In children, the effects of (his treatment
are uncertain.

Guidelines for Asthma Management

Regularly Reassess
• Control
• Risk exacerbation
• Spirometry or PEF
• Inhaler technique
• Adherence
• Triggers
• Comorbidities
• Sputum eosinophils'

rSe'vetYAsiVmY'

17 yr Add ITPLA
ntli’or tiotropium

6-11 yr: Add LABAorURA

£l2 yrAdd LABA*
6-11 yr I $II S

Inholad Corticosteroid IICS)*
‘Secoad-liiitt Leuko&ieae R*c«yitor Antagonist ( LTRAl Add a LABA to ICS for patients with any

criteria for poorly controlled asthma (see
Table 11)><=250 H^d' 251-500M/d >500 Mg/d

Low Doia Medium Goto High Doia>' TOOiij d 701-400 iifti'd

Remember to step down therapy to
lowest doses which maintain good
asthma control fbble 11)SABA or bud/form* as needed

u‘Environmental Control. Education, and Written Action Plan S
r"
£Confirm Diagnosis
I

<5; Unconl/olM^^> 5
tnutr oiled 0

UFA Boclomothosono or equivalent;’Second line.LTRA, Approved for 12 yr andover.’Ufing a formulation approvod for use as a rolievor;
'In adults 18 yr and older with moderate to severe asthma
'Bud/form is approved as a reliever for s.12 years of age and should only be used as a reliever in individuals using it as monotherapy or in
conjunction with bud/form maintenance therapy

, " For severe asthma refer to CTS 2017 Recognition and Management of Severe Asthma Position Statement

Figure 9. Guidelines for asthma management
Adapted from:Con J Respir Crit Care Sleep Med 2021:5:6.348-301

Chronic Obstructive Pulmonary Disease
Natural Progression of COPD
40s Chronic productive cough,

wheezing occasionally
50s 1st acute chest illness
60s Dyspnea on exertion, increasing

sputum, more frequent
exacerbations

Late Hypoxemia with cyanosis.
Stage polycythemia, hypercapnia

(morning headache), cor
pulmonale, weight loss

•see Eamilv Medicine. EM 19

Definition
•progressive and irreversible condition of the lung characterized by chronic obstruction to airflow with

many patients having periodic exacerbations, gas trapping, lung hyperinflation, and at end stages,
weight loss

•spirometry required for diagnosis (post-bronchodilator l 'EVi /EVC <0.70 or lower limit of normal)
(also often “overdiagnosed” due to inaccuracy of a clinical diagnosis)

•2 phenotypes: chronic bronchitis and emphysema (usually coexist to variable degrees)
•gradual decrease in EEVi over time, more rapidly with each acute exacerbation

L J
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Table 13. Clinical and Pathologic Features of COPD*

Chronic Bronchitis Emphysema
ICS-Formoterol Relieirer vs. ICS and SABA
Relieverin Asthma:a Systematic Review and
Meta-Analysis
ERi Open Research 2020:7
Purpose: Conduct a systematic review and meta -

arsalysls lo evaluate the efficacy of as needed ICS-
formoterol versus ICS•as needed SA8A in patients
with mild-mo derate asthma.
Methods:RCTs companrg as needed ICS-formoterol
versus ICS* as needed SABA in adults andfor children
with mild-moderate asthma weie included,eidudmg
studies that did not report severe eiaceihahons.
Databases searched were EMBASE. MEDLINE,the
Cochrane Central Regster of ControlledInals,and
ClinicalTrials.gov.The primary study outcome was
timeto first exacerbation.
Results: Alter applyingeligibility criteria. 4 RCTs
wtie included in the meta-analysis, all comparing
budesomde DPI budesonde * as needed SABA toDPI
budesomde-formoterol.B.desonde - form otero ' as
needed reduced therate ratio and odds of primary
outcome|RR 0.85,95%Cl 0.73 to 1.00; OR 0.86:95=5
aD.73 tot.01|.
Conclusion: [here was a m odest 15% reductionn
the haiaid ratio ol first eiacerbation with hudesonde
formoterol as needed combination versus the ICS * as
needed SABA maintenance regimen.Currentty.theie
remains no agreed standard for a minimal clinically
important difference.Overall, this study is consistent
with the OIKA 2021recommendations preferring
ICS-formoterol as-needed over ICS maintenance
therapy In mad asthma.Note that Canadian
fjidebnesstill recommend ICS * as needed SABAas
first line for patients with suboptimalcontrol,as d
may he superior to budesomde-formoterol as needed
combination for symptom control,and considers
them egual alternatives for those who have good
symptom control hut are otherwise at high nsk for
exacerbations. A decisionaid is available toassist
patients/pioviders when selecting between these
options (www.asthmadecisionaid.coml.

Defined Clinically
Productive cough on most days for at least 3 consecutive months in 2
successive years
Obstruction is mostly due to natiowmg of the airway lumen by mucosal Decreased clastic recoil ol lungparenchyma causes decreased
thickening and excess mucus
Airway changes include increased goblet cells,fibrosis of bronchioles, trapping
loss of tethering due to destruction of alveolar walls

Defined Pathologically
Dilation and destruction of air spaces distal to the terminal bronchiole
without obvious fibrosis

expiratory driving pressure, airway collapse (obstruction),and air

2 Types
1.Ccnlrilobular (respiratory bronchioles predominantly affected)
Typical form seen in smokers,primarily affects upper lung rones
2. Panacinar (all parts of acinus)
Accounts for about1% of emphysema cases, typically from
o1-antitrypsin deficiency,primarily affects lower lobes

’Note that the pathological changes of chronic bronchitis and emphysema can exist without obstruction.Only if spirometric obstruction is also
present is it termed COPD

Risk Factors
• smoking is the al risk factor in Western countries
• environmental:exposure to wood smoke or other biomass fuel for cooking (especially in developing

countries), air pollution, occupational exposures
• treatable factors: a1-antitrypsin deficiency, HIV (accelerated COPD progression), concurrent bronchial

hyperactivity (aslhma-COPD overlap - “ACO”)
• demographic factors: age, history of childhood respiratory infections, low socioeconomic status

Signs and Symptoms

Table 14. Clinical Features and Investigations for Emphysema and Chronic Bronchitis
Symptoms Signs Investigations
Chronic productive cough
Purulent sputum

Cyanosis (2° to hypoxemia)
Peripheral edema from RHF (cor
pulmonale)
Crackles,whceies
Prolonged expiration
FiequenRIy obese

Chronic Bronchitis (Blue
Bloater*)

PFT:
FEVi. 4 FEVi/FVC

N TIC. 4 or N DUO
CXR:
AP diameter normal
t broncbovascular markings
Enlarged heart with cor pulmonale
(end-stage)

Emphysema (Pink Puffer*) Dyspnea|* exertion)
Minimal cough
Tachypnea
Decreased exercise tolerance

Pink skin
Pursed-lip breathing
Accessory muscle use
Cachectic appearance due
lo calorie consumption from
increased work of breathing
Hyperinflationfbarrel chest
Hyperresonant percussion
Decreased breath sounds
Decreased diaphragmatic
excursion

PFT:
4 fEVl. 4 fEVi/FVC
•IlC (hyperinflation)
t RV (gas trapping)
4 DUO

Complications of COPD
• Chronic hypoxemia
• Polycythemia 2° to hypoxemia
• Pulmonary HTN (torn loss of vascular

bed (emphysema)
• Cor pulmonale
• Pneumothorax due lo rupture of

emphysematous bullae
• Depression
• COPD exacerbations

CXR:

•AP diameter
flat hemidiaphragm(on lateral
CXR)
4 cardiac silhouette
t retrosternal space
Bullae
4 peripheral vascular markings

'Note that "blue bloater* and"pink puffer* phenotypes are extremes and most COPDpatients have elements olboth.They are also outdated terms
ijiely used Inclinical practice.

COx Retainers
On AB6, retainers have chronically
elevated CQlevels, usually with a
near normal pH (due to metabolic
compensation). Maintain Ox saturation
between 88-92% to prevent
exacerbating hypercapnia due to
worsening V/Q mismatch.Haldane
effect, and/or decreased respiratory
drive (in order of physiologic importance)

r t
t_ J

Remember, the most important
intervention for COPD patients who
smoke is smoking cessation
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Table 15. Treatment of Stable COPD
Treatment Details

GOLD Classification of the Severity
of COPD. GOLD1:Mild FEVi >80% of predicted. GOLD 2:Moderate 50%<FEVi <80%

of predicted
• GOLD 3:Severe 30% sFEVi <50% of

predicted
• GOLD 4:Very Severe FEVi <30% of

predicted
Note:Use COPO Assessment fool lor tompetienshe
iisiessinfflt ol symptoms.w«ik conflation between f IV-and symptoms

Prolong Survival
Smoking Cessation
Vaccination

Home Oxygen

Counselling,nicotine replacement (long * short -acting],bupropion,varenicline. combinations tbereol
Annual influenza vaccination;pneumococcal vaccination

Prevents cor pulmonale and decreases mortality ilused >15 h/d:indicated if;
|1) PaO;!55 mmHgor
(2) PaOr 56-59 mmHg withcor pulmonale or polycythemia

Symptomatic Relief (No Mortality Benefit]

Bronchodilators (mainstay of
current drug therapy,used in
combination)

Short -acting bronchodilators: recommended in all patients for prnrelief of dyspnea

SABAs (e.g. salbulamol. terbulalme): rapid onset

SAMAs (e.g.ipratropium bromide);slightly more effective than SABAs with fewer side effects but
slower onset

Combination therapy SABAfSAMA can be used
long-acting bronchodilators: recommended to reduce dyspnea, improve exercise tolerance, reduce
exacerbations lor patients with moderate to severe COPD

LABAs (e.g. salmeterol.formoterol.indacaterol)
LAMAs (e.g. tiotropium bromide,glycopyrronium bromide):greater effect at reducing exacerbations
compared lo lABAs
LABA/LAMA dual therapy is recommended in patients with persistent dyspnea,exacerbations,exercise
intolerance,and/or persistently poor health status despite the use of LABA or LAMA monotherapy
LABA/LAMA/ICS triple therapy can be used in patients with persislenl dyspnea and/or exaccrbalions
despite the use ol LABA /LAMA dual therapy

Oral therapies
Insufficient or equivocal evidenceto determine whether the addition of oral theophyllines confers
benefit in stable COPD (high-risk toxicity profile;nervous tremor,nausea/vomiting/diarrhea,
tachycardia, arrhythmias,sleep changes)

PDE4 inhibitor:roflumilast (Daxas 31recommended for patients with chronic bronchitisat high risk of
AECOPD
ICS monotherapy has been shown to increase the incidence of pneumonia in COPO:ICS should only be
used as part of a combination inhaler with LA8A or with LABA /LAMA as triple therapy,in patients with a
history ol exaccrbalions.end-stage disease, and/or concomitant asthma

Oral corticosteroids:used to treat acute exacerbations:patients should be warned of side effects
Lung volume reduction surgery (resection ol emphysematous parts of lung,avoided due to higher
mortality if FEV1 <20%).lung transplant

Patient education,vaccination.oxygen if required,eliminate respiratory irnlants/allergens (occupational/
environmental), exercise rehabilitation to improve physical endurance
Pulmonary rehabilitation:may reduce mortality if offered within 2wk after hospitalization with an
acute exacerbation of COPD;should be offered to any patient with high symptom burden and/or frequent
exacerbations

Systemic Corticosteroids for Acute Exacerbations
ol ChroaicObstructivc Pulmonary Oiscase
Coc -rane DB Syst Rev 2014:9:CD001228
Study:Cochrane systematic review 16 studies.
Population:1/87 patients with acute COPD
exacerbations.
Intervention Oral or parenteral corticosteroids
vs.placebo.
Outcome: Tieatnent tai lure,risk of relapse,time to
neit COPD exacerbation,likelihood oladverse event,
length of hospital stay, and tun;function at endof
treatment.
Results: Systenuc corticosteroids reduced the
risk of treatment failure hy over half compared
with placebo in rune studies|tr912) with median
treatment duration 14 d. odds ratio|0R) 0.48 (95% Cl
0.35 0.62). Theeridenu was graded us high quality
and it would have been necessary to treat nine people
(95%0 2-14) with systemic corticosteroids to avod
one treatment failure.There was moderate-quality
ev deuce for a lower rate of relapse at1mo for
treatment with systemic corticosteroid in two studies
|n-4IS) (hazard ratio (HR) 0.28:95% Cl 0.63 -0.92).
Mortality up to 30 d was not reduced by treatment
with systemic corticosteroid compared with coatrol
in12 studies (n-1319:OR 1.00:95% Cl 0.60-1.66).
FEVi.measured up to 22 hours,showed significant
increase (2 studies;n-649.mean diflerence (MO)
140 ml95% Cl 90 -200):however, this benefit was
notohserved at later timepoints.The likelihood
of adverse events increased with corticosteroid
treatment (OR 2.33; 95%Cl1.59-3.43). Theriskof
hyperglycemia was significantly increased (OR 2.29:
95% Cl1.86-4.19).For general inpatient treatment,
duration ol hospitalization wassignificantly shorter
with corticosteroid treatment (MD -1.22 d;95% Cl
-2.26 to -0.18).with no difference in length of slay io
the intensive care unit (ICU) setting. Comparisonol
parenteral vs.oral treatment showed no significant
diflerence inthe primary outcomes of treatment
failure,relapse, mortality ov for any secondary
outcomes.
Conclusion: Ihere is high quality eridence to support
treatment of exacerbations ol COPO with system ic
corticosteroid hy the oral or parenteral route m
reducungtbe likelihood of treatment failureand
relapse at 1no. shortening lengthof stay «ihospital
Inpatients not requiring assisted ventilation in ICU
and proridmg earlier improvement in lung function
and symptoms. There is no eridence of benefit for
parenteral treatment compared with oral treatment
with cprticosteioid on treatment failure,relapse or
mortakty. There Is an Increase in adveise drug effects
with corticosteroids treatment,which is greater
with parenteral administration compared withoral
treatment.

Corticosteroids

Surgical

Other

| Lung Transplantation
| Oxygen +/- NIV

| Oral Therapies
Pulmonary Rehabilitation

Inhaled Long-Acting Therapies CN

8Sell-Management Education + Smoking Cessation +
Exercise and Active Lifestyle -f Vaccinations -f Short-Acting
Bronchodilator pm

il
1-cc

Lung Function
Impairment

Symptoms (CAT) >10

©SevereMild !
<0

40

fDyspnea (mMRC) 1 4 - •

tt 8
Prevent/Treat AECOPD

/Assess for
Features of Asthma

Early Diagnosis
(Spirometry) +

Prevention
1End-nf-Ljfe Care
“
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Figure 10. Guidelines for COPD management
Adapted from:Canadian Thoracic Society Clinical Practice Guideline on pharmacotherapy inpatients with COPO- 2019 update of evidence.Can J
Respir Crit Care Sleep Med 2019;3:4.210-232

+Acute Exacerbations of COPD
•definition

• sustained (>48 h) worsening of dyspnea, cough, or sputum production, often leading to an
increased use of rescue medications

• in addition, defined as either purulent or non-purulent ( to predict need for antibiotic therapy)
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•etiology: viral URT1, bacteria, air pollution, (.'HI , PE, Ml
• management

ABCs, consider NIV early if high CO:and/or reduced pH
0 2: target 88-92% SaO:for CO’ retainers
bronchodilators by M DI with spacer or nebulizer
SABA t anticholinergic, e.g. salbutamol and ipratropium bromide via nebulizers
systemic corticosteroids: oral prednisone (if absorption issue can use IV methylprednisolone)
antibiotics for purulent CORD exacerbations
patients with no risk factors for resistant organisms: any of doxycycline/macrolide/amoxicillin/
etc.

• patients with risk factors for resistant organisms: amoxicillin/davulanic acid or respiratory
fluoroquinolone
post exacerbation: rehabilitation within 2 wk if possible

•ICU admission
for life-threatening exacerbations

• ventilatory support. non-lnvasive: NIPPV ( BiPAP)
conventional mechanical ventilation

Dual Combination Therapy vs. Long Acting
Bronchodilators Alone for Chronic Obstructive
ftilmonary Disease (COPO):A Systematic Review
and Network Meta -Analysis
Cochrane DB Syst dev 2018: CD01262O
Study: Cochrane systematic renew ol 99 studes
Population: 101311 participants with moderate to
severe COPD.
Intervention: four Afferent groups of inhalers (Le.
UBA/IAMA combination. LABA.’ICS combination.
LAMA and IABA).
Outcomes: COPO tracerbations (moderate to severe
and severel. symptom and quality of life scores,
safety outcomes, and long function.
Result: LABA 'LAMA combination therapy is most
effective in reducing COPD eracerbations, followed
by LAMA III high- risk and low-risk populations. LABAf
LAMA decreases moderate-lo-severe eiaterbat«os
compared to IABAUCS ( HR 0 86:95% credible interval
(Ctl|0.76-0.99). LAMA (HR 0.82: 95% Crl 0.28 to 0.99|.
and LABA in high-risk populations (HR 0.20; 95% Crl
0.61-0.801. LAMA decreases moderate-to-severe
eracerbations comparedto IAEA in high-risk (HR
0.80:95% Crl 0.21- 0.88) and low - risk populations
(HI 0.82: 95% Cil 0.28 - 0.9) ]. lABA /lAMA decreases
severe eyucerbationscompaied to LABA 'ICS (HR
0.28:95% Crl 0.64-0.93) and LABA (HR 0.64:95%
Crl 0.51-0.81) In high-risk populations.There wasa
general trend of the combination therapies having
greater improvement m symptom and quality of life
scores compared to monotherapies. IABAUCS was
the lowest ranked for pneumonia seriousadverse
events in high - risk andlow - nsk populations. LABA ICS
increases the odds of pneumonia compared to LAMA/
LABA (OR 1.69;95% Crl L20-2.44), LAMA (OR 1.28:
95% Crl 1.33-2.391, LABA (OR1.50:95% Crl 1.12-192).
the mean difference in lung function for IABA.1
LAMA versus IABA m hqb-iisk population eiceeded
the minimal clinically important difference Quean
dfference 0.13 L:95% Crl 0.10-0.15).
Conclusions: LA8AJLAMAcomb net pi therapy is
most effective in reducing COPO evacerhations. LAVA-
containing therapies may be superior to therapies
without UMA ut reducing COPO evacerhations.
Combination therapies may he more effective than
monotherapies for improving symptoms and quality of
life secures. Therapies flat contain ICS are associated
with an increased risk of pneumonia.The mean
difference in lung function when comparing IABA'LAMA versus LABA is Significant.

Prognosis in COPD
•prognostic factors

frequency and severity of acute exacerbations is the single best predictor
• lung function tests and modified Medical Research Council (mMRC) dyspnea scale add value

development of hypoxemia, hypercapnia, or cor pulmonale portend a poor prognosis
•5 yr survival

FEV 1 <1 L = 50%
• PEV 1 <0.75 L = 33%

• BODE index for risk of death in COPD
greater score = higher probability the patient will die from COPD; score can also be used to
predict hospitalization
10 point index consisting of four factors:
Body mass index (BM1): <21 (+1 point)
Obstruction (F'EVl ):50-6-1% (+1), 36-49% ( +2), <35% (+ 3)

• Dyspnea ( m.Vl RC scale): walks slower than people of same age on level surface, stops occasionally
(-f -1), stops at 100 yards or a few minutes on the level (+2), too breathless to leave house or
breathless when dressing/undressing ( +3)
Exercise capacity (6 min walk distance):250-349 m (+1), 150-249 m (+2), <149 m (+3)

Bronchiectasis
Definition
• irreversible dilatation of airways due to inflammatory destruction of airway walls resulting from

persistently impaired mucous clearance and/or infected mucus
• usually affects medium sized airways
• the most common sputum pathogens found in patients with non-cystic fibrosis are H. influenzae, P.

aeruginosa, M.catarrhalis, and nontuberculous mycobacterium

Table 16. Etiology and Pathophysiology of Bronchiectasis Pulmonary Embolism in Patients with
Unexplained Exacerbation of COPD: Prevalence
and Risk Factors
Ann Intern Med 2006:144:390-396
Study: Prospective cohort study
Population: 211 current or former smokers with
COPO who were admitted to the hospital for severe
euterbation of unknown originand did not require
invasive mechanical ventilation.
Measurements: All patents rece red spiral
Cl ongiogiaphy (CIA) and venous compression
utlrasonography of both legs.
Outcomes: PE positive or PE negative.
Result: 25% of patients met diagnostic criteria for PE
(* CIA or » U/S).
Conclusions: Pie valence of PE in patients
hospitalned lorCOPD exacerbation of unknown origin
is 25%. Therefore,ail patents presenting 10 hospital
with COPD exacerbation without obvious cause
require PE workup (leg doppters or CTA -decs bn
of which to use depends on pre-test probability of
the patient).

Obstruction Post-Infectious (results in dilatation Impaired Defenses/Drainage (leads to
chronic infections and inflammation)of bronchial walls)

Tumour
Foreign body

HypogammaglobulinemiaPneumonia
l rIB

Nontuberculous mycobacterium ( NTM)
Measles
Pertussis

Detective leukocyte function
Allergic bronchopulmonary aspergillosis
Ciliary dysfunction ( Karlagenei'ssyndiomc:
bronchiectasis, sinusitis, situs inversus)

Signs and Symptoms
• chronic cough, copious purulent sputum (but 10-20% have dry cough), dyspnea, fatigue, chronic

rhinosinusitis (for CP and primary ciliary dyskinesia), hemoptysis (can be massive), recurrent chest
infections, local crackles (inspiratory and expiratory), rhonchi, wheezes

• may be difficult to differentiate from chronic bronchitis
r n
cJInvestigations

• PI- Ts: often demonstrate obstructive pattern but may be normal. CXR
• nonspecific: Increased markings, linear atelectasis, loss of volume in affected areas

specific: “tram tracking" - parallel narrow lines radiating from hilurn, cystic spaces
• high-resolution thoracic Cl (diagnostic, gold standard)

• 87-97% sensitivity, 93-100% specificity
• “signet ring”: dilated bronchi with thickened walls where diameter of bronchus is >1.5x diameter

of accompanying artery

+
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•sputum cultures ( routine t acid-fast bacillus)
•CBC
•Ll-Ts
•immunoglobulin panel (serum Ig levels),a-1 antitrypsin level, immunology panel ( ANA, ENAs),

Rheumatoid factor, HIV test
•sweat chloride if cystic fibrosis is suspected ( upper zone predominant, concomitant features)
•nasal nitric oxide and nasal ciliary biopsy if primary ciliary dyskinesia is suspected

Canadian thoracic Society Clinical Practice
Cuidclinei on long-term Non invasive Ventilation
I or the Management olCOPO
Can J Pespv,CntCare.Sleep Med 2021
Purpose:Khilethe role of non-irrvasrve ventilation
(NIV|has been shown to improve outcomes in acute
COPD eiacerhations with hypercapn ;< respiratory
failure , theefficacy pf long-term home NIV for COPD
management is not as well studied. Ihis document
provides ev dence-hased recommendations for
long-term home (IIH) NIV in chronic hypercapnic
COPD patients.
Methods Apanelolnulbdiscipl nary clinical
eiperts developed dnlcal questions using the PICO
framework, performed a systematic review of the
relevant literature.graded relevant evidence,and
made clinical practice recommendaiionsaccordingly.
Conclusions: tong -term NIV mprores surv val and
reduces hospital leadmission m patents with stable
COPD with significant hypercapnic respnatoiy failure.
Ihere Is some evidence supporting the use of high-
intensity ventilation over low-intensity ventilation,
the task force supports the use of long-term NIV in
this specific patient population.

Treatment
•vaccination: influenza and pneumococcal vaccinations
•chest physiotherapy, breathing exercises, physical exercise
•antibiotics (oral, IV, inhaled):

inhaled: used chronically to decrease bacterial load, in patients with frequent exacerbations,
especially if Pseudomonas in sputum
oral/ lV: routinely used for exacerbations, driven by sputum sensitivity when available; macrolides
may be used for an anti-inflammatory effect chronically to reduce exacerbation frequency in
patients with frequent exacerbations

•mucolytics (hypertonic saline)
•inhaled corticosteroids: only use if the patient has asthma or other co-existing disease as an indication
•oral corticosteroids have no role in chronic care or acute exacerbations
•pulmonary resection: in selected cases with focal bronchiectasis
•transplant: for end stage diffuse causes (e.g. primary ciliary dyskinesia, CP)

Cystic Fibrosis
• see Paediatrics, P92

Different Durations of Corticosteroid Therapy for
Exacerbations of Chronic Obstructive Pulmonary
D isease
Cochrane OB Syst dev 201S:CD006897
Study:Cochrane systematic rev .ew.8studies.
Population: SS2 patients, with severe or very
severe COPO.
Intervention Corticosleioids gwtn at equivalent
daily dotes for 3-2 d (short duration ) vs.10-15 d
(longer -duration).
Outcome:Treatment failure, risk of relapse, time to
neit COPO exacerbation, likelihood of adverse event,
length of hospital stay, and lung function at end of
treatment.
Results: In four studies there was no differenre m
risk of treatment failuie between short-duration and
longer-duration systemic corticosteroid treatment
(n*457; odds retro (OR) 0.72, 95% confidence interval
(Cl ) 0.36-1.4S). No d < Nerente m risk of relapse|e new
event) was observed between short duration and
longer-duration systemic corticosteroid treatment
(n-457; OR 1.04.95% Cl 0.70-1.56).Time to the
next COPD exacerbation did not differ in one large
study that was powered to detect non-inferiority
and comparedS d vs.14 d pi systemc corbcosteroid
treatment [i*311; hazard ratio 0.95.95% Cl 0.66
1.37). In five studies no difference m the likelihood of
an adverse eventwas found between short-duration
and longer-duration systemic corbcosteroid
treatment (n*503; OR 0.89, 95% Cl 0.46-1.69. length
of hospital stay (u*421; mean difference (MD) -0.61
d. 95% Cl -1.51- 0.281 and lung function at the end of
treatment[i*l8S; MD FEV1 -0.041:95% Cl -0.19-0.10)
did not differ between short-duration and longer-
duration treatment.
Conclusions 5 d of oral corkost«o; ds is likely
to he sufheientfor treatment of adults with acute
exacerbations of COPO.and this renew suggests
that the likelihood is low that shorter coursesoi
systemic corticosteroids (of around file days) lead
to worseoutcomes than are seen with longer (10 to
14 d ) courses.

Pathophysiology
• chloride transport dysfunction: thick secretions from exocrine glands (lung, pancreas, reproductive

tract), and blockage of secretory ducts

Clinical Features
• multisystem clinical characteristics:

sinusitis, chronic pulmonary disease
pancreatic insufficiency, meconium ileus in children, distal ileal obstruction, liver disease,
malnutrition

• salt loss syndrome, azoospermia, CP-related DM, bone disease
• chronic lung infections

S. aureus and H. influenzae-, early
• P.aeruginosa: most common in adulthood
• B. cepacia complex:worse prognosis (some subtypes) so infection control is key
• in adults, colonization with more resistant bacteria increases (e.g. PsA, Hurklwhicria cepacia

complex, Stcnotrophomonas, Acliroinobacter, MRSA, NTM etc.)
Investigations
• genetic testing

• autosomal recessive- more than 2100 mutations in CPTR described, not all are disease causing
• sweat chloride test

• increased concentrations of NaCl and K +([Cl—) >60 mmol/Lon two occasions supports the
diagnosis)

• single mutation carriers have normal sweat tests (and no disease). PI is
early:airflow limitation in small airways
late: severe airflow obstruction, hyperinflation, gas trapping. ABGs

• hypoxemia, hypercapnia later in disease with eventual respiratory failure, and cor pulmonale
• CXR

hyperinflation, increased pulmonary markings (especially upper lobes)

Treatment
• chest physiotherapy
• pancreatic enzyme replacements, high fat, high calorie diet
• bronchodilators (salbutamol ± ipratropium bromide)
• inhaled mucolytic (reduces mucus viscosity): hypertonic saline, DNase
• inhaled antibiotics (tobramycin, colistin, aztreonam, levofloxacin, vancomycin )
• anti-inflammatory medications (e.g. azithromycin, ICS if concurrent asthma)
• antibiotics oral and IV (targeted to sputum growth if available, e.g. ciprofloxacin for Pseudomonas, if

sensitive)
• CETR potentiators and modulators (e.g. lvacaftor, Orkambi1,Svmdeko*)
• lung transplant

r i
iJ
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Prognosis
• worse prognosis associated with: frequent pulmonary exacerbations, rapid rate of decline of 1- liV 1,

supplemental oxygen requirement with exercise or sleep, worsening malnutrition, infection with
difficult to manage organism, Cl-'-related DM, pneumothorax, massive hemoptysis

• female gender and low socioeconomic class have greater risk of early death

Usually presents in childhood as
recurrent lung infections that become
persistent and chronic

Interstitial Lung Disease
Correctors (Spedfic Therapies For Class IICFTR
Mutations) for Cystic Fibrosis
Cochrane Database Syst. Iter. 201S;8:C0010966
Purpose: loera-'catethe effects of cyst* fibrosis
transmembra -ie receptor|CFTR) correctors on
clinically impodantoutcomes,both benefits and
harms,in chi then and adults with CF and classII CFTR
mutations (most commonly F508de:).
Methods:RCTscomparing CF1R correctors to placebo
m people withCF classIImulalions weresearched
in the Cochrane Cystic fibrosis and Genet c Disorders
Cystic Fibrus s Register. Two authors independently
eitracted data and assessed risk of biasand quality
of evidence usi-gGRADE criteria.
Results: Iheq.e 'ity ol ife stores (respiratory
domain) favouredcombination therapy(both
luinacallor -lvacaftor and teiacaltor ivacaltoi|
compared to p’aceboat all time points.Ihe mean
increase in cystc Mrosis questionnaire (CFO) scores
with tw ice-daily teracaflor |100 mg) and nracaftoc
(ISO mg) was appioiimately 5 points|95% CI 3.20 to
2.00: S04 participants:moderate quasty evidence!.
KVft predicted improved with both combination
therapies compaied to placebo at(mo.by 5.21%
with lumacaftor-rracaftor 0D (95% CI 3.61it to 6.00%;
504 participations:high quality evidence),and try
2.40% nith jrracaftor ivacaftor BID (06% Cl 0.40%
to 4.40%: 204 paitcipants; low-quality evidence!.
Uoie participants receiving the lumacaftoi-ivacattor
combination reported early breathlessness (OR 2.05:
99% Cl 1.10 to1.83:239 participants:high qoaiity
evidence).These adverse effects were not reported in
the teiacaftor-nracaftor studies.
Conclusions Overall, the deployment oleomb nation
CF1R torrecloctherapies improve quahty -oMlleand
lung (unction inpatents with class II CF.compaied
to placebo controls. Adverse drug effects ten be
mitigated with theuseof tezacaftor-ivacaftoi. when
clinically indrated.

Definition
• a group of disorders which cause diffuse parenchymal lung disease, with progressive scarring of lung

tissue and impairment in lung function and gas exchange

Pathophysiology
• inflammatory and/or fibrosing process in the alveolar walls > distortion and destruction of normal

alveoli and microvasculature
• typically associated with:

lung restriction (decrease in TLC and VC)
decreased lung compliance (increased or normal TEVt /FVC)

• impaired diffusion (decreased DLCO)
• hypoxemia due to V/Q mismatch (usually without hypercapnia until end stage)
• pulmonary HT'N and cor pulmonale occur with advanced disease secondary to hypoxemia and

blood vessel destruction

Etiology
• IPI-* is the most common cause; however, there are numerous other causes including medication and

radiation related disease
• a careful review of risk factors (e.g. organic/inorganic exposures, connective tissue disease symptoms,

occupational history, medications) is needed during patient evaluation

Table 17. Interstitial Lung Diseases
Known EtiologyUnknown

Etiology
Idiopathic
Interstitial
Pneumonias

ILD Associated
with Connective
Tissue Disorders

ILD Associated
with Drugs or
Treatments

Inherited
Disorders

Granulomatous
Disease

Other

Scleroderma Familial IPFIFF (idiopathic
pulmonary fibiosis)

MSIP (non-specific
Interstitial
pneumonia)

H8 IIO (respiraloiy
bronchiolitis eclated

HP (usually oiganic
antigen)

Rheumatoid arthritis Anti-Inflammatory Telomerase mutations Saicoidosis
agents (methotreiate)

Antibiotics
(nitrofurantoin)

langcihans-cell
histiocytosis
LAM [lymphangioleio-

myomatosis)

Cianulomalous
lymphocytic ILD

Systemic lupus Caidiovasculat drugs Neurofibromatosis
erythematosus (Sit) (amiodarone)

Chronic eosinophilic
pneumonia

ILD)

DIP (desquamative
Interstitial
pneumonia)

Polymyositis/
deimatomyosilis

Antineoplastic agents Tuberous sclerosis
(chemotherapy
agents)

Pneumoconioses
(inorganic dust):
Silicosis
Asbestosis.
Coal workers
pneumoconiosis,
Chronic beryllium
disease

In ILD think
FASSTEN and BAD RASH

Upper Lung Disease (FASSTEN)
Farmer's lung (HP)
Ankylosing spondylitis
Sarcoidosis
Silicosis
TBCOP (cryptogenic

oiganicing
pneumonia)

AIP (acute interstitial
pneumonia)

UP (lymphocytic
organizing
pneumonia)

IPPFE (idiopathic
pleuroparenchymal
fibroelastosis)
ATOP (acute hbiinous
and organizing
pneumonia)

Recreational drugs Gaucher's disease
(e.g. crack lung, talc
granulomatosis)

Radiation

Anti- synthetase
syndiomes Eosinophilic granuloma (Langerhans-

cell histiocytosis)
Neurofibromatosis

Mized connective
tissue disease
ANCA associated
vasculitis

Lower Lung Disease (BADRASH)
Bronchiolitis obliterans withorganizing
pneumonia (BOOP)fCryptogenlc
Organizing Pneumonia (COP)
Asbestosis
Drugs (nitrofurantoin, hydralazine. INH,
amiodarone. manychemo drugs)
Rhcumatologic disease
Aspiration
Scleroderma
Hamman Rich (acute interstitial
pneumonia) and IPF

Siogren’ssyndrome

+



R14 Respirologv Toronto Notes 2023

Signs and Symptoms
• dyspnea, especially on exertion
• nonproductive cough
• crackles (dry, fine, end-inspiratory)
• clubbing (especially in IFF and asbestosis)
• features of cor pulmonale
• note that signs and symptoms vary with underlying disease process

e.g. sarcoidosis is seldom associated with crackles and clubbing

Investigations
• CXR (see Medical Imaging. MM)

• usually decreased lung volumes
• reticular, nodular, or reticulonodular pattern (nodular <3 mm)

hilar/mediastinal adenopathy (bilateral especially in sarcoidosis)
honeycombing

• CT (see Medical Imaging. M161
• four categories when interpreting CT imaging for idiopathic1LD

UIP - reticulation, subpleural and basal predominant, honeycombing ± traction bronchiectasis
• probable UIP - reticulation, subpleural and basal predominant, traction bronchiectasis

indeterminate for UIP - subtle reticulation, subpleural and basal predominant (“early UIP"), CT
features that do not suggest any specific etiology
alternative diagnosis to IFF- CT features of cysts, mosaic attenuation, predominant ground-glass
opacity, profuse micronodules, centrilohular nodules, consolidation, mid or upper lung zone
predominance, peribronchovascular distribution

The CXR can be normal in up to10% of
patients with interstitial lung disease

• PF'Fs
restrictive pattern: decreased lung volumes and compliance
normal or increased FEV1/FVC, e.g. flow rates are often normal or high when corrected for
absolute lung volume- DLCO decreased

• ABGs
hypoxemia and respiratory alkalosis may be present with progression of disease

• other
ANA, RF, anti-CCP, ANCA,and myositis antibodies are performed on a case-by-case basis,
serum-precipitating antibodies to inhaled organic antigens (HP)
bronchoscopy with lavage in select cases

• surgical lung biopsy is considered in patients with CT imaging showing an indeterminate for UIP
and alternative diagnosis to 1PF pattern

Unknown Etiologic Agents
IDIOPATHIC PULMONARY FIBROSIS

Definition
• pulmonary fibrosis of unknown cause with UIP histology (found on biopsy or inferred from CT)
• a progressive, irreversible condition
• DDx: connective tissue disease associated-ILD, chronic HP, asbestosis, NSIP

Signs and Symptoms
• commonly presents over age 50, incidence rises with age; males > females
• dyspnea on exertion, nonproductive cough, late inspiratory fine crackles at lung bases, clubbing

Investigations
• labs (nonspecific, autoimmune serology usually negative)
• CXR: reticular or reticulonodular pattern with lower lung predominance;often see honeycombing in

advanced disease
• high resolution CT: typical pattern is one of UIP; ground glass, consolidation, or nodules should not

be prominent in 1PF
• biopsy:only if patient has an indeterminate for UIP or alternative diagnosis to IPF pattern on CT

imaging

Treatment
• acute exacerbation:

prednisone
antibiotics and diuretics are considered on an individualized basis ± mechanical ventilation

n
LJ

• ongoing management:
antifibrotic therapy: pirfenidone or nintedanib

• smoking cessation and pulmonary rehab t O’
PPI if patient has reflux
lung transplantation for advanced disease

• prednisone is not used in chronic disease management as it increases mortality, but can be used
during acute exacerbations

+
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Known Etiologic Agents
HYPERSENSITIVITY PNEUMONITIS

IPF Prevalence. Age 35-44:2-7 per 100000
• Age>75:175 per 100000

Definition
• HP, also known as extrinsic allergic alveolitis, is a spectrum of immune-mediated lung disorders

occurring in response to an inhaled organic antigen

Pathogenesis
• two hit hypothesis:genetic susceptibility/environmental factors plus antigen exposure
• subacute and acute HP are mediated through immune complex formation and inflammation
• chronic HP results from type IV hypersensitivity reaction, T-cell mediated granulomatous

inflammatory response

See Undrcurk Ropirology Inals (able lor more
Moronlion on ASCtND. which details the efficacy and
safety ol oral Mcoidooe in patients with idiopathic
pulmonary fthrosts

6Etiology
• caused by sensitization to inhaled agents, usually organic dust
• exposure often related to occupation or hobby

farmer’s lung (thermophilic actinomycetes)
bird breeder’s/bird fancier’s lung (immune response to bird antigen)
humidifier lung ( Aureobasidium pullulans)
sauna taker’s lung (v spp.)

• metalworking fluid lung
• may have no identified antigen; likely represents something in the home environment

Most common presentation of
sarcoidosis:asymptomatic CXR finding

Hilar adenopathy refers to enlargement
of mediastinal lymph nodes which is
most often seen by standard CXR as
spherical/ellipsoidal and/or calcified
nodes. If unilateral, think neoplasia, TB,
or sarcoid. If bilateral, think sarcoid or
lymphoma

Signs and Symptoms
• acute presentation: (4-6 h after exposure)

dyspnea, cough, fever, chills, malaise (lasting 18-24 h )
• subacute presentation: more insidious onset than acute presentation
• chronic presentation

insidious onset over years
• dyspnea, cough, malaise, anorexia, weight loss

m
Corticosteroids lot Pulmonary Sarcoidosis
Cochra ne OBSyst Rev 2005;2:CDOC1114
Study:Cochrane systematic review ol13 RCIs.
Population:1066 participants with pulmonary
sarcoidosis
Inlenreutioiis: steroids (oral or inhaled) versus
control
Outcomes:Improved CXR
Results:Oral steroids demonstrated an
improvement in CXR|tR 1.46,95% Cl1.01-2.09).
for inhaled corticosteroids, two studies showed no
Improvement in bag function ond one study showed
an improvement in diffusing capably. No data on
side effects.
Conclusions Oral steroids improve CXR findings and
global scoies of CIl.symptoms, and spiiomelry over
3-24 mo hut do not improve long function or modify
disease course.Oral sterods may be o< benefit for
patients with Stage 2 and 3disease.

Investigations. CXR
acute: diffuse infiltrates, predominantly upper lobe
chronic:predominantly upper lobe reticulonodular pattern

• HI Ts: acute HF is often obstructive, subacute is obstructive/mixed, chronic is progressively restrictive
• in both acute and chronic HP,serum precipitins may be detectable (neither sensitive nor specific)

Histopathology
• acute HF triad: poorly formed granulomas, cellular bronchiolitis, interstitial lymphocytic infiltrate
• subacute/chronic HF: poorly formed granulomas and multi nucleated giant cells are often seen, may be

difficult to distinguish from U1F

Treatment
• early diagnosis:avoidance of further exposure is critical as chronic changes are irreversible
• systemic corticosteroids can relieve symptoms and speed resolution
• steroid-sparing agents (e.g. mycophenolate, azathioprine) are often used in setting of progressive

disease despite steroids or to prevent steroid related side effects

ft
CXR Fibrotic Patterns. Asbestosis:lower >upper lobes
, Silicosis:upper > lower lobes
, Coal:upper > lower lobes

SARCOIDOSIS

Definition
• idiopathic non-infcctious granulomatous multi-system disease with lung Involvement in 90%
• characterized pathologically by non-necrotizing granulomas (although occasionally necrosis is

present)
• numerous human leukocyte antigens and other genetic markers have been shown to play a role and

familial sarcoidosis is now recognized

Epidemiology
• typically affects young and middle-aged patients
• higher incidence among people of African descent (in USA) and from northern latitudes (e.g.

Scandinavia, Canada)

n
L J

Signs and Symptoms
• asymptomatic, cough, dyspnea, fever, arthralgia, malaise, erythema nodosum, chest pain
• chest exam often normal
• common cxtrapulnionary manifestations

eye involvement (anterior or posterior uveitis)
skin involvement (skin papules, erythema nodosum, lupus pernio)

+
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peripheral lymphadenopathy
arthralgia
hepatomegaly ± splenomegaly
less common extra-pulmonary manifestations involve bone, CNS, kidney, cardiac (arrhythmias,
sudden death, CHI-')

•two acute sarcoid syndromes
• Lofgren’s syndrome: fever, erythema nodosum, bilateral hilar lymphadenopathy, arthralgias

Heerfordt-Waldenstrom syndrome: fever, parotid enlargement, anterior uveitis, facial nerve palsy

Investigations
•CBC (cytopenias from spleen or marrow involvement, lymphopenia common)
•serum electrolytes, creatinine, liver enzymes, calcium (hypercalcemia/hypcrcalciuria due to vitamin

D activation by granulomas)
•hypergammaglobulinemia, occasionally RF positive
•elevated serum ACE (non-specific and non-sensitive) - reflects total body granuloma load
•CXR: predominantly nodular opacities especially in upper lung zones ± hilar adenopathy
•PR's: normal, obstructive pattern, restrictive pattern with normal flow rates and decreased DLCO, or

mixed obstructive/restrictive pattern
•ECG: to rule out conduction abnormalities
•slit-lamp eye exam:to rule out uveitis

Diagnosis
•biopsy

transbronchial lung biopsy, transbronchial lymph node aspiration, EBUS guided lymph node
biopsy, or mediastinoscopic lymph node biopsy for granulomas
in -75% of cases, transbronchial biopsy shows granulomas in the parenchyma even if the CXR is
normal

Staging
•radiographic, based on CXR

Stage 0: normal radiograph
« Stage I:bilateral hilar lymphadenopathy ± paratracheal lymphadenopathy

Stage II: bilateral hilar lymphadenopathy with pulmonary infiltration
• Stage 111: pulmonary infiltration alone ( reticulonodular pattern or nodular pattern)

Stage IV: pulmonary fibrosis (loss of volume in upper lobes common, honeycombing uncommon)

Treatment
•observation if asymptomatic (85% of stage I resolve spontaneously within 2 yr, 50% of stage II resolve

spontaneously within 5 yr)
•treatment for symptoms, declining lung function, hypercalcemia, or involvement of eye, CNS, kidney,

or heart (not for abnormal CXR alone)
•first line treatment is prednisone
•methotrexate or other immunosuppressives can be used as adjuncts if steroid response is

unsatisfactory or as steroid-sparing agents in those who do not tolerate steroids
•lung transplant in end-stage disease

Prognosis
•mortality ranges from less than 1% to 8% depending on care setting, severity of disease, and patient

demographics (e.g. age, ethnicity, and sex)

Remember to Involve occupational
health and place of work for data
collection and treatment plan.
Also counsel re:work er's insurance as
per jurisdiction (e.g.Workers Safety
Insurance Board (WSIB) in Ontario)

PNEUMOCONIOSES
•group of chronic lung diseases caused by exposure to mineral dusts, and organic dusts
•no effective treatment, therefore key is exposure prevention through the reduction of dust and the use

of protective equipment
•recommend smoking cessation, annual influenza and pneumococcal vaccination, pulmonary

rehabilitation, lung transplant for endstage disease

n
L J
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Table 18. Pneumoconioses
Diagnosis Etiology Signs 'Symptoms Investigations Complications

Asbestosis Exposure risks:insulation. Insidious onset
Exposure risks:insulation. Dyspnea
shipyard,construction,
brake linings,pipe fitters, productive
plumbers
Slowly progressive diffuse in asbestosis than silicosis
interstitial fibrosis induced or CWP)
by inhaled asbestos fibres
Usually requires >10-20 yr
of exposure
latency period:20-30 yr

CXt Asbestos exposure
increases risk of
bronchogenic CA and
malignant mesothelioma
Risk of lung cancer

Asbestos exposure can dramatically increased for
also cause pleural and smokers
diaphragmatic plaques
(e calcification),pleural
effusion,round atelectasis
Microscopic examination
reveals ferruginous
bodies: yellow-brown tod-
shaped structures which
represent asbestos fibres
coaled inmacrophages

Lower >upper lobe
Cough:paroxysmal,noo- Eeticulonodular pattern.

may develop IPE-like
Clubbing (muchmore likely honeycombing

Silicosis Dyspnea,cough.and CXt Mycobacterial infection
(e.g.IB), chronic
necrotuing aspergillosis.

At risk population:
sandblasters,rock miners, wheecing
stone cutters,quarry and
highway workers
Generally requires >20 yr
exposure:may develop

Upper > lower lobe
Early:nodular disease
(simple pneumoconiosis), lung CA.rheumatic
lung function usually
normal

disorders,kidney
disease,chronic airflow

with much shorter but
heavier exposure

Late:nodulescoalesce obstruction,and chronic
into masses (progressive bronchitis
massive fibrosis)
Possible hilar lymph node
enlargement (frequently
calcified),especially
'eggshell* calcification

At risk populabon:coal Simple CWP
workers,graphite workers Ho signs or symptoms.

usually normal lung
function
Complicated CWP (also
known as progressive
massive fibrosis)
Dyspnea course:few
patients progress to
complicated CWP

Simple CWP
CXt:multiple nodular

COPD.chrcrnic renal failure,
rheumatoid arthritis

Coal Workers'
Pneumoconiosis

(coal is less fibrogemc
than silica)

opacities,mostly upper
lobe
Pathologic hallmark is coal
macule
Complicated CWP
CXt:opacities larger and
coalesce

INTERSTITIAL LUNG DISEASE ASSOCIATED WITH DRUGS OR TREATMENTS

Drug-Induced
• antineoplastic agents: bleomycin, mitomycin, busulfan, cyclophosphamide, methotrexate,

chlorambucil, BCNU (carmustine)
• antibiotics: nitrofurantoin, penicillin, sulfonamide
• cardiovascular drugs:amiodarone, tocainide
• anti-inflammatory agents: methotrexate, penicillamine, etanercept, gold salts
• recreational drugs (e.g. heroin, methadone)
• biologies: rituximab, anti-TNF-a agents ( infliximab, etanercept, adalimumab), immunotherapy drugs

Radiation-Induced
• acute pneumonitis: typically 4-12 wk post-exposure
• late fibrosis:6-12 mo post-exposure
• infiltrates conform to the shape of the radiation field

r *i
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Pulmonary Vascular Disease
Pulmonary Hypertension

Definition
• mean pulmonary arterial pressure >20 mmHg with a pulmonary arterial wedge pressure ( PAWP)

£15 mmHg and peripheral vascular resistance (PVR) 3 Wood units measured by right heart
catheterization in supine position at rest

• pulmonary HTN is grouped into 5 categories and classified based on etiology

Table 19. World Health Organization Classification of Pulmonary Hypertension and their
Treatment Options

Consider in All Patients
with PH

Classification Some Causes Treatment Options

I.Pulmonary Arterial Idiopathic
HIM (PAH)

CCDs lor patients witli
vasoreactivity. Advanced therapy
with single or combination
prostanoids, endolhelin receptor
antagonists (ERA).PDE5
inhibitors.Lung transplantation
for retractor y advanced patients.
Ireatmentolunderlying condition
if relevant

Hereditary mutations
Collagen vascular disease (scleroderma.
SIC. »A|
Congenital heart disease (Eisenmenger
syndrome)
Persistent pulmonary hypertension of the
newborn (PPHN)
PortopulmonaryHIH
HIV infection
Drugs and toiins (e.g.anorexigens)
Schistosomiasis
Pulmonary capillary hemangiomatosis
Pulmonary venooedusive disease (PVOD)

Oxygen therapy

Exercise

Consider anticoagulation
Related to heart failure with preserved
ejection fraction (HFpEE) or heart lailurewith
reducedejection fraction (HFrEF)
Lett -sided valvular heart disease (e.g.aortic
stenosis,mitral stenosis)
Congenital/acquired left heart inflow/
outflow tract obstruction and congenital
cardiomyopathies

Obstructive lung disease|C0P0)
Restrictive lung disease (e.g. ILD like
idiopathic pulmonary fibrosis)
Mixed rcslrrctive/obstiuctive lung disease
(e.g. lymphangiolciomyomatosis)
Chronic alveolar hypoxia (chronic high
altitude,alveolar hypoventilation disorders,
sleep-disordered breathing,developmental
lung disorders)

Chronic PE.other pulmonary artery
obstruction (e.g. tumours,parasites,
congenital stenosis)
thromboembolic obstruction ol proximal
pulmonary arteries
Hematologic disorders (e.g.sickle cell)
Systemic disorders (e g.sarcoidosis)
Metabolic disorders
Extrinsic compression ol cential pulmonary
veins (tumour,adenopathy, fibrosing
mediastinibs)
Segmental pulmonary hypertension

treat underlying heart diseaseII.Pulmonary HIM
due to Lett Heart
Disease

Influenza and pneumococcal
vaccines
Counselling on pregnancy risks

GroupIPH (PAH) therapies not
applicable in GroupII PH

Diuretic therapy in patients with
signs of right ventricular failure
and fluid retention

III.Pulmonary HfH
due to lungDisease
and/or Hypoxia

Treat underlying lung disease andI
or cause ol chronic hypoxia and
correct with supplemental oxygen
(proven mortality benefit)

GroupIPH (PAH) therapies not
applicable in Group IIIPH

IV.Chronic
Thromboembolic
Pulmonary HTH
(CTEPH)

Anticoagulation,pulmonary
thromboendartereclomy.riociguat

V.Pulmonary
HIH with Unclear
Multifactorial
Mechanisms

Treat underlying cause

Adapted:Simortneau G.Montani 0.Celermajer OS.et al.Haemodynamic definitionsand updated clinical classifications of pulmonary hypertension.
Eut Respir J 2019:53:1801913. fable 2 Guidelines for Vasodilator Response in

Pulmonary Arterial HTN
Selected patients with pulmonary
arterial hypertension (PAH) that respond
to vasodilators acutely, have an
improved survival with long-term use of
high dose CCBs
Vasoreactivity testing: short-acting agent
such as IV epoprostenol.IV adenosine,
or inhaled NO
Positive vasodilator response:decrease
in mean pulmonary arterial pressure
(mPAP) >tO mmHg to <40 mm Hg and
stable/increased cardiac output
Positive vasodilator response: should be
considered as candidate for trial of oral
CC8 therapy
Canada*Cardovaxulai Society Cjn.nlwr Ihoratk
Scuvty PwliooSlatmnil on Pulmonary Hyixitnnwc.
Curuffan Journal ol Cardiology 2020:36:977-992

IDIOPATHIC PULMONARY ARTERIAL HYPERTENSION
(PRIMARY PULMONARY HYPERTENSION)

Definition
• pulmonary HTN in the absence of a demonstrable cause (i.e. Group I )
• disease of the pulmonary artery vessel wall characterized by vasoconstriction, vascular proliferation,

and obstructive remodeling leading to increased pulmonary vascular resistance r "t
L J

Pathology
• histology includes medial arterial hypertrophy, intimal fibrosis, and plexiform arteriopathy

+Epidemiology
• usually older adults between the ages of 50 and 65, female predominance at younger ages
• most cases are sporadic; familial predisposition in <5% of cases, some linked to mutations in BMPK2



R19 Respirology Toronto Notes 2023

Signs and Symptoms

Table 20. Signs and Symptoms of Pulmonary Hypertension Pulmonary arterial pressures are
measured by pulmonary artery catheters
(ie.Swan -Ganz catheter) which are
inserted into a large vein (often internal
jugular). A balloon at the end of the
catheter tip is inflated causing the
catheter to advance through the right
side of the heart and into the pulmonary
artery. This allows for the measurement
of right atrial, right ventricular,
pulmonary artery, and pulmonary
capillary wedge pressures as well as
sampling of mixed venous blood. A
thermistor near the end of the catheter
also allows for assessment of cardiac
output by thermodilution

Symptoms Signs

loud, palpable P2
EV heave

Right -sidedS4 (due to EVH)

Systolic murmur (tricuspid regurgitation (IE))

If right ventricular failure:right sided S3, increased JYP. positive
hepatojugutar reflux, peripheral edema.IE
Signs of underlying disease

Oyspnea
Fatigue

Retrosternal chest pain

Syncope
Symptoms of underlying disease

Peripheral Edema
Palpitations
'Physical exam may be unremarkable in early disease

Diagnosis
•exclude:

• left heart disease
• lung disease

chronic thromboembolic disease
diseases in Group V PH
known causes of Group 1 PAH

connective tissue diseases
drugs/toxins
congenital heart disease
HIV
schistosomiasis
liver disease
heritable disease
PVOD/pulmonarv capillary hemangiomatosis ( PCH )

Investigations
•CXR: enlarged central pulmonary arteries, cardiac changes due to right ventricular enlargement

(filling of retrosternal air space)
•HCG: RVH /right-sided strain (see Cardiology and Cardiac Surgerv.C7)
•2-D echo doppler assessment of right ventricular systolic pressure
•right heart catheterization: to confirm diagnosis through direct measurement of mean pulmonary

arterial pressure, pulmonary capillary wedge pressure, pulmonary vascular resistance, and cardiac
output

•PI-"Is to assess for underlying lung disease: DLCO usually reduced; volumes and flows normal
•CT angiogram to assess lung parenchyma and possible PH
•V/Q scan ± pulmonary angiogram to rule out thromboembolic disease
•serology: ANA positive in 30% of patients with primary pulmonary HTN;other serologic markers can

be used in the appropriate clinical setting
•routine blood work: biochemistry, CBC, TSH, liver function tests, possible HIV test

Treatment
•treatment depends on classification (see Table 19, R1S)

Multldelector Computed Tomography for Acute
Pulmonary Embolism (PIOPEDIITrial)
ItIM 2006;354:2317-232!
Study: Hulticeitre. prospective study
Population: S24 patients with clinicallysaspected
acute PE
Measurements Accuracy of multideiector CIA alone
and combined with venous-phase imaging.
Outcomes: Diagnosis o!PE.
Results: ))3o!824 patients had adequate CTAs for
interpretation. PE was diagnosed in 192 of the 824
patients.Sensitivity was 831(150 of 181 patients.
951Cl 0.76 0.92) and specificity was961(56)
of 592 patents.951Cl 0.93-0.9)). However, the
predictive value of CTA-CTV varied when clinical pre-
test probablity was taken into account. PPV of CTA for
high, intermediate and low clinical probability were
961 (951 Cl 0.78-0.99).921(951Cl 0.84-0.96).and
581 (951Cl 0.40-0.73). respectively. NPV of CTA for
high, intermediate, andlow clinical probability were
601(951Cl 0.32-0.83), 891 (951 Cl 0.82-0.93).and
961 (951 Cl 0.92-0.98) respectively.
Conclusion:CIA iseffective for diagnosing or
deluding PE in accordance with assessment of
clinical pretest probab lity.When clinical probability
is inconsistent with imaging results, further
investigations are required to rule out PE.

Prognosis
•morbidity and mortality are high but depend on underlying condition
•survival decreases to approximately 1 yr if severe pulmonary HTN ( with rapid progression of

symptoms, frequent syncope, and advanced \V HO functional class), or right heart failure

Pulmonary Embolism
Definition
• mechanical obstruction of the pulmonary vasculature leading to obstruction of blood flow
• can be classified as acute, subacute, or chronic depending on presentation of symptoms relative to

time after initial event
an acute PH can also be classified as massive, sub-massive, and low-risk PH

r i
Etiology and Pathophysiology
• lower extremity deep vein thrombi are the source of most clinically recognized PHs
• less common causes include fat emboli, septic emboli, amniotic fluid emboli, tumour thrombi, and air

emboli
• thrombi often start in calf, but must propagate into proximal veins to create a sufficiently large

thrombus for a clinically significant PH

L J

+
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Epidemiology
• one of the most common causes of preventable death in the hospital
• VTE affects approximately 1-2 in 1000 adults per vr with approximately one third of first V I E

presentations being due to PE
D-dimer is elevated in patients with
increased age. recent surgery.CA.
inflammation, infection, pregnancy,

and severe renal dysfunction. It has
good sensitivity and negative predktive
value,but poor specificity and positive
predictive value

Risk Factors
• stasis

• immobilization: paralysis, stroke, bed rest, prolonged sitting during travel, immobilization of an
extremity after fracture

• obesity, CHE
• chronic venous insufficiency

• endothelial cell damage
postoperative injury, trauma

• hypercoagulable states
• underlying malignancy (particularly adenocarcinoma)
• CA treatment (chemotherapy, hormonal)
• exogenous estrogen administration (oral contraceptive pill, hormone replacement therapy)

pregnancy, post-partum
• prior history of DVT/PE, family history
• nephrotic syndrome
• coagulopathies: Factor V Leiden, Prothrombin 20210A variant, inherited deficiencies of

antithrombin/protein C/protein S, antiphospholipid antibody, hyperhomocysteinemia, increased
Factor VIII levels, and myeloproliferative disease

• increasing age

Classic ECG finding of PE is S1-03-T3
(inverted T3).but most commonly only
sinus tachycardia is seen

ClmkalPrediction tile for Pulwonary Eabofisa
JItTj-JK;-osi200033:?6-420

els'Criteria

tiskFactors Posts
Coxal signs ofDVT
loBorelitlyalterable dagrass 10
I—obiizaio- orsirgerjc peeress 15

3.0

Jo.Investigations (if highly suspicious, go straight to CT pulmonary angiogram)
• see Emergency Medicine, ER33 PrenossPEDlfT 15

Hi>100 beKs'ri-
Heooptps

atgaatq

15
Table 21. Common Investigations for Pulmonary Embolism 10
Investigation Purpose/Utility 10
Pulmonary Angiography (Gold Filling defect indicative of embolus:negative angiogram excludes clinically relevant PE
Standard)

CKaical Probability

It*(0-2)
ttencedaS (3-6)
Hrgtpfi)

31
More invasive,and harder to perform UtanCl,therefore done infrequently ::
Highly sensitive D-dimer result can exclude DVT/PE tf pretest probability is already low

Little value if pretest probability is high
If D-dimer positive,will need further evaluation with compression UIS (for DVT) and/or CT (for PE)

D-Dimer 701
HoKalHb:HFtHy:st PE wAdy
JAMA 2006

CT Angiogram Both sensitive and specific for PE
Diagnosis and management uncertain for small filling defects

CT may identify an alternabve diagnosis if PE is not present

CT scanning of the proximal leg and pelvic veins can be done at the same time and may be helpful
Virchow's Triad
• Venous stasis
• Endothelial cell damage
• Hypercoagulable states

Venous Duplex ll/S or Doppler With leg symptoms

Positive test rules in proximal DVT
Negative test rules out proximal DVT

Without leg symptoms
Positive test rules in proximal DVT

Negative test does not rule out a DVT:patient may have non-occlusive or calf DVT
ECG Findings not sensitive or specific

Sinus tachycardia most common:may see non-specific ST segment andIwave changes
RV strain.RAD. right bundle branch block (RBSS).SI 03 13 with massive embolization

CXR Frequently normal;no specific features
Atelectasis (subsegmental).elevation of a hemidiaphragm

Pleural effusion:usuallysmall
Hampton's hump:cone-shaped area of peripheral opacification representing infarction
Westermark'ssign:dilatedproximal pulmonary artery with distal ol.gemia decreased vascular markings

(difficult to assess without prior films)
Dilatation of proximal pulmonary artery:rare

+



R21 Respirology Toronto Notes 2023

Table 21. Common Investigations for Pulmonary Embolism
Investigation Purpose/Utility

P Bile Out Criteria (PERC)
Prospective Multicentre Evaluationol the
hlaoiary Embolism Rule Out Criteria
JUrorcb Herns’.2008:6:772
•IgeesstbaSOyr-Senrate less than100 bpm-Ogteaogofc saturation >95 percent
•lo te=op^sis

•toestrogen use
•tojrotDflorPE
•Race ateral teg swelling
•to sa-geqr o- Uauma requring huspitalnation
mttc ttre past 4«k
krte PEcan probably be entluded without further
dagnostic testing dthe patient meets ail PERC
crpe- ittDthere is a on clmical suspicion for PE.
accordmgtietteflbe Wells’criteria or a Ion gestalt
arc-pep.ity deter— -ej bythe clinician prior to
dagrsstrctestingforPE.

V O Scan Very sensitive but low specificity
Order scan it:

CXR normal, no C0P0
Contraindication loCE (contrast allergy,renal dysfunction.pregnancy!

Avoid V/0 scan it:
CXR abnormal or C0P0
Inpatient
Suspect massive PE

Results:
Normal:excludes the diagnosis of PE
High probability: most likely means PE present unless pre-test probability is low
60% of V/O scans are nondiagnostic

Echocardiogram Useful to assess massive or chronic PE
Dependent on clinical status

ABC No diagnostic use in PE (insensitive and nonspecific)
May shovr respiratory alkalosis (due to hypenrent alien ) Evaluation of a Suspected Pulmonary

Embolism
Urndmcal probability olembolism
D-dimer (-ve) -» CT scan (+ve) ruled in
(-ve) -* ruled out
Intermediate or high probability
CT pulmonary angiography scan
(-ve) •ruled out
(*ve)» ruled in
Notes:
• Use O-dimers only if low clinical

probability, otherwise, go straight
toCT

• If using V/O seans (CT contrast
allergy or renal failure):

• Negative V/O scan rules out the
diagnosis

• High probability V/O scan only
rules in the diagnosis if high clinical
suspicion

• Inconclusive V/O scan requires leg
U/S to look for DVT or CT

Treatment
•admit for observation and stratify risk - in low-risk PE setting with no other indication

for hospitalization and low-risk of early adverse outcomes, patients may be sent home with
anticoagulation

•oxygen: supplemental oxygen should be administered to target an oxygen saturation S9() percent
•pain relief: analgesics if chest pain - narcotics or acetaminophen
•acute anticoagulation: therapeutic-dose SC LMVV H or fondaparinux or unfractionated heparin or oral

factor Xa inhibitors ( rivaroxaban, apixaban, edoxaban) or direct thrombin inhibitors (dabigatran ) -
start ASAP

anticoagulation stops clot propagation, prevents new dots,and allows endogenous fibrinolytic
system to dissolve existing thromboemboli over months;get baseline CBC,1NR, aPTT ± renal
function ± liver function
for SC LMWH:dalteparin 200 U/kg once daily, enoxaparin 1 mg/kg BID, or fondaparinux 5-10
mg once daily - no lab monitoring- avoid or reduce dose in renal dysfunction
for IV heparin: bolus of 75 U/kg (usually 5000 U) followed by infusion starting at 20 U/kg/h -aim
for aPTT 2-3x control

•long-term anticoagulation
• for most nonpregnant patients who do not have renal insufficiency or active cancer, first-line is

direct oral anticoagulants (rivaroxaban, apixaban, edoxaban, or dabigatran) rather than warfarin
• if using warfarin instead ofDOAC: start the same day as LMWH /heparin - overlap warfarin with

LMWH /heparin for at least 5 d and until INR in target range of 2-3 for at least 2 d ( use for patients
with severe renal insufficiency)
LMWH instead of warfarin for pregnancy, active cancer,or high bleeding risk patients

•IV thrombolytic therapy
if patient has massive PE (hypotension or clinical right heart failure) and no contraindications
hastens resolution of PE but may not improve survival or long-term outcome and doubles risk of
major bleeding

• interventional thrombolytic therapy
massive PE may be treated with catheter-directed thrombolysis by an interventional radiologist
catheter-directed thrombolysis is not recommended over systemic thrombolysis

•1VC filter: routine use is not indicated; use if recent proximal DVT and absolute contraindication to
anticoagulation

•duration of long-term anticoagulation: individualized,however generally
• if reversible cause for PE (e.g. surgery, injury, pregnancy, etc.):3-6 mo
• if PE unprovoked: 6 mo to indefinite
• if ongoing major risk factor (active cancer, antiphospholipid antibody, etc.): indefinite

Workup for Idiopathic Venous
Thromboembolism
Thrombophilia workup: recurrent or
idiopathic DVT/PE. age <50. FMHx.
unusual location, massive
Malignancy workup:12% of patients with
idiopathic VTE will have a malignancy

The Use of Unfractionated Heparin
Should Be Limited to:
• Patients with severe renal

dysfunction (CrCI <30 ml/min)
in whom LMWH and novel oral
anticoagulation should be avoided

• Patients at elevated risk of bleeding
that may need rapid reversal of
anticoagulation

• Patients who receive thrombolytic
therapyThromboprophylaxis

•mandatory for most hospital patients: reduces DVT, PE.all-cause mortality, cost-effective
•start ASAP
•continue at least until discharge or recommend extending for 35 d postoperatively, if major

orthopaedic surgery
rn
c.J

Sri landra-s 10M Resorology Trials table for mote
jr~at o- 0‘EPSTEIN-CHOiCE which details the

eicacj of *< aroiaOan w.ASA in patients v/ith VTE
ir.Q co-Dieted a 6-12 mo course of anticoagulation
tirercTf. +
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Table 22. VTE Risk Categories and Prophylaxis (see Hematology, H36) Direct Oral Antimagulaas Comparedwib
VitaminK Antagonists (VICAsI for Acute VeoMS
Thromboembolism:Evidence fromPhase 3Trials
Bood 2014:124:1968-1975
Study:Meta-anaysrs ofachase3 -j-ej-adart-ped

Risk Group Prophylaxis Options

low Thrombosis Risk
Medical patients:fully mobile

Surgery:<30 min.fully mobile

No specific prophylaxis

frequent ambulation trials
Population:27023 jaientsirii VTE
Intervention:OOJtCs reiaisVKAs
Outcomes:Cveralefficacy.safeysena.ardretcr cal
bench!tor thetreafciedofaccSsymncsc VIE
Results:RacurrentHIacxedrID1;r OOSC recoents
compa-tdwi'Ji22%nVXA reepeds|58030.56% 0
0.77-1.06).TreatneSnthaDMsynercy reducedbe
risk olmajor bleedng(M03155%Cl0.4S0.83).
Conclusions DOlCsandi'lisfa.eas- arefecy
in thebeacment of acu#syopfcmaxKitbonnet,
treahnentwithaDOJCsgcficartly reducesBensksof
major heeding.

Moderate ThrombosisRisk

Most general,gynaecologic,urologic surgery

Sick medical patents

LMWH

Low dose unfractionated heparin
fondaparinux

High ThrombosisRisk
Arthroplasty,hip fracture surgery

Major trauma,spinal cord injury

IMWH
fondaparinux
Warfarin (INR 2 3)

Dabrgatran
Apixaban

Rhraroxaban
Low dose unfraclionated heparin

Scleroderma is the most likely collagen
vascular disease to lead to pulmonary
involvement which can indudeILD and
pulmonary HTNHigh Bleeding Risk

Neurosurgery,intracranial bleed TED stockings'.pneumatic compression devices

LMWH or low dose heparin when bleeding risk decreasesActive bleeding
Horner’s Syndrome
Ptosis.Miosis.Anhidrosis

Pulmonary Vasculitis

Table 23. Pulmonary Vasculitis
DefinitionDisease Pulmonary Features Extra Pulmonary Features Investigations Treatment

Granulomatosis with
Polyangiitis (ERA.
previously Wegener's
Granulomatosis)
(see Nephrology.NP25.
NP26.and NP29)

Systemic vasculitis of medium
and small arteries,most
common pulmonary vasculitis

Focal necrotizing lesions of
arteries and veins:mayhave
nasal,sinus,and ear disease:
crescentic glomerulonephritis

CXR/CT:nodules,cavities,and
alveolar opacities
c-ANCA (positive in90% of
cases)

Corticosteroids and
cyclophosphamide or rihuimab
Plasma Exchange (FLEX) is
also used often in cases of
pulmonary hemorrhage,severe
renal failure.or concomitant
anti- GBM
Prognosis with treatment is
generally good (65-90% achieve
full remission)

Necrotizing granulomatous
lesions of the respiratory
tract,which may lead to
tracheal and/or bronchial
stenosis,nodules.ILD.or
alveolar hemorrhage

PR3
Tissue confirmation
Urinalysis: look for abnormal
sedimentation

Life-threatening systemic
vasculitis involving the longs,
pericardium and heart kidneys,
skin,and PNS (mononeurits
multiplex)

Eosinophilic
Granulomatosis with
Polyangutis (EGPA.Churg-
Strauss)

Multisystem disorder
characterized by allergic
rhinitis, asthma, andprominent
peripheral eosinophilia

Asthma (prodromal phase,
usually occurs before other
systemic features)
Eosinophilic infiltrates in
smali-and- medium sized
vessels

CXR can often be normal
(30-60%) but can see transient. Cyclophosphamide (Use five
patchy opacities
Peripheral eosinophilia is the
most common finding
p-ANCA.myeloperoxidase
(MPO) may be positive
Biopsy involved tissue
CXR:may see alveolar
infiltrates
EUSA test with anti- GBM
antibodies
Renal biopsy/indirecl
immunofluorescence shows
linear staining

Corticosteroids

factor Score to determine need)
With treatment.90% of patients
have clinical remission

Anti-GBM Disease
(Goodpasture's)
(seeNephrology.NP24)

A disorder characterized by
diffuse alveolar hemorrhage
and glomerulonephritis caused
by anti- GBM antibodies, which
cross-read with basement
membranes of the kidney
and lung
See Rheumatology.RH11.RH8.
and RH14

Alveolar hemorrhage,which
may present with dyspnea,
cough,hemoptysis
May follow influenza
infection

Anemia
Acute renal failure

Acutely:corticosteroids,
plasmapheresis,
immunosuppressive therapy
Severe cases:bilateral
nephrectomy

Systemic lupus
Erythematosus.
Rheumatoid Arthritis.
Scleroderma

Pulmonary Edema
r i
L J

• see Cardiology and Cardiac Surgery, C42

+
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Diseases of the Mediastinum and Pleura

Mediastinal Masses Differential of an Anterior
Compartment Mass

• see General and Ihoracic Surgery.(iS13 4 %
Thymoma
Thyroid enlargement (goitre)
Teratoma
Tumours (lymphoma,parathyroid,
esophageal,angiomatous)

Mediastinitis
• most common causes: postoperative complications of cardiovascular or thoracic surgical procedures

Acute
• etiology

perforation of esophagus or trachea - vomiting (Boerhaave’s syndrome), penetrating trauma,
foreign body, instrumentation, erosion (e.g. carcinoma, infection)
direct extension of infection - dental, lung, pleura, pericardium, lymph nodes, paraspinous,
pancreatic
postoperative (sternotomy or mediastinoscopy)
primary mediastinal infections (e.g. inhalational anthrax)

• signs and symptoms
fever, substernal pain; often a dramatic and acute onset of symptoms, with irritability,
restlessness, and a sense of impending doom
pneumomediastinum, mediastinal compression
Hamman’s sign (auscultatory “crunch” during cardiac systole)

• treatment
antibiotics (IV vancomycin + 3rd gen cephalosporin), drainage, ± surgical closure of perforation

Mediastinal Components
• Anterior sternum to pericardium

and great vessels. Indudes:thymus,
extrapericardiat aorta and brandies,
great veins, lymphatic tissues

• Middle:pericardium (anteriorty).
posterior pericardial reflection,
diaphragm,thoracic inlet Indudes:
heart intrapericardial great vessels,
pericardium,trachea

• Posterior:posterior pericardial
reflection,posterior border of
vertebral bodies, first rib to the
diaphragm. Includes:esophagus,
vagus nerve, thoracic duct
sympathetic chain,azygous venous
system

Pleural Effusions
Definition
• excess amount of fluid in the pleural space

Etiology
• disruption of normal equilibrium between pleural fluid formation/entry'and/or pleural fluid

absorption/exit
• pleural effusions are classified as transudative or exudative

distinguish clinically using Light’s Criteria (98% sensitivity and 83% specificity for identifying
exudative pleural effusions)

Starting's hypothesis:The rate
of passive fluid movement across
a capillary waB is governed by the
gradients of hydrostatic pressure and
oncotic pressure across the same
capillary wall

Table 24. Laboratory Values in Exudative Pleural Effusion
Light's Criteria Modified Light's Criteria

Protein -Pleural/Serum
LDH-Pleural/Serum
Pleural LDH

Exudate = any one criterion

MIS >0.5
>0.6 >0.6
>2/3 upper limit of H serum LDH >0.45 upper limit of N serum LOH

Ann Intern Med1979:77:507-513
Chest1997:111:970-980

Transudative Pleural Effusions
• pathophysiology: alterations to Starling forces affects the rates of formation and absorption of pleural

fluid
• etiology

CHI': usually bilateral, right-sided more than the left, can occasionally be isolated right-sided
cirrhosis leading to hepatic hydrothorax (diaphragmatic deficit allows fluid into chest cavity)

« nephrotic syndrome, protein losing enteropathy
pulmonary embolism (may cause transudative but more often causes exudative effusion)
peritoneal dialysis with transdiaphragmatic flow, hypothyroidism, urinothorax

Transudative effusions are usualy
bilateral, not unilateral

Exudative effusions can be bilateral or
unilateral

Exudative Pleural Effusions
• pathophysiology: increased permeability of pleural capillaries or lymphatic dysfunction r

+
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Table 25. Exudative Pleural Effusion Etiologies
Etiology Examples

Appearance of Pleural Fluid
• Bloody: trauma, malignancy,

traumatic tap
• White:em pyema, chylous, or

chyliform effusion
• Black: aspergillosis, amoebic liver

abscess
• Yellow-green: rheumatoid pleurisy
• Viscous: malignant mesothelioma
• Ammonia odour: urinothorax
• Food particles: esophageal rupture

Infectious Parapneumonic effusion (associated withbacterial pneumonia,or other process such as lung abscess)

Empyema:bacterial,fungal.IB

IB pleuritis
Viral infection (rare)

Fungal
Parasitic

lung carcinoma (35%)
lymphoma (10%)

Metaslases:breast (25%). ovary,kidney,other

Mesothelioma

Malignancy

Myeloma
Collagen vascular diseases:RA.SIE
Pancreatitis
Benign asbestos related effusion
Pulmonary embolism

Post-coronary artery bypass grafting or cardiacinjury
Drug reaction

Inflammatory

Subphrenic abscess (sympathetic effusion)

Pancreatic pseudocyst with fistula into pleuralspace (associated with elevated pleural fluid amylase)

Meigs' syndrome (ascites and hydrothorai associated with an ovarian fibroma or other pelvic tumour) (can also
be a transudate)

Intra-Abdominal

Intra-Thoracic Esophageal perioralion (associated with elevatedpleural fluid amylase)

Hemothorax: rupture of a blood vessel,conn-onlyby trauma or tumours

Pneumothorax:spontaneous,traumatic

Chylothorax (thoracic duct leak)

Iatrogenic

Trauma

Other Drug-induced
Hypothyroidism (can also be transudate)

Signs and Symptoms
• often asymptomatic
• dyspnea: varies with size of effusion and underlying lung function
• pleuritic chest pain, shoulder pain ( referred pain from the phrenic nerve, C3-C5, which innervates the

diaphragm)
• inspection: ipsilateral decreased expansion; when accumulated rapidly, trachea can deviate away from

effusion
• palpation: decreased tactile fremitus
• percussion:dullness
• auscultation:decreased breath sounds;bronchial breathing and egophony just above fluid level,

sometimes pleural friction rub if inflammatory cause and minimal fluid

Role of CT in Pleural Effusion
• To assess for fluid loculation. pleural

enhancement, thickening and
nodules, parenchymal abnormalities,
and adenopathy

• Can provide clues to help distinguish
benign from malignant effusion

• May not distinguish empyema from
parapneumonic effusion

Features of Mesothelioma
• Multiple pleural nodules
• Circumferential pleural thickening

>1 cm
• Mediastinal pleural involvement

Investigations. CXR
must have >200 m L of pleural fluid for visualization on PA film

• PA: blunting of lateral costophrenic angle
• lateral:>50 mL leads to blunting of posterior costophrenic angle
• dense opacification of lower lung fields with concave meniscus as fluid accumulates
• decubitus: fluid will layer out unless it is loculated
• supine: fluid will appear as general haziness over lung field

• CT: helpful in differentiating parenchymal from pleural abnormalities; identifying loculation.
measuring density of fluid (higher density may indicate a hemothorax); contrast can detect pleural
enhancement indicative of empyema and may identify underlying lung pathology causing effusion

• VIS: detects small effusions and can guide thoracentesis
• thoracentesis: indicated if pleural effusion is a new and concerning finding, if patient is unstable, and/

or if patient has pneumonia and there is a concern about infected parapneumonic effusion;order
blood work (serum LDH, glucose, protein, albumin) at the same time for comparison

risk of re-expansion pulmonary edema if >1.5 L of fluid is removed in one shot through a closed

Imaging Features of Empyema
• Parietal pleural thickening
• Pleural enhancement
• Concurrent thickening and

enhancement of both the visceral
and parietal pleural (split pleural
sign)

tap
• inspect for colour, character, presence of pus, and odour of fluid

send fluid for analysis (see T able 26)
• pleural biopsy: indicated if suspect IB, mesothelioma, or other malignancy (and if cytology non-

diagnostic)
+
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Table 26. Analysis of Pleural Effusion
Measure Purpose
Always order:

Protein,LDH Transudate vs.eudate
LDH especially high (>1000 IU/L) in empyema,rheumatoid,malignancy

Protein especiallyhigh in 16.myeloma
Gram Stain.liehl-Neelsen Stain (T6).Culture Looking for specific organisms lean add ZieM-Neelsen Stain if 16 suspected)

Neutrophils vs.lymphocytes (lymphocytic effusion inIB.cancer,lymphoma.RA)
Eosinophilic (seen in pneumothorax,hemothorax,drug reactions,pulmonary embolism,
eosinophilic granulomatosis with polyangutis.asbestos-related,malignancy,parasitic,
occasionally IB)
High R 6C count:mostly traumatic,malignancy.PE with infarction.IS.hemothorax

Malignancy
Low (fluidiserum <0.5) inrheumatoid.16.empyema,malignancy,esophageal rupture

Normally about 7.6
Very low (<7.0) inempyema,TB.rheumatoid,malignancy,esophageal rupture

Complicated Parapneumonic Effusion
(needs drainage if any of these are
present):

• Loculation
• >1/2 hemithorax of fluid. pH <7.2
• Glucose<2.2 mmol/L. LDH>1000
• Gram stain or culture positive
• Frank pus

Cell Count Differential

Cytology
Glucose Empyema (always needs drainage)

Frank pus on tap
May or may notbe loculated,and will
often fulfill many of the criteria of a
Complicated Parapneumonic Effusion

pH

May order (depending onclinical suspicion):

Albumin Albumin gradient for higher specificity assessment for exudate (compared to Light 's criteria
alone)

Pancreatitis,esophageal perforation,malignancy
Collagen vascular disease

Chylothorax from thoracic duct leakage,mostly due to trauma,lung CA.or lymphoma
Distinguish between chylothorax and chyliform effusion (latter seen in inflammation,e.g.16.

Amylase
Rheumatoid Factor.ANA,Complement

Triglycerides
Cholesterol,chylomicrons

RA)

Treatment
• thoracentesis
• tube drainage if required
• early tissue plasminogen activator ( tPA)/deoxyribonudease ( DNase) instillation to improve drainage

of infected effusions
• treat underlying cause
• consider indwelling pleural catheter or pleurodesis in refractory'chronic effusions
• consultation with thoracic surgery for potential surgical management

When possible,organism-directed
therapy, guided by culture sensitivities
or local patterns of drug resistance
should be utilized

Complicated Parapneumonic Effusion
General and 'Ihoracic Surgery, GS17• see

Empyema
• see General and Ihoracic Surgerv. GSI7

Atelectasis
• see General and Ihoracic Surgery.(IS11

Pneumothorax
• see General and Ihoracic Surgery.GS17

Asbestos-Related Pleural Disease
Etiology and Pathophysiology
• non-malignant manifestations of asbestos exposure:

• BA PE
Need to Rule Out Life-Threatening
Tension Pneumothorax
If pneumothorax with:
• Severe respiratory distress
• Tracheal deviation to contralateral

» exudative effusion, typically -10 yr after exposure, often resolves on its own
• pleural cytology is needed to distinguish from mesothelioma or pleural extension of other

malignancies r mside
iJ• Distended neck veins (» JVP)

• Signs of hemodynamic instability
(eg.hypotension)

• asbestosis
low lobe 1LD (appears the same as 1PE)

• round atelectasis
commonly seen peripherally, due to asbestos-pleural disease

• calcified pleural plaques and/or pleural thickening
• marker of exposure; usually an asymptomatic radiologic finding

Do not perform CXR
Needs immediate treatment
See Emergency Medicine, ERT1and ER22

+
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Mesothelioma
Etiology and Pathophysiology
• primary malignancy of the pleura
• decades after asbestos exposure (even with limited exposure)
• smoking not a risk factor, but asbestos exposure and smoking synergistically increase risk of lung

cancer

Signs and Symptoms
• chest pain, dyspnea, cough, bloody pleural effusion, and weight loss
• there can be associated paraneoplastic syndromes (e.g. hypercalcemia, hemolytic anemia,

hypoglycemia)

Investigations
• CT thorax
• biopsy (pleuroscopic or open)
• needle biopsy may seed needle tract with tumour

Treatment
• use of multidisciplinary team with trimodal treatment (e.g. chemotherapy, radiation, surgical

resection)
• palliation is often needed because of poor prognosis

Respiratory Failure
Definition
• failure of respiratory system to maintain normal gas exchange (oxygen and carbon dioxide

homeostasis)
• hypoxemia (PaO > <60 mmHg), hypercapnia (PaC02 >50 mmHg)
• acute vs.chronic (compensatory mechanisms activated)

Signs and Symptoms
• signs of underlying disease
• hypoxemia: restlessness, confusion, cyanosis, coma, cor pulmonale (if chronic)
• hypercapnia: confusion, headache, dyspnea, drowsiness, asterixis, warm periphery, plethora,

increased ICP (secondary to vasodilatation)

Investigations
• ABGs
• CXR and/or Cl'
• pulmonary function tests (for chronic respiratory failure)

Hypoxemic Respiratory Failure
Definition
• PaO:decreased, PaCOi normal or decreased

Treatment
• reverse the underlying pathology

• oxygen therapy: maintain oxygenation (if shunt present, supplemental 02 is less effective) using
O’delivery systems (see Anesthesia, A10)

• ventilation, BiPAP,and PEEP/CPAP (seeAnesthesia, All): positive pressure can recruit alveoli and
redistribute pulmonary edema fluid

• improve cardiac output: ± hemodynamic support (fluids, vasopressors, inotropes) (increases O’delivery), reduces 0’ requirements

n
L J
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Table 27. Approach to Hypoxemia
Ventilation, BiPAP, Increasing

Cardiac Output
Type of
Hypoxemia

Settings PaCOr AaO; Oxygen
Therapy and PEEP

1. tow FiOi No change
No change

High altitude
2. Hypoventilation Drug overdose,obesity, t

hypoventilation
syndrome

Nor a N Improves
Improves

No change
Improves with
ventilation

N

3. Physiologic AROS. pneumonia
Shunt ^ V/0
mismatch with
lowV
4. Anatomic Shunt Ventricular septal delect N o r a
(Right to loft)
5. low Mixed Shock
Venous Or Content
6. Dillusion
Impairment

Less ellective ImprovesNor a No changet

Can worsen by
increasing shunt
Can worsen by reducing Improves
cardiac output
Improves with positive No change or
pressure

Can worsenNo changet

Improves or no
change
Improves

a t

IIP.emphysema N t
worsens

'Where "N" » withinnormal limits.A-aOr * Alveolar-arterial gradient
Reprinted with permission from Or.Ian Fraser

Hpercapnic Respiratory Failure
Definition
• PaCO:increased, PaO:decreased

Dead Space
• Ventilation without perfusion
• The opposite of shunt

Pathophysiology
• increased CO:production: fever, sepsis, seizure, acidosis, carbohydrate load
• increased dead space (normal or increased minute ventilation, low alveolar ventilation):COPD, CP,

chest wall disorder, dead space ventilation (rapid shallow breathing)
inefficient gas exchange results in inadequate CO:removal in spite of normal or increased minute
ventilation

• hypoventilation (low minute ventilation)
restrictive process such as chest wall disorder (e.g. severe kyphoscoliosis)
central:brainstem stroke, hypothyroidism, severe metabolic alkalosis, drugs (e.g.opiates,
benzodiazepines)
neuromuscular: myasthenia gravis,Guillain-Barre, phrenic nerve injury, muscular dystrophy,
polymyositis
muscle fatigue

Causes of Hypercapnia
• Low total ventilation
• High dead space ventilation
• High COvproduction

In chronic hypercapnia, supplemental O2

may worsen hypoxemia by worsening
V/O mismatch,Haldane effect, and/or
decreasing respiratory drive (in order of
physiologic importance): but do not deny
oxygen if the patient is hypoxic

Treatment
• reverse the underlying pathology

if PaCO:>50 mmHg and pH <7.35 consider noninvasive or mechanical ventilation
• correct exacerbating factors

• nasotracheal /endotracheal tube suction: clearance of secretions
• bronchodllators: reduction of airway resistance
• antibiotics: treatment of infections
• reverse medications that may be contributing (e.g. narcotics)

• maintain oxygenation (see above)
• diet: increased carbohydrates can increase PaCO:in those with mechanical or limited alveolar

ventilation; high lipids decrease PaCO:

In COPD patients with chronic
hypercapnia ("COJ retainers"), provide
supplemental oxygen to achieve target
SaOa from 88 92%

Acute Respiratory Distress Syndrome
Definition
• clinical syndrome characterized by severe respiratory distress, hypoxemia, and noncardiogenic

pulmonary edema
• '1he Berlin Criteria for ARDS

• acute onset
within 7 d of a known clinical insult or of patient noticing new or worsening of respiratory
symptoms
usually occurs within 72 h of presumed trigger

bilateral opacities consistent with pulmonary edema on either CT or CXR
• not fully explained hv cardiac failure/fluid overload, but patient may have concurrent heart failure

• objective assessment of cardiac function (e.g echocardiogram) should be perfumed if no clear risk
factors

Acute Lung Injury
ALI is an outdated term that has the
same definition as ARDS but with a
PaOj/FiOj <300. The Berlin Definition
removed ALI and replaced It with the
term mild ARDS

ri
1J
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Etiology
• direct lung injury

• airway: aspiration (gastric contents, drowning), pneumonia, inhalation injury (oxygen toxicity,
nitrogen dioxide, smoke)
circulation: embolism (fat, amniotic fluid), reperfusion injury

• indirect lung injur>’• circulation: sepsis, shock, trauma, blood transfusion, pancreatitis
neurogenic: head trauma, intracranial hemorrhage, drug overdose (narcotics, sedatives, tricyclic
antidepressants)

Pathophysiology
• disruption of alveolar capillary membranes > leaky capillaries -> interstitial and alveolar pulmonary

edema -> reduced compliance. V/Q mismatch, shunt, hypoxemia, pulmonary HTN

Categorization of ARDS as Mild.
Moderate or Severe - The Berlin
Criteria
AIDS Severity PaO. F.O , Mortality

l«n»H|r (95».Cl|
Mild 200300

100 200
27 (24-30|%
32 (29 -34) •
«5 (A2 48)%

Moderate

Serere < 100
MtJinHjOKIMMIOOl

MIU»17.307:JMMM1

Clinical Course
A. Exudative Phase
• first 7 d of illness after exposure to ARDS precipitant
• alveolar capillary endothelial cells and type 1 pneumocy tes are injured, resulting in loss of normally

tight alveolar barrier
• patients develop dyspnea, tachypnea, increased work of breathing

these result in respiratory fatigue and eventually respiratory failure (see Hypoxemic Respiratory
Failure, R26 )

B. Fibroproliferative Phase
• after day 7
• may still experience dyspnea, tachypnea, fatigue, and hypoxemia
• most patients clinically improve and are able to wean off mechanical ventilation
• some patients develop fibrotic lung changes that may require long-term support on supplemental

oxygen or even mechanical ventilation
• if fibrosis present,associated with increased mortality

Treatment
• based on ARDS Network (see Landmark Respirology Trials, R35 )
• treat underlying disorder (e.g.antibiotics if infection present)
• mechanical ventilation using low tidal volumes (<6 mL/kg) to prevent barotrauma

use optimal amount of PEEP to keep airways open and allow the use of lower FiOi
may consider using prone ventilation, ± inhaled nitric oxide, short term paralytics (<48 h) or
ECMO (extracorporeal membrane oxygenation) if conventional treatment is failing

• fluids and inotropic therapy (e.g.dopamine, dobutamine) if cardiac output inadequate
• pulmonary-arterial catheter now seldom used for monitoring hemodynamics
• mortality: 30-40%, usually due to non-pulmonary complications
• sequelae of ARDS include residual pulmonary impairment, severe debilitation, polyneuropathy and

psychological difficulties, which gradually improve over time
• most survivors eventually regain near-normal lung function, often with mildly reduced diffusion

capacity

Risk Factors for Aspiration
Pneumonia
Categories Examples

Decreased level o< Alcoholism
consciousness

Upper 61 tract disoeders Drsphagia.esoptiageal
disorders
Intubation, nasogastric
tube, feeding tube

neurologic conditions Dementia.Parkinson's
disease
Protracted vomiting

Mechanical
instrumentation

Others

Neoplasms

Lung Cancer

• see ( icncr.il and Ihnr.tcic Surgery.(iSU

Approach to the Solitary Pulmonary Nodule
• sec Medical 1 mayinn. Lung Abnormalities,MI7
• see General and ’thoracic Surgery, GS13

r -t
L J
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Sleep-Related Breathing Disorders
Hypoventilation Syndromes

Definition
•group of syndromes characterized by hypoventilation during sleep, though daytime hypercapnia may

also be a feature
•superimposed sleep apnea may be present
•categories of hypoventilation syndromes include: medical disorders, lung parenchymal or airway

disease (typically severe), chest wall disorder (deformity such as kyphoscoliosis), neurologic disorder
(brainstem lesions), respiratory muscle weakness (neuromuscular disease, myopathy), medications
(opiates and other sedatives), obesity-hypoventilation syndrome (Pickwickian syndrome: BM1 >30
kg/m 2and no other cause of hypoventilation identified), congenital central alveolar hypoventilation
syndrome, idiopathic hypoventilation syndrome

Treatment
•management of the underlying condition
•usually PAP therapy (frequently BiPAP, which delivers ventilation in addition to airway splinting)

Normal Respiratory Changes during
Sleep. Tidal volume decreases, leading to

decreased minute ventilation
• PaCOi increases (due to decreased

minute ventilation)
• Pharyngeal dilator muscles relax

causing increased upper airway
resistance

Sleep Apnea
Definition
• episodic decreases in airflow during sleep
• quantitatively measured by the Apnea-Hypopnea Index (AH1) = # of apneas and hypopneas per hour

of sleep
• sleep apnea generally accepted to be present if AH1 S5 events/h

• AH1: Mild OSA 5-15 events/h, Moderate 15-30 events/h, Severe >30 events/h

• Apnea: reduction in airflow >90%
from baseline,lasting for >10s. Hypopnea: reduction in airflow
z30% from baseline, lasting for >10 s.
associated with oxygen desaturation
>3% or EEG arousal. Hyperpnea:period of increased
ventilation,typically in thecontext of
resumption in breathing,following an
apnea or hypopnea

• Obstructive apnea: absent airflow
despite respiratory effort due to
upper airway occlusion

• Central apnea:absent airflow,due
to absent or reduced respiratory
effort

• Mixed apnea:absent airflow,
with features of both central and
obstructive events

Classification
• obstructive sleep apnea

caused by transient, episodic obstruction of the upper airway
absent or reduced airflow despite persistent respiratory effort

• central sleep apnea (see Neurology, N49)
hypercapnic CSA caused by transient, episodic decreases in CNS drive to breathe, typically seen
in patients with sleep hypoventilation syndromes (see Hypoventilation Syndromes)
hypocapnic CSA, most commonly Cheyne-Stokes breathing, typically seen in patients with
congestive heart failure and sometimes stroke;characterized by a crescendo-decrescendo pattern
of alternating apnea and hyperpnea

• some patients exhibit a combination of obstructive, central and, mixed apneas (sometimes referred
to as ‘complex sleep apnea"). Typically this involves ventilatory overshoot following an obstructive
apnea, resulting in hypocapnia, loss of respiratory drive, and consequently a central apnea

SLEEP TESTING
Treatment of AdultObstructive Sleep Apaeiwith
Positive Airway Pressure:An American Academy
of Sleep Medicine Systematic Review, Meta-
Analysis,and GRADE Assessment
JDim SleepMeil 2019:15:301 33d
Purpose:Toprovide Supporting evidence for the
clinical practice guidelines for the treatment of OSA in
adults using PAP.
Methods: Systematic review including ltdstudies
comparing use of PAP with no treatment and studies
comparingdifferent PAPmodalities.
Conclusions:Tire data demonstrated thatPAP
compared to no treatment resultsina clinically
signibcanl reduction in disease severity,sleepiness,
blood pressure,motor vehicle accidents, and
improvement in sleep-related quality of lifeinadults
with OSA.

Polysomnography
• sleep study, usually in-laboratory with technologist in attendance
• evaluates sleep stages and arousals (using EEG, EGG,EMG), airflow, ribcage and abdominal

movement, ECG,SaOa, limb movements, snoring, body position, and video recording
• indications:

evaluation for suspected sleep disordered breathing in a patient with compatible symptoms or
risk factors
evaluation for non-respiratory causes of excessive daytime sleepiness
evaluation of selected cases of insomnia and abnormal behaviours during sleep
titration of PAP therapy, to determine optimal settings
assessment of objective response to other interventions (e.g. oral appliances for sleep apnea,
positional therapy)

Home Sleep Apnea Testing
• done in the home, unattended
• evaluates a limited number of parameters primarily focused on the diagnosis of OSA; EEG monitoring

typically not included
• indication: evaluation for suspected OSA, in patients without significant cardiopulmonary

comorbidities
+
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OSA

Risk Factors
• obesity, craniofacial abnormalities,crowded oropharynx (including enlarged tonsils, large tongue),

short/wide neck (neck circumference >17 inches (>43 cm) for men and >16 inches (>40.6 cm) for
women), nasal obstruction

• more common in males than females (pre-menopause)

Signs and Symptoms
• airway obstruction:snoring, apneas, choking and gasping spells (may be witnessed by a bed partner)
• sleep fragmentation: nocturnal awakenings, nocturia, unrefreshing sleep, daytime somnolence,

irritability, depression, memory loss, morning headaches

Complications
• increased risk of:hypertension, cardiovascular disease (e.g.CAD,CHF,arrhythmia), stroke, motor

vehicle collisions, polycythemia, pulmonary hypertension, type 2 DM

Treatment
• modifiable factors: weight loss, decreased alcohol/sedatives, treatment of nasal congestion (usually

modest effect),avoidance of supine sleep
• CPAP very effective but can be limited by compliance
• oral appliances typically less effective at reducing AH1 but better tolerated by some patients
• surgical intervention can be helpful in select patients (e.g. tonsillectomy, tongue base and jaw

procedures, tracheostomy)

CSA

Risk Factors
• hypercapnic CSA: underlying disorder causing sleep hypoventilation syndrome (see Hypoventilation

Syndromes, R29 )
• non-hypercapnic CSA (mostly Cheyne-Stokes breathing): congestive heart failure, atrial fibrillation,

high altitude

Signs and Symptoms
• typically those of underlying medical condition
• those with hypercapnia typically have daytime somnolence:seen less frequently in non-hypercapnic

CSA

Complications
• hypercapnic CSA: may have complications of chronic hypoxemia including cor pulmonale
• hypocapnic CSA: higher mortality but not clear whether this is due to Cheyne-Stokes breathing,or if

Cheyne-Stokes breathing is a marker of severe heart disease

Treatment
• both hypercapnic and non-hypercapnic CSA: treatment of underlying medical conditions, especially

optimization of congestive heart failure in Cheyne-Stokes breathing
• hypercapnic CSA: typically benefit from BiPAP
• hypocapnic CSA: has not been shown to benefit from CPAP or BiPAP; clinical trials of adaptive servo-

ventilation (ASV) are ongoing, but one study showed a signal for harm

Introduction to Intensive Care

Intensive Care Unit Basics
• goal is to stabilize critically ill patients: hemodynamic, respiratory, cardiac instability, or need for

close monitoring

Lines and Catheters
n
LJ

• arterial lines
• monitor beat-to-beat blood pressure variations, obtain blood for routine ABCs

common sites: radial and femoral arteries
• central venous catheter (central line)

administer IV fluids, monitor CVP, insert pulmonary artery catheters
administer total parenteral nutrition and agents too irritating for peripheral line (e.g.
vasopressors, chemotherapy)
common sites: internal jugular vein, subclavian vein, femoral vein

+



R31 Rcspirology Toronto Notes 2023

• pulmonary arterial catheter
balloon guides the catheter from a major vein to the right heart

• measures PCWP via a catheter wedged in distal pulmonary artery
• PCWP reflects the LA and LV diastolic pressure (barring pulmonary venous or mitral valve

disease)
indications ( now used infrequently due to associated complications)

diagnosis of shock, primary pulmonary H 'l' N, valvular disease, intracardiac shunts, cardiac
tamponade, PL

assessment of hemodynamic response to therapies
differentiation of high- vs. low-pressure pulmonary edema
management of complicated Ml, multiorgan system failure and/or severe burns, or
hemodynamic instability after cardiac surgery

absolute contraindications
tricuspid or pulmonary valve mechanical prosthesis
right heart mass ( i.e. thrombus or tumour)
tricuspid or pulmonary valve endocarditis

Intensive vs.ConventionalGlucose Control in
Critically IIIPatients
NEJU 2009:360:1283-1297
Purpose:ID assess whether intensive glucose control
improves mortality in critically inpatients.
Study: Prospective, randomned controlled trial.
Population: $104 patients eapetted to regoue ICU
treatment lot 3 or more consecutne days.
Intervention:Patients were randonned to insulin
therapy regimens with intensive (blood glucose 4.5 -6
mM)or conventional (blood glucose10 mM or less)
glucose control taigets.Intravenous insulin therapy
was used to maintain blood glucose in taiget range.
Primary Outcome: Oeatb from any cause within 90 d
alter landomiiation.
Results the odds ratio for death m the intensive
control group was1.14195 « Cl1.02-1.28:P'0.02) and
this effect did not differ between surg: cal and medical
patents.Severe hypoglycemia (Piood glucose <2.2
irII) was significantly more common in the intensive
management group (6.9H vs.0.SV P‘0.001).
Conclusion: Intensive insulin therapy m ICU palients
increased moitably compaiedtoblood glucose
targetrgof <10 mM with a number needed toharm
of 38.

Table 28. Useful Equations and Cardiopulmonary Parameters
Equations and Cardiopulmonary Parameters
BSA - [HI (cm) * Wt (leg) - 60|/100
SV - CO / HR
Cl- CO / BSA

PCWP - LVE0P
SVI - Cl / HR
RV Ejection Fraction - SV / RVEDV
PP - sBP- dBP
MAP -1/3 sBP'2/3 dBP - dBP <1/3 PP

SVRI * [|MAP- RAP) 801/Cl
P:F ratio - PaOt / FlOp

BSA - body surface mica: Cl » cardiac Index:CO e cardiac output: JBP - diastolic blood pressure;HR - heart rale; IVEDP•left ventricular end
diastolic pressure:
MAP•mean arterial pressure: PCWP * pulmonary capillary wedge pressure:PP- pulse pressure:RAP - right atrial pressuie:RVEDV - right
ventricular end diastolic voluaie:sBP- systolic blood pressure:SV = stroke volume:SVI-stroke volume index:SVRI - systemic vascular resistance
index

Organ Failure

Table 29. Types of Organ Failure
Type of Failure Clinical Features Treatment

Treat underlying cause [e g. lung disease, shunt. V/0
mismatch, drug related, caidiac)
Manage mechanical ventilation settings
Supplemental oxygen
Treat underlying cause|e.g. myocardial ischemia. IV lailure.
bradycardia, tachycardia,blood loss, adrenal insufficiency)
Correct volume status
Vasopressots
Inotiopes
Intra aortic balloon pump
Treat underlying cause (e.g. thrombocytopenia,drug-related,
immune- related. DIC)
Transfusion of blood products, dotting factors
Treat underlying cause (e.g. viral hepatitis, drug related.
metabolic)
lactulose
liveitransplant

Respiratory Failure
[we lleipitatoiffdilute, R26)

Hypoxemia
Hypercapnia

Cardiac Failure
(see Cardiology and Cardiac
Surgery, C401

Hypotension
Decreased urine output
Altered mental status
Arrhythmia
Hypoxia

Coagulopathy
(see Hematoloov.H34 and
H57)
liver Failure
(sec Gastroenterology. G40)

Increased INR or PIT
Low platelet count
Bleeding, bruising
Elevated transaminases, bilirubin
Coagulopathy
Jaundice
Altered mental status (encephalopathy)
Hypoglycemia
Elevated creatinine
Reduced urine output
Signs of volume overload (e.g. CHE. effusions) Diuretics

Dialysis

Causes of SHOCKRenal Injury
(see Nephrology.NP20)

Treat underlying cause (e.g.shock. drug-related, obstruction)
Correct volume and electrolyte status, eliminate toxins Spinal (neurogenic). Septic

Hemorrhagic
Obstructive (c .g. tension pneumothorax,
cardiac tamponade. PE)
Cardiogenic (e.g. arrhythmia. Ml)
AnaphylaKticShock

Definition
• see Emergency .Medicine, ER3
• inadequate tissue perfusion potentially resulting in end organ injury

• categories of shock
hypovolemic: hemorrhage, dehydration, vomiting, diarrhea, interstitial fluid redistribution
cardiogenic: myopathic (myocardial ischemia ± infarction), mechanical, arrhythmic,
pharmacologic

obstructive: massive PL (saddle embolus), pericardial tamponade, constrictive pericarditis,
increased intrathoracic pressure (e.g. tension pneumothorax)

distributive:sepsis, anaphylaxis, neurogenic, endocrine, toxins

->
• Shock: Clinical Correlation
• Hypovolemic:patients have cool

extremities due to peripheral
vasoconstriction

• Ca rdiogenic: patients usually have
signs of left-sided heart failure

• Obstructive: varied presentation
• Distributive: patients have warm

extremities due to peripheral
vasodilation

+



R32 Rcspirology Toronto Notes 2023

Table 30. Changes Seen in Different Classes of Shock
Cardiogenic Obstructive DistributiveHypovolemic

Systemic Inflammatory Response
Syndrome (SIRS): generalized
inflammatory reaction caused by
infectious and noninfectious entities,
manifested by two or more of:

• Body temperature >38"C or <36"C
• Heart rate>90/min
• Respiratory rate >20/min or PaCOu

<32 mmHg. WBC >12000 cclls/ml or <4000 cells/
ml or >10% bands

HR t.N. or * t or *t t

BP 4 « *
JVP ra t t

Extremities Cold Cold Warm
Bilateral crackles on chest Depending on cause, may Look for obvious signs of

see pulsus paradoxus. infection or anaphylaxis
Kussmaul's sign,or
tracheal deviation

Not Cold
Other Look for visible

hemorrhage or signs of
dehydration

exam

Treatment
• treat underlying cause (hypovolemia is the most common cause)
• treatment goal is to return critical organ perfusion to normal (e.g. normalize BP)
• common treatment modalities include:

fluid resuscitation ( NOT in cardiogenic shock)
• inotropes (e.g. dobutamine), vasopressors (e.g. norepinephrine), vasopressin

revascularization or thrombolytics for ischemic events
needle decompression or tube thoracostomy for suspected tension pneumothorax

Quick SOFA (qSOFA) Criteria
• Respiratory ratei22/mln
• Altered mentation
• Systolic blood pressure <100 mmHg

Sepsis Goal Directed Resuscitation lor Patients with
Early ScpticShock
ItlM 2014:371:1496-1406
Study: Prospective. random ized controlled trial-
population: 1600 patients in Australia and New
Zealand presenting tothe emergency department
witb early septic shock.
Intervention Patents were random zed to receive
early goal directed therapy (EGDT|or usual care.
Outcome: The primary outcome wasalkaase
mortality within 90 d ol randomization.
Results : Ihe rate ol death did not significantly
differ between patients treated with ECOI oi
usual care (absolute risk difference ESDI vs.usual
care- -03%,95% Cl -4.1 to 3.6%:P-0.90). EG01
treated patients received more intravenous fluids,
vasopressor infusions, red bipod cell transfusions,
and dobutamine|P<0.000t lot all).Survival lime,
in - hospital mortality, duration ol organ support, and
length nf hospital stay did not sign ilicaetly d iff er
between patients randomized to EGOI nr usual care.
Conclusions: EGOI did not improveall-cause
mortalityal 90 d in patients presentingto the
emergency department with early seplx shock.

•the leading cause of death in noncoronary ICU settings is multi-organ failure due to sepsis
•the predominant theory is that sepsis is attributable to uncontrollable immune system activation

Definitions
•sepsis: life threatening organ dysfunction caused by dysregulated host response to infection (Table 31)
•septic shock: a subset of sepsis, where sufficient circulatory and/or cellular/metabolic abnormalities

substantially increase mortality. Clinically defined as sepsis with persisting hypotension requiring
vasopressors to maintain MAP 265 mmHg and having a serum lactate 22 mmol/L ( 18 rng/dl.) despite
adequate lluid resuscitation

Signs and Symptoms
•new guidelines recommend the use of quick SOFA (qSOTA ) criteria and SOFA score to replace SIRS

criteria
•in patients with suspected infection, bedside application of qSOFA criteria identifies individuals with

high likelihood of poor outcomes, including prolonged ICU stay and/or death
•a positive qSOFA (>2 criteria) should prompt application of the SOFA score, and further evaluation of

possible infection and organ dysfunction
•in the context of suspected infection, a SOFA score 22 reflects an overall mortality risk of 10%
•the absence of 22 criteria on either qSOFA or SOFA score should not delay or defer investigation or

treatment of infection or any other aspect of care deemed necessary by the practitioners

Corticosteroids in Sepsis: An Updated Systematic
Review and Meta -Aoalysis
till Caic Med 2018:46 1411 1420
Purpose: Address the efficacy and safety of
corticosteroids m critically ill patents witti sepsis.
Methods: MEDLINE.EMBASE. CENTRAL,and LILACS
were searched foe Rtls comparing any corticosteroid
to placebo or no corticosteroid in critically ill children
and adults with sepsis.
Results: 42 RCTs including 10194 patients.
Corticosteroids may achieve a small reduction
oc no reduction in the relative cskof dying in the
short-term (relative risk. 0.93; 95% Cl 0.84-103;
1.8 % absolute risk reduction; 95% Cl 4.1% reduction
to 0.8% Increase!,and possibly achieve a small effect
on long-term mortality based on moderatecertainly
(relative risk, 0.94:95% Cl 0.89-1.00;22% absolute
risk reduction:95% Cl 4.1% reduchon to oo effect).
Conclusions: In critically ill patients vrth sepsis,
corticosteroids possibly result In a small reduction
in mortality while possibly increasing the nsk of
neuromuscularweakness.

Table 31. Sequential (Sepsis-Related) Organ Failure Assessment (SOFA) Score
Score

System 0 2 3 41

Respiratory
PriO/ FiO;.mmHg
(kPa)

>400(53.3) <400 (53.3) <200 (26.7) with <100 (13.3) with
respiratory support respiratory support

<300 (40)

Coagulation
Platelets, xIOVpl >150 <20<150 <100 <50
liver
Bilirubin, pmolfl
(mqi'dt )

<20 (1.2) 20-32 (1.2-1.9) 33-101 (2.0-5.9) 102-204 (6.0-11.9) >204 (12.0)

Cardiovascular MAP >70 mmHg MAP * 70 mmHg Dopamine 5.1-W or Dopamine >15'or
epinephrine <0.1k>r epinephrine >0.1a or
norepinephrine <0.k norepinephrine >0.1a

Oopamme‘5a or
dobutamine (any
dosep

Central Nervous System
Glasgow coma scale 15
score

1314 1012 69 < 6

L J
Renal
Creatinine.|imol/L
(mg/dl)
Urine output,ml/d

<110 (1.2) 110-170 (1.2-1.9) 171-299 (2.0-3.4) 300-440 (3.5-4.9) >440 (5.0)

< 200< 500 +
11 Catecholamine doses aregiven as pg/kg/min tor at least Ihr
Table adapted from Singer et al.The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016:315(8):801-810



R33 Respirology Toronto Notes 2023

[patient with suspected infection]
T, . . - No Monitor clinical condition;

[ Bedside qSOFA 22? (see Al — (Sepsis still suspected? J » reevaluate lor possible sepsis
il clinically indicated

h u

l Yes
Yes

Assess for evidence of
organ dysfunction «

I
, . Nu Monitor clinical condition;
[ Bedside SOFA 22.1 (see B| J reevaluate for possible sepsis

if clinically indicated
A qSOFA Variables

Respiratory rate
Mental status
Systolic Mood pressureI Yes

Sepsis

1 'g SOFA Variables
PaO/FO/atio
Glasgow Coma Scale score
Mean arterial pressure
Administration of vasopiessors with
type and dose rato of infusion
Serum creatinine or urine output
Bilirubin
Platelet count ,

Despite adequate fluid resuscitation.
1. vasopressors required to
maintain MAP 265 mmHg No
AND
2 serum lactate level >2 mmol/I?.

Septic Shock

The baseline Sequential (sepsis related) Organ Failure Assessment ISOFAI score should be assumed to be zero unless the patient is known to hove
pre-existing (acute or chronic) organdysfunction before the onset of infection.qSOFA indicated quick SOFA MAP.mean arterial pressure.

Figure 11. Approach to sepsis
Figure adapted Irom Singer et at. The third International Consensus Oelmit.ons tor Sepsis and Septic.Shock (Sepsis-3). JAMA 20t&;315(8):801-8l0

Treatment
• identify the cause and source of infection:blood, sputum, urine Gram stain, and C&S
• initiate empiric antibiotic therapy
• monitor, restore, and maintain hemodynamic function

Surviving Sepsis
Adapted fromInternational Guidelines for Managementof Severe Sepsis andSepticShock 2012
• adjustments of cardiac preload, afterload, and contractility to balance oxygen delivery with demand
• initial resuscitation (goal during first 6 h of resuscitation for sepsis induced hypotension persisting

after initial fluid challenge or blood lactate >4 mmol/L)
• maintain CVP 8-12 mmHg with IV crystalloids/colloids

maintain MAP 65 mmHg with use of vasopressor agents, first line: norepinephrine
• urine output 20.5 mL/ kg/hr

central venous (SVC) or mixed oxygen saturation 70% or 65%, respectively
in patients with elevated lactate levels target resuscitation to normalize lactate
corticosteroid replacement therapy not indicated if adequate hemodynamic stability achieved
with fluid resuscitation and vasopressor therapy

• infection control
prompt diagnosis of infection

cultures as clinically indicated prior to antibiotic therapy if no significant delay
imaging studies performed promptly to confirm possible infectious source

• antibiotic therapy
• administer effective IV antimicrobials within first hour of recognition of sepsis

choice of anti-infective therapy should consider activity against all likely pathogens and
penetrance of adequate concentration into tissue presumed to be source of infection

• antimicrobial regimen should be reassessed daily for potential de-escalation
• surgical source control when appropriate
• supportive oxygenation and ventilation using lung-protective regimen
• early nutritional support:enteral route is used to preserve function of intestinal mucosal barrier
• DVT/PE prophylaxis
• advanced care planning, including the communication of likely outcome and realistic goals of

treatment with patients and families

n

+



R3-L Respirology Toronto Xotes 2023

Common Medications
Table 32. Common Medications for Respiratory Diseases

Typical Adult Dose Indications Side EffectsDrug

P2-AG0NISTS
Short-Acting f)2-Agonists salbutamol/albuterol (Ventolin5,Airomir 1|(light 1-2puffs q4- 6 h PRH

blue/navy MDI or diskus) terbutaline (Bricanyl®)
(blue turbuhaler)

CV (angina,flushing,palpitations, tachycardia,
can precipitate alrial fibrillation),CNS (dirtiness.
H/A.insomnia,anxicly). Cl (diarrhea,H/ V),rash,
hypokalemia,paroxysmal broncliospasm

Bronchodilator in acute
reversible airway
obstruction

Long-Acting j!2-Agonisls salmelerol (Serevent ' ) (green diskus).
(ormoterol (Oxere:,Foradil:) (blue/green
turbuhaler or aerolirer).indacaterol (Onbrez’)
(blue/white breethaler)

1- 2 pulls BID
1puff daily

Maintenance treatment
(prevention of
bronchospasm) inCOPD,
asthma
COPD and asthmaCombination Long-Acting fluticasone and salmelerol (Advair .Wixcla' )

P2 Agonist and Inhaled
Corticosteroid

1puff BIO
2 puffs BID

Common:CNS.H/A.dirtiness
Rcsp: UR1I.Gl (N/V. dianhea.pain/discomfort,oral
candidiasis)

(purple MDI or diskus.Inhub ), budesonide
and (ormoterol (Symbicort ! ) (red turbuhaler),
mometasone and (ormoterol (Zenhale ) (blue
MDI),fluticasone furoate and Vilanterol (Breo
Ellipta ' ) (light gray and blue inhaler)

1puff daily

Combination Short -Acting ipratropium/salbutamol (Comblvcnl '.
p2- Agonist and Short- Respimat 1’') (orange respimat)
Acting Anti-Cholinergic
Combination Long-Acting umedidinium/vilanterol (Anoro -') (red ellipta) 1puff daily
p2-Agonist and Long- adidinium/formoterol (Duaklir!) (yellow genuair) 1puff BID
Acting Anti-Cholinergic liotropium/olodaterol(lnspiollo ' ) (green

respimat)
indacatcrol/glycopyrronium (Ultibro -) (yellow 1pulf daily
breerhaler)

1puff 010 Bronchodilalor used in COPD Palpitations, anxicly.dirtiness, fatigue.H/A.MV.
dry mucous membranes,uiinary retention,increased
toxicity in combination with other anticholinergicdrugs

Bronchodilator used in COPD Palpitations, anxiety,dirtiness,fatigue.H/A.N/V.
dry mucous membranes,urinary retention,increased
toxicity in combination with other anticholinergic drugs1pulf daily

ANTICHOLINERGICS
Short-Acting Anti-
Cholinergic

ipratropium bromide (Atrovent - ) (dear /green 2- 3 puffs OID Palpitations, anxiety,dirtiness, fatigue.H/A.N/V.
diy mucous membranes,urinary retention,increased
toxicity in combination with other anticholinergic drugs

Palpitations, anxiety,dirtiness,fatigue,H/A.N/V,
dry mucous membranes,urinary retention,increased
toxicity in combination with other anticholinergic drugs

Bronchodilalor used in
asthma and C0P0MDI)

bolropium bromide (Spiriva - ) (green handihaler 1puff DAM
or respimat). glycopyrronium bromide (Seebri = )
(orange breethaler).umedidinium (Incruse ') 1puff daily
(green ellipta).adidinium (Tudorta ’) (green
Genuair ’)

Long-Acting Anti-
Cholinergic

Bronchodilatorusedin
asthma and COPD

CORTICOSTEROIDS

Inhaled fluticasone (Flovent 1)
(orange/peach MDI or diskus)
budesonide (Pulmicort ' ) (brown turbuhaler)
ctclcsonide lAlvesco ? ) (red MDI)
bedomethasone (OVAR '.Vanceril - ) (brown MDI) 1-4 puffs BID
mometasone (Asmanex!) (pink/grey/brown 1puff daily or BID
twisthaler)
fluticasone furoate(Arnuity ' ) (orange ellipta) 1puff daily
fulicasone propionate (Aermony RespiClick - ) 1puff BIO
(light green inhaler)
prednisone (Apo -prednisone -.Deltasone!|
methylprednisolone
(Depo-Medrol -.Solu-Medrols)

2-4 puffs BID Maintenance treatment of
asthma

H/A.fever.N/V.MSK pain.URTI.throat irritabon.growth
velocity reduction in children/adolescents,HPA axis
suppression,increased pneumonia risk in COPD2 puffs BID

1puff daily or BIO

Systemic Typically 40-60mg/d P0
125 mgq8 h
IV (sodium succinate)
loading dose 2 mg/kg then
0.5-1mq/kg q6 h (or B d

Acute exacerbation of COPD: Endocrine (hirsutism.DM/glucose intolerance.Cushing's
severe,persistentasthma. syndrome.HPAaxissuppression), Gl (increased
Pneumocystis carinii
pneumonia
Status asthmalicus

appetite,indigestion),ocular (cataracts,glaucoma),
edema,avascular necrosis,osteoporosis.H/A.
psychiatiic (anxiety, insomnia),easy bruising

ADJUNCT AGENTS
400-600 mg once daily Treatment of symptoms

of reversible airway
obstruction due to COPD

Gl upset,diarrhea,N/ V.anxiety. H/A, insomnia,muscle
cramp, tremor, tachycardia,premature ventricular
contractions, arrhythmias
Toxicity:persistent, repetitive vomiting,seizures

theophylline (Uniphyll ' )

LEUKOTRIEHE ANTAGONISTS
omalizumab (Xolair ’ ) 150-375 mg SC q2- 4 wk Moderate-severe persistent H/A.sinusitis,pharyngitis.URTI. viral infection,

asthma thrombocytopenia,anaphylaxis

PDE-4 INHIBITORS
rollumilasl IDaxas') 500 pqPO once daily Severe emphysema,with Weight loss, suicidal ideation

frequent exacerbations
LJANTIBIOTICS- COMMUNITY ACQUIRED PNEUMONIA

Macrolide erythromycin 250-500 mg P0 TID x 7-10 d Alternate to doxycycline or
SOOmgPOxIdose,

Gl (abdominal pain,diarrhea,N/ V), H/A,prolonged 0T,
ventricular arrhythmias, hepatic impairment
Gl (diarrhea. N/V. abdominal pain), renal failure,
deafness
H/A.rash.Gl (diarrhea.N/ V.abnormal taste,heartburn,
abdominal pain),increased urea

fluoioquinolone
then
250 mg once daily14
1000 mg once daily or 500
mg P0 BID x 7-10 d

+azithromycin
clarithromycin

See Infectious Diseases.ID25 lor the management oI pulmonary tuberculosis
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Table 32. Common Medications for Respiratory Diseases
Typical Adult Dose Indications Side EffectsDrug

Doxycydinc 100 mq P0 BID x 710 d Alternate to macrolide or
fluoroquinolone
Alternate to macrolide or
doxycydine

Photosensitivity,rash, urticaria,anaphylaxis, diarrhea,
enterocolitis, tooth discolouration inchildren
CNS (dizziness,fever,H/A),Gl (N/V. diarrhea,
constipation),prolonged 0T

Fluoroquinolone levofloxacin (Levaquin 1) SOOmgPOoncedailyx
710 d

moxilloxacin (Avelox ' ) 400 mg PO once daily x 7 d

ANTIBIOTICS - HOSPITAL ACQUIRED PNEUMONIA
3rd gen Cephalosporin ceftriaxone (Rocephin - ) 1-2 g IV once daily x 7-10 d Combine with

fluoroquinolone or
macrolide
Combine with 3rd gen
cephalosporin

Rash, diarrhea,eosinophilia.thrombocytosis,
leukopenia,elevated transaminases

Fluoroquinolone levofloxacin
moxilloxacin

TSOmgPO once daily xSd
400 mgP0 once daily x 7 d

(Sd for AECOPD)

4.5 g IV q6-8 h x 7-10 d

Rash, diarrhea,eosinophilia. thrombocytosis,
leukopenia,elevated transaminases

Piperacillin/Tazobactam
(Tazocin )

Suspect Pseudomonas CNS (confusion, convulsions,drowsiness), rash,
hematologic (abnormal platelet aggregation,prolonged
PT,positive Coombs)
CNS (chills,drug fever),hematologic (eosinophilia).
rash,red man syndrome, interstitial nephritis,renal
failure,ototoxicity
CNS (chills, drug lever),hcmatologic (eosinophilra).
rash, red man syndrome, interstitial nephritis,renal
failure,ototoxicity

Vancomycin (Vancocin ) 1g IV BID x 7-10 d Suspect MRSA

S00 mg IV once daily x 2 d. Suspect iegrorre/toMacrolide azithromycin
clarithromycin then

SOOmgPOonce daily x 5 d
1000 mg once daily or 500
mg P0 BID x 7-10 d

ICU MEDICATIONS
Pressors/lnotropes norepinephrine (levophed ' )

phenylephrine
dobulamine
lenlanyl (opioid class)

0.5 -30 pg/min IV
0.S pg/kg/min IV
2-20 pgfkg/min IV
50 -100 ug then
SO-unlimited pg/h IV
1-3 mg/kg then0.3-5 mg/
kg/h IV

Acute hypotension
Severe hypotension
Inotropic support

Sedation and/or analgesia Bradycardia,respiratory depression,drowsiness.
Sedation and/or analgesia hypotension

Apnea,bradycardia,hypotension (good for ventilator
sedation)

Angina,bradycardia,dyspnea,hyper/hypotension,
arrhythmias
See above

Sedativcs/Analgosia

propofol (anesthetic)

See Infectious Diseases.ID2D lor the management ot pulmonary tuberculosis

Landmark Respirology Trials
Trial Name Reference Clinical Trial Details

ACUTE RESPIRATORY DISTRESS SYNDROME
NEJM 2013:368:795 805 Title:High- frequency Oscillation In Early Acute Respiratory Distress Syndrome

Purpose: Assess the reduction in mortality conferred by high-frequency oscillatory ventilation(KF0V) among adults with ARDS.
Methods:Adults with new-onset moderate-severe ARDS were randomized to HF0V or a controlventilationstrategy.The primary
outcome was all-cause in-hospital mortality.
Results:In-hospital mortality was 47% in the HF0V group and 35%in the control group (RR 1.33;95% Cl1.09 to1.64:P‘0.005).Patients
in the HE0V group received higher doses ol midazolam|P<0.01) and vasoactive drugs (91% vs.84%;P‘0.01) than control patients.
Conclusions:Early HF0V in patients with moderate-to-severe ARDS may increase in-hospital mortality.
Title:Prone Positioning in Severe Acute Respiratory Distress Syndrome
Purpose:Evaluate the effect of early application of prone positioning on paUents with severe ARDS.
Methods: 466 patients with severe ARDS were randomized to undergo prone- positioning sessions >16 h or remain supine.The primary
outcome was the proportion of patients who died from any cause at 28 d.
Results: The 28 d mortality was 16.0%in the prone group and 32.8% in the supine group (hazard ratio 0.39:95% Cl 0.25 lo 0.63:
P--0.001).Unadjusted 90 d mortality was 23.6% in the prone group and 41.0% in the supine group (hazard ratio 0.44:95% Cl 0.29 to
0.67:P<0.001).The incidence of complications did notdiffer significantly between groups.
Conclusions:Early application of prolonged prone- positioning sessions inpatients with severe AR0S decreased 28 d and 90 dmortality.
Title:Neuromuscular 8lockers in Early Acute Respiratory Distress Syndrome
Purpose:Evaluate clinical outcomes after 2 d of therapy with neuromuscular blocking agents,in pabents with ARDS.
Methods:340 patients presenting to the ICU with severe ARDS were randomized to cisalracurium besylate or placebo. The primary
outcome was the proportion of patients who died before hospital discharge.
Results: The hazard ratio for 90 d mortality was 0.68 (95% Cl 0.48 to 0.98: P'0.04). The crude 90 d mortality was 31.6% in the
intervention group and 40.7% inIhe placebo group. The talcs of ICU-acguired paresis did not differ between groups.
Conclusions:Early administration ola neuromuscular blocking agent in patients with severe ARDS improved 90- d survival and reduced
timeonaventilator.
Title:Ventilation with Lower Tidal Volumes as Compared with Traditional Tidal Volumes for Acute Lung Injury andIhe Acute Respiratory
Distress Syndrome
Purpose: Determine whether ventilation with lower tidal volumes would improve clinical oulcomesrn ARDS patients.
Methods:Patients with All and ARDS were randomized to traditional ventilation treatment (12 mL/kg) or a lower tidal-volume
ventilation strategy (6 mL/kg).The primary outcome was death before patient discharge.
Results:Mortality was lower in patients treated with lower tidal volumes (31.0% vs.39.8%:P-0.007), and the number of days without
ventilation use was greater in this group|P*0.007).
Conclusions:Both all -cause mortality and days with ventilator use were decreased In AR0S patients ventilated with a low lidal volume
strategy.

OSCILLATE

PR0SEVA NEJM 2013:368:2159-68

NEJM 2010:363:1107 16ACURASYS

P1ARDS Network NEJM 2000:342:1301-08 lJ

+
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Trial Name Reference Clinical Trial Details
ASTHMA

Ami Intern Med 2011;154:573- Title: Omaliiumab in Severe Allergic Asthma Inadequately Controlled with Standard Therapy
Purpose: evaluate the safety and efficacy oi omaliiumab in inadequately controlled severe asthma, without additional inhaler therapy.
Methods:850 patients with inadequately controlled asthma despite high -dose ICS plus LABAs were randomized to omaliiumab or
placebo for 48 wk.The primary endpoint was the rate of exacerbations over the study period.
Results: The rate of protocol-defined asthma exacerba lions were lower in omaliiumab- treated patients than control patients (0 66 c
vs. 0.88%: P'0.006). The incidence of adverse events and serious adverse events were similar between groups.
Conclusions: Addition of omaliiumab In patients with uncontrolled severe allergic asthma reduces exacerbations and piovides
additional clinical benefits.

EXTRA
82

NEJM 2017:377:936- 46PATHWAY Title:Teiepelumab in Adults with UncontrolledAsthma
Purpose: Evaluate the safety and efficacy of Teiepelumab. in patients with uncontrolled asthma despite LABAand medium -high ICS
dose.
Methods: Patients were randomiied to Teiepelumab at three dose levels versus placebo over a 52 wk period. Ihc primary endpoint
was the annualiied rate of asthma exacerbations.
Results:Exacerbation rates in the Teiepelumab groups were lower by 62%. 71% and 66% than in the placebo group (P’0.001 for all
comparisons).
Conclusions: Among patients treated with lA BA and medium - high doses of ICS. those who received Teiepelumab had lower rales of
clinically significant asthma exacerbations than those who received placebo.
Title:Controlled Trial of 8udesonide-Formoterol as Needed for Mild Asthma
Purpose: Determine the efficacy of budesonide-formoterol versus SABAs in reducing asthma exacerbations.
Methods: Patients with mild asthma were randomiied to albuterol100 pg. budesonrde 200 pg plus albuterol pin, or budesonidc
formotcrol pin. The primary outcome wasthc annualiied rale of asthma exacerbations.
Results: Ihe annualiied exacerbation rate was lower in the combination group than in the albuterol group [0.195 vs.0.400: RR 0.49:
95% Cl 0.33 to 0.72:P<0.01).This did not differ significantly in the budesonide maintenance group (RR 1.12; 95% Cl 0.70 to1.79;
P'0.65).The incidence of adverse events was consistent with previous trials.
Conclusions: Eor the prevention of asthma exacerbations, budesonide-formoterol pin wassuperior to albuterol pm and did not differ
significantly from budesonidc maintenance.
Title: liotropium in Asthma Poorly Controlled with SlandardCombination Therapy
Purpose:Determine the efficacy and safety of adding tiotropium bromide to a LABA and ICS combination treatment in the context of
asthma.
Methods: 912 adult patients from two randomiied double - blind controlled trials were anatyied in the study. These participants, on
LABA and ICS combination therapy, were randomly assigned to either the liotropium or placebo group. Primary endpoint was FEV1
response and prevention of severe exacerbations.
Results: Ihe use of tiotropium resulted in better primary outcomes compared to placebo group as assessed by adjusted peak FEV1
(difference of 86mL; P'0.01 in trial1and 154m L; P’0.001in trial 2) and time to first severe exacerbation (difference of 56 days).
Conclusions: Tiotropium improved lung function and delayed severe exacerbations in patients with uncontrolled asthma when added to
LABA and ICS treatment regimen.

NEJM 2019:380:2020-30Novel
START

PrimoIinA-asthma land
PrimolinA-asthma 2

NEJM 2021:367:1198-1207

SMART Chest 2006:129:15-26 Title:The Salmelerol Multicenter Asthma Research Trial:AComparison of Usual Pharmacotherapy for Asthma or Usual Pharmacotherapy
plus Salmeterol
Purpose:Compare the safety of salmeterol xinafoate or placebo, when added to the usual asthma treatment regimen.
Methods:Subjects with asthma without a history of LABA use were randomiied to salmeterol 42 mg BID, or placebo BID via M0I.
Results: Ihc occurrence of Ihc primary outcome, respiratory related deaths,or life -threatening experiences were not significantly
different between salmeterol and placebo (50 vs. 36; RR 1.40:95% Cl 1.25 to15.34).Subgroup analyses suggest that there is increased
risk in African Americans compared with Caucasian subjects.
Conclusions:Salmeterol added to usual asthma care in creases the risk of respiratory-related and asthma -
related deaths, particularly among African American patients reporting no baseline use of ICS.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
NEJM 2018:378:1671 80 Title:Once- Darly Single- Inhaler Triple versus Dual Therapy in Patients with C0PD

Purpose:Assess the benefits of triple-therapy with ICS, LAMA and LABA. compared with dual therapy in COPD patients.
Methods:10355 patients with COPD were randomiied to llulicasone-umeclidinium-vilanlerol.fluticasone furoate -vilanterol or
umedidinium-vilanterol. Ihc primary outcome was the annual rate ol moderate-severe COPD exacerbations.
Results: Ihe rate of exacerbations was 0.91 per yr In Ihe triple therapy group, compared with 1.07 pet yr with fluticasone furoate -
vilanterol group and 1.21 per yr in the umedidinium-vilanterol group (rate ratio with triple-therapy 0.75;95% Cl 0.70 to 0.81; P<0.001).
Ihe annual rate of hospitalizations was 0.18 in the triple-therapy group compared with 0.19 in the umedidinium-vilanterol group (rate
ratio 0.66:95% Cl 0.56 to 0.78: P<0.001|.
Conclusions: Triple therapy with an ICS’LAMAHABA resulted in a lower rate ol moderate or severe COPD exacerbations than dual
therapy.

Title: Indacaterol-Glycopyrronium versus Salmeterot-Fluticasone for COPD
Purpose:Elucidate the role of a LAMA - LABA treatment regimen in COPD patients with a high risk of exacerbations.
Methods: Patients with COPD and a history of >1exacerbation in the prior year were randomiied to incadeterol100 pg plus
glycopyrronium 50 pg. or salmeterol 50 pg plus fluticasone 500 pg. Ihe primary outcome was Ihc annual rate ol all COPD exacerbations.
Results: Ihc rale of exacerbations was11% lower in the indacaterol- glycopyrronium group relative Ihe salmetcrol-lluticasone group
(3.59 vs. 4.03; rate ratio 0.89:95% Cl 0.83 to 0.96: P-0.003). Ihe annual rate of moderate-severe exacerbations was lower in the
indacaterol -glycopyrronium group than in the salmeterol -fluticasone group (0.98vs.1.19; rate ratio 0.83:95% Cl 0.75 to 0.91; P’0.001).
Conclusions: LABA’LAMA regimen of indacaterol-glycopyrronium was more effective than a LABA’ICS regimen of salmeterol-
fluticasone in pieventing COPD exacerbations.
Title:Short -term vs.Conventional Glucocorticoid Therapy in Acute Exacerbationsof Chronic Obstructive Pulmonary Disease
Purpose: To investigate whether a short-term systemicsteroid treatment is noninferior to conventional treatment.
Methods:314 patients presenting to the ED with acute COPD exacerbations were randomiied to prednisone 40 mg for either 5 (short-
term) or 14 (conventional) d. The primary endpoint was Ihe time for the next exacerbation in 180 d.
Results: In the intention lo- lrcal analysis, hazard ratios between groups were 0.95 (95% Cl 0.70 to 1.29; P'0.006). In Ihc short -teim
gioup. 35.9% ol patients reached the endpoint while 36.8% patients in the conventional group reached Ihe endpoint. There was no
difference between groups in lime to death or recovery of lung function.
Conclusions:A 5-d course of glucocorticoids is non - inferior to a14-d course for treatment of acute COPD exacerbations.

IMPACT

NEJM 2016:374:2222-34FLAME

REDUCE JAMA 2013:309:2223 31
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Trial Name Clinical Trial DetailsReference
Title: Tiolropium versus Salmelerol lor die Prevention oi Exacerbations of COPD
Purpose: Investigate whether the LAAC tiolropium issuperior to the LABA salmelerol in preventing COPD exacerbations.
Methods:Patients with moderate-severe COPD and a history of exacerbations were randomized to tiolropium18 pg OD or salmelerol SO
pg BIO. The primary outcome was time to the first exacerbation during the study period.
Results: tiolropium.as compaicd with salmelerol.increased Ihe lime lo first exacerbation,with a 17% risk reduction (hazard ratio
0.83;95% Cl0.77 to 0.90:P‘0.001).Tiolropium also reduced the number of moderate and severe exacerbations (0.64 vs.0.72;rate
ratio 0.89:95% Cl 0.83 to 0.96;P-0.002).
Conclusions: tiotropium decreasesIhe number of moderate-to-severe COPO exacerbations incomparison lo salmelerol.
Title:Roflumilasl inModerate- to-severe Chronic Obstructive Pulmonary Disease Irealed with long Acting Bronchodilators
Purpose:Investigate the effect of phosphodiesterase-4 (PDE4) inhibitor roflumilasl on lung function in COPD pabents treated with
salmelerol or tiotropium.
Methods:Patients '40 yr with moderate severe COPO were randomized lo oral roflumilasl 500 pg or placebo 00 for 24 wk.in addition
to salmelerol or tiotropium.Ihe primary endpoint was a change In prebroncliodilator FEV1.
Results:Compared with placebo, treatment with roflumilasl improved mean FEVt by 49 mL (p- 0.0001) in patients treated with
salmelerol.and 80 mL (0.0001) in patients treated with tiotropium.Roflumilasl had benefits on other measures of lung function in both
groups.
Conclusions: P0E4 inhibitor roflumilasl improvesFEVI when used as add-on therapy inCOPD patients on
tiotropium or salmelerol.
Title:A 4-Tear Trial of Tiotropium in Chronic Obstructive Pulmonary Disease
Purpose: Examine Ihe long-term eflects ol tiotropium therapy in patients with COPD.
Methods:Patients with COPD.permitted lo use all drugs except LAACs. were randomized to 4 yr of tiotropium or placebo.Ihe primary
endpoints were the rate oldecline in FEV1before and alter bronchodilation.
Results:Mean differences in FEV1were maintained throughout the trial between the tiotropium and placeho groups (87-103mlbefore
bronchodilation:47-65 mlalter bronchodilation). The 30 d differences between groups were notsignilicanl.
Conclusions: liotropium improves symptoms ol COPO with lower exacerbations, but does not ailed FEV1
decline.
Title:Salmelerol andFluticasone Propionate and Survival in Chronic Obstructive Pulmonary Disease
Purpose: Analyze the survival benefits ol IABA and ICS in COPD palienls.
Methods: Patients with COPD were randomized to salmelerol 50 pg plus fluticasone propionate 500 pg BID.administered with a
single placebo inhaler,salmelerol alone or fluticasone alone.The primary outcomes were all-cause mortality and the Ireguency of
exacerbations.
Results: All cause mortality rales were12.6% inIhe combination group.15.2% in Ihe placebo group.13.5% in the salmeterol group and
16.0% In Ihe fluticasone group (hazard rabo combination vs. placebo 0.825; 95% Cl 0.681lo 1.002:P-0.052). Mortality in Ihe salmelerol
or fluticasone monotherapy group did not differ Irom placebo.
Conclusions:Combination of ICS and LABAs improves COPD symptoms,reduces exacerbations,and shows a trend to lower mortality.

POEICOPD NEJM 2011:364:1093 103

ROFIUMIIASI lancet 2009:374:695-703

UPLIFT NEJM 2008:359:1543-54

TORCH NEJM 2007;356:775-89

INTERSTITIAL LUNG DISEASE
NEJM 2019; 381:1718 1727 Title:Nintedamb in Progressive Fibrosing Interstitial lung Diseases

Purpose:Evaluate the efficacy of Nintedanib across a broad range of progressive fibrosing lung diseases.
Methods:Patients with significant,progressive fibrosing lung disease of any cause were randomized to Nintedanib 150 mg twice daily
or placebo. The primary endpoint was the annual rate oldecline in FTC.
Results: 663 patients treated. Ihe average annual rate ol change in FTC was -80.8 ml in the Nintedanib group and -187.8 ml in the
placebo group.Patients with UIP type pattern on imaging had a difference of - 82.9 mL versus -211.1ml favouring Nintedanib.
Conclusions:In patients with progressive fibrosinginterstitial lung diseases. Nintedanib reduced the annualrale oldecline in FVC.
Title:Prednisone.Azathioprinc. and N Acetylcysteine for Pulmonary Fibrosis
Purpose: To evaluate the safety and efficacy ol a three drug regimen (prednisone,azalhioprine and N acetylcysteine(NAC)) lor IPF.
Methods:Pabents with mild to moderate IPF were randomized to the active drug combination.NAC alone or placebo.The primary
endpoint was change in FVC.
Results: The trial was terminated early when an interim analysis demonstrated that patients in the active drug combination arm had an
increased rale of death (8 vs.1) and hospitalization (23 vs. 7) when compared to placebo.No evidence olbenefit was identified in any
physiological measurements such as FVC.
Conclusions:Patients with IPF treated with prednisone,azalhioprine and NAC had increased risk of death and hospitalization when
compared lo no trealment.
Title:Efficacy and Safety of Nintedanib inIdiopathic Pulmonary Fibrosis
Purpose:Evaluate the safety and efficacy of Nintedanib in patients with IPF.
Methods:Patients with IPF were randomized to Nintedanib 150 mg twice daily ov placebo. The primary endpoint was the annual rate of
decline in FVC.
Results: Ihe annual rale ol change in FVC was -114.7 mlwith Nintedanib versus -239.9 ml with placebo (dilferencc 125.3 ml:95% Cl
77.7 to 172.8:P‘0.001) in INPULSIS-1.In INPULSIS-2,the same metric was -113.6 mL with Nintedanib versus -207.3 mL with placebo
(difference 93.7ml;95% Cl 44.8 to142.7:P‘0.001). There was a reduction in acute exacerbations of IPF in the treatment arms but no
mortality difference.
Conclusions:Nintedanib reduces the decline in FVC in patients with IPF.
Title:A Phase 3 Trial ofPirfenidone in Patients with Idiopathic Pulmonary Fibrosis
Purpose:Confirm the beneficial effects of pirfenidone on disease progression inpatients with IPF.
Methods: 555 patients with IPF were randomized lo oral pirfenidone (2403 mg daily) or placebo foi 52 wk. Ihe primary endpoint was
change in FVC or death at the study period.
Results: There was a relative reduebon ol47.9% in the proportion olpatients with 10% decline in FVC, in the pirfenidone group
compared to placebo (P‘0.001).Pirfenidone improved progression-free survival (P‘0.001).There was no significant difference in
dyspnea scores|P~0.16).all- cause mortality (0.10) or IPF mortality|P~0.23) between groups. In a pooled analysis with prior trials,
theie was a reduction in mortality.
Conclusions:Pirfenidone reduces disease progression in patients with IPF.

INBUILD

NEJM 2012;366:1968 1977PANTHER

IHPUISIS NEJM 2014:370:2071 82

ASCEND NEJM 2014;370:2083-92
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Trial Name Reference Clinical Trial Details
PULMONARYEMBOLISM

EINSTEIN PE NEJM 2012:366:1287 97 Title:Oral Rivaroxaban for the Treatment of Symptomatic Pulmonary Embolism
Purpose:Assess the effectiveness of fixed- dose rivaroxaban for the treatment of deep vein thrombosis (DVT).
Methods:4832 patients with acute symptomatic PE wilh-Dr-without DVT were randomized to rivaroxaban 15 mg BID or to standard
therapy with enoxaparin followed by a vitamin - K antagonist.The primary outcome was symptomatic recurrent VIE.
Results: Rivaroxaban was noninlerior to standard therapy (P~0.003) for the primary outcome,with 2.1% and1.8% event rates in the
rivaroxaban and standard- therapy groups, respectively (hazard ratio1.12;95% Cl 0.75 to 1.68). Major or non-major clinically relevant
bleeding occurred in10.3% of rivaroxaban-treated patients and11.4% of patients receiving standard therapy [hazard ratio 0.90;95% Cl
0.76 to 1.07:P-0.23).
Conclusions:Fixed dose ol rivaroxaban vras non- inferior to standard therapy (Vitamin K antagonist) lor the initial and long-term
treatment ol PE.
Title:Rivaroxaban or Aspirin lor Extended Treatment of Venous Thromboembolism (EPSTEIN CHOICE)
Purpose: To assess the efficacy ollull- or lower-intensity anticoagulation therapy in the extended treatmentol VIE.
Methods:3396 patients with VIE were randomized to receive either rivaroxaban 10 or 20 mg once daily,or 100 mg ol ASA.All study
patients had completed 6 to 12 mo olanticoagulalion therapy and were in eguipoise regarding the need for continued anticoagulation.
The primary eflicacy outcome was symptomatic recurrent fatal or nonfatnl VIE. and the principal safety outcome was major bleeding.
Results: The primary efficacy outcome occurred in17 ol1107 patients|1.2%) receiving rivaroxaban.compared to 50 ol 1131patients
|4.4%) receiving ASA (hazard ratio for 20 mg rivaioxaban vs. ASA 0.34;95% Cl 0.20 to 0.59;hazard ratio lor 10 mg rivaroxaban vs.
ASA 0.26;95% Cl 0.14 to 0.47;P- 0 001 for all comparisons). The incidence ol adverse events, including major and nonmajor clinically
relevant bleeding, were similai among all groups.
Conclusions:Among patients with VIE in equipoise lor continued anticoagulalion, the risk of a recurrent event was lower with
rivaroxaban (10 or 20 mg) than with ASA. without a significant increasedrisk ol adverse events.

EPSTEIN CHOICE NEJM 2017;376:1211-22

OBSTRUCTIVE SLEEP APNEA

CPAP and Central Sleep NEJM 2005:353:2025 33
Apnea

Title:Continuous Positive Airway Pressure lor Central Sleep Apnea and Heart Failure
Purpose: Test the ellediveness of CPAP on survival outcomes without heart transplantation, in patients with CHE and CSA.
Methods: 258 patients with HE and CSA were randomized to CPAP or no CPAP.Sleep studies were conducted, and the primary outcomes
were ejection fraction (EE), exercise capacity and quality of life.
Results: The CPAP group had greater reductions in the Ireguency ol apnelc episodes,greater increases in mean nocturnal Ol sal (1.6%
vs. 0.4%; P'0.001) and EE (2.2% vs.0.4; P‘0.02). There were no differences in the number olhospitalizations or quality ol life.
Conclusions:CPAP arncliorales symptoms olsleep apnea but docs not ailed mortality in CHE.
Title:CPAP lor Prevention ol Cardiovascular Events In Obstructive Sleep Apnea
Purpose: To determine whether CPAP reduces cardiovascular events in patients with sleep apnea.
Methods: 2687 participants recruited liom 7 dilietent countries were randomly assigned to receive cither standard cate or CPAP
with standard care.Primary endpoints measured were death Irom cardiovascular cause.Ml.stroke,or hospitalizations for CHE.acute
coronary syndrome,or TIA.
Results: There was no significant difference between the CPAP standard care group and the standard care group in terms olcardiac
events (HU1.10, P-0.34).
Conclusions: CPAP docs nol reduce the lisk ol cardiovascular events in patients with 0SA

SAVE NEJM 2016:375:919 31
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Acronyms
AAV antineutcophil cytoplasmic

antibody-associated vasculitis
Ab antibody
ACPA anti-citrullinated protein

antibodies
Ag antigen
ANA antinuclear antibody
ANCA antineutrophil cytoplasmic

antibody
Anti-RNP antiribonudear protein
Anti-Sm anti-Smith antibodies

CMC carpometacarpal joint
CNS central nervous system
CTD connective tissue disease
CPPD calcium pyrophosphate

deposition disease
CRP C-rcactivc protein
CVA cerebrovascular accident

GPA granulomatosis with polyangiitis PMN
headache
human leukocyte antigen
intra-articular
inflammatory bowel disease PIT
infective endocarditis
immunoglobulin A
immunoglobulin E
immunoglobulin G
interstitial lung disease
interphalangeal joint
idiopathic thrombocytopenic SNRI
purpura
metacarpophalangeal joint SpA
mixed connective tissue disease SS
major histocompatibility
complex
microangiopathic polyangiitis SSc
myeloperoxidase
metatarsophalangeal joint
methotrexate
osteoarthritis
polyarteritis nodosa
proximal interphalangeal joint U-SpA
polymyositis

polymorphonuclear leukocyte
polymyalgia rheumatica
proteinase 3
psoriatic arthritis
partial thromboplastin time
peptic ulcer disease
rheumatoidarthritis
reactive arthritis
rheumatoid factor
range of motion
sacroiliac
serotonin-norepinephrine
reuptake inhibitors
spondyloarthritis
Sjogren's syndrome
Sjogren's syndrome antigen A
Sjogren's syndrome antigen B
systemic sclerosis
sulfasalazin
tumour necrosis factor
thrombotic thrombocytopenic
purpura
upper limit of normal
undifferentiated
spondyloarthropathy

H/A PMR
HLA PR3
IA PsA
IBB
IE PUO
IgA RA

CVS cardiovascular system
OAT direct antiglobulin test
DEXA dual energy x-ray

absorptiometry
Anti-SRP anti-signal recognition particle DIP distal interphalangeal joint
Anti-SSA anti-Sjogren's syndrome antigen DMARD disease-modifying anti-

rheumatic drug
DMM dermatomyositis
dsDNA double stranded DNA

Iqk ReA
IqG RF

ROMILD
IP SI
UP

A MCP
MCTDAPIA antiphospholipid antibodies

APS antiphospholipid antibody
syndrome

MHC SSA
EA cnteropathic arthritis

activated partial thromboplastin ECASA enteric -coated acctylsalicylic
time

SSB
aPTT MPA

MPO
EGPA eosinophilic granulomatosis and MTP

polyangiitis
FVC forced vital capacity
GC Neisseria gonorrhoeae

gonococcus
GCA giant cell arteritis

acid SS2
AS ankylosing spondylitis

avascular necrosis
B lymphocyte stimulator
calcium channel blocker
cyclic dtrullinated peptide
creatine kinase

INF
AVN t.‘ I X TIP
BlyS OA
CCB PAN ULN
CCP PIP
CK PM

Anatomy of Joint Pathology
Muscl
Bursa § Terminology in RheumatologyErosionone

Cartilage
destruction1

Arthritis: inflammation in the joint(s)
• Joint swelling:effusion/synovial

thickening

Synovial
''membrane

£

-Synovitis £
. Effusion 5

Synovial • PainSTendon __
Cartilage j

Joint \
capsule

fluid • Warmth
• Erythema-Cartilage

particle

loss ol
joint space

Osteophyte -
Cartilage
destruction

' Arthralgia: joint pain without
swelling,redness,or warmthoint space Z

narrowing <JJ
-

Normal Joint Degenerative Joint Inflammatory Joint «9

Figure 1.Structure of normal, degenerative, and inflammatory joint
Innate Immune Cells
Neutrophil (PMN):circulates in
blood and responds to inflammatory
stimuli,kills invading organisms by
phagocytosis, degranulation. and
neutrophil extracellular traps
Natural Killer Cell: innate immunity
against intracellular infections
(especially viruses), killing function,and
produces cytokines
Macrophage:arrives after PMNs,
suppresses PMN efflux and
phagocytoses PMN debris, secretes
pro-inflammatory cytokines in response
to microbial debris
Dendritic Cell: actively phagocytic
when immature,activated by signals
from toll like receptor (ILR). releases
pro-inflammatory cytokines,presents
antigens to T cells in lymph nodes
Eosinophil: responds to inflammatory
cytokines and degranulates. releasing
reactive oxygen species and cytokines,
associated with allergy, asthma,and
parasitic infection
Mast Cell: presents in connective tissue
and mucosa,allergen cross-linking
of IgE bound to mast cell triggers
degranulation and the release of
inflammatory mediators

Basics of Immunology

Immune Mechanisms of Disease

Table 1. Mechanisms of Immune-Mediated Disorders
Pathophysiology ExamplesType

IgE-Mcdiated/lmmcdiate Hypersensitivity
fiypcD
Antibody Medinted/Cylotoxic (TypeII)

Allergens bind to IgE antibodies on mast cells, Asthma,allergic rhinitis,anaphylaxis
inducing their degranulation
IqG or IgM antibodies deposit and bind lo cell
membrane- or matrix - associatedantigen
leading to lysis ol the target cell

Autoimmune hemolytic anemia,anti-
glomerular bascmonlmembrane disease
(Goodpasture syndrome).Graves' disease,
pemphigus vulgaris,rheumalic lever.IIP
SLE, PAN.post-streplococcal
glomerulonephritis,serumsickness,viral
hepatitis

Immune Complex (Type III) Ag-Ab complexes deposit in tissues,
which activates complement and cecruits
inflammatory mediators,resulting in tissue
injury
Release of cytokines by sensitized1cells and1 Contact dermatitis,insect venom,
cell- medialed cytotoxicity

r t
iJCell-Mediated/Delayed Hypersensitivity

(Type IV) mycobacterial proteins (e.g. tuberculin skin
lest)

+
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Immunogenetics and Disease
Key Cytokine Targets of Biologic Drugs• the short arm of chromosome 6 contains the genes that encode H LA molecules

• in humans, HLAs act as MHCs which present antigens to be recognized by T cell receptors and
identify the self to the immune system such that they must be matched for in organ transplantation

• certain HLA haplotypes are associated with increased susceptibility to autoimmune diseases

TNF
• Source of cytokine: T cells,

macrophages/monocytes
• Major functions:apoptotic cel

death,cachexia,induces other
cytokines. T cell stimulation,
induces metalloproteinases and
prostaglandins,increases expression
of adhesion molecules;increases
vascular permeability,leading to
increased entry of IgG.complement
and cells into tissues

Table 2. Classes of MHCs
MHC Class Types Location Function

HUS-A.B.C Recognized by CD8- (cytotoxic)
T lymphocytes

Ag presenting cells(mononuclear Recognized by CD4- (helper)
phagocytes.B cells,etc.)

In plasma

I All nucleated cells

HU-DP.DO.DRII
Ilymphocytes

Some components of the
complement cascade

Chemotaxis.opsonization,lysis of
bacteria and cells

III
lnterleukin-6 (IL-6)

• Source of cytokine:many
cells including monocytes and
macrophages

• Major functions:anemia of
inflammation (hepcidin production),
proliferation of B and T cells,acute
phase reactant induces natural
protease inhibitor,promotes
erosions, induces elevated CRP

Table 3.HLA-Associated Rheumatic Diseases
Associated Conditions CommentsHLA Type

AS Relative risk-20x for developing AS and ReAB27
ReA
EA (axial)
PsA (axial)

InRA.relative risk - 2-10x:found in 933s of patients

DR3 is associated with the producbon of anli-Ro/SSA and
anti-laSSB antibodies

DR4.DR1 RA
ssDR3
SLE

Adaptive Immune Cells
• B cell:produces antibodies after

activation by specific antigen and B
cell co-receptor,additional signals
provided by CD4+ T helper cells

• Cytotoxic T cell:CD8- ceil,directs
cytotoxicity of target cells at sites
of infection,kills via lytic granules
and FasL-Fas interaction,recognizes
specific antigen and MHCI

• Helper T cell:subset of CD4- cells,
activates and helps other types of
cells carry out immune defense
(activates macrophages,helps B
cells, releases cytokines)

• Regulatory T cell:subset of CD4-
cells, suppresses activation of name
autoreactive T cells

Differential Diagnoses of Common
Presentations

Joint Pain
I

Articular Non-Articular

T
Inflammatory Degenerative

11 I *T * I
Seropositive Seronegative Crystal Infectious/Septic

Gonococcal
Pseudogout Non-gonococcal

Hydroxyapatite Lyme disease
Viral

Mycobacterial
Fungal

Primary Secondary
0A Metabolic

Hemophilic
Neuropathic

Trauma

Localized Generalized
PMR

Tendinitis Fibromyalgia
Capsulitis Myofascial pain

Muscle sprain syndrome

RA Gout Bursitis
SLE

Scleroderma
DMM/PM Causes of Joint Pain

SS SOFTER TISSUE
Sepsis
OA

Symmetrical Asymmetrical Fracture
Tendon/musde
Epiphyseal
Referred
Tumour
Ischemia
Seropositive arthritides
Seronegative arthritides
Urate (gout)Zother crystal
Extra-articular rheumatism (PMR/
fibromyalgia)

AS ReA
EA PsA

Figure 2. Clinical approach to joint pain

Table 4. Differential Diagnosis of Acute Monoarthritis
Non-lnflammatory Inflammatory

Crystal-Induced Infectious

Monosodium urate (MSU- gout),CPPO.1

pseudogout,hydroxyapatite
Gonococcal non-gonococcal,mycobacterial,
and fungal

Hemarthrosis.internal derangement (e,g.
loose body,tommeniscus)

Table 5. Differential Diagnosis of Oligoarthritis/Polyarthritis
Patterns of Joint Involvement
• Symmetrical vs. asymmetrical
• Small vs. large
• Mono vs. oligo (2-4 joints) vs.

polyarticular (>5 joints)
• Axial vs. peripheral

Acute (‘6 wk) Chronic (>6 wk)

Post-viral infection (parvovirus
B19.HIV)
Post-bacterial infection (GC and
non-GC. rheumatic fever)
Crystal-induced
Other (sarcoidoss.Lyme disease)
Very early rheumatoidarthritis
(VERA)

Seropositive inflammatory
arthritis

Seronegative inflammatory
arthritis

Degenerative
OA

RA AS
SLE EA
Scleroderma
DMM’PM

PsA
ReA +Crystal (polyarticular gout)
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Table 6. Symptoms of Inflammatory Arthritis vs. Degenerative Arthritis
DegenerativeInflammatory

The presence of synovitis often indicates
articular as opposed to non-articular
joint pain:synovitis presents with:soft
tissue swelling,effusion,warmth,and
stress pain (passive movement of the
joint through its range , plus a little bit
further)

Pain attest, relieved with activity
Morning stiffness >1h
Cardinal signs of inflammation (warmth,swelling,erythema,
tenderness,loss offunction)
Malalignmenl/delormity (late finding)
Extra -articular manifestations
Nighttime awakening due to pain

Pain with motion,relieved by rest
Morning stiffness <1h
Joint instability,buckling, gelling
Bony enlargement,malalignment/deformity (late finding)
Eveningfendof day pain

GTable 7. Seropositive vs. Seronegative Rheumatic Diseases
Seropositive Seronegative Monitoring CRP vs.ESR

• CRP is more sensitive for
inflammation than ESR

• CRP responds more quickly to
changes in the clinical situation
than ESR

• False negative and false positive
results are more common with ESR

• ESR is increased by renal disease,
female sex,older age, pregnancy,
and other chronic diseases such
as DM,multiple myeloma,and
congestive heart failure

• ESR can be useful at detecting low-
grade bone and joint infections and
monitoring disease activity in CTDs
such as SLE.PMR,and GCA

• Do not order ESR for acute
inflammation

Demographics

Peripheral Arthritis

F»M M-F

Symmetrical
Small (PIP, MCP) and medium joints (wrist,
knee,ankle, elbow) common
DIP less often involved

Usually asymmetrical
Usually larger joints,lower extremities
(exception:PsA)
DIP in PsA
DactylitisI'sausage digit')

Pelvk /Axial Disease No (except for C-spine) Ves
fnthesitis
Extra-Articular

VesNo
Nodules
Vasculitis
Sicca
Raynaud's phenomenon
Rashes, internal organ involvement (lung,
cardiac)
Entrapment neuropathies|i.e.carpal tunnel
syndrome)

Iritis (anterior uveitis)
Oral ulcers
Gastrointestinal
Dermatological (psoriasis,nail pitting,
onycholysis,or keratoderma)
Genitourinary inflammation

mSynovial Fluid Analysis Enthesitis: inflammation of tendon or
ligament at site of attachment to bone

•synovial fluid is an ultrafiltrate of plasma plus hyaluronic acid; it lubricates joint surfaces and
nourishes articular cartilage

Indications
•diagnostic: to clarify cause of inflammation; to analyze fluid for culture, crystal, and cell count to

differentiate inflammatory vs. degenerative; septic vs. crystal-induced vs. hemarthrosis
•therapeutic: drainage of blood, purulent or tense effusions; corticosteroid injection in the absence of

sepsis

Contraindications to Joint Aspiration or Injection
•absolute: open lesion or suspected infection of overlying skin or soft tissue
•relative: bleeding diathesis, thrombocytopenia, prosthetic joint

Synovial Fluid Analysis
•most important to assess the 3 Cs: cell count (WBC) and differential, culture and Ciram stain, and

crystal analysis
•other parameters to consider are listed in Table 8

Table 8. Synovial Fluid Analysis
Inflammatory Septic HemorrhagicParameter Normal Non*

Inflammatory

Colour
Clarity

WBC/mm’

Vellow to while
Opaque/purulcnt

»50000

Red/brown
Sangurnous

Variable

Pate yellow
Clear

Pale yellow
Cleat
->2000

Pale yellow
Opaguc
»2000
(crystal-induced
arthritis - often much
higher than 2000)

‘200 Most Important Tests of Synovial Fluid

3 Cs
Culture andGram stain
Cell count and differential
Crystal examination‘25% ‘25% »50% »75%% PMN Variable

Culture/Gram Slain
Examples

Usually positive
Seropositive
Seronegative Gram negative
Crystal arthropathies GC»dilficult to

culture (may have
low WBC)

Trauma Irauma
Hemophilia

S. auieus r m
0A L
Neuropathy
Hypertrophic -
arthropathy

+
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Septic Arthritis
Choosing Wisely Canada
Recommendations
1. Do not order ANAas a screening test

in patients without specific signs or
symptoms of SIE or another CTD

2. Do not order an HLA-B27 unless
spondyloarthritis is suspected based
on specific signs or symptoms

3. Do not repeat DEXA scans more
often than every 2 yr

4. Do not prescribe bispliosphonates
for patients at low risk of fracture

5. Do not perform whole body bone
scans (e.g. scintigraphy) for
diagnostic screening for peripheral
and axial arthritis in the adult
population

6. Do not prescribe opioids for
management of chronic rheumatic
diseases before optimizing the use
of non-opioid approaches in pain
management

7. Do not delay or avoid palliative
symptom management and advance
care planning for a patient with life-
limiting rheumatic diseases because
they arc pursuing disease-directed
treatment

Definition
• invasion of the joint by an infectious agent
• septic arthritis is a medical emergency; it can lead to rapid joint destruction and has a 10-15% risk of

mortality
• knee and hip are most commonly affected joints, with knee accounting for approximately 50% of cases. poor prognostic factors:older age, immunocompromised,delay in treatment, previously damaged

joint, and joint prosthesis

Clinical Presentation
• acute onset of: joint pain, swelling, erythema, immobility, and heat

Pathophysiology
• most commonly caused by hematogenous spread of bacterial infection (Gram-positive cocci > Gram-

negative bacilli)

Risk Factors
• very young or very old age (>80 yr), portal of entry (IV drug use, hemodialysis), recent infection with

STIs, RA (related to prior joint damage and immunosuppressed state of host), type 2 DM

Investigations
• synovial fluid analysis: VVBC count with differential, crystal analysis, Gram stain, and culture (see

Table 8, RH4)
• blood work: GBG and C&S
• ± endocervical, urethral, rectal, and oropharyngeal swabs ( if gonococcal septic arthritis is suspected)
• ± plain x-ray to establish joint baseline and to monitor treatment

Treatment
« consider empiric IV antibiotic therapy until septic arthritis is excluded or until cultures come back to

narrow antibiotic choice
• source control and joint decompression
• see Infectious Diseases.1D13 and Orthopaedic Surgery.Septic Joint OR11

Septic arthritis is a medical emergency:
it leads to rapid joint destruction and
there is a10-15% risk of mortality

Degenerative Arthritis:Osteoarthritis
•see Family Medicine. l - M -l -l
Definition
•progressive deterioration of articular cartilage and surrounding joint structures caused by genetic,

metabolic, biochemical, and biomechanical factors with secondary components of inflammation

Classification (Based on Etiology)
•primary (idiopathic)

most common, unknown etiology
•secondary

post-traumatic or mechanical
post-inflammatory (e.g. RA ) or post-infectious
heritable skeletal disorders (e.g. scoliosis)

• endocrine disorders (e.g. acromegaly, hyperparathyroidism, hypothyroidism)
• metabolic disorders (e.g.gout, pseudogout, hemochromatosis, Wilsons disease, ochronosis)

neuropathic (e.g. Charcot joints), atypical joint trauma due to peripheral neuropathy (e.g. DM,
svphilis)

• AVN
other (e.g.congenital malformation)

Pathophysiology
•the process appears to be initiated by abnormalities in biomechanical forces and/or, less often, in

cartilage
•elevated production of local pro-inflammatory cytokines is important in OA progression
•tissue catabolism > repair
•contributing factors (mechanisms unknown): genetics, alignment (bow-legged - varus, knock-

kneed - valgus), joint deformity (hip dysplasia), joint injury (meniscal or ligament tears), obesity,
environmental, mechanical loading, age, and gender

•considered to be a systemic musculoskeletal disorder rather than a focal disorder of synovial joints

Epidemiology
•most common arthropathy (accounts for -75% of all arthritides)
•increased prevalence with increasing age (35% of 30 y/o, 85% of 80 y/o)

OA of MCPs can beseen in
hemochromatosis or CPPD-related
disease (chondrocalcinosis)

• Hand ( DIP, PIP. 1st CMC)
• Hip
• Knee
• IstMTP
• L-spine ( L4-L5. L5-S1)
• C-spine
•Uncommon: ankle, shoulder,
elbow. MCP rest of wrist

r
L

-a
I +

Figure 3. Common sites of joint
involvement in OA

Risk Factors
•genetic predisposition, advanced age, obesity (for knee and hand OA), female, and trauma
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Table 9. Signs and Symptoms of OA
Signs Symptoms
Joint line tenderness; stress pain t joint effusion
Bony enlargement at affected joints
Malalignmonl /deformily (angulation)
Limited ROM
Crepitus on passive ROM
Inflammation (mild if present!
Periarticular muscle atrophy

Joint pain with motion; relieved with rest
Short delation of stiffness|<1/ 2 h) after immobility, called gelling
Joint inslabilityfbuckling lotion due to liqdmcntous instability)
Joint locking due to "joint mouse" (boneot cartilage fragment)
loss ol function (e.g. meniscal tear or other internal derangements)
Insidious onset ol pain, localised to affected joints
Fatigue, poor sleep, impact on mood

1. Thumb squaring
2.Heberden's nodes
j. Bouchard's nodes

Figure 4. Hand findings in OA

Table 10. Radiographic Features of Specific Arthritides
Radiographic Hallmarks of Osteoarthritis Radiographic Hallmarks of Inflammatory Arthritis
Joint space narrowing - typically non- uniform
Subchondrial sclerosis
Subchondrral cyst formation
Osteophytes
Knee, hip.OIP joints
Older, overused joint

Joint space narrowing - typically uniform
Soft tissue swelling
Erosions
Periarticular osteopenia
Rheumatoid:C-spine. carpus, MCP joints.MIP joint
Often younger
Nevr bone formation|i.e. psoriatic arthritis)

Joint Involvement
• generalized OA:3+ joint groups
• asymmetric (knees usually affected bilaterally)
• hand

• DIF (Heberden's nodes = osteophytes > enlargement of joints)
• FIF (Bouchards nodes)

CMC (usually thumb squaring)
Ist MCF (other MCFs are usually spared)

usually presents as groin pain ± dull or sharp pain in the trochanteric area, internal rotation and
abduction are lost first
pain can radiate to the anterior thigh but generally does not go below the knee

initial narrowingof one compartment, medial > lateral:seen on standing x-rays, often patellar-femoral
joint involved

• foot
common in 1st M I F and midfoot

• lumbar spine
very common, especially L4-L5,L5-S1
degeneration of intervertebral discsand facet joints

• reactive bone growth can contribute to neurological impingement (e.g. sciatica, neurogenic claudication)
or spondylolisthesis (forward or backward movement ofone vertebra over another)

• cervical spine ’

commonly presents with neck pain that radiates to scapula,especially in mid-lower cervical area (C5-C6)

Differential Diagnosis of Elevated ESR
• Systemic inflammatory diseases
• Localized inflammatory diseases
• Malignancy
• Trauma
• Infection
• Tissue injury/ischemia

• hip

• knee

E
The Radiographic Hallmarks of OA
• Joint space narrowing
• Subchondral sclerosis
• Subchondral cysts
• Osteophytes

Emcise for Osteoarthritis of the Knee:
A Cochrane Systematic Review
B r J Sports Med 2015:49:1554 1557
Purpose: 1o determine if land-based therapeutic
exercise s beneficial for people with knee OS in
reducing pain, improving physical function, and
improving quality of life.
Methods: five databases searchedforiandumiied
cl nical trials comparing therapeut < eieitrse with a
noaeiercisc control.
Results, lid studies identified. Results from 44
trials indicate thatexercise significantly reduced
pam (12 poirtshOO:95% Cl 10 lo 15) and improved
physical function (10 pointsHOO:95% Cl S to13)
after treatment. Additionally,13studies showed
hpioved quality of life with exercise.12studies
showed reduced knee pern (6 pointed®):95% Cl 3 to
19) end 10 studies showed i mproved physical function
(3 po nts.'lOO; 95% Cl 1 to 5) with eiercse 2 6 mo
after treatment.
Conclusion In people w < tli knee 0A. lend based
therapeutic exercise provides short term benefit that
a susta rned a lew m o after treatrre nt.

Investigations
• Woodwork

• normal CBC.KSR,and CRF
• negative Rl- and ANA

• radiology:4 hallmark findings, see sidebar
• synovial fluid: non-inflammatory (see Table8, RH4)

Treatment
• presently, no treatment alters the natural history of OA
• prevention: prevent injury, weight management, physical activity (maintenance of muscle strength)

non-pharmacological therapy
• weight loss (minimum 5-10 lb loss) ifoverweight

exercise:more effective if supervised,often by physiotherapists or in a class setting;Tai chi is strongly
recommended for hip/knee OA
self-efficacy and self-management programs (goal-setting, positive thinking, education on the disease)
thermal intervention: heat or cold

• occupational therapy: aids, splints,cane,walker, bracing
• pharmacological therapy (see Table:35, R H M )

• stepped approach to therapy (local > systemic therapy)
• local therapy:

topical NSAlDs, topical capsaicin ( knee, hand OA)
injections:1A glucocorticoids (knee, hip OA)

systemic therapy:
acetaminophen,oral NSAlDs
centrally acting agents (e.g.duloxetine)

• the following are not recommended based on lack of high-qualilv evidence: opioids and medical
cannabinoids (for pain), hyaluronatcs, platelet-rich plasma, stem cell injections, chondroitin, and
glucosamine

• surgical treatment
total and /or partial joint replacement, joint debridement (not shown to be effective),osteotomy, fusion

r n
L J
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Seropositive Rheumatic Disease
• diagnosis vs. classification in rheumatology

• diagnostic criteria are selected for sensitivity as opposed to specificity and thus may misdiagnose
some cases

• classification criteria are developed for specificity so well-defined cases can be studied in clinical
trials
modern classification criteria are more sensitive and specific for diagnostic use in studies of
earlier disease

• seropositive arthropathies are characterized by the presence of a serologic marker such as positive Rl
or ANA

• a small subset of the vasculitides (i.e. the small vessel ANCA-associated vasculitides) has a measurable
serological component, but they are often considered a separate entity from seropositive disease by
experts

Table 11. Autoantibodies and Their Prevalence in Rheumatic Diseases
Autoantibody Disease Healthy Controls Comments

BA 8(To
SS 50%
Sit 20%

S-25% Serologic hallmark ol RA
Autoantibodies directed against Fc domain ol IgG
Sensitive In RA (can be negative early in disease course)

RF is associated with more aggressive joint disease and extra -articular features (e.g.
nodules)
May be presentin AHA- positive diseases, often in lower litre
Nonspecific:may be present in IE.IB. hepatitis C, silicosis, sarcoidosis
Specific for RA (94-98%)
May be useful in early disease and to predict persistent and erosive disease:can occur
before clinical disease becomes apparent
Associated with increased extra-articular RA manifestations
Ab against nudearcomponents (DNA. RNA. histones, centromere)
Sensitive but not specific foi SLE
Given high false positive rate - only measure when high pre test probability o( CIO

RF

R A 80 '
JAnti- CCP

SLE 98%
MOD100%
SS 40-70%
CRESI syndrome 60-80%
(Often seen in other CIDs)

SLE 50-70%

High litres1:640 <5%
low litres1:40
Op to 30%.
Prevalenceol non-disease-
related AHA rises with age

ANA

Anti-dsDHA 0% Specific for SLE (95%)
levels correlate with disease activity (i.e. SLE flare)

Specific but not sensitive lor SIE
Does not correlate with SLE disease activity
It positive, will remain positive through disease course
Seen in SS
Also seen in subacute cutaneous SIE (74%)
May be the only Ab present in ANA negative SIE
Presence in piegnancy increases risk of having a child with neonatal lupus syndrome and
congenital heart block

Usually occurs with anti-Ro
Specific for SS and SLE when anti - Ro is also positive
Increases risk of having a child with neonatal lupus syndrome

By definition, present in APS
Only small subset of SLE patients develop clinical syndrome ol APS
It positive, will often get a false positive VDRL test
Highly specific lor drug-induced SIE

Anti -Sm SLE «30% |J

SS 40-95%
SSc 21%
SLE 32%
HA 15%

0.5%Anti-Ro (SSA)

Anti-La (SSB) SS 40%
SLE 10%

M

APS100%
SLE 31-40%

«5%Antiphospholipid Ab ( LAC. oCLA.
aB2GP)

Anti-Histone Drug-induced SLE 95%
SLE 30 80%

MCI0 20%

0%
0%

High titles present in MCIO:present in many other CIOs (especially SLE)Anti RNP
SLE
Limited SSc (CREST) >80%

Diffuse SSc 26-76%
Anti-Centromere

Anti -Topoisomerasc I (formerly
Scl-70)
Anti -Jol

0% Specific for CRESI.limited cutaneous varianlof systemic sclerosis

Specific for SSc
Increased risk lor pulmonary fibrosis in SSc
less frequent for 0MM
Associated with interstitial pulmonary fibrosis and anti -synthetase syndrome
Specific 80-95% for GPA
Sensitivity can vary between moderate to high depending on technique and timing of
sample. ELISA method|anti -PR3) is more specific than IF
Nonspecific and poor sensitivity (lound in ulcerative colitis. PAN. microscopic polyangiitis.
E6PA, rapidly progressive glomerulonephritis). ELISA method (anti-MPO) is more specific
than IF

0

0%PM 0MM

c-AHCA Active GPA 90%
MPA 25%
EGPA <5%
6 PA 10
MPA 50-60%
EGPA 50-70%

0%

0%p - ANCA

r m
L J

0MM 15-20% Specific but not sensitive (not available in all centres)

Perform DAI. test Hb. reticulocyte, leukocyte, platelet count, and antiplatelel Abs
Sensitive and specific

Anti - Mi-2
Ab Against RBCs, WBCs, or Platelets SLE
Anti-Mitochondria +Primary biliary cholangitis 0%
Note:some individuals in thenormal population test positive for RF ardor ANA,but do not have the conditions listed above
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Connective Tissue Disorders
Table 12. Features of Seropositive Arthropathies

SLE SclerodermaRA Dermatomyositis
CLINICAL FEATURES
History Symmetrica! polyarthritis (small joint

involvement)
Morning stillness|>1 h)
Dyspnea on exertion |IL0) in'30%

Skin lightness, stillness ol fingers. Heliotrope rash (periorbital). Goltron's papules
Raynaud's, heartburn, dysphagia.SOB (violaceous papules over knuckles and IPs)i
on exertion due to pulmonary Hill or poikiloderma
ILO. lenal crisis with new onset Hill or Shawl sign: photosensitivity,macular erythema
hypertensive urgency/emergency over chcsl and shoulder

Proximal muscle weakness » pain, dyspnea on
exertion

Check BP. rash, mouth ulcers. Skin tightness on dorsum ol hand. Heliotrope rash. Goltron's papules, shawl sign,
alopecia. Raynaud's phenomenon, facial skin lightening, telangiectasia . proximal muscle weakness (usually painless),
serositis, s cflused (typically calcinosis, non effused joint,
small) joints (can bemimmal. look inspiratory crackles, features olright-
for soil tissue swelling)

Multisystem disease:rash,
mouth ulcers, photosensitivity,
Raynaud's, alopecia,cardiac
and pulmonary serosilis. CHS
symptoms, glomerulonephiilis

Physical Examination Early:clluscd joints, tenosynovitis,
subcutaneous nodules,
other extra articular manifestations
Late: join!deformities,
bone-on-bone crepitus in advanced
disease, inspiratory crackles

inspiratory crackles

side hear! failure

LABORATORY
Nonspecific t ESRin 50-60%

t CRP
•Platelets
» Hb (chronic disease)
« V/BC (neutropenia rare)

Rf-positive in"80%
Anli-CCP-posilivein "80%

« ESR
Platelets (autoimmune)

•Hb (autoimmune)

* YYBC (leukopenia, lymphopenia)
t Cr.proteinuria. RBC casts

t CRPa Hb
Normal WBC
Possibly t Cr. proteinuria

+ Hb
Normal Y/BC
tCK

AIIA-posilivein>90%
Anti- topoisomerase T (diffuse)
Anti- centromere (usually in CRESI. see
Sidebar, CRISI Syndrome. RHI4)

CK elevated in 80%
AHA-positivein 33%
Anti Jo -1. anti Ml 2
Muscle biopsy

Specific AHA-posilive in 98%.
Anli- dsDNA- posilive in 50-70%,
Anti - Sm- positive In 30%,

C3. C4. tola!
hemolytic complement,
false positive VORL (in SLE
subtypes)

EMG
MRI

APIA

* Pulmonary fibrosis,'ILD
t Esophageal dysmotility
'Calcinosis

lEsophageal dysmotility
± ILD
1Calcifications

Radiographs Very early: normal
Early: periarticular osteopenia
Later: join! spacenarrowing
Erosions
Symmelricfconcentric
•110/lung nodules

Hon- erosive
- Osteopenia
t Soft tissue swelling

Rheumatoid Arthritis
Definition
• chronic, symmetric, erosive synovitis ofperipheral joints (c.g. wrists, MCPs,Ml' Hs)
• characterized by inflammatory joint disease ± a number of extra-articular features
• 1 joint with definite clinical synovitis (swelling) not explained by another disease

RA is art independent risk factor for
atherosclerosis and CV disease.RA
is associated with increased overall
mortality/morbidity from all causes:
CV disease, neoplasm (especially
lymphoma). InfectionTable 13. 2010 ACR /EULAR Classification Criteria for RA

(score based algorithm: add score ol categories A 0; n score ol 6110 for dcfinilc RA)
Criteria Score Comments
A. Joint involvement {swollen or lender)

1 large joint (shoulders, elbows,hips, knees, and ankles)
2-10 large joints
1-3 small joints (MCPs, PIPs. wrists, 2nd-Sth MIPs)
4-10 small joints
>10 joints (at least 1small joint)

6. Serology
Negative RE and negative Anli CCP
Low - positive RF or low-positive Anti-CCP (<3x ULN)
High-positive RF or high-positive Anli-CCP (>3x ULH)

C. Acute phase reactants
Normal CRP and normal ESR
Abnormal CRP and abnormal ESR

0. Duration of symptoms
«6 wk
iSwk

0 Common Presentation
• Morning stiffness >1 h. improves

with use
• Symmetric joint involvement
• Initially involves small joints of hands

and feet
• Constitutional symptoms

1
2
3
S

Total score of e6:definite RA
Musi have rf joint with definite clinical swelling, nol belter
explained by another disease

0
2
3

0
1

r n
LJ

0
1

Arthritis Rheum 2010:62:2569-2581

+
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Pathophysiology
• autoimmune disorder, unknown etiology; may have genetic and environmental component
• complex genetic and environment interactions lead to disruption of immune tolerance, ultimately

resulting in synovial inflammation
• genetic predisposition: HLA-DR4/ DR 1 association (93% of patients have either HLA type),

cytokine promoters, T cell signaling
• environmental predisposition: induction of enzymes that convert arginine to citrulline caused

by environmental stress (cigarette smoking), propensity for immune reactivity to neoepitopes
created by protein citrullination

• inflammatory process causes transformation of synovium into an invasive pannus tissue that
degrades cartilage and bone with absence of repair

elevated TNF level increases osteoclasts and decreases osteoblasts at the site of inflammation
(results in periarticular osteopenia)
upregulation of RANK ligand increases osteoclast-mediated destruction

Epidemiology
• most common inflammatory arthritis: prevalent in 1% of population
• F:M=3:1
• age of onset 20-40 yr

Clinical Presentation
• variable course of exacerbations and remissions
• morning stiffness >1 h, improves with use, worsens with rest
• polyarthritis: symmetric joint involvement (tender, swollen), small joints affected, most commonly in

hands and feet ( MCF, PIP, MTP)
• constitutional s
• extra-articular
• limitation of function and decrease in global functional status
• complications of chronic synovitis

signs of mechanical joint damage: loss of motion, instability, deformity, crepitus, joint deformities
swan neck deformity, boutonniere deformity
ulnar deviation and subluxation of MCP, radial deviation of wrist joint
hammer toe, mallet toe, claw toe
flexion contractures

• atlanto-axial and subaxial subluxation
C-spine instability

- neurological impingement (long tract signs)
- difficult/dangerous intubation: risk of worsening subluxation and damage to spinal cord

• limited shoulder mobility, spontaneous tears of the rotator cuff leading to chronic spasm
• tenosynovitis -> may cause rupture of tendons
• carpal tunnel syndrome
• ruptured Baker’s cyst (outpouching of synovium behind the knee); presentation similar to acute deep

vein thrombosis (DVT)
• poor prognostic factors include: young age of onset, high RF litre, elevated ESR, activity of >20 joints,

and presence of extra-articular features

• Wrist, not 1st CMC
• Elbow
• Shoulder
• Knee
• Ankle
• MTP
• C-spine

*o
-

Figure 5. Common sites of joint
involvement in RA

ymptoms: profound fatigue, depression, myalgia, weight loss
features

Boutonniere Deformity

Swan Neck Deformity

Claw Toe

Table 14. Extra-Articular Features of RA Classified by Underlying Pathophysiology
Hammer ToeSystem Vasculitic Lymphocytic Infiltrate

Skin Periungual infarction, cutaneous ulcers,
palpable purpura
Episcleritis, sderitis

Rheumatoid nodules (may have vasculitic
component)
Keratoconjunctivitis sicca
Xerostomia.Haslilmoto's thyroiditis (see
Endocrinology.E31)
Peri-/myocarditis. valvular disease, conduction
defects
Pulmonary fibrosis, pleural effusion, pleuritis,
pulmonary nodules

i

Ocular
Head and Heck Mallet Toe

Figure 6. Joint deformitiesCardiac

Pulmonary

Neurologic Peripheral neuropathy:sensory stocking-
glove, mononeuritis multiplex Syndromes in RA

• SS (common):keratoconjunctivitis
sicca and xerostomia (dry eyes and
mouth)

• Caplan's syndrome (very rare):
combination of RA + pneumoconiosis
that manifests as multiple
intrapulmonary nodules

• Felly's syndrome (rare):arthritis,
splenomegaly, neutropenia

Hematologic

Renal
Splenomegaly, neutropenia (Felty's syndrome)

Amyloidosis - caused by accumulation of
abnormal proteins

j

Classification of Global Functional Status in RA
• Class I: able to perform usual activities of daily living (self-care, vocational, avocational)
• Class II: able to perform self-care and vocational activities, restriction of avocational activities
• Class III: able to perform self-care, restriction of vocational and avocational activities
• Class IV: limited ability to perform self-care, vocational, and avocational activities +
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Investigations
• Woodwork

RF:80% sensitivity but non-specific; may not be present at onset of symptoms; levels do not
correlate with disease activity
« can be associated with more erosions, more extra-articular manifestations, and worse

function
anti-CCP:80% sensitivity but more specific (94-98%); may precede onset of symptoms

• increased disease activity is associated with decreased Hb (anemia of chronic disease) and increased
platelets, HSR, and CRP

• imaging
bilateral hands/wrists, ankles/feet x-ray

first change is periarticular osteopenia, followed by erosions
(1-spine x-ray (may be normal at onset, required for preoperative assessment in long-standing
disease)
U/S (with power Doppler) -often changes of synovitis/erosion noted in advance of those seen on
plain x-ray
MR1 may fee used to image hands to detect early synovitis and erosions
MR1 T’l inflamed synovium is hypointense and hyperintense on T2; bone marrow edema can be
seen as well as areas of increased uptake gadolinium contrast

Poor prognostic features of RA include:
young age of onset, high RF litre,
elevated ESR, activity of >20 joints, and
presence of e xtra-articular features

Side Effects of Steroids
• Weight gain
• Osteoporosis. AVN
• Cataracts, glaucoma. PUD
• Susceptibility to infection
• Easy bruising. Acne. HTN. Hyperlipidemia. Hypokalemia, hyperglycemia
• Mood swings

Treatment
• goals of therapy: remission or lowest possible disease activity

key is early diagnosis and early intervention with DMARDs
“window of opportunity” = early treatment within first 3 mo of disease may allow better control/
remission
assess poor prognostic factors at baseline ( Rl'-positive, functional limitations,and extra-articular
features)

• behavioural
exercise program: active, gentle ROM and isometric exercise during flares; aquatic/aerobic/
strengthening exercise between flares
job modification, assistive devices as necessary
interventions to reduce cardiovascular disease, smoking cessation, lipid control

• pharmacologic: alter disease progression
DMARDs and biologies (not analgesics or NSAlDs) can alter the course of RA

• DMARDs
treatment with DMARDs should be started as soon as RA diagnosis is made and should be
aimed at reaching sustained remission
MIX is the gold standard and is first-line unless contraindicated

- prior to M I X therapy: CBC profile, liver enzymes (ALT), Cr (Cr clearance), hepatitis B
and C serology, and a CXR should be done

- monitor and if inadequate response (3-6 mo) -> combine or switch
- consider combination therapy to MTX if patients have poor prognostic features or high

disease activity
- therapy includes: hydroxychloroquine,SSZ, leflunomide, biologies
- contraindications include liver disease,significant alcohol intake, pregnancy,and
lactation- if contraindication to MTX, then hydroxychloroquine, SSZ, and/or leflunomide should

be considered with the former being considered as a weaker agent and the latter as more
potent

• biologies (bDMARDs)
should be used if inadequate response to DMARDs
should be combined with DMARD therapy (initiating with combination therapy is associated
with faster response rates and longer duration of effect)

first-line (anti-TNF) options: infliximab, etanercept, adalimumab, golimumab, and
certolizumab
non-anti-TNl agents include anakinra (almost never used for RA), abatacept, rituximab, and
tocilizumab

reassess every 3-6 mo and monitor disease activity (predominantly via assessing swollen joint
count)
JAR inhibitors (including tofacitinih and upacitinib) are oral small molecule synthetic
DMARDs; used if other DMARDs and biologies fail

• pharmacologic: supportive to reduce inflammation and pain
NSAlDs

individualize according to efficacy, tolerability, and comorbidities
contraindicated /cautioned in some patients (e.g. PUD, ischemic cardiac disease, pregnancy,
CKD, anticoagulant use)

add acetaminophen for synergistic pain control
corticosteroids

local: injections to control symptoms in a specific joint

DMARDs. prednisone, and biologies
(bOMARDs) but not analgesics or
NS AIDs. alter the course of RA

r -)
L J

+
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systemic (oral prednisone) or 1M
- low dose (5-10 mg/d) useful for short-term to improve symptoms if NSAlDs are

ineffective and to bridge gap until DM ARDs take effect
- do baseline DEXA bone density scan and consider bone supportive pharmacologic

therapy (e.g. bisphosphonates) if using corticosteroids 7.5 mg/d >3 mo, particularly in
those with other risk factors

- cautions/contraindications: active infection, TB, osteoporosis, H'l'N, gastric ulcer, DM
•surgical

• indicated for structural joint damage
surgical options include: synovectomy, joint replacement, joint fusion, reconstruction /tendon
repair

Follow-Up Management and Clinical Outcomes
•clinical reassessment every mo initially, then 3-6 mo if still ongoing activity, then 6-12 mo after

inflammation has been suppressed
•examine joints for active inflammation - if active, consider adjusting medications, physical therapy/

occupational therapy (PT/OT)
• RA patients should be screened and managed for cardiovascular disease given increased risk
• if assessment reveals joint damage - consider analgesia, referral to PT/OT, surgical options
•outcome depends on disease activity, joint damage, physical functional status, psychological health,

and comorbidities
•functional capacity is a useful tool for determining therapeutic effectiveness; many tools for

evaluation have been validated
• patients with RA have an increased prevalence of other serious illnesses: infection (e.g. pulmonary,

skin, joint), osteoporosis, mental health disorders, renal impairment, lymphoproliferative disorders,
cardiovascular disease (correlates with disease activity and duration)

• risk of premature mortality, decreased life expectancy ( most mortality not directly caused by RA )

Systemic Lupus Erythematosus
• see Nephrology, NP26 Diagnostic Criteria of SLE

Definition
• chronic autoimmune disease of unknown etiology resulting in multi-system inflammation
• characterized by production of autoantibodies and diverse clinical manifestations

MD SOAP BRAIN
Malar rash
Discoid rash
Scrositis
Oral ulcers
ANA
Photosensitivity
Blood
Renal
Arthritis
Immune
Neurologic

Table 15. Classification Criteria of SLE*

Entry criterion:ANA at a titre of >1:80 and Additive Criteria
1. Do not count criterion il there is a more likely explanation than SLE
2. Occurrence ola criterion on at least one occasion is sufficient
3. Within each domain, only the highest weighted criterion is counted towards the total score
Clinical Domains and Criteria Score

Constitutional
Hematologic

Fever
leukopenia
thrombocytopenia
Autoimmune hemolysis
Delirium
Psychosis
Seiture
Non-scarring alopecia
Oral ulcers
Subacute cutaneous or discoid lupus
Acute cutaneous lupus

Pleural or pericardial effusion
Acute pericarditis
Joint involvement
Proteinuria (»0.5 g!24 h)

Renal biopsy Class II or V lupus nephritis
Renal biopsy Class III or IV lupus nephritis

2
3

4
A Systematic Review of Guidelines lor Managing
Rheumatoid Arthritis
EMC Rheumatol 2019:3:42
Five generalprinciples formanagement:
• Start OMAROs as soon as possible following the

diagnosis.
• The best ir tie’ treatment is MIX.

• Monitor disease activity regularly.
• Bio'og cs should be initiated in patients with

pertstently active disease despite MIX treatment.
• Goals ol treatment should be aimed at low disease

activity or remission.

4

Neuropsychiatric 2
3
S

2Mucocutaneous
2

4
6

Serosal 5
Environment

Stress, viruses, sun6
6Musculoskeletal

Renal
Genetic Hormonal

4 HLA
8 T cells irugs
10 r T

L J
Immunology Domains and Criteria Score
Antiphospholipid antibodies
Complement proteins

Anti- cardiolipin antibodies or Anti-|!2PG1 antibodies or lupus anticoagulant 2
Low C3 or low C4
lowC3andlswC4
Anh- dsDHA or Anti Srn antibodies

I—Formation of —,
Auto-Ab

Cytotoxic Ah Immune complexes
3

+4
iSLE specific antibodies 6 Cell damaye/dealh Inflammation

’Classification of SLE requires total score of >10 with>1clinical criterion
Sindhu R.Johnson. Thomas Dorner.Ray Naden. et aL Arthritis & Rheumatology (71,9),p.1400.copyright 2020.Modilied by Permission of John
Wiley and Sons Figure 7. Multi-factorial etiology of

SLE
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Etiology and Pathophysiology
• production of cytotoxic autoantibodies and immune complex formation
• multi-factorial etiology
• genetics

common association with HLA-B8/DR3;-10% have positive family history
• strong association with defects in apoptotic clearance > fragments of nuclear particles captured

by antigen-presenting cells > develop ANAs
cytokines involved in inflammatory process and tissue injur)': BlyS, 1L-6, 1L-17, IL-18, TNl-'-a

• environment
UV radiation, cigarette smoking, infection, vitamin D deficiency, silica dust

• estrogen
• increased incidence after puberty, decreased incidence after menopause
• men with SLE have higher concentration of estrogenic metabolites

increased risk of SEE associated with use of combined oral contraceptive pills and hormone
replacement therapy

• infection
viral (non-specific stimulant of immune response)

• drug-induced
• antihypertensives (hydralazine), anticonvulsants (phenytoin ), antiarrhythmics (procainamide),

isoniazid, biologies
anti-histone Abs are commonly seen in drug-induced SLE
symptoms resolve with discontinuation of offending drug

Drug-Induced SLE
Often presents atypically with systemic
features and serositis;usually associated
with anti-histone Ab

Epidemiology
• prevalence: 0.05% overall
• E:M = I0:I
• age of onset in reproductive yr (15-45)
• more common and severe in Hispanic and Asian individuals, and individuals of African descent
• bimodal mortality pattern

• early (within 2 yr)
active SLE, active nephritis, infection secondary to steroid use

late
inactive SLE, inactive nephritis, atherosclerosis likely due to chronic inflammation

Clinical Presentation
• characterized by periods of flares and remission

Table 16. Signs and Symptoms of SLE
System Symptoms

Systemic
Hematologic

fatigue, malaise, weight loss, fever, lymphadenopathy
Anemia ol chronic disease, hemolytic anemia, leukopenia, neutropenia, thrombocytopenia, pancytopenia,
thrombosis, splenomegaly

Hematuria, proteinuria (glomerulonephritis). HTN.peripheral edema, renal failure
Photosensitivity, malar rash, discoid rash, oral ulcers, alopecia (hair loss), purpura , panniculitis (inflammation of
subcutaneous lat and muscle tissue), urticaria
Polyarthralgias, polyarthritis, myalgias.AVN.reducible deformities of hand (Jaccoud's arthritis)

Keratoconjunctivitis sicca,episcleritis, sderitis, cytoid bodies (cotton wool exudates on fundoscopy - infarction
ol nerve cell layer of retina)

Pericarditis.CAD.nonbacterial endocarditis (Libman-Sacks).myocarditis
Note:SLEis an independent risk factor for atherosclerosis and CAD

Raynaud's phenomenon, livedo reticularis (mottled discolouration of skin due to narrowing of blood vessels,
characteristic lacy or net-like appearance), vasculitis
Pleutilis, ILD.pulmonary HIN. PE.alveolar hemorrhage

Pancreatitis. SLE enteropathy, hepatitis, hepatomegaly, dysphagia, esophagitis, intestinal pseudo-obstruction,
peritonitis, mesenteric vasculitis

Cardiac: coronaiy vasculitis, malignant HIN.tamponade
Hematologic:hemolytic anemia, neutropenia, thrombocytopenia. TIP, thrombosis
Neurologic:seizures.CVA.stroke
Respiratory: pulmonary HIN. pulmonary hemorrhage, emboli

Raynaud's Phenomenon
Vasospastic disorder characteristically
causing discolouration of fingers and
toes (white *blue »red)
Classic triggers:cold and emotional
stress

Renal
Dermatologic

Musculoskeletal
Ophthalmic

Cardiac
Vascular

Respiratory

Gastrointestinal
Neurologic/Psychiatric

lifo/Organ -Ihrcalcning

Investigations
• ANA (98% sensitivity, but poor specificity -> used as a screening test; ANA titres are not useful to

follow disease course, see ( .' /loosing Wisely Recommendations, RH5 )
• anti-dsDNA and anti-Sm are specific (95-99%)
• anti-dsDNA titre and serum complement (C3, C4) are useful to monitor treatment response in patients

who are clinically and serologically concordant (anti-dsDNA increases, C3and C4 decrease with
disease activity)

• AFI.A (anti-cardiolipin Ab, SLE anticoagulant, anti -|52 glycoprotein-1 Ab), may cause increased risk of
clotting and increased aPT'T

ri
L J

Consider SLE in a patient who has
involvement of 2 or more organ systems +
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Treatment
• goals of therapy

aim for remission, prevention of flares
• hydroxychloroquine ± glucocorticoid

treat early and avoid long-term steroid use, if unavoidable see Endocrinology, E4b for
osteoporosis management
if high doses of steroids are necessary for long-term control, taper when possible and add
immunosuppressive therapies (MTX, azathioprine, mycophenolate)

• treatment is tailored to organ system involved and severity of disease
• moderate refractory disease can be treated with belimumab

all medications used to treat SLH require periodic monitoring for potential toxicity
• dermatologic

• sunscreen, avoid UV light and estrogens
• topical steroids, hydroxychloroquine

• musculoskeletal
NSAlDs ± gastroprotective agent for arthritis (also beneficial for pleuritis and pericarditis)

• hydroxychloroquine improves long-term control and prevents flares
bisphosphonates, calcium, vitamin D to combat osteoporosis

• other considerations
smoking cessation

• immunizations (influenza); live vaccines are generally not recommended
• for women with APLA, avoid estrogen-containing contraceptives because of increased risk of

thrombosis
• organ-threatening disease

high-dose oral prednisone or IV methylprednisolone in severe disease
• steroid-sparing agents:azathioprine, MTX, mycophenolate (can use mofetil or sodium )
• IV cyclophosphamide for serious organ involvement (e.g. cerebritis or lupus nephritis) for clinical

features of lupus nephritis
refractory disease can be treated with rituximab

The arthritis of SLE can be deforming
but it is non-erosive (in contrast to RA)-
called Jaccoud's arthritis

Antiphospholipid Antibody Syndrome
Definition
• multi-system vasculopathy manifested by recurrent thromboembolic events, spontaneous abortions,

and thrombocytopenia
• circulating antiphospholipid autoantibodies interfere with coagulation
• primary APS:occurs in the absence of other disease
• secondary APS: occurs in the setting of a connective tissue disease (including SLH), malignancy, drugs

(hydralazine, procainamide, phenyloin, interferon,quinidinc), and infections ( HIV, TB, hepatitis C.‘.
infectious mononucleosis)

• catastrophic APS:development within 1 wk of small vessel thrombotic occlusion in >3 organ systems
with positive APLA (high mortality)

Manifestations of APLA
• Thromboembolic events
• Spontaneous abortions
• Thrombocytopenia
• Associated with livedo reticularis,

migraine headaches

Arterial and venous thrombosis are
usually mutually exclusive

Table 17. Classification Criteria of APS*

Criteria Description
CLINICAL
Vascularthrombosis One or more clinical episodes of arterial, venous, or small vessel thrombosis in any tissue or organ

Must be conlrrmcd by imaging or histopalliology

1. >1death ol morphologically normal fetus (confirmed by U /S or fetal exam) at >10 wk gestation:OB
2. >1premature birth ol morphologically normal neonate belore 34 wit gestation doe to eclampsia,

preedampsia.or placental insufficiency;OR
3. >3 consecutive spontaneousabortions -'10 wk gestation (excluding maternal anatomic and hormonal

abnormalitres or palernal /mateinal chromosomal causes)

Pregnancy morbidity

Labs must be positive on 2 occasions, at least 12 wk apart

Present in plasma, detected according to the guidelines of the International Society on Ihrombosisand
Haemostasis

LABORATORY
See Landmark Rheumatology Trials.
RH32lor more information on the
TULIP-2 trial. It examined the efficacy of
anifrolumab for the treatment of SLE.

Lupus anticoagulant

Anti cnrdiolipin Ab IgG and/or IgM. plasma or serum, present in medium high Hire (i.e. >40 CPI or MPl, or *99lh percentile),
measured by ELISA
IgG and /or IgM. plasma or serum, present in high litre (i.e.>99th percentile), measured by ELISAAnti-p2 glycoprotein !Ab

*1clinicill and1laboratory criteria must be present
J ThrombHaemost 200G;4:29D-30G

Clinical Presentation
• see clinical criteria ( Table 17)
• hematologic

• thrombocytopenia, hemolytic anemia, neutropenia
• dermatologic

» livedo reticularis, Raynaud’s phenomenon, purpura, leg ulcers, gangrene
+
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Treatment
• thrombosis

• lifelong anticoagulation with warfarin
target1NR 2.0-3.0 for first venous event, >3.0 for recurrent event, target 1NR >3.0 for arterial
event, or target 1NR 2.0-3.0 + ASA

• recurrent fetal loss
• heparin/low molecular weight heparin ± ASA during pregnancy

• catastrophic APS
• high-dose steroids, anticoagulation, cyclophosphamide, plasmapheresis

Scleroderma (i.e. Systemic Sclerosis)
Definition
• a non-inilammatory autoimmune disorder characterized by widespread small vessel vasculopathy,

production of autoantibodies, and fibroblast dysfunction causing fibrosis CREST Syndrome
Cal cinosis
Raynaud's phenomenon
Esophageal dysmotility
Sderodactyly
Telangiectasia

Sclorodortna
li e. systemic sclerosis)

I
*Localized

(no involvement ol internal organs)
•Mostly children and young adults

Generalized

I I
T * Limited systemic sclerosis

•Skin sclerosis restricted to
hands, face, neck
•3rd to 4th decade
•Pulmonary HTN common
•CREST

Diffuse systemic sclerosis
•Widespread skin disease
( proximal to wrist, can
involve trunk), tendons
•Early visceral involvement
( renal, pulmonary fibrosis)

Scleroderma is the most common cause
of secondary Raynaud's phenomenon

Morphea
•Hard oval patches
on the skin

Linear
•Line of thickened skin

Figure 8. Forms of scleroderma

Etiology and Pathophysiology
• idiopathic vasculopathy (not vasculitis) leading to atrophy and fibrosis of tissues

characterized by several hallmark pathogenic features: small vessel vasculopathy resulting in
tissue hypoxia, production of autoantibodies, and fibroblast dysfunction leading to increased
deposition of extracellular matrix

• resembles malignant HTN
• lung disease is the most common cause of morbidity and mortality

Cyclophosphamide vs. Mycophcoolitc Mofctil in
Scleroderma lung Disease
L arret Respir Wed 2016;4:708-719
Study Double ; 'd. randomized, parallel group
MI
Purpose: locompare the toxicity and efficacy of
cyclophosphamide vs. mycoptierrolate mofetil on
lung function.
Results: In both treatment groups, (be adjusted
percent predctedfVC Improved from baseline In 24
no.Mycophenotate mofetil was associated with less
tonicity and was better tolerated.
Conclusion : Treatment of SSc-ltD with
mycophenolatemofetil for 2 yr oe cyclophosphamide
lor1yr both result in improved long function.
However, mycophenolatemofetil isthe current
preference for treatment of SSc-tlO due to its better
Mtnbllity.

Table 18. The American College of Rheumatology (ACR)/European League Against Rheumatism
(EULAR) Criteria for the Classification of Scleroderma*

Sub-item ScoreItem

1.Skin thickening of fingers of both hands
extending proximal to the MCP (sufficient
criterion)

2.Skin thickening of the lingers

9

Fully lingers
Sderodactyly

Oigital tip ulcers
fingertip pilling scats

2

3.fingertip lesions 4

Raynaud's Phenomenon DDx24. Telangiectasia

5.Abnormal nailfoldcapillaries

6.Pulmonary arterial HTNiILD (max score 2)
3 COLD HAND

Cr yoglobulins/Cryofibrinogens
Obstruction/Occupational
Lupus erythematosus, other connective
tissue disease
DM/Drugs
Hematologic problems (polycythemia,
leukemia, etc.)
Arterial problems (atherosclerosis)/
Anorexia nervosa
Neurologic problems (vascular tone)
Orscasc of unknown origin (idiopathic)

2Pulmonary arterial HTN
ILD

27.Raynaud’s phenomenon
8. Scleroderma-related Ab 2Anti-centromere

Anti- toporsomcraseI
Anti RNA polymeraseIII

'Score ol >9 is sufficient to classify a patient as having definite scleroderma (sensitivity 0.95.spedlicity 0.93)

Epidemiology
• I :M=3-4: I , peaking in 5th decade
• associated with HLA-DR1 and environmental exposures (silica, epoxy resins, toxic oil, aromatic

hydrocarbons, polyvinyl chloride)
• limited systemic sclerosis has a higher survival prognosis (>70% at 10 yr) than diffuse systemic

sclerosis (40-60% at 10 yr)

r m
L J
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Clinical Presentation

Table 19. Clinical Manifestations of Scleroderma Features of Pathologic Raynaud’s
Syndrome

• New onset
• Asymmetric
• Precipitated by stimuli other than

cold or emotion
• Associated with distal pulp pitting or

tissue reabsorption
• Digit ischemia
• Capillary dilatation by capillaroscopy

System Features
Dermatologic Painless non pitting edema » skin tightening

Ulcerations, calcinosis, periungual erythema, hypo/hyperpigmenlation. pruritus, telangiectasias
Characteristic lace: mask-like (acies with light lips, beak nose, radial perioral furrows
Raynaud's phenomenon •» digital pits, gangrene
Thrombosis

Distal esophageal hypomolilily » dysphagia
Loss ollower esophageal sphincter lunction * gastroesophageal reflux disease (GERD), ulcerations, strictures
Small bowel hypomotility*bacterial overgrowth, diarrhea, bloating, cramps, malabsorption, weight loss
Large bowel hypomolilily - wide mouth diverticula are pathognomonic radiographic finding on barium study
Mild proteinuria, Cr elevation, KIN
"Scleroderma renal crisis" (10-15%) may lead to malignant arterial HIN, oliguria, and microangiopathic hemolytic
anemia
Interstitial librosis. pulmonary HTN. pleurisy, pleural effusions
lelt ventricular dysfunction, pericarditis, pericardial effusion, arrhythmias

Polyarthralgias
"Resorption of distal tufts” (radiological finding)
Proximal weakness 2° to disuse, atrophy, low grade myopathy, tendon friction rubs
Hypothyroidism

Vascular

Gastrointestinal (-90%)

Renal

Pulmonary (-SOS)

Cardiac
Musculoskeletal

Endocrine

Investigations
•blood work

CBC.Cr. ANA
anti-topoisomerase l /anti-Scl-70 antibody: specific but not sensitive for diffuse systemic sclerosis
anti-centromere antibody: favours diagnosis of CREST (limited systemic sclerosis)

• anti-RNA polymerase 111 antibody: associated with severe skin involvement, increased risk of
renal crisis

•P1-'T
assess and monitor for 1LD

•echocardiogram
• rule out pulmonary HTN

•imaging
baseline CXR to rule out ILL)

Treatment
• dermatologic

• good skin hygiene
• low-dose prednisone (>20 mg may provoke renal crisis if susceptible). M I X (limited evidence)

• vascular
Raynaud’s:keep hands and body warm, smoking cessation
vasodilators (CCBs, local nitroglycerine cream, systemic PGE2 inhibitors, PDE5 inhibitors),
fluoxetine

• gastrointestinal
GERD: PPls are first-line, then H2-receptor antagonists

• small bowel bacterial overgrowth: broad spectrum antibiotics ( tetracycline, metronidazole)
motllltydisturbanccs: prokinetics

• renal disease
ACE inhibitor for hypertensive crisis
see

• pulmonary
early interstitial disease: mycophenolate mofetil ( less toxicity) or cyclophosphamide
pulmonary HTN:vasodilators (e.g. bosentan, epoprostenol, and PDE5 inhibitors)
rapidly progressive disease at risk of organ failure: consider hematopoietic stem cell
transplantation

• cardiac
pericarditis: systemic steroids

• musculoskeletal
arthritis: NSAIDs

• myositis:systemic steroids r 1

+
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0Inflammatory Myopathy
Definition
• autoimmune diseases characterized by proximal muscle weakness ± pain
• muscle becomes damaged by a non-suppuralive lymphocytic inflammatory process
• associated with malignancy

increased risk of malignancy: age >50, DMM > PM, elevated CK, peak incidence of malignancy
at onset of myositis or within 1st yr, dysphagia, ulcerative skin lesions, cutaneous vasculitis,
anti-P155/140 antibody

• associated with other CTDs, Raynaud's phenomenon, autoimmune disorders

Classification
• PM/DMM
• adult and juvenile forms
• newly characterized entities:

focal necrotizing myopathy (secondary to statin)
amyopathic myopathy (anti-synthetase syndrome, MDA-5 syndrome)

Inclusion Body Myositis
• age >50, M>1-', slowly progressive, vacuoles in cells on biopsy
• patient unresponsive to treatment
• distal and proximal muscle weakness
• muscle biopsy positive for inclusion bodies

POLYMYOSITIS/DERMATOMYOSITIS

Definition
• PM and DMM arc idiopathic inflammatory myopathies characterized by inflammation and proximal

skeletal muscle weakness
• notably, DMM often presents with characteristic skin manifestations Signs of DMM

Cottron's papules and Gottron's sign ate
pathognomonic of DMM (occur In 70%
of patients)Etiology and Pathophysiology

• PM is a T cell-mediated process with myocytes being the primary target, characterized by focal
endomysial infiltrates (CD8+ T cells) surrounding muscle fibres, found in adults

• DMM is a complement mediated process with perivascular inflammatory infiltrates (CD4+ T cells >
CD8+ T cells) leading to perifascicular atrophy of muscle fibres

Clinical Presentation
• progressive symmetrical proximal muscle weakness (shoulder and hip) developing over wk to mo;

difficulty lifting head off pillow,arising from chair, climbing stairs
• dermatological

DMM has characteristic dermatological features (1'>M, children and adults)
Gottron’s papules

- pink-violaceous, flat-topped papules overlying the dorsal surface of the MCP and IP
Gottron’s sign

- erythematous, smooth or scaly patches over the extensor surface of elbows, knees, or
medial malleoli

heliotrope rash: violaceous rash over the eyelids; usually with edema
shawl sign: poikilodermatous, erythematous rash over neck, upper chest, and shoulders
mechanic's hands: dry, crackled lesions on palmar and lateral surfaces of digits, especially
over the pulp space, also seen in a subtype of myositis called anti-synthetase syndrome
periungual erythema

Malignancies Associated with DMM- Breast. Lung. Colon
• Ovarian

• cardiac
• arrhythmias, congestive heart failure, conduction defect, ventricular hypertrophy, pericarditis

• gastrointestinal
• oropharyngeal and lower esophageal dysphagia, reflux

• pulmonary
• weakness of respiratory muscles, ILD, aspiration pneumonia

Investigations
• general lab tests: CK, CBC, ESR and/or CRP, TSH
• serologic tests:ANA, anti-)o-l (DMM), anti-Mi-2, anti-SRP (usually not available at commercial labs)
• imaging: MR1 may be used to localize biopsy site
• EMG:characteristic findings of muscle inflammation and damage
• muscle biopsy can aid in diagnosis, however not needed in those with classic skin findings and muscle

weakness

r ->
LJ
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Treatment
• non-pharmacological treatment

P I and OT,speech-language therapy for esophageal dysfunction
• pharmacological treatment

high-dose glucocorticoid (e.g. prednisone 1 mg/kg/d) usually not exceeding 80 mg daily and slow
taper after patient improvement (-6 wk)

• add immunosuppressive agents (azathioprine, MIX)
• 1V1G if severe or refractory

hydroxychloroquine for DMM rash
• malignancy surveillance

• detailed history and physical ( breast, pelvic, and rectal exams)
• CXR, abdominal and pelvic VIS, fecal occult blood, Fap test, mammogram ± CT scan (thoracic,

abdominal, pelvic)

Sjogren’s Syndrome
Definition
• autoimmune condition characterized by dry eyes (keratoconjunctivitis sicca/xerophthalmia) and dry

mouth (xerostomia), caused by lymphocytic infiltration of salivary and lacrimal glands
• exists on a spectrum and may evolve into a systemic disorder (20%) with diminished exocrine gland

activity and extraglandular features
• primary and secondary forms (associated with RA, SLH. DMM, and HIV )
• prevalence 0.5%, F»M at 10:1, 40-60 yr
• increased risk of non-Hodgkin’s lymphoma (lifetime incidence 6-7%)

Table 20. The American College of Rheumatology (ACR)ZEuropean League Against Rheumatism
(EULAR) Classification Criteria for Primary Sjogren’s Syndrome (at least 1inclusion criteria, no
condition in exclusion criteria, score >4)
Criteria Score Comments

iry gland biopsy with focal lymphocytic 3
with focusscorea1foois.'4mmi

Focus scores are histopathologic grading systems
Strongly associated with phenotypic ocularand serological
components of Sjogren's

Labial saliva
sialadenitis

Anti -SSA- or Ro-positive
Ocular staining score >5 (or van Gi jsterfeld score >4 1
on at least one eye)

Schirmer's test <5 mm /5min on at least one eye 1
Unstimulated whole saliva flowrate <03 mL/min 1

3
Ocular staining score based on fluorescein dye examination of
conjunctiva and cornea to determine clinical changes

Inclusion criteria (positive response to at least one question):1) Have you had daily, persistent, troublesome dry eyes for more than 3 mo? 2) Do
you have a recurrent sensation of sand or gravel in the eyes? 3) Do you use tear substitutes more than 3 bmes a d? 4) Have you had a daily feeling
of dry mouth for more than 3 mo? 5) Do you frequently drink liquids to aid in swallowing dry food?
Exclusion criteria include prior diagnosis of any of the foi:owing conditions:1) History of head and neck radiabon treatment.2) Active hepatitis C
infection (with confirmation by polymerase chain reacton.3) AIDS.4) Sarco.dosis.5) Amyloidosis.6) Graftversus- host disease, 7) lgG 4-related
disease
Arthritis Rheumatol. 2017:69:35-45

Clinical Presentation
• “sicca complex":dry eyes (keratoconjunctivitis sicca/xerophthalmia), dry mouth (xerostomia),

complicated by staphylococcal blepharitis
• dental caries, oral candidiasis, angular cheilitis ( inflammation and Assuring at the labial commissures

of the mouth)
• extra-glandular manifestations

fatigue, low-grade fever
• autoimmune thyroid dysfunction
• arthralgias, arthritis
• subclinical diffuse ILD. xerotrachea leading to chronic dry cough
• renal disease, glomerulonephritis

palpable purpura, vasculitis
• peripheral neuropathy
• lymphoma risk greatly increased

Treatment
• ocular

artificial tears/tear gel if severe, moisture retaining eyewear, humidifiers, or surgical punctal
occlusion for dry ev es

• good dental hygiene, hydration
• avoid alcohol and tobacco
• parasympathomimetic agents that stimulate salivary flow (e.g. pilocarpine)

topical nystatin or clotrimazole x4-6 wk for oral candidiasis
• systemic treatments (e.g. hydroxychloroquine, corticosteroids) are ineffective, rituximab can be used

in severe organ-threatening disease (e.g. vasculitis)

Classic Triad (identifies 93% of
Sjogren's patients)
• Dry eyes
• Dry mouth (xerostomia) » dysphagia
• Arthritis (small joint, asymmetrical.

non erosive) but may be associated
with rheumatoid arthritis, in which
case, the arthritis is erosive and
symmetric

LJ

• oral
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Mixed Connective Tissue Disease
Definition
• syndrome with features of 3 different ("I Ds (e.g. SLE, scleroderma, myositis)
• common symptoms: Raynaud’s phenomenon, swollen fingers

Investigations
• blood work:anti-RNP (see Table 12, RHS)

Treatment
• treatment is generally guided by the severity of symptoms and organ system involvement

Prognosis
• prognosis is variable: some individuals go into remission, others develop a distinct connective tissue

disease (e.g.SLE, SSc), and others develop a severe disease course
• pulmonary arterial HTN is a major cause of death

Overlap Syndrome
Definition
• syndrome with sufficient diagnostic features of 2+ different CT'Ds

Vasculitides
• inflammation and subsequent necrosis of blood vessels leading to tissue ischemia or infarction of any

organ system
• diagnosis

clinical suspicion: suspect in cases of unexplained multiple organ ischemia or systemic illness
with no evidence of malignancy or infection; constitutional symptoms such as fever, weight loss,
anorexia, fatigue

• labs non-specific: anemia, increased WBC and CRP, abnormal U/A
» investigations: biopsy if tissue accessible; angiography if tissue inaccessible

• treatment generally involves corticosteroids and/or immunosuppressive agents

Features of Small Vessel Vasculitis. Palpable purpura. Vesicles
• Chronic urticaria
• Superficial ulcers (erosions)Table 21. Classification of Vasculitis and Characteristic Features

Classification Characteristic Features mSMAUVESSEL
Non-ANCA-assooated
Anh CBM (Goodpaslure's disease)

Immune complex-mediated (most commonmechanism)
Autoantibodies targeting type IV collageninboth glomerular basement
membrane and alveoli causing glomerulonephntisandor pulmonary findings
Specific autoimmune disorder with at least 6mo of urticaria with Clg
complement deficiency with various systemic findings
Also known as hypersensitivily/leukocytKlasbc vasculitis

Vascular deposition of IgA causing systemic vasculitis (skin.61.renal),usually
self-limiting:most common in childhood
Systemic vasculitis caused by circulating cryoproteins forming immune
complexes;60-80% of cases are due to hepatitis C.5 -10% are due to a CID
(SLE.DA.SS).5-10% are due to a lymphoprotiferative disorder,and the
remaining 5-10% are idiopathic or'essential.'CV may beassociated with
underlying infection (e.g. hepatitis C) or CTO
Granulomatous inflammation of vessels of respiratory bad and kidneys
leading to pulmonary hemorrhage and glomerulonephritis:initially may have
upper respiratory trad infection (URTI) symptoms (sinusitis):most common
inmiddle age

Granulomatous inflammation of vessels with hypereosinophilia and
eosinophilic tissue infiltration,frequentlung involvement (asthma,allergic
rhinitis),associated with MPO-ANCAin 40-50% of cases.Other manifestations
include peripheral neuropathy (70%).Gl involvement myocarditis, and rarely
coronary arteritis;average age 40s

Fauci-immune necrotizing vasculitis,affects kidneys (necrotizing
glomerulonephritis), lungs (capillaritis and alveolar hemorrhage), and skin;
most common in older age

. c-ANCA (e.g.pR3-ANCA):
cytoplasmic anti-neubophil
cytoplasmic Ab associated with
anti-PR3. p-ANCA (eg.MPO-ANCA):
perinuclear anti-neutrophil
cytoplasmic Ab associated
with multiple antigens,e.g.
myeloperoxidase,lactoferrin (IBD).
cathepsin.etastase.etc.Of these,
only antibodies to myeloperoxidase
have been associated with the
development of vasculitis

Anti-Clg vasculitis (hypocomplemenlemic urticarial vasculitis
syndrome)
Predominantly cutaneous vasculitis

IgA vasculitis (formerly Henoch-Schonlein purpura (BSP))
(see Paediatrics.P98)

Cryoglobuinemic vasculitis (CV)

ANCA-associated(i.e.PR3-ANCA)
Granuiomatosis with polyangiitis (GPA. formerly Wegener's)
PR3 (c-ANCA)> MP0|p-ANCA) EGPA Triad

• Allergic rhinitis and asthma (often
quiescent at time of vasculitis)

• Eosinophilic infiltrative disease
resembling pneumonia. Systemic vasculitis often
mononeuritis multiplex'peripheral
neuropathy and peripheral
eosinophilia

EGPA.formerly Churg-Strauss syndrome (50% AHCA positive)

Microangiopathic polyangiitis (MPA)
(70% ANCA positive,usually MPO)

<- J
ME0IUM VESSEL

Segmental,non granulomatous necrotizing inflammation
Unknown etiology in most cases,any age (average 40-50s).M*F

Arteritis and mucocutaneous lymph node syndrome

PAN Features of Medium Vessel Vasculitis
• Livedo reticularis
• Erythema nodosum
• Raynaud's phenomenon
• Nodules
• Digital infarcts
• Ulcers

Kawasaki disease (see Paediatrics.P98) +
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Table 21. Classification of Vasculitis and Characteristic Features
Classification Characteristic Features
LARGE VESSEL

GCA Temporal arteritis Inflammation predominantly of Ihe aorta andits branches
Ages»50.F*M
Temporalheadache, jaw claudication,scalp tenderness,risionloss
'Pulseless disease." unequal peripheral pulses,chronic inflammation,most
often the aorta and itsbranches
Host common in young adults of Asian descent,ages10-40.f -M.risk of aortic
aneurysm

lakayasu's

OTHER VASCUllTIDES
Buerger's disease
("Thromboangiitis Obliterans")

Inflammation and clotting of small and medium- sued arteries and veinsof
distal entremities.may lead to distal daudicabon and gangrene,the most
important etiologic factor is cigareltesmoking. Host commonin young Asian
males.M>F

Behcet's disease Multi system disorder presenting with ocular involvement (uveitis),recurrent
oral and genitalulceration,venous thrombosis,skin and joint involvement
Most commonin Mediterranean and Asian populations,average age 30 y/o.
M>f
Cholesterol emboli,atrial myxoma,subacute bacterial endocardibs|SBE).APSVasculitis mimicry (i.e.pseudovasculitis)

Takayasu'sateiitis

Kawasaki disease

Small Vessel Vasculitis ANCA-Associatcd Vasculitis

Non- ANCA-Associated Vasculitis
Cryoglobulinemic vascuCbs
IgA vasulitisllgAV)
Hypocomplementennc urtcanal vasculibs

CWIIOM Tjr-B 2031

Figure 9. Classification of vasculitides by vessel sire
J.C. Jcrrelte.R. J. Falk.P. A.Bacon,et al. Arthritic & Rheunototogy(65.t).p. 1.copyright 2020.Modifiedby Permaiion of John Wiley and Sons

Small Vessel Non-ANCA-Associated Vasculitis
CUTANEOUS VASCULITIS
• subdivided into:

drug-induced vasculitis
serum sickness reaction
vasculitis associated with other underlying primary diseases (CTD, infections, malignancies-
hematologic > solid tumours)

Etiology and Pathophysiology
• cutaneous vasculitis following:

• drug exposure (allopurinol, gold, sulfonamides, penicillin, phenytoin )
• viral or bacterial infection
• idiopathic causes

• small vessels involved (post-capillary venules most frequently)
• usually causes a leukocytoclastic vasculitis:debris from neutrophils around vessels
• sometimes due to cryoglobulins which precipitate in cold temperatures

Clinical Presentation
• palpable purpura (usually on lower extremities) ± vesicles and ulceration, urticaria, macules, papules,

bullae, subcutaneous nodules
renal or joint involvement may occur, especially in children

ri
L -I

+Investigations
• vascular involvement (both arteriole and venule) established by skin biopsy
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Treatment
• stop possible offending drug; treat underlying primary disease
• NSAIDs, low-dose corticosteroids

• immunosuppressive agents in resistant cases
• usually self-limiting

Small Vessel ANCA-Associated Vasculitis
GRANULOMATOSIS WITH POLYANGIITIS
(GPA, formerly known as Wegener’s Granulomatosis)

Definition
• granulomatous inflammation of vessels that may affect the upper airways (rhinitis, sinusitis), lungs

(pulmonary nodules, infiltrates caused by pulmonary hemorrhage), and kidneys (glomerulonephritis,
renal failure)

• highly associated with c-ANCA by indirect immunofluorescence (11F) and PR3-AXCA by HL1SA;
however, changes in A NLA levels do not predict remission or relapse

• incidence:2-3 in 100000; more common in Northern latitudes

Classic Features of GPA
• Necrotizing granulomatous vasculitis

of lower and upper respiratory tract
• Focal segmental glomerulonephritis

Table 22. Classification Criteria for GPA*

See Landmark Rheumatology Trials
RH34 for more information on the
RAVE trial. It examined the efficacy
of rituximab for the induction and
maintenance of remission in patients
with ANCA-associated Vasculitides.

Clinical Criteria Score

Criteria Description
Crusting,ulcers, epistaxis. congestion,blockage,or septal defect' *3
perforation

Ear/nose cartilage inflammation,hoarseness or stridor,endobronchial *2
involvement,or saddle nose deformity
Conductive or sensorineural

Nasal involvement

Cartilaginous mvohrtment

oNearing loss *r
Laboratory.Imaging,and Biopsy Criteria

See Landmark Rheumatology Trials
RH34 for more information on the
MAINRITSAN3 trial. It examined the
efficacy of extended maintenance
rituximab in patients with ANCA-
associated Vasculitides

c-ANCA or anti-FR3-positive

Pulmonary nodules,mass,or cavitation on chest imaging
Granuloma,extravascu'ar granulomatous inflammation,or giantcells on biopsy

Inflammation,consolidation,or effusion of nasal/paranasal sinuses, or mastoiditis on imaging
Pauci-immune glomerulonephritison biopsy

p-ANCA or anti-MPO-positive

Blood eosinophil comt>1x10*/l

5
<2
»2
A
»1
•1
•4

‘Diagnosed if a5
American College of Rheumatology. 2022

Etiology and Pathophysiology
• pathogenesis depends on genetic susceptibility and environmental triggers (e.g. infection )

• dysregulated immune response due to loss of B and T cell tolerance
• acute vascular injury mediated by neutrophils and monocytes

Clinical Presentation
• systemic

malaise, fever, weakness, weight loss
• head, eyes, ears, nose, and throat (HHENT)

• sinusitis or rhinitis, nasal crusting and bloody nasal discharge, nasoseptal perforation, saddle
nose deformity

• proptosis due to:inflammation/vasculitis involving extraocular muscles, granulomatous
retrobulbar space-occupying lesions or direct extension of masses from the upper respiratory
tract
hearing loss due to involvement of cranial nerve (CN) VIII

• pulmonary
cough, hemoptysis, granulomatous upper respiratory tract masses, tracheal and bronchial
stenosis

• renal
hematuria, proteinuria, elevated Lr, glomerulonephritis

• other
• joint, skin, eye complaints-iritis, vasculitic neuropathy

Investigations
• blood work: anemia ( normal mean corpuscular volume (MCV)), increased WBC, increased Lr,

increased CRP,elevated platelet count, ANCA ( HR3 > MPO)
• urinalysis: proteinuria, hematuria, RBL casts
• CXR/CT: pneumonitis, lung nodules, infiltrations, cavitary lesions
• biopsy for confirmation of disease: skin, renal (segmental necrotizing glomerulonephritis), lung

(vasculitis, necrosis)
• LRP may be used to monitor response to treatment in some patients

+
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Treatment
• severe, life or organ-threatening disease

• induction therapy: IV glucocorticoids + either IV or oral cyclophosphamide OR rituximab
glucocorticoid: methylprednisolone 0.5- l.0 g/d IV xI -3 d followed by prednisone 1 mg/kg/d PO
x2-4 wk and then gradual taper

• cyclophosphamide: 2 mg/kg/d (max 200 mg/d ) PO for maximum of 3-6 mo OK 15 mg/ kg IV (max
1200 mg) every 2 wk for 3doses, then every 3 wk for 3-6 doses (dose adjust for older age and renal
failure)
rituximab: 375 mg/m2 x4 weekly infusions

» maintenance therapy: initiated once remission is achieved, consider corticosteroid-sparing agents
such as rituximab for maintenance, azathioprine, M I X, and mycophenolate are reasonable
alternatives

• plasma exchange can be an adjunct treatment for patients with severe organ involvement (renal
failure, pulmonary hemorrhage) not responding to conventional induction treatment

• non-organ-threatening disease
prednisone 0.5-1 mg/kg/d PO and MTX 15-25 mg PO/SC weekly OR azathioprine 2 mg/kg/d

• screening and prophylaxis
all patients should receive screening and prophylaxis for corticosteroid-induced osteoporosis,
PUD prevention, and Pneumocystis jirowci prophylaxis (trimethoprim/sulfamethoxazole 160/800
mg PO 3x/wk)

Medium Vessel Vasculitis
POLYARTERITIS NODOSA

Definition
• systemic, necrotizing vasculitis of medium-sized vessels, defined as visceral arteries and their

branches
• ANCA-negative, classically lung-sparing
• 5-10% associated with hepatitis B positivity
• incidence: 0.7 in 100000; affects individuals between 40-60 yr; M:l;»2:l

Table 23. Classification Criteria for PAN'
Criteria Description

>4 kg.not due to dieting or other factors
Oilfuse myalgias or muscle weakness
Mottled, reticular pattern over skin
Mononeuropalhy.mononeuropathy multiplex, or polyneuropathy
Not due to infection, trauma, or other causes
Development of BIN with dBP »90 mmHg
Cr >130 pmot/L (1.5 mg/dL), DUN >14.3 mmol/L (40 mg/dL)
Presence of hepatitis Bsurface antigen or Ab

Commonly aneurysms
Presence of granulocytes and/or mononuclear leukocytes in the artery wall

1.Weight loss
2.Myalgias,weakness, or leg tenderness
3.livedo reticularis
4. Neuropathy

5.Testicular pain or tenderness
6.dBP >90 mmHg
7.Elevated Cr or BUN
8.Hepatitis B positive

9.Arteriographic abnormality
10. Biopsy of artery
'Diagnosed if 3 or more of the above to criteria present
American College of Rheumatology,1990

Etiology and Pathophysiology
• focal pan-mural necrotizing vasculitis in small and medium -sized arteries
• thrombosis, aneurysm, or dilatation at lesion site may
• healed lesions show proliferation of fibrous tissue and endothelial cells that may lead to luminal

occlusion

occur

Clinical Presentation
• systemic: fatigue, weight loss, weakness, fever, arthralgias
• dermatologic: livedo reticularis, nodules, purpura, eruptions
• renal: renal insufficiency leading to HTN
• neurologic: mononeuropathy multiplex in both motor and sensory nerves
• abdominal: abdominal pain, mesenteric arteritis

Investigations
• blood work: CBC, CRP, Cr, BUN, urinalysis, liver enzymes, p-ANCA, hepatitis B and C serology
• imaging:CT or MR1angiography shows beading appearance of blood vessels seen
• biopsy of affected organ (e.g.skin, nerve);biopsy of highly vascular tissues (e.g.liver) not

recommended due to risk of aneurysm rupture

Treatment
• PAN with no major organ manifestations

glucocorticoids ± azathioprine

n
L J
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• PAN with major organ manifestations (CNS, cardiac, GI, renal)
induction therapy with high-dose glucocorticoids + cyclophosphamide for 3-6 mo followed by
maintenance therapy with low-dose prednisone and either azathioprinc, M I X, or leflunomide
treatment should be a minimum of 18 mo

• hepatitis B virus-associated vasculitis
prednisone 1 mg/kg/d PO x7 d (then taper and withdraw by 14 d) ± methylprednisolone 15 mg/
kg/d IV xl-3 d
after corticosteroid therapy, treat with plasma exchange + antiviral therapy

sLarge Vessel Vasculitis
GIANT CELL ARTERITIS/TEMPORAL ARTERITIS

Table 24. Classification Criteria for GCA*
GCA Criteria
Presence of 3or more criteria yields
sensitivity of 94%, specificity of 9t%

Criteria Description

1.A9eatonsel>50
2.New H/A

3. Temporal artery abnormality
4.Elevated ESN
5.Abnormal arlery biopsy

Oflen temporal
Temporalartery lenderness or decreased pulsations,not due lo arteriosclerosis
ESR >50mm/h

Mononuclear cellinfiltration or granulomatousinflammation,usually withmullinudeated giant cells

'Diagnosed if 3or more of the aboveScriteria present
American College ol Rheumatology.1990

Epidemiology
• most common vasculitis in North America
• patients >50 yr; peak incidence 70-80 yr
• F:M=2:1
• north-south gradient (predominance in Northern Europe and US)
• affects extracranial arteries

Clinical Presentation
• new onset temporal H /A ± scalp tenderness overlying temporal artery
• sudden, painless loss of vision and/or diplopia due to narrowing of the ophthalmic or posterior ciliary

arteries (PCA more common);can affect both eyes
• tongue and jaw claudication (pain in muscles of mastication on prolonged chewing)
• PMR (proximal pain and stiffness, constitutional symptoms,elevated HSR) occurs in 30% of patients
• aortic arch syndrome (involvement of subclavian and brachial branches of aorta resulting in pulseless

disease), aortic aneurysm ± rupture are late complications
• constitutional symptoms (e.g. fever of unknown origin in patients £65 yr) and shoulder/pelvic girdle

pain and stiffness

Investigations
• diagnosis made by clinical suspicion, increased HSR, increased CRP, colour Doppler U/S of temporal ±

axillary arteries (+ halo sign), MR1, consider temporal artery biopsy

<§
Medical Emergency
If untreated.GCA can lead to permanent
blindness in 20-25% of patients
Treat on clinical suspicion

Treatment
• if suspect GCA, immediately start high-dose prednisone 1 mg/kg PO in divided doses for 2-4 wk, and

then taper prednisone by 10 mg per 1-2 wk as symptoms resolve; highly effective in treatment and
prevention of blindness and other vascular complications

• consider low-dose ASA to help decrease visual loss
• if presenting with vision loss at diagnosis, methylprednisolone 1000 mg/d IV for 3d followed by high-

dose prednisone 1 mg/kg/d PO in divided doses for 4 wk
• tocilizumab, an 1L-6 receptor monoclonal antibody, has also been used in combination with

glucocorticoids to treat GCA ( new or relapsing)

Prognosis
• increased risk of thoracic aortic aneurysm and aortic dissection
• yearly CXR ± abdominal U/S as screening

c:
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Seronegative Rheumatic Disease
Table 25. A Comparison of the Spondyloarthropathies
Feature AS EAPsA ReA

3:1M:F 1:1 8:1 1:1
AgeolOnset
Peripheral Arthritis
Distribution
Sacroiliitis
Dactylitis

Enthesitis
Skin Lesions

20s 35 45 20s Any

25% 96% 90% Common
Any If IfAxial,large joints

100%
Uncommon

Common

40% 80% 20%
Common Occasional Uncommon

Figure 10. Spondyloarthropathy
subsets

Common
Occasional
Keratoderma
blcnnorihaqicd

Less Common
Occasional
Pyoderma, erythema
nodosum

Common
100%
Eventually psoriasis.
70% alonset olarthritis

Occasional
Uncommon

Rare

Uveitis
Urethritis

Common 20% Rare
CommonRare Rare AS shares some features with the

other three types of seronegative
spondyloarthropathies such as feA.EA.
PsA.and U-sPA

HLA 827 90 95% 40% 80% 30%
'LE = lower extremities

Ankylosing Spondylitis
Definition
• chronic Inflammatory arthritis involving the sacroiliac joints and vertebrae
• enthesitis is a major feature (e.g. Achilles tendinitis, plantar fasciitis)
• prototypical spondyloarthropathy Consider AS in the differential for causes

of aortic regurgitation
Table 26. ASAS Classification Criteria for Axial Spondyloarthritis*
1.Back pain of any type for at least 3 mo and age of onset <45 yr
2. Sacroiliitis on imaging plus >1AS feature or HLA-B27 positive plus >2 AS features

AS Features

HLA- B27 positive

Inflammatory back pain

Arthritis
Enthesitis (heel)
Uveitis

Dactylitis
Psoriasis
Crohn'sdisease/colitis

Good response toNSAIDs
EMHx ofSpA

Elevated CRP

Sacroiliitis on Imaging
Active (acute) inflammation on MRI highly suggestive of sacroiliitis associated wilh AS

Rule of 2s
AS occurs in
0.2% of the general population
2% of HLA-B27 positive individuals
20% of HLA B27 positive individuals with
affected family member

OR
Oclinite radiographic sacroiliitis (grade 2 bilaterally or grade 3 - 4 unilaterally

'SpondylorUnapjIhy: inflammatory joint disease ol the vertebral column

Etiology and Pathophysiology
• inflammation > osteopenia > erosion -) ossification > osteoproliferation (syndesmophytes)

Epidemiology
• M:T=3:1; females have milder disease (may be under-diagnosed), more peripheral arthritis, and upper

spine spondylitis
• 90-95% of patients are HI.A - B27 positive (9% of the general population is HLA-B27 positive)

I
• Spondylitis
• Hip
• Shoulder

Figure 11. Common sites of
involvement of AS

The Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI)
Self-reported scoring system that
focuses on fatigue, axial pain,peripheral
pain,enthesitis.and morning stiffness

r t
L J

+

Activate Windows
Go to-Settings to activate Windowsr



RH24 Rheumatology Toronto Notes 2023

Table 27. Types of Back Pain NORMAL POSTURE
Cervical lordosis

Thoracic kyphosis
Lumbar lordosis
Sacral kyphosis

Mechanical InflammatoryParameter

!Past History

Family History
Onset

t

Acute Insidious
<45 yr

++ (worse during 2nd half of night)
15-90 yrAge

ANKYLOSING SPONDYLITIS
Sleep Disturbance

Morning Stiffness
Involvementof Other Systems
Exercise

t
Increased occiput
to wall distance<30 min >1 h

Increased cervical
flexion
Increased
thoracic kyphosis

Worse 8elter

BetterRest Worse
NSAIO Responsiveness

Radiation of Pain
Sensory Symptoms

Motor Symptoms

-
Anatomic (L5-S1) Olfluse (thoracic,buttock) Decreased lumbar

lordosis

® Cassandra Collin

Clinical Presentation
• axial

Figure12.AS postural change

mid and lower back stiffness, morning stiffness >1 h, night pain, alternating buttock pain, painful
SI joint (+ l-ABER test )
spinal restriction (decreased ROM): lumbar (decreased Schbber), thoracic (decreased chest wall
expansion, normal >5 cm at T4), cervical (global decrease, often extension first)
postural changes:decreased lumbar lordosis + increased thoracic kyphosis + increased cervical
flexion = increased occiput to wall distance (>5 cm)

FABER (Flexion, ABduction. and
External Rotation) Test
fessively flex, abduct, then gently
externally rotate the leg. If pain is
elicited during this movement, the
location of the pain may help determine
the location of the patient's pathology
(e.g. hip joint.SI joint). However, it is
poorly reproducible and inaccurate in
discerning inflammatory vs. mechanical
back pain

• peripheral
asymmetrical large joint arthritis, most often involving lower limb

• enthesitis: tenderness over tibial tuberosity, or Achilles tendon and plantar fascia insertions into
the calcaneus

• dactylitis: toes or fingers
• extra-articular manifestations

• ophthalmic: acute anterior uveitis is common (25-30% patients)
• renal: amyloidosis ( late and rare), IgA nephropathy
• gastrointestinal: IBD
• cardiac: aortitis, aortic regurgitation, pericarditis, conduction disturbances, heart failure (rare)

respiratory: apical fibrosis (rare)
neurologic:cauda equina syndrome (rare)

• skin: psoriasis

ft
Modified Schober Test
• Patient must be standing erect with

normal posture
• Mark an imaginary horizontal line

connecting both posterior superior
iliac spines (close to the dimples of
Venus)

• A mark is placed 10 cm above this
horizontal line, and another 5cm
below

• The patient bends forward
maximally:measure the difference
between these two points- Report the Increase (in cm to the
nearest 0.1 cm)

• The better of two tries is recorded

Investigations
• x-ray of SI joint:“pseudowidening"of joint due to erosion with joint sclerosis -> bony fusion (late),

symmetric sacroiliitis
• x-ray of spine: “squaring of edges” from erosion and sclerosis on corners of vertebral bodies (shiny

corner sign) leading to ossification of outer fibres of annulus fibrosis ( bridging syndesmophytes) ->
“bamboo spine” radiographically

• MRI of spine:assess activity in early disease;detection of cartilage changes, bone marrow edema,
bone erosions, and subchondral bone changes. Best seen on T2 short tau inversion recovery (STIR)
images (suppress fat and see bone edema )

• labs:CBC,elevated ESR /CRP, ALP, Ca 2 *.serum protein electrophoresis (SPEP), BMD, HLA-B27

Treatment
• non-pharmacological therapy

prevent fusion from poor posture and disability through: exercise (e.g. swimming), postural and
deep breathing exercises, outpatient PT,and smoking cessation

• pharmacological therapy
» NSAlDs (first line of treatment for peripheral and axial disease)

glucocorticoids (topical eye drops, local injections,occasionally require systemic steroids prior to
other effective Rx)
DMARDs only for peripheral arthritis (SSZ, M I X)
if inadequate response to two NSAlDs (or DMARD for peripheral arthritis only), consider anti-
TNF agents or anti-IL-17 for axial and peripheral involvement

• manage extra-articular manifestations
• surgical therapy

• hip replacement and vertebral osteotomy for marked deformity (latter rarely performed)

Extra-Articular Manifestations of AS

5 As
Anterior uveitis
Apical lung fibrosis
Aortic incompetence
Amyloidosis (kidneys)
Autoimmune bowel disease (ulcerative
colitis)

t- J

Prognosis
• spontaneous remissions and relapses are common and can occur at any age
• function may be excellent despite spinal deformity
• favourable prognosis if female and age of onset >40 yr
• early onset with hip disease may lead to severe disability; may require arthroplasty

+
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Enteropathic Arthritis
Definition
• see Gastroenterology. Inflammatory Bowel Disease,G 22

Clinical Presentation
• MSK manifestations in the setting of either ulcerative colitis ( UC) or Crohn's disease (CD) include

peripheral arthritis (large joint, asymmetrical), spondylitis, and hypertrophic osteoarthropathy
• non -arthritic MSK manifestations can occur secondary to steroid treatment of bowel inflammation

(arthralgia, myalgia, osteoporosis, AVN)

Both AS and BA feature symmetric
sacroiliitis

Table 28. Comparing Features of Spondylitis vs. Peripheral Arthritis in EA
Parameter Spondylitis Peripheral Arthritis
HLA-B27 Association
Gender
Onset Before IBD
ParallelsI8D Course
Type of IBD
Treatment

Yes No
M*F M-F
Yes No

YesNo
UC'CO
NSAIDs (use cautiously,may exacerbate bowel NSAIDs. DMARDs:INF inhibitors if resistant
disease):TNF inhibitors if resistant

CD

Psoriatic Arthritis
Definition
• arthritic inflammation associated with psoriasis

Etiology and Pathophysiology
• unclear but many genetic, immunologic, and some environmental factors involved (e.g.bacterial,

viral,and trauma)
Check “hidden"areas(or psoriatic
lesions (eats, hairline, umbilicus, gluteal
cleft nails)
TNF inhibitors are effective treatments
for PsA with no important added risks
associated with their short-term use

Epidemiology
• psoriasis affects 1% of the population
• arthropathy in 15% of patients with psoriasis
• 15-20% of patients will develop joint disease before skin lesions appear

Clinical Presentation
• dermatologic

• psoriasis: well-demarcated erythematous plaques with silvery scale
• psoriatic nail changes (potential predictor for PsA): pitting, transverse or longitudinal ridging,

discolouration, subungual hyperkeratosis, onycholysis, and oil drops
• musculoskeletal

• 5 general patterns
• asymmetric oligoarthritis (<5 small and/or large joints affected in asymmetric distribution;

most common - 70%)

• arthritis of DIPs with nail changes
* symmetric polyarthritis (similar to RA)

sacroiliitis and spondylitis (usually older, male patients)
» arthritis mutilans (destructive and deforming small joint polyarthritis)

• other findings:dactylitis, enthesopathy, morning stiffness >30 min (50%)
• ophthalmic

conjunctivitis, iritis (anterior uveitis)
• cardiac and respiratory (late findings)

aortic insufficiency
• apical lung fibrosis

• neurologic
• cauda equina syndrome

• radiologic
floating syndesmophytes
pencil-in-cup appearance at IPs
osteolysis, periostitis r ->

L J

Treatment
• treat skin lesions (e.g.steroid cream, salicylic and/or retinoic acid, tar, UV light)
• NSAIDs and/or 1A steroids (as an adjuvant), benefit should be seen within a few wk, should not be the

sole therapy >3 mo
• DMARDs to minimize erosive disease (use earlv in peripheral joint involvement)

non-biologic DMARDs (MTX, SSZ, or leflunomide)
biologic therapies include anti-TNl-' agents, anti-lL-17 (secukinumab), and anti-lL-12/23
(ustekinumab)

+
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Table 29. CASPAR Criteria for PsA*

Criterion Description
1.Evidence of psoriasis

2. Psoriatic nail dystrophy
3.Negative results for RE

4.Dactylitis
5.Radiological evidence

Current,past,or lamily history
Onycholysis,pitting,hypetheralosis
Preferably by ELISA, ncphclometry
Current or past history

Juxta-articular bone formation on hand or foot x-rays
"To meet the CASPAR (ClASsrfication criteria for Psoriatic ARthritis) criteria, a patientmust have inflammatory articular disease (joint, spine,or
enthese
Arthritis

al) with >3 poi
Rheum 2006

nts from the above 5 cat
Aug54(8):2665-2673.C

ries.
fication criterialor PsA development

egor
lassi

Reactive Arthritis
Definition
• one of the seronegative spondyloarthropathies in which patients have a peripheral arthritis (>1 mo

duration ) accompanied by one or more extra-articular manifestations that appears shortly after
certain infections of the Cil or (ill tract

• this term should not be confused with rheumatic fever or viral arthritidcs

Clinical Triad of Reactive Arthritis
• Arthritis
• Conjunctivitis/uveitis
• Urethritis/cervicitis

Etiology
• onset following an infectious episode either involving the G1 or CiU tract

• Gl: Shigella, Salmonella,Campylobacter, Yersinia, C. difficile species
GU:Chlamydia (isolated in 16-44% of ReA cases), Mycoplasma species

• acute clinical course
• onset 1-4 wk post-infection
• lasts wk to mo
• often recurring
• spinal involvement persists

“Can't See, Can’t Pee, Can't Climb a
Tree”
T riad of conjunctivitis, urethritis, and
arthritis is 99% specific (but 51%
sensitive) for ReA

Epidemiology
• in HLA-B27 patients, axial > peripheral involvement
• M>1-
Clinical Presentation
• musculoskeletal

• asymmetric peripheral arthritis, spondylitis/sacroiliitis, enthesitis ( Achilles tendinitis, plantar
fasciitis), dactylitis

• ophthalmic
iritis (anterior uveitis), conjunctivitis

• dermatologic
keratoderma blennorrhagicum (hvperkeratotic skin lesions on palms and soles) and balanitis
drdnata (small, shallow, painless ulcers of glans penis and urethral meatus) are diagnostic

• gastrointestinal
• oral ulcers, diarrhea

• genitourinary
• urethritis, prostatitis, cervicitis, cystitis, sterile pyuria; presence not related to site of initiating

infection

Investigations
• diagnosis is clinical plus laboratory
• evidence of antecedent or concomitant infection (stool culture, urine, and genital swab testing )
• blood work: norntocytic , normochromic anemia, and leukocytosis
• sterile cultures
• serology: HLA-B27 positive, elevated ESR/CRP

Treatment
• antibiotics for non-articular infections
• NSAIDs (naproxen 500 mg BID/TID, diclofenac 50 mg HD, indomethadn 50 mgTTD/QlD), PT,

exercise
• local therapy

IA steroid injection (triamcinolone acetonide)
• topical steroid for ocular involvement

• systemic therapy
corticosteroids (starting dose 20 mg/d)
DMARDs (for refractory reactive arthritis with peripheral joint involvement only) (SSZ, MT'X)
TNP-ct inhibitors for spinal inflammation (for disease refractory to NSAIDs, DMARDs)

r t
L J
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Prognosis
• self -limited, typically 3-5 mo, varies based on pathogen and patient's genetic background
• chronic in 15-20% of cases

Crystal-Induced Arthropathies
Table 30. Gout vs. Pseudogout

GoutParameter Pseudogout
Gender M»F M-f

Age Middle- aged males
Post menopausal females

Usually elderly

Onset of Disease Acute
Can become chronic if high uric acid untreated, Chondrocalcinosis isasymptomatic but the
people with renal failure,kidney transplant clinical feature is generally acute

Monosodium urate
Negative birefringence (yellow when parallel Positive birefringence (bluewhen parallel),
to compensator filter),needle -shaped

First MIP classically:also midfoot,ankle,
knee,or polyarticular

Radiology (notefindings arenonspecific) Erosions

Acule
S
2
%CPPDCrystal Type

1rhomboid- shaped
S

Distribution Knee,wrist:monoarticular,or polyarticular
il chronic

3• 1st MTP - podagra
• Ankle
• Knee

-

Chondrocalcinosis
OA (knee,wrist,2nd and 3rd MCP)

NSAIDs,corticosteroids Figure 13. Common sites of
involvement of gout (asymmetric
joint involvement)

Acute:NSAIOs.corticosteroids,colchicine
Chronic:tallopurinol.febuxostat

Treatment

Gout
Definition
• derangement in purine metabolism resulting in hyperuricemia; monosodium urate crystal deposits in

tissues (tophi) and synovium (microtophi)
An acute gout attack may mimic
cellulitis; however, joint mobility is
usually preserved in cellulitis unless it
overlaps a joint

Etiology and Pathophysiology
• uric acid can be obtained from the diet or made endogenously by xanthine oxidase, which converts

xanthine to uric acid
• an excess of uric acid results in hyperuricemia
• uric acid can deposit in the skin/subcutaneous tissues (tophi), synovium (microtophi), and kidney,

where it can crystalize to form monosodium urate crystals that lead to gout
• non-modifiable risk factors include: genetic mutations, male gender, and advanced age
• modifiable risk factors include:diet (alcohol, purine rich foods such as meats and seafoods, fructose/

sugar sweetened foods;see list of precipitants below)
• other risk factors: renal failure, metabolic syndrome, dehydration (e.g. diuretics)

Precipitants of Gout

Drugs are FACT
Furosemide
Aspirin 1 (low-dose)/Alcohol
Cyclosporine
Thiazide diureticsClinical Presentation

• single episode progressing to recurrent episodes of acute inflammatory arthritis
• acute gouty arthritis

severe pain, erythema, joint swelling, usually involving lower extremities
• joint mobility may he limited
• attack will subside spontaneously within d to wk (5-10 d ); may recur

Foods are SALT
Seafood
Alcohol (beer and spirits)
Liver and kidney
Turkey (meat)

• tophi
• urate deposits on cartilage, tendons, bursae, soft tissues, and synovial membranes
• common sites: first MTP, ear helix, olecranon bursae, tendon insertions (common in Achilles

tendon) 2020 American College olRheumatology
Guideline for the Managementol Goul
Arthritis Rheumatol 2020:72:879-95• kidney

• gouty nephropathy
» uric acid nephrolithiasis

• Inflate urate awering therapy (IW)lor patents
viitli :
•>1SC tophi
•Radiographic damage attributable to gout
•Freguentgoutflares (»2/yr)

• Allopurino! is preferred over at other ULTsas a first-
lineagent for all patientsRnctjdi -g CKO stage »3|

• Initiate concomitant anti-indamnratory prophylaxis
(e.g.colchicine.NSAIDs.predn sore prednisolone)
lor 3 -6 mo

• Conl-.nue 01!to target and maintain strum urate
0 mgfdl

• In patients with frequent gout Daiesor
nomesolvingSC tophi who have failed loacheve
serum urate <0 mgfdlon uticosutlcs.ualhine
oxidase inhibitors,and other interventions,
peglotitase should be initiated and the current ULI
should be discontinued

• tout flares should he managedwith NSAIOs.
low-dose colchicine,nr glucocorticoids as trst-lloe
agents

Investigations
• joint aspirate: >90% of joint aspirates show crystals of monosodium urate ( negatively birefringent,

needle-shaped) if done early in course of presentation
• x-rays may show tophi as soft tissue swelling, bone/joints - punched-out lesions, erosion with “over-

hanging" edge
• U/S shows double-contour sign

• correlated with hyperuricemia in the blood

Treatment
• acute gout

• NSAIDs: high-dose, then taper as symptoms improve
• corticosteroids: 1 A, oral, or IM (if renal, cardiovascular, or (il disease and/or if NSAIDs

contraindicated or failed ). IV for patients with multiple joints flaring, unable to take oral
medication, and already have IV line
colchicine 1.2 mg at the first signs of an attack followed by 0.6 mg 1 h later and 0.6 mg BID on
subsequent days until the attack has resolved

j

+
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• chronic gout
• conservative

avoid foods with high purine content (e.g. visceral meats, sardines, shellfish, beans, peas)
avoid drugs with hyperuricemic effects (e.g. pyrazinamide, ethambutol, thiazide, alcohol)
additional management of lifestyle factors:limiting alcohol intake, limiting high-fructose
corn syrup, for overweight/obese patients weight loss is recommended (regardless of activity
level)

medical
antihyperuricemic drugs (first line: allopurinol (not nephrotoxic) second line: febuxostat):
decrease uric acid production by inhibiting xanthine oxidase. Start low and titrate up. Do not
use febuxostat if history of cardiovascular disease

uricosuric drugs (probenecid, sulfinpyrazone): very rarely used in combination with
allopurinol or febuxostat in patients in whom hyperuricemia is not controlled with the latter

• prophylaxis with low-dose NSAlD/colchicine should be started with urate-lowering therapy
• in renal disease secondary to hyperuricemia, use low-dose allopurinol nnd monitor Cr

• indications for treatment with antihyperuricemic medications include
• attacks (>2/yr), tophi, bone erosions/arthritis

Pseudogout (Calcium Pyrophosphate Dihydrate Disease)
Definition
• joint inflammation caused by calcium pyrophosphate (CCP) crystal deposition in connective tissue

Etiology and Pathophysiology
• acute inflammatory arthritis due to phagocytosis of IgG-coated CPPD crystals by neutrophils and

subsequent release of inflammatory mediators within joint space
• usually monoarticular but can be polyarticular
• slower onset in comparison to gout, lasts up to 2-3 wk but is self-limited

Risk Factors
• old age, advanced OA, neuropathic joints
• other associated conditions: hyperparathyroidism, hypothyroidism, hypomagnesemia,

hypophosphatasia (low ALP), DM, hemochromatosis
-• Polyarticular wrist

• Hand (MCPI
• Foot (1st MTPI

r;
I• Hip

Clinical Presentation
• affects knees, wrists, MCPs, hips, shoulders; less likely elbows, ankles, big toe, spine
• asymptomatic crystal deposition (seen on radiograph only)
• acute crystal arthritis (self-limited flares of acute inflammatory arthritis resembling gout)
• pseudo-OA (progressive joint degeneration, sometimes with episodes of acute inflammatory arthritis)
• pseudo-RA (symmetrical polyarticular pattern with morning stiffness and constitutional symptoms)
• frequently triggered by dehydration, acute illness, surgery, trauma

Investigations
• must aspirate joint to rule out septic arthritis and gout
• CPPD crystals: present in 60% of patients, often only a few crystals, positive birefringence ( blue) and

rhomboid shaped
• x-rays show chondrocaldnosis in 75%: radiodensities in fibrocartilaginous structures (e.g. knee

menisci ) or linear radiodensities in hyaline articular cartilage

Treatment
• acute CPP: joint aspiration, steroid injection, cool packs, temporary rest, and protection
• chronic CPP: NSAlDs with gastroprotection and/or low-dose prophylactic colchicine 0.6-1.2 mg/d PO

(controversial)

Figure 14.Common sites of
involvement of CPPD

EULAR Rccornmendations for the Management
of CPPD
Ann RheumOis 2011;10:511-5
1. Pharmacological and non -pharmacologicai

treatment mould troth be used to manage CPP0.
2. treating acute CPP crystal arthritis with ice or cool

packs, rest, jointaspmation. and Uiojecbon of
long-acting glucocoitrcoids (CC$) may be sufficient
for many patients.

3. Acute CPP crystal arthritis can be treated
systemically with HSAIDs and low-dose oral
colchicine, although their use may be Imited in
older patients by tonicity and comorbidity.

4.A brief taperingcourse of oral or parenteral CCS
or MTU may be effective for acute CPP crystal
arthritis that is not amenable to IA6CS injection.

5. Low-dose oral colchicine ixNSAIO can be used as
prophylaxis against frequent recurrent acute CPP
crystal arthritis.

6. For patients with OA and CPPD. management goals
and options are the same as those for 0A alone.

7. Ibe order of pharmacological preference(or
chronic CPP ciyslal inflammatory art hubs is USAID
andlor colchicine, low-dose corticosteroid. MIX
and hydroxychloroquine.

I. Associated conditions should be treated d
detected.

9. Ihere are nodisease-modrfyieg treatments lor CTP
crystal arthritisand no treatment is MruMfor
asymptomatic cboodrocaldnosis.

Non-Articular Rheumatism
Definition
• disorders that primarily affect soft tissues or periarticular structures
• includes bursitis, tendinitis, tenosynovitis, fibromyalgia, and PMR

Polymyalgia Rheumatica
Definition
• characterized by pain and stiffness of the proximal extremities (girdle area)
• closely related to GCA (15% of patients with PMR develop GCA)
• no muscle weakness +
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Table 31. PMR Classification Criteria Scoring Algorithm*
Required criteria: age >50 yr.bilateral shoulder aching, and abnormal ESR.CHP

Points without U/S (0-6) Points with Abnorma I
U/S" (0-8)

Morning stillness duration'45 min
Hippain or limited ROM
Absence of RForACPA

Absence olother joint involvement
At least one shoulder with subdeltoid and/or biceps tenosynovitis and/or
glenohumeral synovitis (either posterior or axillary) and at least one hip with
synovitis and/or trochanteric bursitis on U/S
Both shoulders withsubdeltoid bursitis,biceps tenosynovitis,or gleno-
humeral synovitison U/S

2 2
1 1
2 2

11

N:A 1

M/A 1

'A score oi 4 or more is categorized as PMR in the algorithm without U/S and a score ot 5 or more is categorized as PMR in the algorithm withU/S
"OptionalU/S criteria
Ann Rlieum Ols 2012:71:484- 492

Epidemiology
• incidence: 50 in 100000 per yr in those >50 yr
• age of onset typically >50 yr, T:M=2:I

Clinical Presentation
• constitutional symptoms prominent (fever, weight loss, malaise)
• pain and stilTness of symmetrical proximal muscles (neck, shoulder and hip girdles, thighs)
• gel phenomenon (stiffness after prolonged inactivity)
• physical exam reveals tender muscles, but no true weakness or atrophy

Investigations
• blood work: often shows anemia of chronic disease, elevated platelets, elevated HSR and CRP, and

normal CK; up to 5% of PMR reported with normal inflammatory markers

Treatment
• goal of therapy: symptom relief
• start with prednisone 12.5-25 mg PO once daily, reconsider diagnosis if no response within several

days
• taper slowly with improvement over 1 yr period with close monitoring, if in remission taper until

discontinued
• relapses should be diagnosed and treated on clinical basis; do not treat a rise in HSR as a relapse
• treat relapses aggressively (50% relapse rate)
• monitor for steroid side effects, glucocorticoid-induced osteoporosis prevention, and follow for

symptoms of GC/\

Fibromyalgia
Definition
• chronic (>3 mo), widespread (axial, left- and right-sided, upper and lower segment), non-articular

pain with characteristic tender points

Diagnosis

Table 32. 2010 ACR Preliminary Diagnostic Criteria for Fibromyalgia
Criteria Comments
Y/idespread Pam Index - number ol areas in which thepalienl had pain A paticnl satisfies diagnostic critena lor fibromyalgia II the following 3
over the last wk (max score 19):

L and R: shoulder girdle,upper arm.lower arm.hip.upper leg.lower
leg. jaw
One Area:chest, abdomen,upper back, lower back,neck

Symptom Severity (SS) Score * sum of:
a) severity of fatigue
b) waking unrefreshed
c) cognitive symptoms over the past wk
d) extent ol somatic symptoms (IBS, N/A.abdominal pain/cramps,
dry mouth,fever,hives, ringing in ears, vomiting,heartburn,dry
eyes.SOB.loss of appetite,rash,hair loss,easy bruising,etc.)

All (a d) rated on 0 3 scale:0 * no problem.1* mild.2•moderate.
3> severe

conditions are met:
1.Widespread Pain Index (WPI) >7 and SS score >5 or WPI 3 6 and
SS score >9
2.Symptoms have been present at a similar level lor at least 3 mo
3.Ihe patient does not have a disorder that would otherwise explain
the pain

r i
L J

Arthrit Care amt Res2010:62(5):600-610
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Epidemiology. I-':M=3:1
• primarily ages 25-45, some adolescents
• prevalence of 2-5% in general population
• overlaps with chronic fatigue syndrome and myofascial pain syndrome
• strong association with psychiatric illness

Clinical Presentation
• widespread aching, stiffness
• easy fatigability
• sleep disturbance: non-restorative sleep, difficulty falling asleep, and frequent wakening
• symptoms aggravated by physical activity, poor sleep, emotional stress
• patient feels that joints are diffusely swollen although joint examination is normal
• neurologic symptoms of hyperalgesia, paresthesias, allodynia
• associated with irritable bowel or bladder syndrome, migraines, tension H/As, restless leg syndrome,

obesity, depression, and anxiety
• physical exam should reveal only tenderness with palpation of soft tissues, with no specificity for

trigger/tender points

Investigations
• blood work: includes TSH; all typically normal unless unrelated, underlying illness present
• serology: do not order ANA or Rl- unless there is clinical suspicion for a CTD or inflammatory

arthritis
• laboratory sleep assessment

Treatment
• non-pharmacological therapy

graded exercise programs including aerobic (>2() min/d, 2-3 d/wk) and resistance training (>8
repetitions per exercise, 2-3 d/wk)
other therapies with some evidence: acupuncture, CBT, hydrotherapy, meditative movement
(yoga, Tai chi)
there is no evidence for biofeedback, chiropractics, hypnotherapy, meditation

• pharmacological therapy (to help with symptoms, not curative)
low-dose tricyclic antidepressant (e.g. amitriptyline)

for sleep restoration
select those with lower anticholinergic side effects

SNR1:duloxetine, milnacipran
anticonvulsant: pregabalin.gabapentin
analgesics may he beneficial for pain that interferes with sleep ( NSAIDs, not narcotics)

Prognosis
• variable; usually chronic, waxes and wanes, svith some pain and fatigue that usually persists

Table 33. Clinical Features of Inflammatory Myopathy vs. Polymyalgia Rheumatica vs.
Fibromyalgia

Polymyositis PMR Fibromyalgia
Epidemiology

Muscle Involvement
Weakness

F> M.40-50 yr

Proximal muscle

F>M.>50 yr

Proximal muscle

F»M, 25-45 yr

Diffuse
Yes No No

Pain
Stiffness

Painful
Significant morning and gelling May have morning stiffness
stiffness (shoulders, neck, hips)

Muscle biopsy.CK , EMC. ruleout ISR/CRP. rule out CCA
malignancy
Usually normal
High-dose steroids,
immunosuppressants

Painless
Present

Painful

Investigations Sleep assessment. ISH

ESRCRP Markedly elevated
Low-dose steroids

Normal
Exercise,sleep restorationTreatment

n
L J
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Common Medications
Table 34. Common Medications for Osteoarthritis

Contraindications Adverse
Effects

Class Generic Drug Trade Name Dosing (PO) Indications
Name

Analgesics acetaminophen Tylenol: 1000 mg 110 q4 h 1st line
(3 g daily mail

Severe liver disease/
impairment

Hepatoloiicity.
overdose.
potentiates
warfarin
Nausea, tinnitus,
vertigo, rash,
dyspepsia.Gl
bleed.PUD.
hepatitis,
renal failure.
HIN.nephrotic
syndrome
SameasNSAIOs
above

NSAIDs ibuprofen
diclofenac
diclofenac/
misoprostol
naproien
meloucam

Advil -

Voltaren
Arlhrotec:
Naprosyn 1

Aleve:
Mobicoi

200-600 mg TID 2nd line
25 - SOmg TID
50-75/200 mg TI0
125-500 mg BID
7.5-15 mg once

Gl bleed,renal
impairment,allergy
to ASA.NSAIDs.
pregnancy (T3).
anticoagulants

daily

Celebrex: 200 mg once daily Dyspepsia/GERDCOX-2 Inhibitors celecoiib Renal impairment,
cardiovascular
disease.Gl Bleed

Other Treatments Comments

Combination analgesics (acetaminophen codeine,
acetaminophen NSAIDs)
IA corticosteroid injection

Enhanced short - term effect compared to acetaminophen alone
More adverse effects: sedation.constipation,nausea.Gl upset

Short-term (wk-mo). joint specific treatment
Decrease in pain and improvement in function
Used for managcmenl of an IA inflammatory process when infection has been ruled out

Used for mild-moderate OAof the knees;however,little supporting evidence and not
considered to be effective
Precaution with chicken/egg allergy
Topical diclofenac (Pennsaid'.Voltaren Emulgcl ' )
May use for patients who fail acetaminophen treatment and who wish to avoid
systemic therapy,better on small joints

Mild decrease inpain
Limited evidence of benefitin 0A knee.No regulation by Health Canada

IA hyaluronic acid q6 mo

Topical NSAIDs

Capsaicin cream
Glucosamine sulfate * chondroitin

Table 35. DMARDs
Generic Drug Name Trade Name Dosing Contraindications Adverse Effects
COMMONLY USED
hydroxychloroquine Plaqueml ' 400 mg P0 once daily Retinal disease.GGPD

initially deficiency
200-400 mg POonce
daily maintenance
(5 mg/kg ideal body
weight per day to a
maximum of 400 mg/d)

1000 mg P0 BID-TID Sulfa/ASA allergy, kidney
disease.GGP0 deficiency
Bone marrow

Gl symptoms, skin rash,macular
damage,neuromyopathy
Requires annual ophthalmological
screening tomonitor for retinopathy

$

sulfasalazine Salaaopyrim
Arullidme ' (US)
Rheumatrex:
Folexj'Mexate 3

Gl symptoms, rash,H/A. leukopenia
S

7.5-25 mg PO/SC
weekly

Oral ulcers.Gl symptoms,cirrhosis,
suppression, liver disease, myelosuppression.pneumonitis,
significant lung disease. tubular necrosis
immunodeficiency,
pregnancy.EtOHuse

methotrexate
S

leflunomide Arava ’ 10 -20 mg P0 once daily Liver disease, lung disease. Alopecia.Gl symptoms,liver
pregnancyss dysfunction, interstitial pulmonary

fibrosis.HIN
NOT COMMONLY USED

Neoral ' 2.5-3 mg/kg/d divided Kidney/liver disease,
and given in 2 doses P0 infection.HIN
50 mg IM weekly after IBD.kidney/liver disease
gradual introduction

2 mg/kg/d P0 once Kidney/liver disease
thiopurine
S - methyItransferase (TPMI) vomiting.diarrhea
deficiency
Kidney/liver disease,
neutropenia

HTN.decreased renal function, hair
growth, tremors,bleeding
Rash,mouth soreness/ulcets,
proteinuria,marrow suppress!on

cyclosporine
Si
gold (injectable) Solganal3

Myochrysine®

Imuran'
s
aialhiopiine Rash,pancytopenia (especially *WBC. t AS!.ALT),biliary stasis,S daily r T

L J

Cytoxan ' 1q/m'/mo IV as per
protocol

Cardioloxicity,Gl symptoms,
hemorrhagic cystitis,nephrotoxicity,
bone marrow suppression,sterility,
bladder cancer

cyclophosphamide
s
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Table 35. DMARDs
Generic Drug Name Trade Name Dosing Controindicotions Adverse Effects
NEWER DMARDs (Biologies)

Enbrel: 25 mg biweekly or 50 Fusion protein of INF receptor and Fc portion of IgG
mg weekly SC
3-5 mg/kg IV q8 wk Chimeric mouse/human monoclonalanti INF

etanercept
sss
infliximab Remicade
SSS

40 mg SCq2 wkadalimumab Humira' Monoclonalanti-INF
SSS

Simponi' 50 mg SC q1mo or 2 Monoclonal anti-INF
mg/kg q8 wk

400 mg SC q2 wk «3 PEGylated monoclonal anti-INF
then 200 mg SC q4 wk
Day1:10 mg (AM) P0, PDE4 inhibitor which reduces production of INFo
titrate up to 30 mg BID
by day 6

500 -1000 mgIV
infusion ql mo or 125
mgSCqlwk
1g x 2 IV infusions, 2 wk Causes 8 cell depletion,binds to CD20
apart q6 mo
4-8 mg/kg IV q4 wk or IL- 6 receptor antagonist
162 mg SCq1-2 wk
5 mg 8ID

golimumab
SSS

Cimna 'certolizumab
SSS

Oterlaapremilast
SSS

Orencia ' Coslimulalion modulator ofIcell activationabataccpt
SSS

rituximab Rituxan '

SSS
Actemra;tocilizumab

SSS
Selective JAK 1/3 inhibitor and thus interferes with JAK -SIAT
signaling pathway

Selective JAK1inhibitor and thus interferes with JAK-STAT signaling
pathway
Blocks IL-17A

tofacitmib Xcl|anr '
S$

upadacitinib Rinvoq: 15 mg once daily
ss

Coscnlyx 150 mg monthlysecukmumab
SSS

Landmark Rheumatology Trials
Trial Name Clinical Trial DetailsReference
RHEUMATOID ARTHRITIS
COMET Lancet 2008:372:375 82 Title:Comparison of Methotrexate Monotherapy with a Combination of Methotrexate and Etanercept in Active.Early.Moderate to

Severe Rheumatoid Arthritis (COME!): A Randomised,Double Blind, Parallel Treatment Trial
Purpose: To compare the efficacy ol MIX monotherapy or MIX plus etaneiccpt for remission and radiographic non-progression in RA
patients.
Methods:542 RA MTX-naive outpatients with moderale-to - severe disease for 3-24 mo were randomly assigned to MIX alone (titrated
from 7.5-20 mgfwk) or MIX (same titration) plus etanercept 50 mg/wk.
Results: Clinical remission was achieved in 50% ol patients on combined treatment vs. 28% taking MIX alone (difference.22.05%:
P'0.0001).80% and 59%,respectively,achieved radiographic non-progression (difference.20.98%:P'0.0001).Both groups
experienced similar adverse events.
Discussiond yr of Ireatment with etanercept plus MIX can achieve clinical remission and radiographic non-progression in early severe
RA ,

ERA NEJM 2000:343:1586-93 Title: A Comparison of Etanercept and Methotiexate in Patients with Early Rheumatoid Arthritis
Purpose:To investigate the efficacy of etanercept in reducing disease activity and joint damage inpatients withearly and active RA.
Methods: 632 patients received either SC etanercept (10 or 25 mg/wk) twice weekly or oral MIX (19 mg/wk) for 12 mo.Clinical response
was defined by criteria of the AmericanCollege olRheumatology.
Results:Patients on 25 mg etanercept improved quicker than those on MIX, with significantly mote improvements in disease activity
within 6 mo (P'0.05).During the first 6 and12 mo, there vrere significantly greater increases in mean erosion scores in the MIX group
(P‘0.007).Fewer adverse events (P‘0.02) and infections (P‘0.006) vrere seen in 25 mg etanercept.
Conclusion: Inpatients with early active RA.etanercept more rapidly reduced symptoms and slowed joint damage as compared to MIX.
Title:Clinical and Radiographic Outcomes ol Four Different Treatment Strategies in Patients with Early Rheumatoid Arthritis (the 8eSl
Study):A Randomized.Controlled Trial
Purpose:To identify the optimal therapeutic strategy for preventing long term joint damage and functional decline in RA.
Methods: 508 patients were randomly assigned to1of 4 therapeutic strategies: (1) sequential disease-modifying antirheumatic
diug monotherapy.(2) step up combination therapy.(3) initial combination therapy with tapered high- dose prednisone, or (4) initial
combination therapy with infliximab.
Results:At 3 mo.groups 3 and 4 showed significantly greater functional improvement (as defined by the Dutch version of the Health
Assessment Questionnaire (D- HA0)) with mean scores of 0.6.as compared lo mean scores of 1.0 in groups1and 2 (P'0.001).At 1yr.
mean D - HA0 scores in groups 3 and 4 were 0.5, as compared to 0.7 in groups1and 2 (P‘0.009).
Conclusion: As compared tosequential monotherapy or step-up combination therapy,initial combination therapy with piednisone or
infliximab led lo earlier functional improvements and less radiographic damage in patients with early RA.

BeSt Arthritis Rheum
2005:52:3381-90

ri
L J

Infliximab and MIX NEJM 2000:343:1594-602 Title: Infliximab and Methotrexate in the Treatment of Rheumatoid Arthritis.Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis
with Concomitant Therapy Study Group
Purpose: lo assess infliximab for potential sustained benefits and effects on|Oint damage in RA.
Methods:428 patients whohad active RA despite MIX therapy were treated with IV infliximab (3 or 10 mg/kg every 4 or 8 wk plus oral
MIX for 54 wk) or placebo.
Results: As compared lo MIX alone, infliximab plus MIX significantly reduced signs and symptoms of RA (clinical response. 51.8%
vs.17.0%:P'0.001).Ihere was grealer evidence of joint damage on MIX alone but not on infliximab plus MIX (mean change in
radiographic score,7.0 vs.0.6.P'0.001).
Conclusion:Repeated doses of infliximab plus MTX inpersistently active RA was clinically effective and slowed the progression of joint
damage.
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Trial Name Reference Clinical Trial Details
Irealment o> Active Rheumatoid Arch Intern Med
Arthritis with leflunomide
Compared with Placebo and
Melhotrexale.Leflunomide
Rheumatoid Arthritis
Investigators Group. Strand et
al.1999

Title: Treatment of Active Rheumatoid Arlhrilis with lellunomidc Compared with Placebo and Metholrcialc. leflunomide Rheumatoid
Arthritis Investigators Group
Purpose: lo compare the safely and efficacy of leflunomide vs. MIX in patients with active RA.
Methods:482 patients with active RA were randomly assigned to receive leflunomide (20 mg/d). MIX (7.5-15 mgi'wk). or placebo.
Results: Clinical response and success rales on leflunomide|S2% and 41%) and MIX (46% and 35%) were significantly greater than
those on placebo (26% and 19%) (P'0.001). On leflunomide. common adverse events included gastrointestinal complaints, shin rash,
and reversible alopecia.
Conclusion:In patients with active RA. leflunomide was associated with better clinical responses than placebo and had similar
efficacies as MIX.
Title: Ihc PRiMIER Study:a Multicenter. Randomiied. Double Blind Clinical Trial of Combination Therapy with Adalimumabplus
Melhotreiale versus Methotrexate Alone or Adalimumab Alone in Patients with Early. Aggiessive Rheumatoid Arthritis Who Had Not Had
Previous Methotrexate Treatment
Purpose: To compare the efficacy and safety of adalimumab plus MIX versus MIX alone or adalimumab alone in patients with early,
aggressive RA who were MTX-naive.
Methods: 799 patients with active disease -3 yr were randomly assigned lo adalimumab 40 mg SC every other wk plus oral MIX.
adalimumab 40 mg SC every other wk,or oral MTXweekly.
Results: American College of Rheumatology 50% improvement was achieved in significantly more patients on combination therapy
(62%) than MIX or adalimumab (46% and 41%, respectively;both P'0.001). Patients on combination therapy had significantly less
radiographic progression (P'0.002) than those on cither monotherapy. 49% of patients on combination therapy achieved remission at

1999:159:2542 50

PREMIER Arthritis Rheum
2006:54:26 37

2 yr.
Conclusion: Adalimumab plus MIX was significantly superior to either MlX or adalimumab alone in early, aggressive RA .

OSTEOARTHRITIS
Ann Rheum Dis
2010:69:1097-1102

Title: Intra Articular Hyaluronan is without Clinical Ellecl in Knee Osteoarthritis: a Multicenlre, Randomised. Placebo Controlled.
Double Blind Study of 337 Patients Followed for 1Year
Purpose:To assess the long-term safety and efficacy of 5 hyaluronan 1A injections in knee osteoarthritis.
Methods:337 patients with knee osteoarthritis and a lequesne algofunctional index score (LFI) »10 received IA hyaluronan product
(sodium hyaluronate;Hyalgan *) or saline weekly for 5 wk.
Results: Treatment had no significant effed on time lo recurrence or baseline change in LFI or walking pain. There were also no
significant differences in paracetamol consumption, patients' global assessment, responder rales, or adverse events.
Conclusion:Hyaluronan injections were not clinically effective in patients with osteoarthritis of the knee with moderate-severe
disease (LFI>10).

Hyaluronan

SYSTEMIC LUPUS ERYTHEMATOSUS
8e!imumab Lancet 2011:377:721 31 Title: Efficacy and Safely of 8elimumab in Patients with Active Systemic Lupus Erythematosus:a Randomised. Placebo-Conlroiled.

Phase 3 Trial
Purpose: To assess the efficacy and safely of belimumab in patients with active SLE.
Methods: 867 patients (aged >18 yr) who were seropositive with scores of > 6 on SELENA SIEDAI were randomly assigned lo belimumab
1mg/kg or 10 mglkg. or placebo plus standard of care (based on disease manifestation and local guidelines).
Results: Significantly higher SRI (SLE Responder Index) rates occurred with belimumab1mg/kg (51%.OR 1.55;P'0.0129) and 10 mg/kg
(58%, 1.83;P‘0.0006) than placebo (44%). There was a greater frequency of SELEHA-SLEDAI reduction by >4 points with belimumab1
mg/kg [53%, 1.51; P‘0.0189) and 10 mg/kg (58%.1.71:P‘0.0024) than placebo (46%).
Conclusion: Belimumab may be the lirst targeted biologic that is specifically approved for SLE.
Title: Mycophenolate Mofetrl or IntravenousCydophosphamide for Lupus Nephritis
Purpose:To investigate if mycophenolate mofelil is effective for treating lupus nephritis.
Methods: 140 patients with active lupus nephritis were randomly assigned to oral mycophenolate moletil (1000 mgld increased to
3000 mgfd) or monthly IV cyclophosphamide (0.5 g/m2 increased to 1.0 g/m'),Results: 22.5% of patients on mycophenolate mofelil and 5.8% of those on cyclophosphamide experienced complete remission
(absolute difference.16.7%:95% Cl.5.6-27.9%:P'0.005),thus demonstrating that mycophenolate mofetil is more efficacious than
cyclophosphamide.
Conclusion: In active lupus nephritis, mycophenolate mofetil wasmorc effective than IVcyclophosphamide in inducing remission and
had a belter safely profile.

Mycophenolate Mofetil or
Intravenous Cyclophosphamide
for lupus Nephritis.Gimlet et
at.2005

NEJM 2005:353:2219-28

CONNECTIVE TISSUE DISORDERS
NEJM 2008:359:2790 -803 Title: Arathioprine or Methotrexate Mainlenancefor ANCA- Associated Vasculitis

Purpose: To compare malhioprine (A2A) and MIX lor safely and efficacy in Wegener's granulomatosis and microscopic polyangiitis.
Methods: 159 patients who achieved remission with IV cydophosphamtde and corticosteroids were randomly assigned to receive oral
AZA orMIXfor 12 mo.
Results: The rates of adverse events (requiring discontinuation of the study drug or causing death) were not significantly different
between groups. Event- free survival was also not significantly different between groups.
Conclusion: In patients wilh Wegener's granulomatosis and microscopic polyangiitis. AZA and MIX are similar alternatives lor
maintenance therapy after initial remission.
Title: Pulse versus Daily Oral Cydophosphamidefor Induction of Remission in Antineutrophil Cytoplasmic Antibody-Associated
Vasculitis: a Randomiied Trial
Purpose: Tocompare Ihc efficacy of pulse cyclophosphamide vs. daily oral cyclophosphamide for inducing remission in ANCA
associated vasculitis.
Methods:149 patients with newly diagnosed generalized ANCA-assodated vasculitis with renal involvement received
cyclophosphamide 15 mg/kg every 2-3 wk (pulse), or daily cyclophosphamide 2 mg/kg orally, plus prednisolone.
Results: Ihere was no significant difference in lime lo remission|P‘0.59) or percentage of patients who went into remission at 9 mo
(88.1% in pulse vs. 87.7% in oral). The oral group had higher cumulative cyclophosphamide doses|P'0.001). Lower rates ol leukopenia
were seen in the pulse group (hazard ratio.0.41; 95% Cl.0.23 to 0.71).
Conclusion: In ANCA-associated vasculitis,pulse cyclophosphamide induced remission as effectively as the daily oral regimen,
required less cumulative cyclophosphamide, and caused lewer cases of leukopenia.

NEJM 2006:354:2655 66 Title: Cyclophosphamide versus Placeboin Scleroderma lung Disease
Purpose: Todetermine the efficacy of oral cyclophosphamide in patients with active alveolitis and scleroderma-related ILD.
Methods:158 patients with scleroderma, restrictive lung physiology,dyspnea, and evidence of inflammatory ILD received oral
cyclophosphamide|s2 mg/kg/d) or placebo for 1yr.
Results: Ihe mean absolute difference in 12 mo adjusted FVC between cyclophosphamide and placebo was 2.53% (95% Cl.0.28 lo
4.79%), indicating great efficacy ol cyclophosphamide (P'0.03). The dillerence in FVC belwcen groups was sustained at 24 mo.
Conclusion: In patients with symptomatic scleroderma-related ILD.oral cyclophosphamide had significant clinical benefit.

Aialhioprine or Methotrexate
Maintenance for ANCA -
Associated Vasculitis. Pagnoux
et al. 2008

CYCLOPS Ann Intern Med
2009:150:670 80

r ->
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Cyclophosphamide vs. Placebo
in Scleroderma Lung Disease.
Tashkin et al. 2006
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Trial Name Reference Clinical Trial Details
HEJM 2005;352:351-361 Title: Etanercept plus Standard Therapy lor Wegener 's Granulomatosis

Purpose: to investigate the solely and etficocy of etanercept for remission maintenance In GPA
Methods:180 patients with GPA were randomly assigned to receive either etanercept or placebo,in addition to standaid treatment
(glucocorticoids plus cyclophosphamide or MIX).
Results:Ho significant differences were observed between the etanercept and control groups in the rates of stable periods of low-level
disease activity|86.5% vs. 90.6”», p-0.32). sustained remission (69.7% vs.75.3%. P‘0.39).or the time necessary to reach those
outcomes. Oisease flares and adverse events were common in both groups but not significantly different.
Conclusion: Etanercept isnot effective for remission maintenance in GPA.
Title:Mycophenolate Mofetil versus Acathiopnne for Remission Maintenance inAntineutrophil Cytoplasmic Antibody-Associated
Vasculitis (AAV):a Randomized Controlled Trial
Purpose:To compare the efficacy of mycophenolate mofetil vs.arathioprine ( A 2 A) preventing relapses inpatients with AAV.
Methods: following remission induction with cyclophosphamide and prednisotone.156patients with newly diagnosed AAV were
randomly assigned to A 2A (initiated at 2 mg'kg/d) or mycophenolate mofetil (initialed at 2000 mg/d|.
Results:The mycophenolate mofetil group experienced significantly more relapses (55%) as compared to A 2A (37.5%) (hazard ratio
for mycophenolate mofetil.1.69.95% Cl.1.06-2.70;P-0.03).There was no significant difference in the rates of severe adverse events
between groups.
Conclusion:Mycophenolate moletil was less effective than A 2A lor maintaining disease remission in AAV.

WGEI

IMPROVE JAMA 2010;304:2381-88

MEJM 2010:363:221-32 Title: Rituximab versus Cyclophosphamide for ANCA-Associated Vasculitis
Purpose:To investigate if rituximab is more effective and/or safer than a cyclophosphamide for treating AAV.
Methods:197 ANCA-positive patients randomly assigned to receive rituximab (375 mg/m1for 4 wk) or cyclophosphamide (2 mg/kg/d).
Results: 64% of Ihe rituximab group reached the primary endpoint (remission of disease without the use olprednisone at 6 mo),as
compared with53% of controls (nonInferiority.P<0.001). Rituximab was moreeffective than cyclophosphamide for inducing remission
of relapsing disease; 67% vs.42% reached the primary endpoint (P-0.01).
Conclusion: In severe AAV.rituximab was noninferior to cyclophosphamide for remission induction and may be superior in relapsing
disease.
Title: long-term Rituximab Use to Maintain Remission ol Antmcutrophil Cytoplasmic Antibody Associated Vasculitis: A RandomizedInal
Purpose:To assess Ihe efficacy olprolonged rituximab therapy in reducing AAV relapses in patients in complete remission following an
initial phase of maintenance therapy.
Methods:68 patients were randomized to receive an infusion of rituximab or placebo every 6 mo for 18 mo.
Results:At 28 mo.estimates of relapse- free survival were 96% and 74% in the rituximab and placebo groups,respectively,
representing an absolute difference of 22% (Cl. 9 -36%) and a hazard ratio of 7.5 (Cl.1.67- 33.7)|P'0.003).
Conclusion: Prolonged rituximab therapy resulted in lower ratesof AAV relapse than standard maintenance therapy.

RAVE

MAINRITSAN3 Ann Intern Med
2020:173:179-187

GOUT
Febuxostat Compared with
Altopurinol in Patients with
Hyperuricemia andGout . Becker
etal. 2005

HEJM 2005;353:2450 -61 Title:Febuxostat Compared with Altopurinol in Patients with Hyperuricemia and Gout
Purpose:lo investigate the use of febuxostat as a potential alternative to altopurinol foi patients wilh hyperuricemia and gout.
Methods: 762 patients with gout and with serum urate:8.0mg/dl were randomly assigned to receive either daily febuxostat (80 or 120
mg) or daily altopurinol (300 mg) for 52 wk.
Results:Primary endpoint (serum urate <6.0 mg/dl at the last 3 monthly measurements) occurred in 53% of patients on febuxostat 80
mg. 62% on febuxostat 120 mg.and 21% on altopurinol (P- 0.001 for both febuxostat groups vs.altopurinol). The overall incidence of
gout flares during wk 9-52 was similar in all groups and decreased withcontinued treatment.
Conclusion: In patients withhyperuricemia and gout,febuxostat was more effective than altopurinol at towering serum urate.

ANKYLOSING SPONDYLITIS
ATLAS Arthritis Rheum

2006:54:2136 46
Title: Efficacy and Safety of Adalimumab in Patients with Ankylosing Spondylitis:Results of a Multicenter,Randomized,Double -Blind,
Placebo-Controlled Trial
Purpose: lo assess the safety and efficacy ol adalimumab in patients with active AS.
Methods: 208 AS patients were randomly assigned lo SC injection of adalimumab (40 mg every other wk) or placebo loi 24 wk.Primary
outcome was a 20% response according to the Assessment in AS International Working Group (ASA20).
Results:58.2% of adalimumab-treated patients reached an ASAS20 response at wk12 vs. 20.6% of placebo-treated patients
(P«0.001).Adalimumab alsodemonstrated significantly greater ASAS40 and ASAS5/6 responses at wk 12 and 24 (P'0.001).Significantly
more adverse events were seen wilhadalimumab.
Conclusion: Adalimumab was well- tolerated andclinically effective in treating active AS.
Title:Efficacy and Safety of Infliximab in Patients with Ankylosing Spondylitis:Results of a Randomized.Placebo-Controlled Trial
(ASSERT)
Purpose: lo evaluate the efficacy and safety of infliximab inAS.
Methods: 279 patients were randomly assigned lo receive 5 mg/kg infliximab infusions at wk 0.2.6.12.and 18. or placebo.Primary
outcome was a 20% response according to the Assessment in AS International Working Group (ASA20).
Results:As compared with placebo,significantly more patients on infliximab achieved theprimary outcome (61.2% vs.19.2%)
IP'0.001).Infliximab produced clinical benefits beginning at wk 2 that were sustained over the 24 wk. Adverse events were common in
both groups but generally mid-moderate in severity.
Conclusion: In patients with AS. infliximab was clinically effective and well tolerated over 24 wk.
Title: Efficacy of Etanercept on Rheumatic Signs and Pulmonary Function Tests in Advanced Ankylosing Spondylitis:Results of a
Randomized Double-Blind Placebo-Controlled Study (SPINE)
Purpose:To assess the efficacy of etanercept (ETN) in advanced AS.
Methods:82 patients wilh severe, active AS that were refractory lo NSAIOs and anti -INF naive were treated wilh ETN 50 mg once per
wk or placebo.
Results:Over 12 wk.there were significantly greater improvements in the Bath AS Oisease Activity Index IBASDAI) in the E1H group
vs.placebo group ( -19.8:16.5 vs.-11.0:16.4.P'0.019).ETH also improved CRP levels (P'0.001).total back pain (P'0.010),and FVC
(P-0.006).
Conclusion: In advanced AS.ETN has short - term efficacy for improving pain.CRP. spinal mobility and pulmonary function.
Title: Sulfasalazine in the Treatment of Spondylaithropathy. A Randomized.Multicenter,Double-Blind. Placebo Controlled Study
Purpose:To evaluate the safety and efficacy of SS2 in treating spondylarthropathy.
Methods:351patients with active disease despite treatment with NSAIOs received SS2 (3 g/d) or placebo.Primary efficacy outcomes
included the patient's and physician's overall assessments,pain, and morning stiffness.
Results: 60% olpatients taking SS2 improved by at least1/5 points on patient assessmenl of disease activity,in conlias! to 44%
taking placebo (only significant difference among 4 primary outcomes). SS2 had greater clinical efficacy in a subgroup of patients with
psoriatic arthritis,as measured by primary efficacy variables and joint inflammation.
Conclusion:SS2 was more effective than placebo in treating active spondylarthropathy.particularly in patients with psoriatic arthritis.

ASSERT Arthritis Rheum
2005:52:582-91

SPINE Ann Rheum Dis
2011:70:799 -804

p t
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Sulfasalazine Arthritis Rheum
1995:38:618 27
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Acronyms
ADT androgen deprivation therapy EPS
AFP alpha-fetoprotein

assisted reproductive
technologies

ASA acetylsalicylic acid
AUA American Urological Association
BBD bladder and bowel dysfunction HPF
BCG Bacillus Calmette-Guerin
BPH benign prostatic hyperplasia
BPKVP bipolar plasma kinetic

vaporization of the prostate
CAH congenital adrenalhyperplasia 11-2
CaP cancer of the prostate

continuous bladder irrigation
cystic fibrosis

CFU colony-forming unit
CHF congestive heart failure

clean intermittent
catheterization

PCa prostate cancer
PCKD polycystic kidney disease
PCNl percutaneous nephrolithotomy SWl
POE phosphodiesterase
PFMT pelvic muscle floor training
PGE1 prostaglandin E1
PID pelvic inflammatory disease

i pelvic lymph node dissection
PMC pontine micturition centre

post-obstructive diuresis
PSA prostate specific antigen
PUV posterior urethral valve

peripheral vascular disease
PVP photoselective vaporization

of the prostate (GreenLight
Laser)

PVR post-void residual
QOL quality of life
RCC renal cell carcinoma

randomized controlled trial
radio-frequency ablation
radical prostatectomy

RPLNO retroperitoneal lymph node
dissection

RR respiratory rate
RTA renal tubular acidosis
RUG retrograde urethrogram
SA semen analysis
SCC squamous cell carcinoma
SEEK PP Staphylococcus saprophyticus.

E.coli.Enterococcus. Klebsiella. WHO
Proteus.Pseudomonas

SFU Society of Fetal Urology

SLN sentinel lymph node
SUI stress urinary incontinence

(extracorporeal) shockwave
lithotripsy

TNM tumour node metastasis
TMP.’SMX trimethoprim/sulfamethoxazole
TRUS transrectal ultrasound
TUIP transurethral incision of the

prostate
transurethral microwave therapy
transurethral resection of
bladder tumour

TURP transurethral resection of the
prostate

U/0 urine output
urothelial carcinoma

UMN upper motor neuron
UPJ ureteropelvic junction
URS ureterorenoscopy
UTD urinary tract dilation

urinary tract infection
ureterovesical junction

V81 voided bladder,initial (urethra)
VB2 voided bladder,midstream

(bladder)
VB3 voided bladder,post-massage/

digital rectal exam
VCUG voiding cystourethrogram

visual internal urethrotomy
VUR vesicoureteral reflux

World Health Organization

expressed prostatic secretions
fine needle aspiration
general anesthesia

glycosaminoglycan
high-intensity focused
ultrasound
high power field
hypothalamic-pituitary-testicular PLND

FNA
GAART
GAG
HIFU

HPTA
a - .

ICSI intracytoplasmic sperm injection POD
IFN-a interferon-alpha

interleukin-2
IPSS International Prostate Symptom PVD

Score
ISD intrinsic sphincter deficiency

intrauterine insemination
IVF in vitro fertilization

intravenous pyelogram
KUB kidneys,ureters,bladder
LFT liver function test
LMN lower motor neuron
LUTS lower urinary tract symptoms RP
MET medical expulsive therapy
MS multiple sclerosis

motor vehicle collisions
NMIBC non-muscle invasive bladder

TUMT
TURBT

CBI
CF

IUI uc
ac IVP

OS carcinoma in situ
CMG cystometrogram
CRPC castrate-resistant prostate

cancer
CTU CT urography
CUA Canadian Urological Association MVC
CVA costovertebral angle
d/c discharge
DHT dihydrotestosterone
DMSA dimercaptosuccinic acid

digital rectal exam

RCT
UTIRFA
UVJ

cancer
NSGCT non-seminomatous germ cell

tumour
OAB overactive bladder

detrusor sphincter dyssynergia OPORSTUonset.position,quality,
external beam radiation therapy
erectile dysfunction

VIU
DRE
DSD
EBRT radiation,severity,temporality,

deja vuED

Basic Anatomy Review
• recall that the anatomical position of the penis is erect:therefore, the anatomical ventral side of the penis appears to be the dorsal side of the

flaccid penis
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Figure1. Midline cross-section of abdominal wall Figure 2. Anatomy of scrotum

-Renal cortex
.Renal medu!aMinor calyx J-

Major calyx —V

Renal sious —y*Renal pe'vts —
T3Renal vein

Renal artery
(Leal pap. a

anal column
Anal pyramid
rfienol capsule
IGerota's fascialAbdominal aorta

Inferior vena cava
Ureter
Gonadal artery and vem

Internal iliac artery and vein
External iliac artery and vem
Internal pudcnal artery

Common penile artery

Detrusor
Trigone
Base detrusor
Urethral muscular s (internal
sphincter,smooth muscle)
Periurethral striated muscle
Rhabdosphincterl«MHnal
sphincter, striated musclel

icular junction

ri
Membranewurethra -Posterior urethra
Bulbar urethra

L j

ii r -

k—
A

nterior urethras.
c~n
2

L Spongy (penile) urethra
_ Corpus cavemosum
L Corpus spongiosum
t Meatus

= +cn
© ©

Figure 3.Essential male genitourinary tract anatomy
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Superficial dorsal vein
Deep dorsal vein
Dorsal artery

Dorsal nerve
Corpus cavernosum
Deep artery
Urethra
Corpus spongiosum

Transverse Sections of Penis Skin
Loose areolar tissue

Deep fascia
Tunica albuginea
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'dorsal vein
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dorsal vein

I Skin
Gians penis
Dorsal vein
Dorsal artery
Dorsal nerve

/
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Figure 4. Cross section of the penis
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Figure 5. Median sagittal section of the male pelvis and perineum
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Figure 7. Bladder innervation during voiding phase

Urologic History
• follow OPQRST'U approach

• note that pain may not be limited to the genital region (e.g. lower abdomen, CVA)
• urinary habits

• LUT S (see Lower Urinary Tract Symptoms, U7 )
• storage symptoms: frequency, urgency (rush to toilet), nocturia (1;UN )
• voiding symptoms: stream changes/straining, hesitancy, incomplete emptying, post-void

dribbling (SHED)
• dvsuria: burning, pain on voiding
• hematuria: blood clots, red/pink tinged urine (see Hematuria)
• incontinence: stress, urgency, mixed, overflow (see Urinary Incontinence, U6)

• sexual function
scrotal mass (see Scrotal Masses,U32)

» ED (see Erectile Dysfunction, U33)
• female sexual dysfunction (dvspareunia, low desire, arousal disorder, orgasmic dysfunction )
• infertility (see Infertility, U37 )

• associated symptoms
• N/ V
• bowel dysfunction

• constitutional symptoms
• fever, chills, unintentional weight loss, night sweats, fatigue, malaise, bone pain

• risk factors: past urologic disease (e.g. UTI, stones,ST1, cancers, anatomic abnormalities), EMHx,
medications, lifestyle factors (e.g. smoking, alcohol, inactivity), trauma, previous surgical procedures

Always ask about sexual function on
history.Change in erectile function can
be one of the first symptoms that there
is concomitant vascular disease. If there
is new onset ED. consider screening for
DM and CAD risk factors

Hematuria

Macroscopic (Gross) Hematuria
Definition
• blood in the urine that can he seen with the naked eye

Classification
• see Nephrology

Gross, painless hematuria in adults is
bladder cancer until proven otherwise

Etiology

Table 1. Etiology by Age Group
Age (yr) Etiology

0 20 UII. glomerulonephritis , congenital abnormalities
UII. stones, bladder tumour, exercise

Male: bladder tumour, stones. UII. prostate cancer
Male: 8PH. bladder tumour , UII , RCC, prostate cancer

20-40
+40 60 female: UII . stones, bladder tumour

female: bladder tumour , UII. RCC»60
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Table 2. Etiology by Type
Pseudohematuria Infectious/ Inflammatory Malignancy Benign Structural Hematologic

Pyelonephritis
Cystitis
Urethritis

RCC (mainly adults)
Urothelial cancer
Wilms' tumour (mainly
paediatric)
Prostate cancer
Leukemia

Stones
Trauma
Foreign body
Urethral stricture
Polycystic kidneys
Arteriovenous malformation
Infarct
Hydronephrosis
Fistula

Vaginal bleeding
Dyes (beets, rhodamine B in
candy and juices)
Hemoglobin (hemolytic anemia) Glomerulonephritis
Myoglobin (rhabdomyolysis) Interstitial nephritis
Drugs (rifampin,
phenazopyridine,phenytoin)
Porphyria
Laxatives (phenolphlhalcin)

BPH Anticoagulants
Coagulation defects
Sickle cell disease
Thromboembolism

Polyps
Exercise-induced

Tuberculosis

History
• timing of hematuria in urinary stream

beginning of micturition: anterior urethra
end of micturition: bladder neck, prostatic urethra

• entire duration of micturition: bladder and above
• presence of blood clots
• LUTS and associated symptoms

• pyuria, dvsuria, urgency: UTT
flank pain, radiation:ureteral obstruction

• last menstrual period, history of kidney stones, UTT,or previous urologic surgery
recent UTT, post-infectious glomerulonephritis, IgA nephropathy

• medications (anticoagulants, rifampin, phenazopyridine, phenytoin )
• risk factors for malignancy (smoking, chemical exposures, Hx of cyclophosphamide therapy, pelvic

radiation)

Common Uiologic Causes of Hematuria
can be Classified as:

TICS
Trauma/Tumour/Toxins
Infection/Inflammatory
Calculi/Cysts
Surgery/Sickle cell and other
hematological causes

Upper Tract Imaging Options
• CT Urography (CTU):Test of choice

to evaluate the renal parenchyma
and collecting system. Involves
exposure to radiation and IV contrast
(assess renal function and allergies)

• U/S:Superior to IVP for evaluation of
renal parenchyma and renal cysts:
limited sensitivity for Urothelial
carcinoma and small renal masses:
U/S alone may be insufficient for
upper tract imaging

• Magnetic Resonance (MR)
Urography:Evaluation of renal
parenchyma, collecting system and
congenital anomalies: beneficial in
paediatric or pregnant patients or
when ionizing radiation has to be
avoided, (assess renal function and
allergies)

Investigations
• U/A, urine C&S, urine cytology
• imaging

lower tract: cystoscopy
upper tract:CT Urogram (gold standard), U/S

• CBC (rule out anemia, leukocytosis), electrolytes,creatinine (Cr), blood urea nitrogen (BUN),1NR,
partial thromboplastin time (PI T ), PSA (in men)

Acute Management of Severe Bladder Hemorrhage
• manual irrigation via catheter with normal saline to remove clots
• CB1 using large ( 20-2-1 l-'r) 3-way Toley to help prevent clot formation

should be done after manual irrigation of all clots
• cystoscopy

identify tumours or other source(s)
• coagulate obvious sites of bleeding or transurethral resection of tumours (under general or

regional anesthesia)

Microscopic Hematuria
Definition
• blood in the urine that is not visible to the naked eye
• >2 RBCs/ HPT on urinalysis of at least two separate samples

f 2 RBCs/HPfJ
i

Retost after undorlying
^

YES
couso resolved *

Identify bonign rovorsiblo cousos (o.g. infection,
urethral trauma,hoavy exercise, monsos,medication, etc )

NO

YESReferral to
nephrology

Evidenco of glomerular disease
(t Cr.proteinuria, dysmorphic RBC, RBC casts)?

NO

Negative results AND
LOW RISK patient * 1) Renal U/S

2) Urine cytology

I
f f

Urinalysis, urine cytology,
and BP at 6.12.24,

and 36 months

Positive result HIGH RISK patient:
Ago >40 yr old

Smoking history
Occupational chomical oxposuro

Gross homaturia
Hx of storngo or voiding symptoms

Hx of recurrent UTIs,urological disorders
Polvic radiation exposure

r n
iJ

Urological roforral
for cystoscopy

+
Figure 8. Workup of asymptomatic microscopic hematuria
Based on CUA Guidelines.Alternatively.Uie AUA recommends cystoscopy and CT urogram lor all patients with confirmed microscopic hematuria;
follow-up for negativeworkup is urinalysis yearly for two yr. with repeat anatomic evaluation if microscopic hematuria persists
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Lower Urinary Tract Dysfunction
• two phases of lower urinary tract function

1.storage phase (bladder tilling and urine storage) requires:
• accommodation and compliance
• no involuntary contraction(s)

2. voiding phase (bladder emptying) requires:
• coordinated detrusor contraction

synchronous relaxation of outlet sphincters
• no anatomic obstruction

• lower urinary tract dysfunction can therefore be classified as:
• failure to store: due to bladder or outlet
• failure to void: due to bladder or outlet

• three types of symptoms
• storage (formerly known as irritative)

voiding (formerly known as obstructive)
post-voiding

Transient Causes of Reversible Urinary
Incontinence in the Elderly

DIAPERS
Delirium
Inflammation/Infection
Aroplik vaginitis/urclhritis
Plratmacculicals/Psychological
Excess U/O
Restricted mobility/Rctcntion
Stool impaction

Urinary Incontinence
Definition
• involuntary leakage ofurine

Epidemiology
• variable prevalence in women:25-45%. F:M=2:1
• more frequent in the elderly, affecting 5-15% of those livingin the community and 50% of nursing

home residents

Urgency is the complaint of a sudden
compelling desire to void that is difficult
to defer it is not necessarily associated
with incontinence

Table 3.Urinary Incontinence:Types and Treatments
Stress Mixed OverflowType Urgency

Definition Leakage preceded by Leakage withurgency and Leakage associated with
strong,sudden urgeto void increased intra-abdominal urinary retention

pressure

Leakage v/ilhsudden
increasesin inlra-
abdominal pressure
(cough,sneeze,exertion)

Sphincter incompetence Detrusor overactivity
Urethral hypermobility Bladder hypersensitivity
Common in middle aged
and older women,and
men following prostate
cancer treatment,or rarely
surgical treatment ol BPH
Hi:when leakage occurs,number ol pads, LUIS,history of neurologic disease, pelvic
suigeryJradiothcrapy.obstetrical history,bowel and sexual function, medications,
impact on quality of tile
P/E: geneial (edema,neurologic abnormalities,mobility, cognition, dexterity),
abdomen (distended bladder).CU (prolapse in women,DRE in men), cough lest
U/A,urine CtS.voiding diary (type of incontinence,how often, volume ol leakage)
Urodynamics

Same as stress and
urgency incontinence

Etiology BPH with overflow
incontinence
From weak bladder that
does not empty (e.g.
diabetic cystopathy)

Investigations SeeUrinary Uelenlion.U1

Risk reduction:weight Conservative: fluid
loss, smoking cessation management, bladder management of stress and Treat underlying cause
Kegel exercises pelvic lloor training.Kegel exercises urgency incontinence
muscle therapy (PfMl) Medication:
Surgciy: urethral slings, or anticholinergics,p-3
artificial sphinctei inmen agonist

Combination of CathctericationManagement

Botulinum toxin A bladder
injection
Hcuromodulation

r -i
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Lower Urinary Tract Symptoms

Urinary Retention
• storage symptoms: frequency, urgency (strong need to void ), nocturia ( TUN )
• voiding symptoms: stream changes/straining, hesitancy, incomplete emptying, post-void dribbling

(SHHD)

Table 4. Etiology of Urinary Retention
PharmacologicOutflow Obstruction Bladder Innervation Infection

If a trauma patient is unable to void,
has blood at urethral meatus, a
scrotal hematoma, or a high riding
prostate, there is urethral injury until
proven otherwise so catheterization is
CONTRAINDICATED unless performed by
urology staff or resident

Bladder neck or urethra: calculus, Intracranial: CVA, tumour.
Parkinson's, cerebral palsy
Spinalcord: injury, disc
herniation. MS

Anticholinergics
Narcoltcs
Antihypertcnsives (ganglionic
blockers, melhyldopa )
OTC cold medicationscontaining

Post-abdominal or pelvic surgery ephedrine or pseudoephedrine
Antihistamines
Psychosomatic substances (e.g.
MDMA (ecstasy))

GU: Dll. prostatitis, abscess,
genital herpes
Inlccted foreign body
Varicella toslet

clot , foreign body, neoplasm,
neurological (DSD)
Prostate:8PH. prostate cancer
Urethra: stricture, phimosis,
traumatic disruption
Miscellaneous:constipation,
pelvic mass,severe prolapse in

DM

vromen

Clinical Features
• suprapubic pain (with acute retention), incomplete emptying, weak stream
• palpable and/or percussible bladder (suprapubic)
• possible purulent/bloody meatal discharge ( with UTI )
• increased size of prostate or reduced anal sphincter tone (with neurological disease) on 1)R1:
• neurological: presence of abnormal or absent deep tendon reflexes, reduced “anal wink," saddle

anesthesia

Acute vs. Chronic Retention
Acute retention is a medical emergency
characterized by suprapubic pain and
inability to void
Oironic retention can be painless with
greatly increased bladder volume and
detrusor hypertrophy followed by atony
(late)Investigations

• CBC, electrolytes, Cr, BUN, U/A and urine C&S, U/S, cystoscopy, urodynamic studies, PVR

Treatment
• treat underlying cause
• catheterization

• acute retention
immediate catheterization to relieve retention; leave Tolev in to drain bladder; follow-up to
determine cause; closely monitor fluid status and electrolytes (risk of POD)
chronic retention
intermittent catheterization by patient may be used;definitive treatment depends on etiology

• suprapubic catheter if obstruction precludes urethral catheter
• for postoperative patients with retention:

• encourage ambulation
• a-blockers to relax bladder neck /outlet ( men only)

may need catheterization
definitive treatment will depend on etiology

• minimize narcotic use

Patients with ascites may have a falsely
elevated PVR measured by bladder scan

r Anterior
libromuscular areaBenign Prostatic Hyperplasia Transition

zone

Definition
• proliferation of epithelial tissue, connective tissue, and smooth muscle in the prostatic transition zone

Etiology
• unknown

DHT required (converted from testosterone by 5-a reductase)
« possible role of impaired apoptosis, estrogens, other growth factors

Urethra Urethral
zone

Peripheral zoneCentral zone
Epidemiology
• age- related, extremely common (50% of 50 y/o, 80% of 80 y/o)
• 25% of men will require treatment

Ejaculatory zone
Maaghan Briailoy j

Figure 9. Cross-section of prostate r nClinical Features
• result from outlet obstruction and compensatory and/or age-related changes in detrusor function
• voiding and storage symptoms. DRfi

L J

Prostate size does not correlate well
with symptoms in BPH• prostate is smooth, rubbery, and may be symmetrically enlarged +

Activate Windows
Go to Settings to activate Windows.



U8 Urology Toronto Notes 2023

• complications
retention
overflow incontinence
hydronephrosis

• renal insufficiency
• infection
• gross hematuria
• bladder stones

Approximate Prostate Sizes
20 cc - chestnut
25 cc - plum
50 cc - lemon
75 cc - orange
300 cc - grapefruit

Investigations
• mandatory: Hx including LUTS, surgery, trauma, medications (OTC and phytotherapeutic agents),

impact of QOL, P/E including DRE,VIA to exclude UTT
• recommended: symptom inventory (IPSS or AUA-Symptom Index (SI)), PSA if >10 yr life expectancy

or if it changes management of LUTS

AUA BPH Symptom Score

FUNWISE
Frequency
Urgency
Nocturia
Weak stream
Intermittency
Straining
Emptying, incomplete feeling of

• optional: Ur, urine cytology, uroflowmetry, PV R, voiding diary, sexual function questionnaire
• renal U/S to assess for hydronephrosis
• consider cystoscopy or bladder ultrasound prior to potential surgical management to evaluate outlet

and prostate volume
• biopsy if suspicious for malignancy, i.e. elevated PSA or abnormal DRE

Each symptom graded out of 5
0-7:Mildly symptomatic
8-19:Moderately symptomatic
20-35: Severely symptomatic
Note: dysuria not included in score but Is
commonly associated with BPH

Treatment

Table 5. Treatment of BPH (see Table 28, U47, Figure 6, U3, and Figure 7, U4)
Conservative Medical Surgical Minimally Invasive

Surgical Therapies

When to use Asymptomatic or mildly
symptomatic,minimal
bother

Watchful waiting:50“
of patients improve
spontaneously
lifestyle modifications
|e.g.evening lluid
restriction, planned
voiding)

Moderately to severely Absolute or relative
symptomatic,bothersome indications,significant

bother

o-adrenergic antagonists: TURP (see U45)
reduce smooth muscle tone BPK VP (< 60 cc)
(neck of bladder,prostate, laser prostatectomy
urethra)
5- a reductase inhibitor:
block conversion ol
testosterone to DM;ad to (»100 cc)
reduce proslate sice
Combination of
u-adrenergic antagonists
and 5-a reductase inhibitor
is synergistic
Antimuscarinics or p - 3
agonist (for storage IUIS.
without elevated PVR)
P0E5 inhibitors|E0 and for
storage and voiding IUIS)
Desmopressin (IUIS
with nocturia);risk of
hyponatremia in »65 yr

Patients who wish to avoid
or maynot tolerate surgery

Initial a-adrenergic antagonist
monotherapy for score <20,combination
therapy for score >20 (type of
medication is sice-dependent;5-a
reductase inhibitor beneficial with larger
prostates)

Options TUMI
UroLift (<80 cc)
Convective water vapour
energy ablation (Return ')
Proslalic stent (for those

Open simple prostatectomy unlit for surgery)

IUIP (<30 cc|
Aquablation (<80 cc)

Men with planned cataract surgery
should avoid starting a-adrenergic
antagonists until after their surgery due
to the risk of intraoperative floppy iris
syndrome

Urethral Stricture
Definition
• decrease in urethral caliber due to scar formation in urethra. M>l;

BPH Surgery

Absolute Indication
• Renal failure with obstructive

uropathy
• Refractory urinary retentionEtiology

• congenital
failure of normal canalization (e.g. posterior urethral valves)

• trauma
• instrumentation/catheterization (most common)
• external trauma (e.g. burns, straddle injury)
• foreign body

• infection
long-term indwelling catheter
STT (gonococcal or chlamydial disease)

• inflammation
balanitis xerotica obliterans (BXO; lichen sclerosus or chronic progressive sclerosing dermatosis
of the male genitalia) causing meatal and urethral stenosis

• radiation
• malignancy (urothelial carcinoma)

• most urethral cancers in men are squamous ( vs. prostate,bladder, or upper tract that are mostly
transitional cell in origin)

Relative Indications
• Recurrent UTIs
• Recurrent hematuria refractory to

medical treatment
• Renal insufficiency (rule out other

causes)
• Bladder stones
• Severe symptoms unresponsive to

medical therapies ri
u J
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Clinical Features
• voiding and storage symptoms +/- gross hematuria
• urinary retention
• hydronephrosis
• related infections: recurrent UTI, secondary prostatitis/epididymitis

(§>
Combination Therapy is. a - Blocker or SARI
BJUInl 2l)I1;10J|$):946-54
Rriposo to tomparnst inidenteolacute urinary
retertm. benign prmtatic hyptrplasu ( BPH ) -
related surgery and overall clinical progression in
patients treated mill tamsolosin.dutasteride. and
combination tlierapy.
Methods: 4 yr com bination of dutasteride and
tamsulosin study was a multicentre double-blind RCT
ot outcomes in men >50 yr with symptomatic BPH.
with PSA >1.5 nglmland <10 ng /ml, and prostate
volume <30 ml Patients received tamsulosin,
dutasteride or combination therapy. Primary
endpoint was time to hist acute urmary retention or
BPH-related surgery:secondary endpoint was clinical
progression of BPk'symptoms.
Results: Combination therapy resulted insignihcantly
greater improvementsin symptoms compared to
dutasteride from 3 mo.and tamsulosin from 9 mo.
and in BPH -related health status from 3 and 12 mo.
respectively.There was a significant increase ut
Adverse Orug (vents|A0t ) with combination therapy
vs. monotherapies. However, withdrawal rates due to
drug-related adverse events weie similar across the
treatment groups.
Conclusions: Men with baseline prostate volume
>40 mL and basehne PSA ^VS ng /mLhad greater
reductions in relative risk (RR) of BPH -related surgery
and RR of clinical progression on combmed therapy
oi dutasteride monotherapy thanon tamsulosin
monotherapy.

Investigations
• laboratory findings

flow rates <10 mL/s (normal >15 mL/s) on uroflowmetry
urine culture usually negative, but V I A may show pyuria

• radiologic findings
• RUG and VCUG will demonstrate location

• cystoscopy

Treatment
• urethral dilatation

• temporarily increases lumen size by breaking up scar tissue
healing will often reform scar tissue, recurrence of stricture

• visual internal urethrotomy ( V1U )
• endoscopically incise stricture
• equal success rates to dilation with mid bulbar strictures <2 cm
• high rate of recurrence (30-80%), avoid in younger patients

• open surgical reconstruction ( urethroplasty)
complete stricture excision with anastomosis depending on location and size of stricture
may require graft to reconstruct (e.g. buccal mucosa)
higher success rate than urethral dilatation or visual internal urethrotomy

Neurogenic Bladder
Definition
• dysfunction of the urinary bladder due to deficiency in some aspect of its innervation, often presents

with overflow incontinence and urgency incontinence

Neurophysiology
• see Figure 6, U3 and Figure 7, U4
• stretch receptors in the bladder wall relay information to PMC and activate micturition reflex

(normally inhibited by cortical input)
• micturition ( voiding)
• stimulation of parasympathetic neurons ( bladder contraction)

inhibition of sympathetic and somatic neurons (internal and external sphincter relaxation,
respectively)
voluntary relaxation of the pelvic floor and striated urethral sphincter

• urine storage
• opposite of micturition

• voluntary action of external sphincter ( pudendal nerve roots S2-S4) can inhibit urge to urinate
• cerebellum, basal ganglia, thalamus, and hypothalamus all have input at PMC in the brainstem to

inhibit the detrusor reflex

Finasteride forBenign Prostatic Hyperplasia
Cochrane DB Syst Rev 20IO;10:CD006015
Rirpose: to eienn ne the effectmenessard safety of
finasteride vs. placeboot other active controls for Ibe
treatment oi unitary tract symptoms.
Summery of findings:
t. Finasteride improved unoaiy symptoms more than

placebo nr trials >1yr duration and significantly
lowered the risk of BFH progress on.

2. Compared with o-bfockers. finasteride was less
effective than either doisiosin or terazosin, but
equally as effective as tamsulosin.

3.5ymptom improvement with finasteride dotamsm
is equal todoraiosin alone.

4.Furasleride treatment resulted in an increased risk
ol ejaculation disorder , impotence, and lowered
libido compared with placebo.

5.Compared with doraiosm and teraiosin, finasteride
had a lower rsk of asthenia, doziness, and postural
hypotension.Examples of Neurogenic Lower Urinary Tract Dysfunction

• neurogenic detrusor overactivity (NDO; formerly termed detrusor hyperreflexia)
» lesion above PMC (e.g. stroke, tumour, MS, Parkinson’s disease)
• loss of voluntary inhibition of voiding
• intact pathway inferior to PMC maintains coordination of bladder and sphincter

m
Nerve roots in micturition:
"S2-3-4 keeps the urine off the floor". DSD

• suprasacral lesion of spinal cord (e.g. trauma, MS, arteriovenous malformation , transverse
myelitis)
loss of coordination between detrusor and sphincter (detrusor contracts on closed sphincter and
vice versa)
component of detrusor overactivity as well

• detrusor atony/arellexia
• lesion of sacral cord or peripheral nerves (e.g. trauma, DM, disc herniation, MS, congenital spinal

cord abnormality, post abdominoperineal resection )
flaccid bladder which fails to contract

» may progress to poorly compliant bladder with high pressures
• peripheral autonomic neuropathy

deficient bladder sensation -> increasing residual urine -> decompensation (e.g. DM,
neurosyphilis, herpes zoster)

• muscular lesion
• can Involve detrusor, smooth/striated sphincter

r -i
L J
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Neuro-Urologic Evaluation
• Hx and P/E (urologic and general neurologic)
• voiding diary, assess for incontinence, urinary symptoms, and UT1 risk (hydration status,

catheterization, voiding frequency)
• catheterization volumes in patients with CIC
• all patients: U/A, PVR, renal profile

moderate/high-risk (spinal cord injury, spina bifida, MS): urodynamics, renal U/S, renal profile
• imaging

• U/S to rule out hydronephrosis and stones; occasionally Cl' scanning with or without contrast
• cystoscopy (if suspicion of bladder tumour, hematuria)
• urodynantic studies

• uroflowmetry to assess flow rate, pattern
• filling CMG to assess capacity, compliance, detrusor overactivity
• voiding CMG (pressure-flow study) to assess bladder contractility and extent of bladder outflow

obstruction
» video study to visualize bladder/bladder neck/urethra during CMG using x-ray contrast

EMG and video ascertains presence of coordinated or uncoordinated voiding, allows accurate
diagnosis of DSD

“Spinal shock” initially manifests as
atonic bladder

Treatment
• goals of treatment

• prevent renal deterioration
• prevent infections (UTI)

achieve social continence
• CIC (if there is associated inability to void)
• treatment options depend on status of bladder and urethra

bladder hyperactivity -> antimuscarinic medications to relax bladder (see Urinary Incontinence,
U6 )

if refractory
- botulinum toxin injections into bladder wall (detrusor muscle)
- occasionally augmentation cystoplasty (enlarging bladder volume and improving

compliance by grafting section of detubularized bowel onto the bladder)

- occasionally urinary diversion (ileal conduit or continent diversion ) in severe cases if
bladder management unsuccessful

flaccid bladder > CIC

Dysuria
Definition
• painful urination

Etiology

Table 6. Differential Diagnosis of Dysuria
infectious Cystitis,urelhrilis.prostatitis, epididymilis/orchitis (if associated with lower trad inflammation), cervicitis,

vulvovaginitis,perineal Inflammalion/infeclion. tuberculosis, vestibulitis
Kidney,bladder,prostate,penis,vagina/vutva. BPH
Bladder stone,urethral stone,ureteral stone
Seronegative arthropathies (reactive arthritis:arthritis,uveitis,urethritis),drug sideeffects,autoimmune
disorders,chronic pelvic painsyndrome (CPPS),interstitial cystitis
Endometriosis,hypoestrogenism
Catheter insertion,post-coital cystitis (honeymoon cystitis)

Somatiiation disorder,depression, stress/amiely disorder
Contact sensitivity,foreign body,radialion/chcmical cystitis,diverticulum

Hcoplasm

Calculi
Inflammatory

Hormonal
Trauma

Psychogenic
Other

Investigations
• focused Hx and P/E to determine cause (fever, d/c, conjunctivitis, CVA tenderness, back/ joint pain)

• any d/c (urethral, vaginal, cervical) should be sent for gonococcus/chlamydia testing; wet mount
if vaginal d/c
U/A and urine C&S
if suspect infection, may start empiric ABx treatment (see Table 9,U16 )
± imaging of urinary tract (tumour, stones) n

LJ
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Hydronephrosis
Definition
• the upper urinary tract consists of the kidneys and ureters
• dilation of the renal pelvis, calyces,and ureters, generally caused hy obstruction of antegrade urine

flow (i.e. pelvicaliectasis)

Etiology
• mechanical

« congenital: see Congenital Abnormalities, U39
acquired

intrinsic: trauma, inflammation and bleeding, calculi, urologic neoplasms, BPH, urethral
stricture, phimosis, previous urological surgery
extrinsic: trauma, neoplasms (uterine fibroid; colorectal, uterine, and cervical malignancies;
lymphoma), aortic aneurysm, pregnancy (gravid uterus)

• functional
neuropathic: neurogenic bladder, diabetic neuropathy, spinal cord disease
hormonal: pregnancy (progesterone decreases ureteral tone)

Investigations
• focused Hx, inquiring about pain (flank, lower abdomen, testes, labia), U/O, medication use,

pregnancy, trauma, fever, Hx ofUTls, calculi, FID, and urological surgery. CBC,electrolytes, Cr, BUN, VIA,urine C&S
• imaging studies ( U/S is >90% sensitive and specific)

CT:helps delineate anatomy and potential causes (e.g.obstructing stone),but does not provide
much functional information
mercaptoacetyltriglycine (M A(i3) diuretic renogram: provides little anatomic structural
information but evaluates differential renal function and demonstrates if functional obstruction
exists
retrograde pvelogram:helps to delineate anatomy and can allow for stent insertion to decompress
if obstruction is present

Treatment
• hydronephrosis can be physiologic (e.g. pregnancy)
• treatment should be guided at improving symptoms, treating infections, or improving renal function
• urgent treatment may require percutaneous nephrostomy tube or ureteral stenting to relieve pressure
• treatment can include pyeloplasty to repair an obstructed UP) in congenital or acquired UP)

obstruction

Post-Obstructive Diuresis
Definition
• polyuria resulting from relief of obstructive uropathy (i.e. elevated creatinine)
• >3 L/24 h or >200 cc/h for two consecutive hours

Pathophysiology
• physiologic POD secondary to excretion of retained urea, Na and H2O (high osmotic load) after relief

of obstruction
self-limiting; usually resolves in 48 h with PO fluids but may persist to pathologic POD

• pathologic POD is a Nan -wasting nephropathy secondary to impaired concentrating ability of the
renal tubules due to:

decreased reabsorption of NaCl in the thick ascending limb and urea in the collecting tubule
increased medullary blood flow (solute washout)
increased flow and solute concentration in the distal nephrons

Management
• admit patient and closely monitor hemodynamic status and electrolytes (Na ' and K+q6-l2 h and

replace pm; follow Cr and BUN to baseline)
• monitor U/O q2 h and ensure total fluid intake <U/0 by replacing every I ml. U/O with 0.5 mL 1/2

normal saline ( NS) IV (PO fluids if physiologic POD)
• avoid glucose-containing fluid replacement (iatrogenic diuresis)

n
L J
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Overactive Bladder
Definition
• a symptom complex that includes urinary urgency with or without incontinence, urinary frequency

(voiding >8 times in a 24 h period), and nocturia (awakening ONE or more times at night to void)

Etiology
• multiple etiologies proposed (neurogenic, myogenic, idiopathic)
• symptoms thought to be from involuntary contractions of the detrusor muscle
• may be associated with other conditions such as SU1 in women and BPH in men (see Table 5, U8)

Epidemiology
• l':M = l:l
• prevalence increases with age. 42% in males £75 y/o; 31% in females £75 y/o
• women experience incontinence more commonly than men

Diagnosis
• the diagnostic process should document symptoms that define overactive bladder and exclude other

disorders that could cause the patient's symptoms
• minimal requirements for the process consist of:

• focused history including past genitourinary disorders and conditions outlined in Table 7,
questionnaires of LUTS and diaries of urination frequency, volume and pattern (3 d micturition
diary)
P/E including genitourinary, pelvic,and rectal examination
U/A to rule out hematuria and infection

• in some patients, the following investigations could be considered
post-void residual
cystoscopy to rule out recurrent infections, carcinoma in situ and other intravesical abnormalities

• urodynamics to rule out obstruction in older men

Treatment
• non-pharmacological:behaviour therapies such as bladder training, bladder control strategies, pelvic

floor muscle training, fluid management, weight reduction (if overweight), and avoidance of caffeine
and alcohol

• pharmacological (see Table 29, U48 )
antimuscarinics: oxybutynin hydrochloride, tolterodine,solifenacin, fesoterodine, darifenadn,
propiverine, or trospium

(53-adrenoceptor agonist: mirabegron
• refractory patients may be treated with:

neuromuscular-junction inhibition: botulinum toxin bladder injection
• others

percutaneous tibial nerve stimulation (not used commonly in Canada)
sacral neuromodulation

Table 7. Conditions that Could Contribute to Symptoms of Overactive Bladder
Lower Urinary Tract Conditions
Neurological Conditions
Systemic Diseases
Functional and Behavioural

Medication

UII. obstruction, impaired bladder contractility
Stroke, MS, dementia, diabetic neuropathy
CNF, sleep disorders [primarily nocturia)
Excessive caffeine andaicohol , constipation, impaired mobility

diuretics, anticholinergic agents, narcotics, calcium - channel blocker, cholinesterase inhibitors

n
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Infectious and Inflammatory Diseases
Table 8. Antibiotic Treatment of Urological Infections
Condition OurationDrug

Urethritis Non Gonococcal
aiithromycin (1g PO) ild

Antibiotic therapy should always be
based on local resistance patterns
and adjusted according to culture and
sensitivity results

J ! !
doxycydine (100 mg PO BID)
Gonococcal
ceftriaxone (250 mgIM) AND treat for Chlamydia liachamolis

7 d

xl

Simple,Uncomplicated UTI TMP/SMX (160 mg/800 mg P0 BID) 3 d
:J H
nilrofuranloin (100 mg PO BIO)

ciprofloxacin (1g PO once daily OR 400 mg IV q12 h)
Sd

Complicated UTI up to 2-3 wk
OR
ampicillin (1g IV q6 h) * gentamicin (1mg/kg IV q8 h) (used for relatively up lo 2-3 wk
short courses because of loxicily)
OR
ceftriaxone (1-2 g IV q24h)
Prophylactic Treatment
Continuous: IMP SMX (40 mg/200 mg POOHSOR 3 x/wk)

up to 2-3 wk
Recurrent/Chronic Cystitis

6-12 mo
: n:
nitrofurantoin (50-100 mg PO OHS)
Post-Coital:TMP-SMX (40mg/200 mg-80 mg!400 mg)

6-12 mo
within 2h of coitus

OR
nitrofurantoin (50-100 mgP0 once daily)
ciprofloxacin (500-750 mg P0 BID)

within 2 h olcoitus
2-4 wkAcute Prostatitis

OR
TMP-SMX (160 mg/800 mg PO BID) 4 wk
OR
IV therapy with gentamicin and ampicillin. penicillin with (Maclaniase 4 wk|IV and oral step- down)
inhibitor,3rdgen cephalosporin.OR a fluoroquinolone
ciprofloxacin (S00 mg PO BID)
in-blockers.anti- inflammatories
<35 yr (presumed S1I) celtiiaxone (200 mg IM)

Chronic Prostatitis 4 - 6 wk

Epididymitis/Orchitis xl
AND
doxycydine (100 mg P0 BID)
>35 yr (presumed urinary source)
ofloxacin (300 mg P0 BID)

ciprofloxacin (500 mg PO BID)
± ceftriaxone (1g IV) OR ciprofloxacin (400 mg IV)

10 d

10 d

Acute Uncomplicated
Pyelonephritis

7 d
x1 Acute uncomplicated pyelonephritis:

suspected or confirmed Enterococcus
infection requires treatment with
ampicillin

OR
IV therapy with a fluoroquinolone, gentamicin and ampicillin,
extended spectrum cephalosporin, extended spectrum penicillin.OR a
carbapenem

14 d total IV and oral slop - down

Urinary Tract Infection
•for UTls during pregnancy, see Obstetrics, OB31

Definition
•symptoms suggestive of UTI + evidence of pyuria and bacteriuria on U/A or urine C&S

if asymptomatic + 100000 Cl-'U/mL = asymptomatic bacteriuria; only requires treatment in
certain patients (e.g. pregnancy, immunosuppressed , prior to urologic surgery)

Classification
•uncomplicated: lower UTI in a setting of functionally and structurally normal urinary tract
•complicated: structural and /or functional abnormality, male patients, immunocompromised,

diabetic, iatrogenic complication, pregnancy, pyelonephritis, catheter-associated
•recurrent: see Recurrent/Clironic Cystitis, U14

Risk Factors
•stasis and obstruction

• residual urine due to impaired urine flow (e.g. PUVs, reflux, medication, BPH, urethral stricture,
cystocele, neurogenic bladder)

•foreign body
• introduce pathogen or act as nidus of infection (e.g. catheter, instrumentation)

•decreased resistance to organisms
DM, malignancy, immunosuppression, spermicide use, estrogen depletion, antimicrobial use

•other factors
• trauma, anatomic abnormalities, female, sexual activity, menopause, fecal incontinence

+
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Clinical Features
• storage symptoms: frequency, urgency
• voiding symptoms:hesitancy, post-void dribbling, dvsuria
• other: suprapubic pain, hematuria, foul-smelling urine
• pyelonephritis - if present: typically presents with more severe symptoms (e.g. fever/chills, CVA

tenderness, flank pain)

Indications for Investigations
• pyelonephritis
• persistence of pyuria/symptoms following adequate antibiotic therapy
• severe infection with an increase in Cr
• recurrent /persistent infections
• atypical pathogens (urea splitting organisms)
• Hx of structural abnormalities/decreased flow

Prevention of UTIs
• Maintain good hydration (try

cranberry preparations or
D-mannose)

• Avoid feminine hygiene sprays and
scenlcd douches

• Empty bladder immediately before
and aflcr intercourse

• Vaginal estrogen therapy for peri-
and post menopausal women with
recurrent UTIs

Investigations
• U/A, urine C&S (only if symptomatic)

U/A:leukocytes ± nitrites ± hematuria
C&S: midstream, catheterized, or suprapubic aspirate

• if hematuria present, retest post-treatment, if persistent need hematuria workup (see Microscopic
Hematuria, US )

• U/S,CT scan if recurrent or treatment-resistant UTIs, suspected anatomic abnormalities, history
indicates complicated cystitis

• pelvic examination for women if recurrent UTI

Treatment
• see Table 8, Antibiotic Treatment of Urological Infections,U13
• asymptomatic bacteriuria should not be treated (exceptions: pregnancy, before urological procedure)
• if febrile, consider admission with IV therapy and rule out obstruction

Prevention of UTIs
• maintain good hydration (emerging evidence re: cranberry preparations and D-mannose)
• void regularly (do not hold urine for prolonged periods of time)
• avoid feminine hygiene sprays and scented douches
• empty bladder immediately before and after intercourse

Organisms
• typical organisms:SEEK PP (£. coli 75-95%)
• atypical organisms

tuberculosis (TB)
Chlamydia trachomatis
Mycoplasma (Ureaplasma urealyticum)
fungi (Candida)

Recurrent/Chronic Cystitis
Definition
• >3 UTls/yr

Etiology
* bacterial reinfection (80%) vs. bacterial persistence (relapse)

• bacterial reinfection
recurrence of infection with either 1) a different organism, 2) the same organism if cultured
>2 wk following therapy, or 3) with any organism with an intermittent sterile culture

• bacterial persistence
same organism cultured within 2 wk of sensitivity-based therapy

Investigations
• assess predisposing factors
• investigations may include cystoscopy, U/S, CT

Treatment
• lifestyle changes (limit caffeine intake, increase fluid/H’0 intake)
• ABx (various strategies):continuous low-dose daily suppression vs. post-coital only vs.self-start

therapy
• post-menopausal women: consider topical estrogen therapy
• no treatment for asymptomatic bacteriuria except in pregnant women or patients undergoing urinary

tract instrumentation

n
LJ
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Interstitial Cystitis (Painful Bladder or Bladder Pain
Syndrome)

Definition
• bladder pain, chronic urgency, and frequency without other identifiable causation

Classification
• non-ulcerative (more common) and ulcerative (Hunner’s lesions)

Etiology
• unknown

Epidemiology
• prevalence: 20 in 100000
• 90% of cases are in females, 94% are white
• median age is 40 yr (non-ulcerative seen in younger to middle-aged, while ulcerative seen in middle-

aged to older)

Clinical Features
• pelvic pain (typically supra-pubic tenderness)
• storage symptoms (frequency > urgency > nocturia)
• negative U/A, urine C&S, urine cytology
• cystoscopy: glomerulations (submucosal petechiae), Hunner’s lesions

Differential Diagnosis
• urology: non-infectious cystitis (radiation, chemical, eosinophilic, TB), OAB, bladder calculi, prostate-

related pain
• gynaecology: endometriosis, vulvar disorders
• neurology: pudendal nerve entrapment
• MSK:pelvic floor disorders
• drugs:ketamine, tiaprofenic acid

Cystoscopic evaluation is not necessary
to make a diagnosis

Investigations
• Hx, P/E, frequency volume chart
• symptom scores to establish baseline and response to treatment
• U/A, urine C&S, urine cytology
• cystoscopy

Treatment
• first line: patient education, dietary modifications, bladder retraining, stress management

• pelvic floor physiotherapy can be added for patients with pelvic floor dysfunction or pelvic pain
• second line: guided by symptom phenotype

» oral: amitriptyline, cimetidine, hydroxyzine, pentosan polysulfate (PPS), gabapentin, quercetin
intravesical:dimethylsulfoxide, heparin, lidocaine, PPS,oxybutynin

• third line: hydrodistension, botulinum toxin A, sacral neuromodulation
endoscopic treatment if Hunner's lesions (cauterization, resection, triamcinolone injection)

• fourth line: radical surgery (substitution cystoplasty or urinary diversion ± cystectomy)

Acute Pyelonephritis
Definition
• infection of the renal parenchyma with local and systemic manifestations
• clinical diagnosis of flank pain, fever, and elevated WBC

Etiology
• ascending from lower UT1(usually Gram-negative bacilli) or hematogenous route (usually Gram-

positive cocci)
• causative microorganisms

Gram positives:Enterococcus faecalis,S.aureus, S. saphrophyticus
Gram negatives: E.coli, Klebsiella, Proteus, Pseudomonas, Enterobacter

• common underlying causes of pyelonephritis
• stones, strictures, prostatic obstruction, vesicoureteric reflux, neurogenic bladder, catheters,

DM,sickle-cell disease, PCKD, immunosuppression, post-renal transplant, instrumentation,
pregnancy

Clinical Features
• rapid onset (<24 h)
• LUTS including frequency, urgency, hematuria; NOT dysuria unless concurrent cystitis
• fever, chills, nausea, vomiting, myalgia, malaise
• CVA tenderness and/or exquisite flank pain

r1
L
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Investigations
• U/A, urine C&S
• CBC and differential: leukocytosis, left shift
• imaging if complicated pyelonephritis or symptoms do not improve with 48-72 h of treatment

abdominal/pelvic U/S
• CT

• nuclear medicine: DMSA scan can be used to help secure the diagnosis
• a photopenic defect indicates active infection or scar; if normal alternative diagnoses should be

considered

Treatment
• hemodynamically stable

outpatient oral ABx treatment ± single initial IV dose (see Tabic 8. U I3 )
• severe or non-resolving

admit, hydrate, and treat with IV ABx (see Table 8,UB )
• emphysematous pyelonephritis

• most patients receive nephrectomy after IV ABx started and patient stabilized
consider temporization with nephrostomy tubes

• renal obstruction
• admit for emergent stenting or percutaneous nephrostomy tube

Prostatitis/Prostatodynia
Epidemiology
• prevalence:9% of rnen/yr, 6% with bothersome symptoms
• most common urologic diagnosis in men <50 v/o, 3rd most common in men >50 y/o

Classification

Table 9. Comparison of the Four Types of Prostatitis
Acute Bacterial
Prostatitis (Category Prostatitis (Category Syndrome (Category Prostatitis (Category

Chronic Bacterial Chronic Pelvic Pain Asymptomatic

ID IV)I) III)

Etiology Acute infection
SEEK PP|80% f. co/r)

Chronic inlection t
prostatitis symptoms

Symptoms without
evidence ol inlection
IIIA: inflammatory
DIB: noninflammatory
LUIS, pelvic pain
IIIA:leukocytosis in
prostatic fluid
1116: no leukocytosis in
prostatic fluid

Incidental inflammation

Clinical Features LUTS, pelvic pain
Systemic signs:fever,
chills, malaise
leukocytosis in prostatic

LUTS, pelvic pain
No systemic signs
Recurrent UIIs
Leukocytosis in prostatic

No symptoms
leukocytosis in prostatic
fluid

fluidHud
Positive bacterial cultures Posilivc bacterial cultures
Hx. P/ E (abdominal,
external genitalia,

perineum, prostale)
U/A. urine CSS
1RUS if suspect abscess

Investigations Hx.P/E (same as Category I Hx, P/E (same as
pelvic floor)

4 glass test for culture:
V61 ( urethra)
V82 (bladder )
EPS (post - massage)
V83 (post- massage)
A8x (see Table 8.1113)

- blocker if obstruction

No investigations unless
considering ABx for

Symptom score (NIH -CPSI’) elevated PSA or infertility
4- glass lest
Consider psychological
assessment

Category II)

ABx (see Table 3. U13)
Catheterization if severe
obstructive
Drainage if abscess is
present

Supportive measures
ABx if ABx naive
Multimodal therapy
(UP0IN1). including:
o-btockers
Anti - inflammatories
Phytotherapy (quercetin,
cernilton)

Treatment ABx if elevated PSA.
infertility,or planned
prostate biopsy

'NIH-CPSI: National Institute of Health Chronic Prostatitis Symptom Index

r *s
L J
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Epididymitis and Orchitis
Etiology
• common infectious causes

<35 yr: Neisseria gonorrhoeae or Chlamydia trachomatis
£35 yr or penetrative anal intercourse: Cil organisms (especially E. coli )

• other causes
mumps infection may involve orchitis, post-parotitis
TB
syphilis

• granulomatous (autoimmune) in elderly men
amiodaronc (involves only head of epididymis)
chemical: rellux of urine into ejaculatory ducts

Risk Factors. UTI
• unprotected sexual contact
• instrumentation/catheterization
• increased pressure in prostatic urethra (straining, voiding, heavy lifting) may cause reflux of urine

along vas deferens -> sterile epididymitis
• immunocompromised

It unsure between diagnoses of
epididymitis and torsion, always go
to OR
Remember:torsion >6 h has poor
prognosis

Clinical Features
• sudden onset scrotal pain and swelling ± radiation along cord to flank
• scrotal erythema and tenderness
• Prehn’s Sign (relief of pain with lifting of testicle)
• fever
• storage symptoms, purulent d/c
• reactive hydrocele

Investigations
• U/A, urine C&S
• ± urethral d/c: Gram stain /culture
• if diagnosis uncertain, MUST rule out testicular torsion ( U/S Doppler )
• U/S can confirm diagnosis with increased vascularity

Treatment
• rule out torsion (see Table 23, Investigations, U32)
• see Table H, UI 3 for Mix therapy
• scrotal support, bed rest, ice, analgesia

Complications
• if severe -> testicular atrophy
• 30% have persistent infertility problems
• inadequately treated acute epididymitis may lead to chronic epididymitis or epididymo-orchitis

Urethritis
Etiology
• infectious or inflammatory (e.g. reactive arthritis) Reactive Arthritis (formerly known as

Reiter 's syndrome)
Urethritis, uveitis (or conjunctivitis), and
arthritis
(can’t pee, can’t see, can’t climb a tree)

Table 10.Infectious Urethritis:Gonococcal vs.Non-Gonococcal
Gonococcal Non-Gonococcal

Causative Organism
Diagnosis

Usually Chlamydia twcliomatis

Hr of seiual contact, mucoid whitish purulent
die,'Storage LUTS
Gram stain demonstrates>4 PMN/
oil immersion field, no evidence of H.
gonorrhoeae,urine PCR and/or culture Irom
urethral specimen
See Table 8. U13

Heissetiogonorrhoeae

Hx ol sexual contact, thick, profuse, yellow-
grey purulent d/c. LUTS
Gram stain |GN diplococci), urine PCR and/or
culture from urethral specimen

If culture negative or unresponsive
to treatment consider:Ureaptasma
urealyticum, Mycoplasma genitalium.
Trichimonas vaginalis. HSV, or
adenovirusTrcalmenl See Table 8. U13 r -i

c.J
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Stone Disease
Epidemiology
• prevalence: ~8% and increasing
• M:l;*2:l
• peak incidence 30-50 yr of age
• recurrence rate: 10% at 1 yr, 50% at 5 yr, 60-80% lifetime
• calcium oxalate most common stone type;others include uric acid, struvite, calcium phosphate,

cystine, etc.
Risk Factors
• hereditary: RTA, glucose-6-phosphate dehydrogenase deficiency, cystinuria (defect in the proximal

renal tubular reabsorption of cystine), COLA syndrome (defect in resorption of cystine, ornithine,
lysine and arginine), xanthinuria, hyperoxaluria, etc.

• lifestyle: minimal fluid intake ( most common risk factor); excess vitamin C, oxalate, purines, calcium;
living or working in extreme heat

• medications: loop diuretics (furosemide, bumetanide), acetazolamide, topiramate, zonisamide,
indinavir, acyclovir, sulfadiazine, triamterene

• medical conditions: UTT (with urea-splitting organisms: Proteus, Pseudomonas, Providencia,
Klebsiella, Mycoplasma, Serratia, S. aureus), myeloproliferative disorders, inflammatory bowel
disease, gout, DM, hypercalcemia disorders (hyperparathyroidism, tumour lysis syndrome,
sarcoidosis, histoplasmosis), obesity (BM1 >30)

• bladder stones: bladder outlet obstruction, catheters, neurologic disease, DM (requires different
management)

Key Points in Stone Hx
- Diet (especially FLUID INTAKE)
• Predisposing medical conditions
• Predisposing medications
• Previous episodes/investigations/

treatments
• FMHx (1st degree relative)

The Four Narrowest Passage Points for
Upper Tract Stones
• UPJ. Pelvic brim
• Under vas deferens/broad ligament. UVJ

Clinical Features
• urinary obstruction -> upstream distention -> pain

flank pain from renal capsular distention (non-colicky)
« severe waxing and waning pain that can radiate from flank to groin, testis, or tip of penis from

distended collecting system or ureter (ureteral colic)
• writhing, persistent discomfort, nausea, vomiting, hematuria (90% microscopic), diaphoresis,

tachycardia, tachypnea
• occasionally symptoms of trigonal irritation (frequency, urgency), if the stone is in the lower ureter
• bladder stones result in: storage and voiding LUTS, terminal hematuria, suprapubic pain
• if fever, rule out concurrent pyelonephritis and/or obstruction
• can also present incidentally, without any pain or symptoms

Table 11. Differential Diagnosis of Renal Colic
GU Abdominal Neurological
Pyelonephritis
Ureteral obstruction from other cause: UPJ
obstruction, dot colic secondary to gross
hematuria, sloughed papillae
Gynaecological:ectopic pregnancy, torsion/
rupture of marian cyst, PID

Radiculitis (11):herpes zoster, nerve root
compression
Neuromuscular (MSK) back pain

Abdominal aortic aneurysm (AAA)
Bowel ischemia
Pancreatitis
Other acute abdominal crisis (appendicitis,
cholecystitis, diverticulitis)

Radiopaque RadiolucenlLocation of Stones
• calyx; may cause flank discomfort, persistent infection, persistent hematuria, but if non-obstructive,

likely remains asymptomatic- pelvis: tend to cause obstruction at UPJ, may cause persistent infection
• ureter: <5 mm diameter svill pass spontaneously in 75% of patients but can do so with varying degrees

of pain

KUB Calcium
Struvite
Cystine

Uric acid
Indinavir
Alazanavir

CT Calcium Indinavir

Struvite
Cystine
Uric add

Alazanavir

Stone Pathogenesis
• supersaturation of stone constituents (at appropriate temperature and pH)
• stasis, low flow, and low volume of urine (dehydration)
• crystal formation and stone nidus
• loss of inhibitory factors

citrate (forms soluble complex with calcium)
magnesium (forms soluble complex with oxalate)
pyrophosphate
Tamm-Horsfall glycoprotein

r nu I
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Approach to Renal Stones

Holical CT
Abtlomon/Polvis Although hypercalciuria is a risk factor

for stone formation,decreasing dietary
calcium is NOT recommended to prevent
stone formation.Low dietary calcium
leads to increased Gl oxalate absorption
and higher urine levels of calcium
oxalate

[ CT shows stone ] CT shows no stone-
Consider alternate causesi

[ KUB x-ray ]
y I

[Non-urgent pathway ) Stones and Infection
If septic, urgent decompression
via ureteric stent or percutaneous
nephrostomy is indicated.Definitive
treatment of the stone should be
delayed until the sepsis has cleared

Urgent Intervention required if:
1. Solitary kidney
2. Bilateral stones
3. Intractable pain or vomiting
4. Acute renal failure

i
Likelihood of

stone passage

Low High

I I
J [Non-uric acid stone] c ) c ObservationUric acid stone Intervention Indications for PCNL

Site >2 cm
• Staghorn
• UPJ obstruction with correction of

obstruction
• Calyceal diverticulum
• Large cystine stones (poorly

fragmented with SWL)
• Anatomical abnormalities preventing

retrograde access
• Failure of less invasive modalities

I
[Dissolution therapy ] SWL

Ureteroscopy
PCNL

Stent/Nephrostomy

Figure 10. Approach to renal stones

Investigations

Table 12. Investigations for Renal Stones
CBC.U/A.Urine KUB x-ray Uric Acid PTH,24 h urine x 2 for

volume, Cr. Ca 2\ Na •,
PO *1-, Mg 2’, oxalate,
citrate,± cystine

CT Scan (non-contrast) Abdominal
Ultrasound

Cystoscopy
C A S

Who gets it? iThose concerning Stone not seen
lor bladder stone on KUB

Recurrent Capstone
formers

paediatric cases

fveryone First episode renal colic Paediatric cases.
pregnant patients,
recurrent stone
formers, unsure
of Dx

90% olstones arc Able losce adjaccnl organs. Identify and follow
exact location of stone(s).
plan for surgery,etc.

Helps rule out uric acid Can assess density olstone Visualize
stones (not visible on Gold standard diagnostic lest hydronephrosis
x-ray)

Most

Visualize bladder Suspected uric acid
Can provide access stone (urine PH
to ureter for stent <5.5 might suggest
placement if uric acid stone)
needed

Why isit done? Need lo rule out metabolic
cause lor stones

May show signs
ol infection,!
sensitivities

up stone without
radiation exposure

radiopaque
Good for follow-up

Cautions Presence of Not all stones visible Radiation (especially if
female of child bearing age)
Must be a non-contrast scan

leukocytes NOT on x-ray
always indicative of Do not mistake
infection phleboliths lor stonesl

Treatment

KIDNEY STONE Acute Treatment
'1

MEDICAL -<3
I
G

unolgusiciantiamutic
NSAIDs (lower mtru uroUjr.il pressure)

«blockers (increase rate of spontaneous passage in distal ureteral stones)

± antibiotics for bacteriuria
IV fluids if vomiting (do NOT promote stone pussegel 24 h urine collections must be done

AFTER discontinuing stone preventing/
promoting medications

J
INDICATIONS for
HOSPITAL TREATMENT

JTi r1
L J

intractable pain

intractable vomiting

fever (suggests infection)

compromised renal function (single kidney,bilateral obstructing stone)

pregnoncy

YES
Detailed metabolic studies are NOT
recommended unless complex patient
(recurrent stone formers,pregnancy,
paediatric patients, strong FMHx.
underlying kidney or systemic disease,
rare stone types,etc.)

A kIntarventi
1st lino: urotoric stent
ivm cystoscopy)
2nd lina:percutaneous
nephrostomy

+
V1

Figure 11. Acute treatment of kidney stone
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KIDNEYKIDNEY STONE
Elective Treatment a Slockcrs as Medical Eipalsivc Ihcrapr lor

Ureteral Stones
C othrane OB Syst Rev 2018:4^D008509
Purpose loassesseffects of o-blockerscompared
with standard therapy for ureteral storesIcm or
smaller in adult patients presenting with symptomsof
uieteial stone disease.
Methods: mete analysis of (1RCIs for ureteral stone
passage in 10509 adidt patients.
Results: treatment with an o-blocker resulted in-creased stone clearance (RR 1.45. 95% £ 1:1.36-1.55,

low qualitye«idence|. Subgroup analyses suggest
that o-blockers may be less effective for smaller
stones (s5 mm).
Conclusions a blockers likely increase stone
clearance,but also slightly mcrease the risk of mayor
adverse events.

>2 cm PCNL
1-2 cm SWL,URS,or PCNL
<1 cm URS or PCNL

MEDICAL

URETER.>10 mmStones <5 mm likely to pass
spontaneously
Likely conservative if ureteral stone
<10 mm or kidney stone <5mm and
no complications/symptoms well
controlled
PO fluids and -Alockers
Treatment guided by stone type
(see Table 13)

Periodic imaging to monitor stone
position and assess for hydronephrosis

r 1st line:SWL or URS
2nd line:PCNL in rare cases
3rd line: laparoscopic/open stone
removal (rare!

INTERVENTIONAL
(if symptoms worsen

or fail to improve)

BLADDER

Cyslolitholapaxy ± TURP if BPH
Remove obstruction
(TURP, stricture dilation) Main Elective Treatment Options

1. Conservative medical management
2.Extracorporeal shockwave lithotripsy

(SWL):less invasive (sedation only,
no internal instrumentation), less
successful

3.Ureteroscopic (URS) laser lithotripsy:
slightly more invasive (usually GA
or spinal,instrumentation required,
usually outpatient),more successful

4.Percutaneous n.phrolithotomy (PCNL):
more invasive (requires GA. involves
puncture of kidney,often needs
admission),most successful for larger
stones

S Laparoscopic or open surgery: rare in
modern era unless performing other
concomitant procedure (e.g.UPJ
obstruction correction)

©Amy Cao 2019

Figure 12. Elective treatment of kidney stone

Prevention
•dietary modification

increase fluid (>2 L/d), citrate intake ( lemon juice, orange juice)
reduce animal protein, oxalate, Na +, sucrose, and fructose intake
avoid high-dose vitamin C supplements

•medications
• thiazide diuretics for hypercalciuria
• allopurinol for hyperuricosuria

potassium citrate for hypocitraturia, hyperuricosuria

Tuberous Sclerosis
•Syndrome characterized by mental retardation, epilepsy, and adenoma sebaceum
•45-80% of patients also present with angiomyolipomas, which are often multiple and bilateral

Table 13. Stone Classification
Type of Stone Calcium (75-85%) Uric Acid (5-10%) Struvite (5-10%) Cystine (1%)

Etiology Hypercalciuria
Hyperuricosuria (25% of patients
with Capstones)
Hyperoxaluria (<S% of patrents)
Hypocitraturia (12% of patients)
Other causes:

Hypomagnesemia -associated with
hyperoxaluria and hypocitraturia
High dietary Ha
Decreased urinary proteins
High urinary pH, low urine volume (c.g.
Gl water loss)
Hyperparathyroidism,obesity,gout.DM

Radiopaque on KUB x-ray
Reducing dietary Ca J'is KOI an effective
method of prevention/treatment

Uric acid precipitates in low volume
acidic urine with a high uric acid
concentration:

Hyperuricosuria alone
Drugs (ASA, thiazides)
Diet (purine-rich red meats)
Hyperuricosuria with hyperuricemia (magnesium ammonium phosphate)

Infection with urea-splitting
organisms [Proteus.Pseudomonas, mucosal absorption and renal tubular

absorption o( dibasic aminoacids results in
Hycoplosmo.Scnalio. S. orirons ) "COLA" in urine (cystine, ornithine,lysine,
results in alkalineurinary pH arginine)
and precipitation of struvite

Autosomal recessive delect in small bowel

Providenoa.Klebsiella.

Gout
High rate of cell turnover or cell
death (leukemia,cytotoxic drugs)

Key features Perpetuates U1Ibecause the stone Aggressive stone disease seen in children
itself harbours organism

Acidic urine.pH <5.5 (NOT necessarily Stone and all foreign bodies must be Recurrent stone formation,
cleared to avoid recurrence
Associated with staghorn calculi
Positive urine dip and cultures
Hote:[. coli infection does not
cause struvite stones
M:F-3:1,UII more common in
female
Complete stone clearance
ABxlor 6 wk
Regular follow-up urine cultures

Radiolucenton KUB x -ray
Radiopaque onCl and young adults

elevated urinary uric acid) FMHx
Often staghorn calculi
Faintly radiopaque on KUB x-ray
Positive urine sodium nitroprusside lest,
urine chromatography lor cystine

Fluids to increase urine volume to >2 L/d
For calcium stones: Increase citrate in
diet, reduce salt,moderate oxalate-rich
foods,weight loss

Procedural/Surgical treatment Calcium oxalate: thiazides.
potassium citrate,t allopurinol

Mixedcalcium and struvite:ASx (stone
must be removed to treat infection)

Increased fluid intake
Alkalinization ol mine to pH 6.5
to1(potassium citrate,sodium
bicarbonate)
t allopurinol
Be carelul not be make urine too
alkaline (pH >7).can result in calcium
phosphate stones

Increased fluid intake (3- 4 L of urire/d)
Alkalinizc urine (bicarbonate,
potassium citrate),penicillamine/o-
mercaptopropionylglycine or Captopril
(form complex with cystine)
SWL not efleclive

Treatment
MedicalIIstone <5 inm and no
complications

if stone >5 mm or presence of
complications +
Can observe selected,
asymptomatic renal stones
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Urological Neoplasms

Approach to Renal Mass

[ Ultrasound ]
there is controversy over optimal
management of small renal massesT I

( Cystic ] Solid )
r

Percutaneous needle biopsies of cystic
renal masses may lead to peritoneal
seeding

Dense
Calcified
Septated

CTHypoechoic
No calcification

Thin wall
(exclude

angiomyolipomal

T I1 f 1 f

[ Stop ] Small mass
(<4 cm)

Large mass
(>4 cm)CT with contrast’

Possible
aspiration or biopsy

Tuberous Sclerosis
• Syndrome characterized by mental

retardation,epilepsy,and adenoma
sebaceum

• 45-80%of patients aIso present with
angiomyolipomas.which are often
multiple and bilateral

I
T

Surgery ) ( Surveillance | Surgery J Possible
surveillance

Figure 13. Workup of a renal mass
'Imaging modality may bedifferent in cases of contrast allergy or elevated creatinine

APPROACH TO SMALL SOLID RENAL MASSES
• Initial workup:kidney function (creatinine, eGl;R), chest x-ray, contrast CT or MR1, ± renal biopsy
• Limited life expectancy:watchful waiting
• <2 cm: active surveillance with imaging q3-6 months, proceed to intervention if growth >2 cm, or

growth >0.5 cm/vear, or patient preference
• 2-4 cm:active surveillance or definitive therapy (biopsy + thermal ablation or partial nephrectomy, if

feasible)

Benign Renal Neoplasms
CYSTIC KIDNEY DISEASE
• simple cysts: usually solitary or unilateral

• very com mon: up to 50% at age 50
• usually incidental finding on abdominal imaging
• Bosniak Classification is used to stratify for risk of malignancy based on cyst features from

contrast CT
• polycystic kidney disease

• autosomal recessive:multiple bilateral cysts, often leading to early renal failure in infants
• autosomal dominant: progressive bilateral disease leading to H'I' N and renal failure, adult-onset

• medullary sponge kidney:cystic dilatation of the collecting ducts
usually benign course, but patients are predisposed to stone disease

• von Hippel- Lindau syndrome: multiple bilateral cysts and/or renal cell carcinomas (50% incidence of
RCC)

renal cysts, cerebellar, spinal and retinal hemangioblastomas, pancreatic and epididymal cysts,
pheoch romocy tomas

Table 14. Bosniak Classification of Renal Cysts
Class Risk of MalignancyFeatures Management Plan

No follow- upI(simple cyst) Round,no septa/calcificationsf Near zero
enhancement,homogeneous,
<20 HU
Thin seplnm (<1mm),fine
calcification,no enhancement.<3
cm.>20 HU

II (simple cyst) Minimal No follow-up

r T
IIF (minimally complex cyst) Multiple thin septa,calcifications. 5-20%

no enhancement.>3 cm,>20 HU
Irregular,thickened,calcified
septa with enhancement

Follow-up,imaging qG-12 mo.
surgical resection if lesion evolves
Surgical resection
" growing literature suggesting
surveillance might be safe

Surgical resection

L J

III (complex cyst) >50%
'growing literature suggesting
might be lower +

Irregular, thickened,calcified >90%
septa with enhancement,
enhancing soft- tissue components

IV (likelymalignant)
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Gerota's fasciaTable 15. Benign Renal Masses
Angiomyolipoma (Renal Hamartoma) Renal Oncocytoma

-rEpidemiology <10“= of adult renal tumours 3-7% of renal tumours T4 Adrenal
1 glandF>H H>F

Oncocytomas also found in adrenal,thyroid,and
parathyroid glands

Clonal neoplasm consisting of blood vessels (angio ).smooth Spherical,capsulated with possible central scar
muscle ( myo-).and fat ( lipoma)
Hay extend into regional lymphatics and other organs and
become symptomatic

Incidental finding on CT
Negative attenuation (- 20 HU) on CT is pathognomonic
Rare presentation of hematuria,flank pain, and palpable
mass (same as RCC)
Hay considersurgical excision or emboliration if
symptomatic (pain,bleeding) or higher risk of bleeding (e.g. Partial radical nephrectomy for large masses
pregnancy)
Potential role for mechanistic target of rapamycin (mTOR)
inhibitors in unresectable/metastatic disease
Follow with serial U/S

20 = associated with tuberous sclerosis (especially if
multiple,recurrent)

' £Characteristics Vein
Histologically organized aggregates of eosinophilic cells
originating from intercalated cells ol collecting duct

Artery
Incidental finding on CT
Difficult to distinguish from RCC on imaging - treated as
RCCuntil proven otherwise
Biopsy may be performed torule out malignancy

Diagnosis
>1 Ireterr CT

Renal
capsule

Renal cortex /
Renal medulla

Sunrei lance for mostManagement

SCarfy Vanderlee
^

Figure 14. RCC staging

Malignant Renal Neoplasms
RENAL CELL CARCINOMA

Etiology
• cause unknown
• originates from proximal convoluted tubule epithelial cells in clear cell subtype (most common)
• hereditary forms seen with von Hippel-Lindau syndrome and hereditary papillary renal carcinoma

Epidemiology
• 85% of primary malignant tumours in kidney, ~3% of all malignancies

M:l =1.5:l
• peak incidence at ages 50-60

Pathology
• histological subtypes:clear cell (75-85%), papillary (10-15%), chromophobe (5-10%), collecting duct

(<1%), other (<1%)
• sarcomatoid elements in any subtype is a marker of poor prognosis

Risk Factors
• top 3 risk factors:smoking, HTN, obesity
• end-stage renal disease (acquired renal cystic disease)
• role of environmental exposures (aromatic hydrocarbons, etc.) remains an unproven risk factor for

development of RCC

Role of environmental exposures
(aromatic hydrocarbons, etc.) remains
an unproven risk factor for development
of RCC

RCC Systemic Effects:Paraneoplastic
Syndromes (10-40 = of Patients)
• Hematopoietic disturbances:anemia,

polycythemia, raised Erythrocyte
Sedimentation Rate (ESR)

• Endocrinopathies:hypercalcemia
(increased vitamin 0 hydroxylation),
erythrocytosrs (increased
erythropoietin).HTN (increased
renin), production of other hormones
(prolactin, gonadotropins.TSH,
insulin, and cortisol)

• Hepatic cell dysfunction or Stauffer
syndrome:abnormal LFTs.decreased
W8C count, fever, areas of hepatic
necrosis:no evidence of metastases;
reversible following removal of
primary tumour

• Hemodynamic alterations: systolic
HTN (due to arteriovenous shunting),
peripheral edema (due to caval
obstruction)

Clinical Features
• usually asymptomatic: frequently diagnosed incidentally by U /Sor Cl' (>50%)
• indicators for poor prognosis: weight loss, weakness,anemia, bone pain
• classic “too late triad’found in 10-15%

gross hematuria 50%
flank pain <50%

• palpable mass <30%
• metastases:seen in a 1/3 of new cases; additional 20-40% will go on to develop metastases (mostly in

late presentations or large tumours)
most common sites: bone, brain, lung, and liver
may invade renal veins and inferior vena cava (1VC) lumen

• this may result in ascites, hepatic dysfunction, right atrial tumour, varicocele, and pulmonary emboli

Investigations
• routine labs for paraneoplastic syndromes (CBC, ESR, LFTs, extended electrolytes). U/A
• renal U/S:solid vs. cystic lesion
• contrast-enhanced CT:higher sensitivity than U/S for detection of renal masses and for staging

purposes
• MR1:useful for evaluation of complex cystic lesions indeterminate on CT;good way to assess 1VC

thrombus
• renal biopsy:to confirm diagnosis, if considering observation or other non-surgical ablative therapy
• genetic testing:consider if l-'Hx of von Hippel-Lindau syndrome, non-clear cell carcinoma, bilateral /

multifocal tumour,onset <45 yr, FHx of renal tumour, or any renal tumour with Hx of pneumothorax,
dermatologic findings, associated tumours, lymphangiomyomatosis, or childhood seizure disorder

r -\
i_ j
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Staging
• involves abdo/pehrisCT, CX R, liver enzymes and Ll-'Ts, bone/head imaging (if symptoms dictate)

Table 16.2018 TNM Classification of Renal Cell Carcinoma (AJCC 8th edition)
T N M

NX: regional lymph nodes cannot be assessed cMO no evidence of distant metastasisIX:primary turnour cannot be assessed

T1:tumour <7cm.confined to renal
parenchyma

T1a:'4 cm
T1b:4-7cm

NO: no regional lymph node metastasis cH1:presence of distant metastasis

N1:metastasis in regional lymph nodes pM1:presence of distant metastasis,
microscopicallyconfirmed

N Suffix
|sn):regional lymph node metastasis
identified by SLN biopsy only
(f): regional lymph node metastasis identified
by FNAor core needle biopsy only

T2: tumour >7 cm.confined to renal
nchyroapare

T2ia:>7 cm but<10 cm
T2b:>10 cm

T3: tumour extends into majorveins or
inephric tissues,but NOT into ipsilateral
enal or beyond 6erota"s fascia

T3a:into renal vein or sinus fat
T3b: into infradiaphragmatic IVC
T3c: into supradiaphragmatic IVC

per
adr

T4: tumour extends beyondGerota's fascia
including extension into ipsilateral adrenal

ISuffix
(m):if synchronous primary tumours are found
in single organ

Treatment
• surgical (open, laparoscopic, robotic)

radical nephrectomy: en bloc removal of kidney, tumour, ipsilateral adrenal gland (in upper pole
tumours) and intact Gerota’s capsule

• partial nephrectomy (parenchyma-sparing): small tumour (roughly <4 cm) or solitary kidney/
bilateral tumours
surgical removal of solitary metastasis may be considered

• ablative techniques (percutaneous or lap-assisted)
radiofrequency ablation (RFA)
cryoablation
palliative radiation to painful bony lesions

• therapy for advanced stage
• nesv immunologic inhibitors (e.g. pembrolizumab, ipilimumab, nivolumab)

tyrosine kinase inhibitors for metastatic disease (e.g. sunitinib, sorafenib)
• IFNa:monotherapy has been largely replaced by molecularly targeted agents listed above

Prognosis
• stage at diagnosis most important prognostic factor

• Tl:90-100% Syr survival
T2-T3:60% 5 yr survival

• metastatic disease: <5% 10 yr survival
• predictors of relapse: tumour grade, local extent of the primary tumour, presence of local metastases,

histological subtype

Carcinoma of the Renal Pelvis and Ureter
Etiology
• risk factors include:

smoking
dietary/chemical exposures (aristolochic acid, industrial dyes and solvents:aniline dyes)
analgesic misuse (acetaminophen, ASA, and phenacetin)

• Balkan nephropathy
prior exposure to cyclophosphamide

Epidemiology
• rare:accounts for 5% of all UC
• frequently multifocal, 2-5% are bilateral
• M:F=3:1
• relative incidence: bladder:renal:ureter=100:10:1
• consider Lynch syndrome if PMHx for other malignancies (e.g. colorectal, stomach, prostate,

endometrial, etc.) +
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Pathology
• 85% are papillary UC; others include SCC and adenocarcinoma
• UC of ureter and renal pelvis are histologically similar to bladder UC

Clinical Features
• gross/microscopic hematuria
• flank pain
• storage or voiding symptoms (dysuria only if lower urinary tract involved)
• flank mass ± hydronephrosis (10-20%)

Investigations
• Cl' urogram
• cystoscopy and retrograde pyelogram

Treatment
• radical nephroureterectomy with excision of ipsilateral bladder cuff
• distal ureterectomy for distal ureteral tumours with concomitant ureteral reimplant
• segmental resection with uretero-ureterostomy for some mid-ureteral tumours is also done
• adjuvant chemotherapy (gemcitabine-platinum)
• enter

healt

Jretei—Segment
of intestine

Stoma
Ileal conduit

j<ing role for endoscopic laser ablation in patients with low grade disease, poor baseline renal

Bladder Carcinoma
Etiology
• unknown, but environmental risk factors include:

smoking (main factor- implicated in 60% of new cases)
• aromatic amines: naphthylamines, benzidine, tryptophan, phenacetin metabolites

cyclophosphamide
• prior Hx of radiation treatment to the pelvis
• Schistosoma hematobium infection (associated with SCC)
• chronic irritation: cystitis, chronic catheterization, bladder stones (associated with SCC)
• aristolochic acid: associated with Balkan nephropathy (renal failure, upper tract UC) and Chinese

herbal nephropathy

Epidemiology
• 2nd most common urological malignancy
• M:F=3:1, more common among whites than blacks
• mean age at diagnosis is 65 vr

Segment
of colon

Ileocecal
valve

Stoma
£Indiana pouch
1
-

Pathology
• classification

• UC >90%
• SCC 5-7%
• adenocarcinoma 1%

others < 1%
• stages and prognoses of UC at diagnosis

non-muscle invasive (75%) -> >80% overall survival
15% of these will progress to invasive UC
majority of these patients will have recurrence

invasive (25%) -» 50-60% 5yr survival
85% have no prior history of superficial UC (i.e.de novo)
50% have occult metastases at diagnosis, and most of these will develop
evidence of metastases within 1 yr - lymph nodes, lung, peritoneum, liver

• carcinoma in situ -> flat, non-papillary erythematous lesion characterized by dysplasia confined to
urothclium

more aggressive, worse prognosis, higher recurrence rates following radical cystectomy,
associated with radioresistance
usually multifocal

» may progress to invasive UC

Clinical Features
• asymptomatic (20%)
• hematuria (key symptom:85-90% at the time of diagnosis)
• pain (50%) -> location determined by size/extent of tumour (e.g. flank, suprapubic, perineal,

abdominal, etc.)
• clot retention (17%)
• storage urinary symptoms -> consider carcinoma in situ
• palpable mass on bimanual exam > likely muscle invasion
• obstruction of ureters -> hydronephrosis and uremia (N/V and diarrhea); bad prognostic factor

Ureter.Segment
intestine
-Urethra

ol

Ileal neobladder
Figure15.Ileal conduit,Indiana
pouch,ilealneobladder

overt clinical

Differential Diagnosis of Filling Defect
in Urinary Tract

• Urothelial carcinoma (differentiate
via cytology and CT scan). Uric acid stone (d ifferentiate via
cytology and CT scan)

• Blood clot. Pyelitis cystica. Papillary necrosis
• Fungus ball
• Gas bubble from gas producing

organisms

n
L J
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Investigations
• U/A, urine C&S, urine cytology
• U/S
• CT scan with contrast > look for filling defects in upper tracts
• cystoscopy with biopsy (if small lesion )
• TURBT (gold standard, diagnostic, and often therapeutic) -> establish diagnosis and determine depth

of penetration
involvement of muscularis propria confirms muscle invasion (T2)

• specific bladder tumour markers (e.g. NM P-22, B'l'A, Immunocyt, I DF); utility in clinical practice
debatable

The “field defect" theory helps to
explain why UC has multiple lesions and
has a high recurrence rate.The entire
urothelium (pelvis to bladder) is bathed
in carcinogens

The ENTIRE urinary tract must be
evaluated in patients with hematuria
unless there is clear evidence of
glomerular bleeding (eg. red cell casts,
dysmorphic RBCs.etc.)

Grading
• low grade: 210% invasive,60%! recur locally
• high grade: 50-80% are invasive or are expected to progress to invasive over time

Staging
• for invasive disease: examination under anesthesia following TURBT, CT, or MRI of abdomen and

pelvis,CT or MR urography, CT chest or CXR, hone scan in setting of bony pain / hypercalcemia/
elevated ALF ( metastatic workup)

Cystoscopy is the initial procedure of
choice for the diagnosis and staging of
urothelial malignancy

Table 17. 2018 TNM Classification of Bladder Carcinoma (AJCC 8th edition)
T N M

TX: primary tumour cannot be assessed NX: lymph nodes cannot be assessed cMO: no distant metastasis
Unexplained hematuria in any individual
>40 y/o must be investigated to rule out
a malignancy

TO: no evidence ol primary tumour
Ta: noninvasive papillary carcinoma
Tis: carcinoma inutti : "flat tumour"

NO: no lymph node metastasis cM1: distant metastasis
cM1n: distant metastasis limited to lymph

N1: single regional lymph node metastasis in nodes beyond the common iliacs
the true pelvis (hypogastric, obturator , external cM1b: non - lymph - node distant metastasis
iliac.or prcsacral lymph node)T1: tumour invades subepithclial connective

tissue pM1: distant metastasis, microscopically
N 2: multiple regional lymph node metastasis In confirmed
the true pelvis (hypogastric, obturator , external pM1a:distant metastasis limited to
Iliac, or prcsacral lymph node metastasis) lymph nodes beyond the common Iliacs.

microscopically confirmed
pM1b: non -lymph node distant metastasis
microscopically confirmed

Tumour grade is the single most
important prognostic factor for
progression

T 2: tumour invades muscularis propria
pT 2a: tumour invades superficial muscularis
propria linnet half )
pT2b : tumour invades deep muscularis
propria (outer hall)

N3: lymph node metastasis to the common iliac
lymph nodes

See landmark Urology tneb table for more
information on neoadtuvant chemotherapy plus
cystectomy compared with cystectomy alone for
improved outcomes in patients with locally advanced
bladder cancer.

T3: tumour invades perivesical tissue
pT3a: microscopically
pT3b: macroscopically (extravesical mass)

N Suffix
|sn|: regional lymph node metastasis identified
by SIN biopsy only
(f ): regional lymph node metastasis identified
by ENA or core needle biopsy onlyT4: tumour invades any of the following:

prostatic stroma, seminal vesicles, uterus,
vagina, pelvic wall, abdominal wall

T4a: tumour invades prostalic stroma,
uterus.vagina
T4b: tumour invades pelvic wall, abdominal HMIBC and BCG

JUDO Publication 2015:15 EHCOIlEf <153
Summary: BCG is the only intravesical therapy
associated with decreased risk of bladder cancer
progression: however, it is also associated with a hgh
rate of adverse events. More research is needed to
define optimal doselregimen.
Methods: BeviewofOvid Med me.Cochrane Central
Register of Controlled Trials.Cochrane Database
of SB.Health Technology Assessment. National
Health Sciences Economic Evaluation, databaseof
Jtbstractof Review of Effects for studies on HMIBC
interventions, including intravesical therapy.
Results: 3CG is superior in prevention of bladder
cancer recurrence compared to no intravesical
therapy. BCG is supenor to doxorubicin, eprubieix.
and mitomycinin prevention of bladder cancer
recurrence.

wall

T Suffix
(m):synchronous primary tumours are found
in single organ

Perivesical FatDeep Muscle
Superficial Muscle

Pelvic Wall or
Abdominal Wall >

5Submucosa See landmark Urology Inals table for more
information on10-yr outcomesfor patients with
localized prostate cancer after monitoring, surgery,
or radiotherapy.

.1
1Prostate r -i

Mucosa 5 L J

Figure 16. UC of bladder
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Treatment

Muscle invasiveNon-muscle invasive Advanced/Metastatic

Low risk (Ta low-giade) T2.T3 T4,N+.M+
Chemo » radiation •
cystectomy

TURBT + intravesical chenio
Follow up with cystoscopy and cytology

Radical cystectomy + PLND
T urinary diversion (see
Figure 15)

-Radical cystectomy (male):
Removal ot bladder and
prostate en bloc

- Radical cystectomy (female):
Removal ol bladder, uterus,
ovaries and anterior vagina
(reproductive organs may be
spared with anterior tumours)

Radical local treatment
Maximal TURBT +
chemoradiation

Intermediate risk (Multifocal, recurrent Ta)

TURBT intravesical chento
BCG (lyr)

High risk (T1,Tis, Ta high-grade)

TURBTiintravesical chento
Repeat TURBT (2-6 wk)

BCG <3 yr)

'Amy Cao 2019

Figure 17. Treatment for bladder carcinoma
’Radical cystectomy (male): removal of bladder and prostate enblock,(female): removal of bladder,uterus, ovaries, and anterior vagina (reproductive
organs maybe spared with anterior tumours)

Prognosis
• depends on stage, grade, size, number of lesions, recurrence, and presence of CIS

IT:90% Syr survival
T2:55% 5 yr survival

• T3:30% 5 yr survival
T4/N+/M+: <5% 5 yr survival

Prostate Cancer
Etiology
• not known
• risk factors

• age >50 yr, risk increases 1% per yr after 65 yr
increased incidence in persons of African descent
high dietary fat (2x)
FMHx

1st degree relative (2x)
1st and 2nd degree relatives (9x)

positive BRCA ( BReast CAncer gene) mutation

Epidemiology
• most prevalent cancer in males
• 3rd leading cause of male cancer deaths (following lung and colon )
• up to 50% risk of CaP at age 50
• lifetime risk of death from CaP is 3%
• 75% diagnosed between ages 60 and 85: mean age at diagnosis is 65

Pathology
• adenocarcinoma

>95%, often multifocal
• urothelial carcinoma of the prostate (4.5%)

associated with UC of bladder; does NOT follow TNM staging below; not hormone-responsive
• endometrial (rare)

carcinoma of the utricle

Anatomy
• 60-70% of nodules arise in the peripheral zone
• 10-20% arise in the transition zone
• 5-10% arise in the central zone L J

Clinical Features
• usually asymptomatic
• most commonly detected by DRh, elevated PSA, or as an incidental finding on TURP

• DRh: hard irregular nodule or diffuse dense induration involving one or both lobes
PSA:see PSA Screening, U28

+
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•locally advanced disease
storage and voiding symptoms, ED (all uncommon without spread )

•metastatic disease
bony metastases to axial skeleton common
visceral metastases are less common (liver, lung, and adrenal gland most common sites)
leg pain and edema with nodal metastases obstructing lymphatic and venous drainage

tarty Detectioa of Prostate Caster Jtwricas
Urological Assocwticv GuideHues
JIW 2013:W:419.
t FproecegedSStoGSrî oaeMcsdr -gPSA

soteosg.it isstmegty recssuededs jesceed
fiesed9s raisesedp-efsteeces felowagstared
deosou-atag.

2 JostsePysoeectjr -trSe îeeoagesfOS)
54yt at aierage sWIretccresded.

3. fait ae PS*surer - jroses age 70* yr orasy
sasmSlessttes a 10 to6yrNeoettssty is•OlrttocsseaJed.

Methods of Spread
• local invasion
•lymphatic spread to regional nodes

obturator > iliac > presacral/para-aortic
• hematogenous dissemination occurs early

Investigations.DRE
• PSA elevated in the majority of patients with CaP
•IRUS-guided needle biopsy
•bone scan (only if bone pain, high-risk disease, Gleason score >7,or PSA >20 ng/mL)
•CT scanning to assess metastases
•MR1:being investigated for possible role in detection, staging, MRI-guided biopsy, and active

surveillance

Table 18. 2018 TNM Classification of Prostate Carcinoma (AJCC 8th edition)
T N M

IX:primary tumour cannot be assessed NX:regional lymph nodes werenot assessed M0:no distant metastasis

10: no evidence of primary tumour NO: no regional lymph node metastasis cM1:distant metastasis
cM1a: nonregional lymph nodes
cMlb:bonefs)
cM1c other site|s) withor without bone
disease

11:clinicallyundetectable tumour,normal N1:spread to regional lymph nodes
OREandTRUS

T1a: tumour incidental histologic finding in N Suffix
<5% of tissue resected
T1b: tumour incidental histologic finding in
>5% of tissue resected
T1c: tumour identifiedby needle biopsy|due by fNA or cote needle biopsy only
to elevated PSA level)

(sn):regional lymph node metastasis
identified by SLN biopsy only
(f): regional lymph node metastasis identified confirmed

pM1:distant metastasis,microscopically

pM1a:nonregional lymph nodes,
microscopically confirmed
pM1b:bone(s) microscopically confirmed
pM1c:other sitefs) withor withoutbone
disease,microscopically confirmed

T2: palpable,confined to prostate
T2a: tumour involving < one half of one lobe
T2b: tumour involving > one half of one lobe,
but not both lobes
T2c: tumour involving both lobes

13: tumour extends through prostate capsule
T3a:extracapsular extension (unilateral or
bilateral)
T3b: tumour invading seminal veside(s)

T4: tumour invades adjacent structures
(besides seminal vesicles)

T Prefix
(c): clinicalI
(p):pathologicalI.There is no pathological T1

T Suffix
(m): synchronous primary tumours are found
in single organ

Table 19. Prostate Cancer Mortality Risk
Low-Risk (if any of
following)

Intermediate-Risk (if any of High-Risk (if any of
following)following)

PSA <10 10 20 >20
<7 (Gleason Group1)

pT1-2a

7 (Gleason Group 2 and 3)

pI2b-I2c

8-10 (Gleason Group 4 and 5)Gleason Score

Stage pI34

Treatment
• T1/T2 (localized, low-risk)

if adequate life expectancy or no other significant comorbidities, consider active surveillance vs.
definitive local treatment ( RP, brachytherapy, or EBRT)

• active surveillance for low-risk, small volume Gleason score <7 prostate cancer shown to be safe
for most
minimal differences in cure or recurrence rates between definitive treatment modalities

• in older population: watchful waiting and palliative treatment for symptomatic progression
alternative treatment options include: H1FU, cryoablation, focal laser ablation

+

Activate Windows
Go Settt 3$ to activate



U28 Urology Toronto Notes 2023

• 11/12 (intermediate or high-risk )
• defin itive therapy over active surveillance
• watchful waiting in elderly or infirm

• T3.T4
• ADT (with calcium, vitamin D, bisphosphonates) + tBRT/docetaxel/abiraterone
• enzalutamide, apalutamide

radiation therapy for oligometastatic disease (case-by-case basis)
• N >0 or M >0

requires hormonal therapy/palliative radiotherapy for metastases; may consider combined
androgen blockade
bilateral orchiectomy - decreases testosterone production by 90%
GnRH agonists (e.g. leuprolide, goserelin), see Table 28, U47, GnRH antagonist (e.g.degarelix)

• antiandrogens (e.g. bicalutamide)
• local irradiation of painful secondaries or half-body irradiation

" CRPC
• ADT should be maintained
• non-metastatic CRPC:observation vs. apalutamide, enzalutamide, or darolutamide
• metastatic CRPC: abiraterone, enzalutamide, docetaxel-based chemotherapy

post-docetaxel: second-line chemotherapy cabazitaxel
if symptomatic without visceral metastases: radium-223
HRR mutation:olaparib
bone metastases: denosumab and /or zoledronic acid is recommended ± palliative radiation

Table 20. Treatment Options for Localized Prostate Cancer
Modality Population Considered Limitations
Watchful Waiting Short life expectancy («5 -10 yr); will likely Disease progression

only receive non-curative hormonal therapy if
disease progresses
Low grade disease, good follow up: is still Disease progression:decrease in 00t
considering more curative treatment if disease associated with serial testing:risks associated

with biopsies: no optimal monitoring schedule
has been defined lo date

ED (50%). long -term effectiveness not well-
established

locally advanced disease, older patients Radiation proctitis (5%), ED (25 50%), risk of
rectal and bladder cancer

Young patients (<75 yr). high- risk disease Incontinence (10%). E0 ( 30 50% )

Active Surveillance (serial PSA. DRE, and
biopsies)

progresses

low volume, low PSA (*10). low giadcBrachytherapy

EBRI

RP
'Other options include cryosurgery. HIFU , hormonal ablation

Prognosis
• T1-T2:comparable to normal life expectancy
• T3-T4:40-70% 10 yr survival
• N 'and/or M + :4% 5 yr survival
• prognostic factors: tumour stage, tumour grade, PSA value, PSA doubling time

PSA Screening
Digital Rectal Exam
• should be included as part of initial screening
• suspicious findings: abnormal feeling, nodularity, focal lesion, discrete change in texture/fullness/

symmetry

Prostate Specific Antigen
• glycoprotein produced by epithelial cells of prostate gland
• leaks into circulation in setting of disrupted glandular architecture
• value of <4 ng/mL traditionally considered as cut-off to differentiate normal from pathologic value,

but no single justifiable cut-off point
• measured serum PSA is a combination of free (15%) and bound PSA (85%)
• decreased free:total PSA, elevated PSA velocity and elevated PSA density associated with increased

CaP rates

Causes of Increased PSA
BPH. prostatitis, prostatic ischemia/
infarction, prostate biopsy/surgery,
prostatlc massage, acute urinary
retention, urethral catheterization,

cystoscopy, TRUS, strenuous exercise,
perineal trauma, ejaculation, acute renal
failure, coronary bypass graft radiation
therapy

m
PSA is specific to the PROSTATE,but NOT
to prostate cancer

j
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Screening Recommendations

( PSA Screening J Long-Term Follow-Up on PSA Screening
Lancet 2014;384:2021-2035
Summary: At 13 yr follow up. PSA scieerrg is
favourable , showing a significant 21% relative
prostate cancel mortality reduction. live number
needed to screen and to treat from this trial were
lower than those observed m breast cancer Inals.
However, the risks associated with screening need
to be considered when considering population-level
screening programs.
Methods: Multi-centre RCI with predefined central
database, analysis, ard cote age group (55-69 yr|
evaluating PSA in 8 European countries. Incidenceand
mortality truncated at 9.11.and13 yr follow- up in the
intervention arm wascom pa red tocontrolarm.
Results: MR of PCw incidence between intervention
and control arms was1.91after 9 yr follow- up, 1.66
at 11 yr follow- up, and 1.6? at 13 yr follow-up. lilt of
PCa mortality was 0.85, 0.78.and 0.29.at 9.11.13
yr fol low-up, respectively.At13 yr follow-up in PSA
screening group, relative ltd is2T%.and absolute HR
from death is1.28 per1000 men.

* 1nr
Age 40 50 Jc ( Age 50 70 ] Ago 70*

I I(>10 yr Mo expectancy)Scroon it: (<10 yr life oxpoctancyj- Don't Scroon
• FHx of prostate cancer

2nd degreBl(1st
• Afnt Screen & shared decision making with patient

Advise on: overdiagnosis, overtreatment morbidity
can American

nrc PSA>3 PSA 1-3 PSA<1

I TW
( More frequent PSA J

t f

f Rupu.it PSA q 2 yr j ( Mopo.it PSA t|4 yr j f Ago CO, PSA - I j

I
(Consider prostate MRl)

Elevated PSA
or Abnormal DRE

Biopsy

Figure 18. Canadian Urological Association guidelines on PSA screening (2017)

Testicular Tumours
Etiology/Risk Factors
• cryptorchidism, atrophy, sex hormones, HIV infection, infertility, FMHx, PMHx of testicular cancer

Epidemiology
• rare, but most common solid malignancy in young males 15-35 yr
• any solid testicular mass or acute hvdrocoele in young patient - must rule out malignancy
• slightly more common in right testis (corresponds with slightly higher incidence of right-sided

cryptorchidism )
• 2-3% bilateral (simultaneously or successively)

Pathology
• primary

» 1% of all malignancies in males
cryptorchidism has increased risk (10-40x) of malignancy
95% are germ cell tumours (all are malignant)

seminoma (35%) -> classic, anaplastic, spermatocytic
« NSGCT > embryonal cell carcinoma (20%), teratoma (5%), choriocarcinoma (<1%), yolk sac

(«1%), mixed cell type (40%)
5% are non-germ cell tumours (usually benign ) > Leydig ( testosterone, precocious puberty),
Sertoli (gynecomastia, decreased libido)

• secondary
male >50 yr
usually lymphoma or metastases (e.g. lung, prostate, Gl)

Clinical Features
• painless testicular enlargement ( painful if intratesticular hemorrhage or infarction )
• dull, heavy ache in lower abdomen, anal area, or scrotum
• associated hydrocele (10%)
• coincidental trauma (10%)
• infertility (rarely presenting complaint)
« gynecomastia due to secretory tumour effects
• supraclavicular and inguinal lymphadenopathv
• abdominal mass (retroperitoneal lymph node metastases)

Methods of Spread
• local spread follows lymphatics

• right > medial, paracava), anterior, and lateral nodes
left > left lateral and anterior paraaortic nodes
“cross-over” metastases from right to left are fairly common, but no reports from left to right

• hematogenous most commonly to lung, liver, bones, and kidney
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Investigations
• diagnosis is established by pathological evaluation of specimen obtained by radical inguinal

orchidectomy
• tumour markers ( f$-h(Xi,1.DH,AFP)

• p-h(Xi and AFP are positive in 85% of non-seminomatous tumours
• elevated marker levels return to normal postoperatively if no metastasis
• p-hCX;positive in 7% of pure seminomas, AFP never elevated with seminoma

• testicular U/S (hypoechoic area within tunica albuginea = high suspicion of testicular cancer)
• evidence of testicular microlithiasis is not a risk factor for testicular cancer
• needle aspiration contraindicated

Staging
• clinical: CXR (lung metastases),markers for staging (p-h(Xi, AFP, LDH), CF abdomen/pelvis

(retroperitoneal lymphadenopathy)
• stage I: disease limited to testis, epididymis,or spermatic cord
• stage II: disease limited to the retroperitoneal nodes
• stage III: disease metastatic to supradiaphragmatic nodal or visceral sites

Testes and scrotum have different
lymphatic drainage, therefore
trans scrotal approach for biopsy or
orchiectomy should be avoided

Table 21. 2018 TNM Classification of Testicular Carcinoma (AJCC 8th edition)
T N M
TX: primary tumour cannot be assessed NX:regional lymph nodes were not assessed MO: nodistant metaslases

TO:no evidence of primary tumour NO:no regional lymph node metastasis cM1:distant metastases
cM1a:non-relroperitoneal nodal or
pulmonary metastases
cM1b:iron-pulmonary visceral metastases

Tis: intratubular germ cell neoplasia N1:metastasis with a lymph node mass 2
cm or less in greatest dimension:or multiple
lymph nodes,none more than 2 cm in greatest
dimension

T1: limited to testisand epididymis without
lymphovascular invasion

T1a: tumour<3 cm
T1b: tumour >3 cm

pM1:distant metastases.microscopically
confirmed

pM1a:non- retroperitoneal nodal or
pulmonary metastases,microscopically
confirmed
pM1b: non-pulmonary visceralmetastases.
miCTOscopicallyconfirmed

N2:metastasis with a lymph node mass more
than 2 cm but not more than 5 cm ingreatest
dimensionT2:limited to testis and epididymis with

lymphovascular invasion or invadinghilar soft
tissue or epididymis,or penetrating visceral
mesolhelial layer covering the external
surface of tunica albuginea with or without
lymphovascular Invasion

N3:metastasis with a lymph node mass more
than 5 cm ingreatest dimension

N Prefix
(c):clinical N
(p): pathological NT3:invasion of the spermatic cord i

lymphovascular invasion
N Suffix
(sn): regional lymph node metastasis
identified by SIN biopsy only
(f): regional lymph node metastasis identified
by f NA or coie needle biopsy only

T4: invasion of the scrotumiinvasion

T Prefix
(c):clinical T. except for Tis confirmed by
biopsy an T4, the extent of primary tumour is
classified by radical orchiectomy
(p|: pathological T.subdassification of pll
applies only to pure seminoma

T Suffix
(m):synchronous primary tumours are found
in single organ

Orchiopexy
Surgical descent (orchiopexy) of
undescended testis does not eliminate
the risk of malignancy.but allows for
earlier detection by self -examination and
reduces the risk of infertility

Management
• radical orchiectomy through inguinal incision for all stages - ligate spermatic cord inside inguinal

canal
• consider sperm banking, testicular prosthesis
• adjuvant therapies (see I igurc 19. U3I )

Prognosis
• 99% cured with stage I and 11 disease
• 70-80% complete remission with advanced disease
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— Teratoma
— Embryonal CA
— Mixed cell type

— Yolk sac CA
- ChorioCA

Gann Cell Testis Tumour
Layers of the Scrotum:Germinal cell
SDECITT
Skin
Dartos muscle and fascia
External spermatic fascia
Cremasteric fascia
Internal spermatic fascia
Tunica vaginalis
Tunica albuginea

50% 50%
Non SeminomaSeminomaEpithelium 4- I Tf 1

40%90% 10% 20% 20%
Stage I Stage ll+lll Stage I Stage II Stage III

Surveillance
Radiation

/ '''(residual mass)RPLND ±
« I? ?

Figure 19. Adjuvant management of testicular cancer post-orchiectomy
Adapted from Dr. MAS Jewett

Penile Tumours
Epidemiology
• rare (<1% of cancer in males in U.S.)
• most common in ages 50-39

Benign
• cyst, hemangioma, nevus, papilloma

Pre-Malignant
• balanitis xerotica obliterans, leukoplakia, Buschke- Lowenstein tumour ( large condyloma)

Pre-invasive Cancer
• carcinoma in situ

Bowens disease -> crusted, red plaques on the shaft
erythroplasia of Queyrat > velvet red, ulcerated plaques on the glans

• treatment options: local excision, laser, radiation, topical 5-fluorouracil

Malignant
• risk factors

chronic inflammatory disease
ST1
phimosis
uncircumcised penis

• 2% of all urogenital cancers
• SUC (>95%), basal cell, melanoma, Paget's disease of the penis (extremely rare)
• definitive diagnosis requires full thickness biopsy of lesion
• lymphatic spread (superficial /deep inguinal nodes -> iliac nodes) » hematogenous

Treatment
• wide surgical excision with tumour-free margins (dependent on extent and area of penile

involvement) ± lymphadenectomy
• consider less aggressive treatment modalities in CIS (cryotherapy, laser therapy, etc.), if available
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Scrotal Masses
Varicocele Grading
Grade1:palpable only with V alsalva
manoeuvre
Grade 2:palpable without Valsalva
Grade 3:visible through scrotal skin

Table 22. Differentiating between Scrotal Masses
Additional FindingsCondition Pain Palpation

Torsion Diffuse tenderness
Horizontal lie of testicle

Absent cremaster reflex,negative
Prehn's sign

Epididymitis Epididymal tenderness Present cremaster reflex, positive
Prehn's sign
Present cremaster reflex,positive
Prehn’s sign
Nolransillumination
transillumination.Hx of trauma

Suspect a Retroperitoneal Mass/
Process in a Patient with a Varicocele

Orchitis Diffuse tenderness if;
Acute onset
Right sided (isolated)
Palpable abdominal mass
Does not reduce while supine

Diffuse tenderness
testis not separable from
hydrocele,cord palpable
testis separable from
spermatocele.cord palpable

Bag of worms

Hematocele

Hydrocele

Spermatocele Transillumination

Varicocele Ho liansilluminalion. increases
in sice with valsalva.decrease in
size if supine

Indirect Inguinal - ( if strangulated) Testis separable from hernia, cord No transillumination
not palpable,cough impulse may
transmit,may be reducible
Hard lump/nodule
Diffuse swelling

-( if hemorrhagic)Tumour
Generalized/Dependenl Edema Often postoperative or

immobilized,checkfor liver
dysfunction

Idiopathic

Table 23. Benign Scrotal Masses
Varicocele Spermatocele Testicular Torsion Inguinal HerniaType Hydrocele

A benign, sperm- filled Collection of serous fluid that Twisting ol the testicle causing venous
epididymal retention cyst results from a defect or irritation occlusion and engorgement aswell as

in the tunica vaginalis
Usually idiopathic
Found in 5-10% testicular
tumours
Associated with trauma/
infection
Communicating:patent
processus vaginalis, changes
size during day {paediatric)
Non - communicallng: non-patent
processus vaginalis (adult)

Non-tender,intrascrotal mass
Cystic
Transilluminates

Definition Dilatation and tortuosity of
pampiniform plexus

Protrusion of abdominal contents
through the inguinal canal into the
scrotum

Indirect (through internal ting,
often intoscrotum):congenital
Direct (through external ting.rarely
into scrotum):abdominal muscle
weakness

arterial ischemia and infarction
Etiology 15% of men

Due to incompetent valves in the
testicular veins
90% left -sided

Trauma
Cryptorchidism
"Bell clapper deformity''
Many occur in sleep|50%)
Necrosis of glands in 5-6 h

Multiple theories,
including:
Distal obstruction
Aneurysmal dilations of
the epididymis
Agglutinated germ cells

"Bag of worms"
Often painless
Pulsates with Valsalva

Non-tender, cystic mass
Transilluminates

Acute onsetsevere scrotal pain.swelling Asmall bulge in the groin thatmay
increase in size with Valsalva and
disappear when lying down
Canpiesentasaswollenor
enlarged scrotum
Discomfort or sharp pain -
especially when straining,lifting,
or exercising
Hx and P/ E
Invagination of the scrotum
Valsalva

Hx/P/E
Glupsets cases
Retractedand transverse testicle
(horizontal lie)
Negative Phren's sign
Absent cremasteric reHex

Investigations P/E P/E U/S to rule oul tumour U/S Doppler with probe over testicular
artery
Decrease uptake on 99mlc-
pertechnetate scintillation scan
[doughnut sign)

Emergency surgical exploration and
bilateral orchiopexy
Definitive diagnosis NOT necessary to
take to OR
Orchiectomy if absent restoration of
flow to testicle

U/S to rule out tumourValsava

Conservative
Surgical ligation of testicular veins Excise if symptomatic
Percutaneous vein occlusion (coils)
Repair mayimprove sperm count/
motility

Conservative Conservative
Needle drainage (high rate of
surgical recurrence)
Surgical

Surgical repairTreatment

r nTORSION OF TESTICULAR APPENDIX
• twisting of testicular/epididymal vestigial appendix

LJ

Signs and Symptoms
• clinically similar to testicular torsion, but vertical lie and cremaster rellex preserved
• “blue dot sign"

blue infarcted appendage seen through scrotal skin in children (can usually be palpated as small,
tender lump)

Indications for Treatment of Varicocele
• Impaired sperm quality or quantity
• Pain or dull ache affecting OOL. Affected testis fails to grow in

adolescents
• Cosmetic indications (especially in

adolescents)

+

Activate Windows
Go to Settings to activate Windows.



U33 Urology Toronto Notes 2023

Treatment
« analgesia - most will subside over 5-7 d
• surgical exploration and excision if refractory pain Acute scrotal swelling/pain in young

boys is torsion until proven otherwise

HEMATOCELE
• trauma with bleed into tunica vaginalis
• U/S helpful to exclude fracture of testis which requires surgical repair Transilluminatlon refers to light being

transmitted through tissue (l.e. due to
access fluid)Treatment

• ice packs, analgesics, surgical drainage, and hydrocele repair

Penile Complaints Differential of a Benign Scrotal Mass

HIS BITS
Hydrocele
Infection (epididymitis/orchitis)
Sperm (spermatocele)
Blood (hematocele)
Intestines (hernia)
Torsion
Some veins (varicocele)

Table 24. Penile Complaints
Type Peyronie's Disease Priapism Paraphimosis Phimosis Premature

Ejaculation
Definition Acquired curvature of Prolonged erection

penile shaft secondary to lasting >4 h in the
fibrous thickening of tunica absence of sexual

excitement/desire

Retracted foreskin Inability to retract
(behind glans penis) foreskin over glans
that cannot be
reduced

Ejaculation prior to
when one or both
partners desire it.
either before or soon
after intimacy
Psychological factors
Primary: no period of
acceptable control
Secondary:
symptoms after a
period of control,
not associated with
general medical
condition

penis
albuginea

Etiology Etiology unknown
Irauma/repealed
inflammation
Familial predisposition
Associated with DM.
vascular disease,
autoimmunity.Dupuytrcn's Medicalions
conliacturc.erectile Neurogenic
dysfunction,urethral
instrumentation
Penile curvature/
shortening
Pain with erection
Poor erection distal to
plaque

50% idiopathic
Ischemic (common):
Thromboembolic
(sickle cell)
Non-lschemic:
Trauma

Congenital (90%
natural separation by
age 3)
Balanitis

Iatrogenic
(post cleaning/
instrumentation)
Irauma
Infectious (balanitis. Poor hygiene
balanoposthitis).
sexual activity

Hx/P/E Painful erections Painful,swollen glans limitation and pain
signs olnecrosis penis,foreskin
Note:non ischemic Constricting band
{high flow ) priapism proximal to corona Balanoposthitis
may present without Dysuria,decreased (infection of prepuce)

urinary stream in
children
Hx and P/E

Ejaculatory latency
elmin
Inability to controlor
delay ejaculation
Psychological distress

when attempting to
retract foreskin

pain

Investigations Hx and P/E Hx and P/E
Cavernosal blood gas
analysis
Doppler U/S of the
penis

Hx and P/E Hx and P/E
Testosteronelevels
if in conjunction with
impotence

Supportive measures:
PDE5 inhibitor for ED
NSAID for pain
Medical management:
Traction device
Intralesional verapamil
Intralesional collagenase
Surgical management:
Incision/excision ofplaque decompression

Phenylephrine
Inlracorporcal
injection q3 -5 min
Surgical shunt no
response within1h

Treatment Treat reversible
causes

Manual pressure (with Proper hygiene
analgesia)
Dorsal slit
Circumcision (urgent Dorsal slit
or elective to prevent Circumcision
recurrence)

Rule out medical
condition
Address psychiatric
concerns,counselling
Medication:
SSRI or clomipramine
Topical lidocaine-
prilocaine

Topical
High-flow:
Self-limited
Consider arterial
embolication
Low-flow:
Needle aspirated

corticosteroids

mm'wS&Plication surgery
Penile prosthesis

1. Fibrous plaque
2. Tunica albuginea
3.Corpus cavernosum
4. Buck's fascia
5. Corpus spongiosum
6. Urethra

Erectile Dysfunction
Definition
• consistent (>3 mo duration ) or recurrent inability to obtain or maintain an adequate erection for

satisfactory sexual performance

dbjuno Li

Figure 20. Peyronie’s disease r n
L J

Physiology
• erection involves the coordination of psychologic, neurologic, hemodynamic, mechanical, and

endocrine components
• nerves: sympathetic (TU-L2), parasympathetic (S2-4), somatic (dorsal penile/pudendal nerves (S2-4)) +
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. erection (“POINT")
parasympathetics > NO release > increased cGMP within corpora cavernosa leading to:

1. arteriolar dilatation Erections POINT AND SHOOT
parasympathetics ~ point
sympathctics/somatics- shoot

2. sinusoidal smooth muscle relaxation -> increased arterial inflow and compression of penile
venous drainage (decreased venous outflow). emission ("SHOOT")

#• sensory afferents from glans
secretions from prostate, seminal vesicles, and ejaculatory ducts enter prostatic urethra
(sympathetics)

• ejaculation (“SHOOT”)
bladder neck closure (sympathetic)
spasmodic contraction of bulbocavernosus and pelvic floor musculature (somatic)

• detumescence

Etiology ("IMPOTENCE’’)
Iatrogenic:pelvic surgery, pelvic
radiation
Mechanical: Peyronie's, post -priapism
Psychological:depression, stress,
anxiety, PTSD. widower syndrome
Occlusive: arterial HTN, DM, smoking,

hyperlipidemia. PVD, impaired veno-
oedusion
Trauma: pcnile/pclvic. bicycling
Extra factors: renal failure, cirrhosis.
COPD.sleep apnea, malnutrition
Neurogenic CNS (e.g. Parkinson's. MS,
spinal cord injury, Guillain-Barre, spina
bifida, stroke), PNS (e.g. DM. peripheral
neuropathy)
Chemical: antihypertensives,
sedatives, antidepressants,
antipsychotics. anxiolytics,
anticholinergics, antihistamines,

antiandrogens (including 5-a reductase
inhibitors), statins. GnRH agonists,
illicit drugs
Endocrine: DM. hypogonadism,

hyperprolactinemia, hypo/hyperthyroid

sympathetic nerves, norepinephrine, endothelin-1 -> arteriolar and sinusoidal constriction ->
penile flaccidity

Classification

Table 25. Classification of Erectile Dysfunction
Psychogenic- Organic-

Prevalence
Onset
Frequency
Variation

less common
Sudden
Sporadic
With partner and circumstance
Younger
No organic risk factors

More common
Gradual
All circumstances

No

Older
Risk factors present

Age
Organic Risk Fadors (HTN,DM.
dyslipidemia)

Nocturnal Morning Erection Present Absent

'Combination can co-cxist

Diagnosis
• complete Hx (include sexual, medical, and psychosocial aspects)
• self-administered questionnaires (e.g. International Index of Erectile function, Sexual Health

Inventory for Men Questionnaire, ED Intensity Scale, ED Impact Scale)
• focused P/E, including vascular and neurologic examinations, secondary sexual characteristics
• lab investigations, dependent on clinical picture

• risk factor evaluation: fasting blood glucose or HbAlc, cholesterol profile
optional: T'SH, CBC,VIA, testosterone (free and total), prolactin, LH

• specialized testing including nocturnal penile tumescence monitoring usually unnecessary
• evaluation of penile vasculature only relevant with past history of trauma (e.g.pelvic fracture)

Testosterone deficiency is an uncommon
cause of ED

<8>Treatment
• can often be managed by family physician, see sidebar for when to refer
• consider early sexual counselling referral
• must fully inform patient/partner of options, benefits and complications
• non-invasive

• lifestyle changes (alcohol, smoking, physical activity), psychological (sexual counselling and
education)
change precipitating medications
treat underlying causes ( DM, CVD, HTN, endocrinopathies)

• minimally invasive
• oral medication (see Common Medications, V47 )

sildenafil, tadalafil, vardenafil, avanafil (not available in Canada): inhibits PDE5 to increase
intracavernosal cGMP levels

- all four have similar effectiveness, difference in onset of action is not clinically significant
- tadalafil has longer half-life, no cyanopsia, and can be taken on empty or full stomach
- tadalafil should be taken when needed instead of a set daily dose

• vacuum devices: draw blood into penis via negative pressure, then put ring at base of penis
MUSE: male urethral suppository- for erection - vasoactive substance (PGE1) capsule inserted
into urethra
insufficient evidence supporting low-intensity shockwave therapy

• in patients with hypogonal testosterone, treat with dual testosterone and PDE5 inhibitor
• invasive

intracavernous vasodilator injection/self-injection
triple therapy (papaverine, phentolamine, PGEI ), bimix (papaverine and phentolamine) or PGE1
alone

PDE5 inhibitors are contraindicated in
patients on nitrates/nitroglyccrin due to
severe hypotension

Initial trial of MUSE: or intracavernosal
injection should be done under medical
supervision

Penile vascular abnormalities may be
a marker of risk for CV disease. Young
men with vascular ED have 50x higher
risk of having a CV event

u J

+complications: priapism (overdose), fibrosis of tunica albuginea at site of repeated injections
(Peyronie’s plaque), and injection site injuries (pain, hematoma, etc.)

• surgical
penile implant (last resort ): malleable or inflatable
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Trauma
• see Emergency Medicine. Elt7

Renal Trauma
Classification According to Severity
• minor

• contusions and superficial lacerations/hematomas:90% of all blunt traumas, surgical exploration
seldom necessary

• major
• laceration that extends into medulla and collecting system, major renal vascular injury, shattered

kidney

Etiology
• 80% blunt (MVC, assaults, falls) vs.20% penetrating (stab wounds and gunshots)

Clinical Features
• mechanism of injury raises suspicion
• can be hemodynamically unstable secondary to renal vascular injury and/or other sustained injuries:

ABC*• upper abdominal tenderness, flank tenderness, flank contusions, lower rib/vertebral transverse
process fracture

Investigations. VIA
hematuria: requires workup but degree does not correlate with the severity of injury

• imaging
• CT (contrast, triphasic) if patient stable: look for renal laceration, extravasation of contrast,

retroperitoneal hematoma, and associated intra-abdominal organ injury

Staging (does not necessarily correlate well with clinical status)
• 1: contusion/hematoma
• 11: <1 cm laceration without urinary extravasation
• III: > 1 cm laceration without urinary extravasation
• IV: laceration causing urinary extravasation and /or main arterial or vein injury with contained

hematoma
• V: shattered kidney or avulsion of pedicle

Treatment
• microscopic hematuria + isolated well-staged minor injuries -> no hospitalization
• gross hematuria + contusion/minor lacerations -> hospitalize, bedrest, repeat CT if bleeding persists
• surgical intervention/minimally Invasive angiography and embolization (majority now managed

conservatively, nonoperatively)
absolute indications

hemorrhage and hemodynamic instability
relative indications

non-viable tissue and major laceration
urinary extravasation
vascular injury

» expanding or pulsating perirenal mass
» laparotomy for associated injury

• follow-up with U/S or CT before discharge, and at 6 wk

Complications
• HTN in 5% of renal trauma

Bladder Trauma
Classification
• contusions: no urinary extravasation, damage to mucosa or muscularis
• intraperitoneal ruptures: often involve the bladder dome
• extraperitoneal ruptures: involve anterior or lateral bladder wall in full bladder

Etiology
• blunt (MVC, falls, and crush injury) vs. penetrating trauma to lower abdomen, pelvis, or perineum
• blunt trauma is associated with pelvic fracture in 97% of cases

n
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Clinical Features
• abdominal tenderness, distention, peritonitis, and inability to void
• can be hemodynamically unstable secondary to pelvic fracture, other sustained injuries:ABCs
• suprapubic pain

Investigations
• U/A:gross hematuria in 90% of cases
• imaging (including CT cystogram and post-drainage films for extravasation)

Treatment
• penetrating trauma -> surgical exploration
• contusion > urethral catheter until hematuria completely resolves
• extraperitoneal bladder perforations -> typically non-operative with foley insertion, and follow with

cystograms
surgery if: infected urine, rectal/vaginal perforation, bony spike into bladder, laparotomy for
concurrent injury, bladder neck involvement, persistent urine leak, and failed conservative
management

• intraperitoneal rupture usually requires surgical repair and suprapubic catheterization

Complications
• complications of bladder injury itself are rare
• mortality is around 20%,and is usually due to associated injuries rather than bladder rupture

Urethral Injuries
Etiology
• posterior urethra

common site of injury is junction of membranous and prostatic urethra due to blunt trauma,
MVCs, pelvic fracture
shearing force on fixed membranous and mobile prostatic urethra

• anterior urethra
straddle injury can crush bulbar urethra against pubic rami

• other causes
iatrogenic (instrumentation, prosthesis insertion), penile fracture, masturbation with urethral
manipulation

• always look for associated bladder rupture

Clinical Features
• blood at urethral meatus
• high-riding prostate on DRE
• swelling and butterfly perineal hematoma
• penile and/or scrotal hematoma
• sensation of voiding without U/O
• distended bladder

Investigations
• generally will perform RUG or cystoscopy prior to attempt at catheterization All patients with suspected urethral

injury should undergo RUG

Treatment
• simple contusions

no treatment
• partial urethral disruption

very gentle attempt at catheterization by urologist
with no resistance to catheterization > l oley x 2-3 wk
with resistance to catheterization -> suprapubic cystostomy or urethral catheter alignment

• periodic flow rates/urethrograms to evaluate for stricture formation
• complete disruption

immediate repair if patient stable, delayed repair if unstable (suprapubic tube in interim)

Complications
• stricture

r T
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Infertility and Andrology
Definition
• failure to conceive after 1 yr of unprotected and properly timed intercourse
• incidence

15% of all couples (35-40% female, 20% male, 25-30% combined)

Female Factors
Majority of antenatal hydronephroses
resolve during pregnancy or within the
first year of life

• see Gynaecology.GY23

Male Factors
ftMale Reproduction. HPTA

pulsatile GnRH from hypothalamus acts on anterior pituitary' stimulating release of LH and FSH
LH acts on Leydig (interstitial ) cells -> testosterone synthesis and secretion

• I SH acts on Sertoli cells -> structural and metabolic support to developing spermatogenic cells
FSH and testosterone support germ cells (responsible for spermatogenesis)
sperm route:epididymis -> vas deferens -> ejaculatory ducts -> prostatic urethra

Common Terminology on SA
Teratospermia: Abnormal morphology
Asthenospcrmia: Abnormal motility
Oligospermia: Decreased sperm count
Azoospermia:Absent sperm in semen
Mixed types:e.g. oligoasthenospermia

Etiology
• idiopathic (40-50% infertile males)
• testicular

varicocele (35-40% infertile males)
tumour
congenital (Klinefelter’s triad: small, firm testes, gynecomastia,and azoospermia)
post-infectious (epididymo-orchitis, STls, mumps)
uncorrected torsion
cryptorchidism (<5% of cases)

• obstructive
iatrogenic (surgery:see below)
infectious (gonorrhea, chlamydia)
trauma
congenital (absence of vas deferens,CF)
bilateral ejaculatory duct obstruction, epididymal obstructions
Kartagener’s syndrome (autosomal recessive disorder causing defect in action of cilia)

• endocrine (see Endocrinology. E51)
• HPTA (2-3%) e.g. Kallmann's syndrome (congenital hypothalamic hypogonadism), excess prolactin,

excess androgens, excess estrogens
• other

Mutation of cystic fibrosis
transmembrane conductance regulator
(CFTR) gene is associated with
congenital bilateral absence of vas
deferens and epididymal cysts,even if
patient manifests no symptoms of CF

WHO Guidelines
Male Infertility Factors

SPERM COUNT
Systemic factor/Smoking
Psychological illness
Endocrinopathy
Retrograde ejaculation
Medications
Chronic disease
Obstructive
Unexplained
Narcotics
Testicular• retrograde ejaculation secondary to surgery

medications
prior exposure to chemotherapy or pelvic radiation

• drugs: cannabis, cocaine, tobacco,alcohol
• increased testicular temperature (sauna, hot baths, tight pants,or underwear)

chronic disease:e.g. liver, renal

o
Normal Semen Values
• Volume:1.5-7.6 mL
• Concentration:>15 million sperm/mL
• Morphology:30% normal forms
• Motility:>40% adequate forward

progression
• Liquefaction:complete in 20 min. pH:7.2-78. WBC:<10/HPF or <106 WBC/mL

semen

History
• age of both partners
• medical: past illness, DM, trauma, CF, genetic syndromes,STls, cryptorchidism
• surgical:vasectomy, herniorrhaphy, orchidopexy, prostate surgery
• fertility: pubertal onset, previous pregnancies, duration of infertility, treatments
• sexual: libido, erection/ejaculation, timing, frequency. FMHx
• medications:cytotoxic agents, GnRH agonists, anabolic steroids, nitrofurantoin, cimetidine,

sulfasalazine, spironolactone, a-blockers
• social Hx: alcohol, tobacco, cocaine, cannabis, school performance/learning disabilities (suggestive of

Klinefelter syndrome)
• occupational exposures: radiation,heavy metals

Physical Exam
• general appearance: sexual development, gynecomastia, obesity, pubic hair
• scrotal exam:size, consistency, and nodularity of testicles; palpation of cord for presence of vas

deferens; DRE; valsalva for varicocele

Hypo-gonadal patients Interested in
fertility preservation should be cautioned
against the isolated use of exogenous
testosterone and be counseled to
pursue treatments that increase
endogenous serum testosterone
production
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Investigations
• SA £2 specimens, collected I -2 wk apart
• hormonal evaluation

indicated with abnormal SA (rare to be abnormal with normal SA )
testosterone and l-'SH
serum LH and prolactin are measured if testosterone or TSH are abnormal

• genetic evaluation
chromosomal studies (Klinefelter syndrome - XXY)
genetic studies (Y-chromosome microdeletion, CP gene mutation )

• immunologic studies (antisperm antibodies in ejaculate and blood)
• testicular biopsy
• scrotal U/S (varicocele, testicular size)
• vasography (assess patency of vas deferens)

SFU Grading of Hydronephrosis
Grade 0

• No dilation, calyceal walls are
opposed to each other

• Grade1 (mild)
• Dilation of renal pelvis without

dilation of the calyces
• No parenchymal atrophy
Grade 2 (mild)

• Dilation of renal pelvis and calyces
(pclvicalyccal pattern Is retained)

• No parenchymal atrophy
Grade 3 (moderate)
• Moderate dilation of renal pelvis and

calyces
• Mild calyceal thinning, blunting of

fornices. and flattening of papillae
Grade 4 (severe)

• Gross dilation of renal pelvis and
calyces with loss of borders

• Cortical thinning

Treatment
• assessment of partner
• lifestyle

• regular exercise, healthy diet
eliminate alcohol, tobacco, and illicit drugs

• medical
endocrine therapy (see Endocrinology, E51)

• treat retrograde ejaculation
• discontinue anti-sympathomimetic agents, may start a-adrcnergic stimulation

(phenylpropanolamine, pseudoephedrine, or ephedrine)
treat underlying infections

• surgical
varicocelectomy (if indicated)
vasovasostomy (vasectomy reversal) or epididvmovasostomy
transurethral resection of blocked ejaculatory ducts

• assisted reproductive technologies (ART)
refer to infertility specialist
sperm washing + intrauterine insemination (1U1)
in vitro fertilization (1VF)

• intracytoplasmic sperm injection ( 1CSI ) after Cl- screening of patient and partner in patients with
congenital bilateral absence of vas deferens

Note:SFU grading should be
supplemented with UTD grading to
address the shortcomings of this grading
system.

o

Hydroureter :

o
f Semen Analysis ) Azoospermia J

Bilateral testicular
atrophy

Normal or unilateral
testicular atrophy

Absent/low volume ejaculate,
positive lor sperm

[ Serum FSH ]Serum FSH
Hydroureter:

r/o short abstinence period,
incomplete collection

High AbnormalLow oI I
I Hypogonadotropic Primary testicular

hypogonadism failure^ Post-ejaculatory urinalysis ) Normal

±
Testicular biopsy jfve for sperm ve for sperm Abnormal

!
( Retrograde ejaculation ] ( Transreclal U/S J Normal

Hydrometer :

[ ObstructionAbnormal anatomy Normal anatomy O
V

Determine level ol
obstruction

Failure ol emission

Figure 21. Infertility workup
Hole:aroospermic pabenIs with normal FSH may be assumed to be obstrucbve without a testicular biopsy

Hydrometer :

r T
i j

+
Hydroureter:

Figure 22. SFU grading (based on
ultrasound)
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Testosterone Deficiency
See Endocrinology.ESI

Clinical Features
• sexual: decreased libido,delayed ejaculation, reduced ejaculate volume, decreased orgasm intensity,

erectile dysfunction, loss of morning erections, infertility
• cognitive: fatigue, mood changes, depression, insomnia, irritability
• physical:decreased energy, anemia, gynecomastia, hot flushes, decreased muscle mass and increased

visceral body fat, osteopenia, testicular atrophy, loss of androgenic hair

Diagnosis
• clinical features ± total testosterone (morning draw) < 10 nmol/L
• LH to rule out causes of secondary hypogonadism

Treatment Considerations
• see Endocrinology. E51
• goal: improve quality of life and reduce clinical features while achieving eugonadal testosterone
• if clinical features with normal testosterone
• rule out depression, hypothyroidism, sleep disorders
• consider measuring sex-hormone binding globulin and determinine free/total testosterone ratio
• supervised trial of testosterone therapy for three mo (injectable, oral, transdermal patch)
• if low testosterone without clinical features
• Consider other diagnoses: anemia, sarcopenia, chronic glucocorticoid/opioid use, HIV
• no role for testosterone therapy
• in all patients treated with exogenous testosterone: monitor symptoms, adverse events, serum

testosterone, hematocrit, and PSA at 3, 6, and 12 mo, then qlyr, DRE recommended at baseline and
qlyr

Paediatric Urology

Congenital Abnormalities
• not uncommon; 1 in 200 have congenital abnormalities of the GU tract
• six common presentations of congenital urological abnormalities

1. ANTENATAL HYDRONEPHROSIS

Epidemiology
• l -5% fetal U/S, some detectable as early as first trimester
• most common urological consultation in perinatal period and one of most common U/S abnormalities

of pregnancy

Differential Diagnosis
• transient primary hydronephrosis
• UP) obstruction
• VUR
• U V J obstruction or primary non-obstructive megaureter
• ureterocele
• ectopic ureter
• causes of megacystitis (e.g. PUV, Prune Belly syndrome)

Treatment
• antenatal in utero intervention rarely indicated unless evidence of lower urinary tract obstruction

with oligohydramnios
• ABx prophylaxis at birth to reduce UT1 rates is controversial but may be beneficial to infants with

high grade hydronephrosis, dilated ureter, or bladder abnormality.Commonly used ABx include:
amoxicillin, cephalexin, and trimethoprim

S
i

•:
t

Figure 23. VUR grading
(based on cystogram)

e
VUR Grading (based on cystogram)
Grade I:ureters only fill
Grade II:ureters and pelvis fill
Grade III: ureters and pelvis fill with
some dilatation
Grade IV:ureters, pelvis, and calyces fill
with significant dilatation
Grade V: ureters, pelvis, and calyces fill
with major dilatation and tortuosity

n
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2. POSTERIOR URETHRAL VALVES

Epidemiology
• the most common congenital obstructive urethral lesion in male infants +

Defer circumcision in patients with
hypospadias

Pathophysiology
• abnormal mucosal folds at the distal prostatic urethra causing varying degrees of obstruction
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Clinical Features
• dependent on age

antenatal:bilateral hydronephrosis, distended bladder, oligohydramnios
neonatal ( recognized at birth ): palpable abdominal mass (distended bladder, hydronephrosis),
urinary ascites (transudation of retroperitoneal urine), respiratory distress (pulmonary
hypoplasia from oligohydramnios), weak urinary stream
neonatal (not recognized at birth):within days to weeks present with urosepsis, dehydration,
electrolyte abnormalities, failure to thrive; rule out pyloric stenosis, which may present similarly
toddlers: UTls or voiding dysfunction
school-aged boys: voiding dysfunction -> urinary incontinence

• associated findings include renal dysplasia and secondary VUR

Investigations
• most commonly recognized on prenatal U/S -> bilateral hydronephrosis, thickened bladder, dilated

posterior urethra (“keyhole sign”), oligohydramnios in a male fetus
• VCUG -> dilated and elongated posterior urethra, trabeculated bladder, VUR

Treatment
• immediate catheterization to relieve obstruction, followed by cystoscopic resection of PUV when baby

is stable
• if resection of PUV is not possible, vesicostomy is indicated

3. URETEROPELVIC JUNCTION OBSTRUCTION AntlmkrobidlProphylaxis lot Children with
VesicoureteralReflux
NEJM 2014:370:2367-2376
Purpose:lo determine whether long-term
antimicrobial prophylaxis is tlfectnt in preventing
recurrences of till and reducing the hkelhood of
renal scarring.
Methods:Children with vesicoureteral leHuxthat
were diagnosed after a hirst or second febrileor
symptomatic till were randomized to either receive
Irimethopriia-sulfametliOMiOle prophylaxis or
placebo.
Results:Prophylaxis reduced the risk ol recurrences
try 50% and was particularly effective in children
whose index infectim was febrile and in those
with baseline bladder and bowel dysfunction. Ihe
otcuirence ol renal scarring dd notdiffei significantly
between the two groups.
Conclusions lit b otic proph ytans given to chddren
with vesicoureteral reflux after a UII resulted in a
reduction of subsequent tills, but was not associated
with reduced risk ol renal scarriag.

Etiology
• unclear: adynamic ureteral segment, stenosis, strictures, extrinsic compression, aberrant blood

vessels
• can rarely be secondary to tumour, stone, etc. in children

Epidemiology
• the most common congenital defect of the ureter
• M:l'»2:l
• up to 40% bilateral, which may be associated with svorse prognosis

Clinical Features
• symptoms depend on severity and age at diagnosis (mostly asymptomatic finding on antenatal U/S)

• infants: abdominal mass, urinary infection
• children:pain, vomiting

• some cases are diagnosed after puberty and into adulthood
in adolescents and adults, the symptoms may be triggered by episodes of increased diuresis, such
as following alcohol ingestion ( Dietl's crisis)

, failure to thrive

Investigations
• antenatal: serial U/S most common, and renal scan with furosemide

Treatment
• surgical correction (pycloplasty), consider nephrectomy if <15% differential renal function Glanular*

Coronal*
Subcoronal

4. VESICOURETERAL REFLUX -Distal Penile•-

I
Definition
• retrograde passage of urine from the bladder, through the U V J, into the ureter

Classification
• primary reflux: incompetent or inadequate closure of UV )

lateral ureteral insertion, short submucosal segment
• secondary reflux: abnormally high intravesical pressure resulting in failure of U V ) closure

often associated with anatomic (FUV) or functional (neuropathic) bladder dysfunction

Midshalt

Proximal Penile

nuscrutal

Epidemiology
• estimated -1% of newborns, but not well known
• incidence and clinical relevance higher in children with febrile UTls and prenatal hydronephrosis
• risk factors: race (white > black), female gender, age (<2 yr), genetic predisposition

[]

Investigations
• focused Hx, particularly of voiding dysfunction (frequency, urgency, diurnal enuresis, constipation,

encopresis)
also screen for infections (UTI, pyelonephritis, urosepsis) and renal failure (uremia, HTN)

+
Figure 24.Classification of
hypospadias ('account for 75%)
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•initial evaluation of renal status, growth parameters, and blood pressure is warranted in any child
with V UR due to relatively high incidence of renal scarring

height, weight, blood pressure
serum Cr
U/A.C&S
renal U/S
DMSA renal scan if at high-risk (greater sensitivity in detecting structural defects associated with
dysplasia, renal scarring, or pyelonephritis; entails radiation exposure)
sibling family screening is controversial

•Diagnose VUR and determine grade with VCUG

Treatment
•spontaneous resolution in 60% of primary reflux

• in lower grades (l-lll ), goal is to prevent infection or renal damage via medical treatment
•medical treatment: daily ABx prophylaxis at half the treatment dose for acute infection (see Table 8,

Uli - TMP/SMX, trimethoprim, amoxicillin, or nitrofurantoin)
•surgical treatment: ureteral reimplantation ± ureternplasty, or suhureteric injection with bulking

agents (Deflux* or Macroplastique*)
• indications include failure of medical management, renal scarring (e.g. renal insufficiency, HTN ),

breakthrough Uils, persistent high grade ( IV or V ) reflux

5. HYPOSPADIAS

Definition
•a condition in which the urethral meatus opens on the ventral side of the penis, proximal to the

normal location in the glans penis
•depending on severity, may result in difficulty directing urinary stream, having intercourse, or

depositing sperm in vagina

Epidemiology
t very common; I in 300 live male births
•distal hypospadias more common than proximal
•white» black
•may be associated with ventral penile curvature,disorders of sexual differentiation, undescended

testicles, or inguinal hernia

Treatment
•early surgical correction; optimal repair before 2 yr
•neonatal circumcision should be deferred because the foreskin may be utilized in the correction

6. EXSTROPHY-EPISPADIAS COMPLEX

Definition
•a spectrum of defects depending on the timing of the rupture of the cloacal membrane

bladder exstrophy: congenital defect of a portion of lower abdominal and anterior bladder wall,
with exposure of the bladder lumen
cloacal exstrophy

exposed bladder and bowel with imperforate anus
associated with spina bifida in >50%

epispadias (least severe)
urethra opens on dorsal aspect of the penis, often associated with penile curvature

Etiology
•represents failure of closure of the cloacal membrane, resulting in the bladder and urethra opening

directly through the abdominal wall

Epidemiology
•rare: incidence 1 in 30000, M:F=3:1 predominance
•high morbidity -> multiple reconstructive surgeries, incontinence, infertility, reflux

Treatment
•surgical correction at birth
•later corrections for incontinence, VUR,and low bladder capacity may be needed

n
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Wilms’ Tumour (Nephroblastoma)
Etiology
• arises from abnormal proliferation of metanephric blastema

Epidemiology
• 5-10:5% of all childhood cancers,5% bilateral, 10% associated with congenital malformation

syndromes
• most common primary malignant renal tumour of childhood
• average age of incidence is 3 yr

Clinical Features
• abdominal mass: large, firm, unilateral (80%)
• HTN (25%)
• flank tenderness (30-40%)
• microscopic hematuria (12-25%)
• nausea/vomiting

Associated Syndromes of Wilms’
Tumour
• Wilms' aniridia genital anomaly

retardation
• Beckwith-Wiedemann syndrome
• Dcnys-Drash syndromeTreatment

• always investigate contralateral kidney and renal vein (for tumour thrombus)
unilateral disease: radical nephrectomy or nephron-sparing surgery ± radiation ± chemotherapy

• bilateral disease: nephron-sparing surgery following neoadjuvant chemotherapy

Prognosis
• Syr survival 80%

Cryptorchidism/Ectopic Testes
Definition
• abnormal location of testes somewhere along the normal path of descent (external inguinal ring >

inguinal canal > abdominal)
• Denis Browne pouch ( between external oblique fascia and Scarpa’s fascia) most common
• differential diagnosis:

retractile testes
atrophic testes
disorders of sexual differentiation (bilateral impalpable gonads)

Normal Testicular Development and
Descent in Utero
• 2nd mo: Testide begins to form
• 4th mo:Begins to take on its normal

appearance and migrates from its
origin at the kidney to the internal
inguinal ring. 7th mo: The testis, surrounded
In peritoneal covering, begins to
descend through the internal ring,
inguinal canal, and external ring to
terminate in the scrotum

Epidemiology
• 1.0-4.6% of full term newborns, increased risk in preterms. 0.7-1.0% at I yr

Treatment
• orchiopexy
• hormonal therapy not proven to be of benefit over standard surgical treatment

Prognosis
• reduction in fertility

untreated bilateral cryptorchidism: -100% infertility, due to Leydig and germ cell loss
• paternity rates: 33-65%,90%, and 93% in formerly bilateral cryptorchid, formerly unilateral

cryptorchid,and normal men, respectively
• increased malignancy risk

intra-abdominal > inguinal
surgical correction facilitates testicular monitoring and may reduce malignancy risk

• increased risk of testicular torsion (reduced by surgical correction )

Disorders of Sexual Differentiation
Definition

formerly known as intersex disorders:considered social emergency
• abnormal genitalia for chromosomal sex due to the undermasculinization of males or the virilization

of females

Classification
1.46 XY DSD

• defect in testicular synthesis of androgens
androgen resistance in target tissues

• palpable gonad
2.46 XX DSD

• most due to GVH (21-hydroxylase deficiency most common enzymatic defect) -> shunt in steroid
biosynthetic pathway leading to excess androgens

A phenotypic male newborn with
bilateral non-palpable testicles should
be considered 46 XX with salt-wasting
CAH and must undergo proper
evaluation prior lo discharge

+
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undiagnosed and untreated CAH can be associated with life-threatening electrolyte
abnormalities in the newborn (salt-wasting CAH)

3. ovotesticular DSD
4. mixed gonadal dysgenesis (46 XY/45 XO most common karyotype)

» presence of Y chromosome -> partial testis determination to varying degrees

Diagnosis
• thorough T'MHx noting any consanguinity
•maternal Hx, especially medication /drug use during pregnancy (maternal hyperandrogenemia)
•P/ E: palpable gonad ( = chromosomal male), hyperpigmentation, evidence of dehydration, HTN,

stretched phallus length, position of urethral meatus
•laboratory tests

• plasma 17-OH-progesterone (after 36 h oflife) -> increased in CAH
• plasma 11-deoxycortisol > increased in 1 1-(1-hydroxylase deficiency

basal adrenal steroid levels
serum testosterone and DHT pre- and post-hCG stimulation (2000 lU/d for 4 d)

• serum electrolytes
chromosomal evaluation including sex karyotype

•U/S of adrenals, gonads, uterus, and fallopian tubes
•endoscopy and genitography of urogenital sinus

Treatment
•steroid supplementation as indicated (e.g.CAH)
•sex assignment after extensive family consultation

must consider capacity for sexually functioning genitalia in adulthood, fertility potential, and
psychological impact

•reconstruction of external genitalia between 6 and 12 mo
•long-term psychological guidance and support for both patient and family

Enuresis
. see Paediatrics. PI1

Bladder and Bowel Dysfunction
Definition
• bladder and bowel dysfunction describes voiding and defecation symptoms without a neurogenic or

anatomic cause

Clinical Features
• storage symptoms ( urgency, frequency, urge incontinence)
• voiding symptoms (hesitancy, slow (low, intermiltency)
• gastrointestinal symptoms (constipation and encopresis)

Treatment
• stool softeners ( i.e. polyethylene glycol 3350)
• urotherapy and bladder retraining
• pelvic floor physiotherapy
• anticholinergics (solifcnacin, propiverine, tolterodine)
• neuromodulation via transcutaneous electrical nerve stimulation

Selected Urological Procedures

Bladder Catheterization
•catheter size measured by the Trench (T’r) scale - circumference in mm (30 T'r = 1 cm diameter)
•each 1 mm increase in diameter = approximately 3 Tr increase (standard size 14-18 T'r)
•should be removed as soon as possible to reduce the risk of UT1

Continuous Catheterization
•indications

accurate monitoring of U/O
relief of urinary' retention due to medication, neurogenic bladder, or intravesical obstruction
temporary therapy for urinary incontinence
perineal wounds
clot prevention (22-24 Tr) for CB1
intra- and postoperative
comfort for end oflife care

n
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Alternatives to Continuous Catheterization
• intermittent catheterization

PVR measurement
to obtain sterile diagnostic specimens for V I A, urine C&S
management of neurogenic bladder or chronic urinary retention

• condom catheter
• suprapubic catheter

Robinson tip

Coude tip

Inflation portCauses of Difficult Catheterizations and Treatment
• patient discomfort > use sufficient lubrication ( ± xylocaine)
• collapsing catheter > lubrication as above ± firmer or larger catheter (silastic catheter)
• meatal /urethral stricture > dilate with progressively larger catheters/ balloon catheter
• traumatic injury: repeated prior attempts at catheterization have created traumatic false passage
• BPH > use Coude catheter as angled tip can help navigate around enlarged prostate (always angle up/

anteriorly)
• urethral disruption/obstruction > filiform and followers or suprapubic catheterization
• anxious patient -> anxiolytic medication

i
( « Urine

Two-way Foloy

Inflation port

( • Urine
Complications of Catheterization
• infection: UT1, bladder fistula, bladder perforation (rare)
• meatal /urethral trauma

C 1^Irrigation port

Three-way Foley I
Figure 25.Transurethral (Foley)
catheters

Contraindications
• trauma: hlood at the urinary meatus, scrotal hematoma, pelvic fracture, and/or high riding prostate

Circumcision
Newborn MaleCifCumcision
Patdulr Child H«IM 2015:20311-315
Study: Position Staterr e~ tby ttieCanadion Paediatric
Society (CPS|reaffirmed Feb 28, 2018
Recommendations: Vitbthe eiception of some
higb-risk populations end circumstances where
circumcision is indicated for disease prevention,
reduction ani'or treatment, the routine circumcision
of every newborn maleisnotretommended.

Definition
• removal of some or all of the foreskin from the penis

Epidemiology
• 30% worldwide
• frequency varies with geography, religious affiliation, socioeconomic status

Medical Indications
• pathological phimosis and recurrent paraphimosis
• recurrent UT Is (particularly in infants and in association with other urinary abnormalities)
• balanitis xerotica obliterans or other chronic inflammatory conditions

Mile Circumcision tor Prevention of Heterosexual
Acquisition of HIV in Mea
Cochrane OB Syst Rev 2009:2:C0003362
Purpose: to evi’uite the effectiveness ind solely ol
male circumcision (or presenting acquisition ol HIV m
heterosexual men.
Methods: Iheaiiiyied data s from three rar dom red
controlled trials toassess the efficacy ol male
circumcision for prerertng HIV acquisition in men
in Africa.
Results: Medical nsalerircumcisiDo reduces the
acquisition of HIV by heieraseoal men|38-6G% over
24 mo).

Contraindications
• unstable or sick infant
• congenital genital abnormalities (hypospadias, epispadias, penoscrotal webbing, concealed penis,

ventral curvature); may need foreskin to aid in reconstruction
• FMHx of bleeding disorders warrants investigation prior to circumcision

Complications
• early: bleeding, infection, glans injury, amputation, slippage of circumcision device, rarely death
• late: redundant foreskin, cosmetic issues, inclusion cysts, adhesions/skin bridges, suture sinus tracts,

ventral curvature, secondary buried penis, phimosis, fistula, meatal stenosis
• 0.6-2% complication rate laparoscopic aud Robotk-Assistrd vi.Open

Radical Prostatectomy 1« the Irealmeril ol
localised Prostate Cancer
Cochrane 08Syst Rev 2017;9:CD009625
Purpose: to compare the effects of laparoscopic
radical prostatectomy (IRP) and robotk-assisted
radical prostatectomy (RIRP) to the retropubic open
radical prostatectomy (ORP) in men with local sed
prostate cancer.
Methods: the review identified two unique RCTs
with directcompanion of IIPar.d RARP to ORP i n
446 patients.
Results: MtencomparedtoORP. umary and seiual
quality ot life related outtomesappeaisimilailoilRP
and RARP. Men who underyj IRP and RARP may have
snorter hospital stay (M0.22.96% Cl 2.19 to -1.25)
and icquire Iewer 9 cod tiansfusons|RR 0.24. 95%0:
0.12 0.46). the ntra - and postoperative complication
rates appear similar.
Conclusions: Jtfo.qh there is no high-qua ! ty
evidence to compare LRP and RARP to ORP m terms ol
oncological outcomes, patients undergoing IRP or RARP
may receive fewer hlood transfusions and have shorter
hospital stays, the interventions did not difter in terms
nt urziary a nd seiual quality of life-related outcomes
and serious postoperative complication rates.

Vasectomy
Objective
• permanent form of contraception with high probability of reversibility
• no-scalpel vasectomy has lower risks of early postoperative complications than conventional

vasectomy
• fascial interposition and cautery of the vas deferens reduce risk of contraceptive failure
• post-vasectomy semen analyses at approximately 3 and 4 mo
• other contraceptive methods should be used post-vasectomv until one azoospermic ejaculate or two

consecutive ejaculates with <100000 immotile spermatozoa

Indications
• fully informed patient desiring permanent surgical sterilization

Complications
• early: infection (0.2-1.5%), bleeding or hematoma (4-20%), primary surgical failure due to

recanalization or technical failure (0.2-5%)
• late: chronic scrotal pain (1-14%), delayed vasectomy failure (0.05-1%)
• risk of pregnancy after vasectomy is ~0.1%

+
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Post-vasectomy follow-up
• I (or 2) semen analyses at 3 (or 4) months post-vasectomy
• Abandon contraception: if azoospermic or <100 000 immotile sperm at any time post-vasectomv
• Re-do vasectomy: if >100 000 immotile sperm or motile sperm on repeat semen analysis 4-8 weeks

after initial

Cystoscopy
Objective
• endoscopic inspection of the lower urinary tract (urethra, prostate, bladder, and ureteral orifices),

samples for cytology
• scopes can be flexible or rigid
• done under local anesthesia only for vast majority, with no special preparation needed (no NPO, no

antibiotics)

Indications
• hematuria
• LUTS (storage or voiding)
• urethral and bladder neck strictures
• bladder stones
• bladder tumour surveillance
• evaluation of upper tracts with retrograde pyelography (ureteric stents,catheters)

Complications
• during procedure (very rare)

bleeding
anesthetic-related
perforation (rare)

• post-procedure (short-term)
infections (antibiotic prophylaxis recommended only for high-risk, immunosuppressed)

* urinary retention
• post-procedure (long-term)

stricture

Radical Prostatectomy
Objective
• the removal of the entire prostate and prostatic capsule via a lower midline abdominal incision,

laparoscopically, or robotically
open surgery' is extraperitoneal, minimally-invasive surgery is usually intraperitoneal approach
internal iliac and obturator lymph nodes may also be dissected and sent for pathology (dependent
on risk:clinical stage, grade, PSA)
seminal vesicles are also partially or completely removed

Indications
• treatment for localized prostate cancer

sometimes done concurrently with radical cystectomy for locally advanced bladder cancer

Complications
• immediate (intraoperative)

blood loss
rectal injury (extremely rare)

• ureteral injury (extremely rare)
obturator nerve injury (extremely rare)

• perioperative
lymphocele formation (if concurrent pelvic lymphadenectomy performed)
blood loss
urine leak from anastomosis

• late
moderate to severe stress urinary incontinence (3-10%)
mild stress urinary incontinence (20-30%)
ED (-30-50%, depending on whether one, both, or neither of the neurovascular bundles are
involved in extracapsular extension of tumour)

+
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Transurethral Resection of the Prostate
Objective
• to partially resect the periurethral portion of the prostate (transition zone) to decrease symptoms of

urinary tract obstruction
• accomplished via a transurethral (cvstoscopic) approach using an electrocautery loop, irrigation

(glycine),and illumination
• not a cancer operation

standard TURF done with electrocautery; newer surgical options for BPH include green-light
laser photovaporization, bipolar ablation, water-vapour therapy (Rezume)

Indications
• obstructive uropathy (large bladder diverticula, renal insufficiency)

• refractory urinary retention
• recurrent UTIs
• recurrent gross hematuria
• bladder stones
• intolerance/failure of medical therapy

Complications
• acute

intra- or extraperitoneal rupture of the bladder
rectal perforation
incontinence
incision of the ureteral orifice (with subsequent reflux or ureteral stricture)
hemorrhage

• epididymitis
sepsis
transurethral resection syndrome (also called “post-TURP syndrome”)

caused by absorption of a large volume of the hypotonic irrigation solution used, usually
through perforated venous sinusoids, leading to a hypervolemic hyponatremic state

characterized by dilutional hyponatremia, confusion, nausea, vomiting, HTN, bradycardia,
visual disturbances,CHF,and pulmonary7 edema
treat with diuresis and (if severe) hypertonic saline administration

• chronic
retrograde ejaculation (>75%)
ED (5-10% risk increases with increasing use of cautery)
incontinence (<1%)

• urethral stricture
bladder neck contracture

Extracorporeal Shock Wave Lithotripsy
Objective
• to treat renal and ureteral calculi (proximal, middle, or distal) which cannot pass through the urinary

tract naturally
usually performed under sedation only- no internal instrumentation required; least invasive
treatment option but also least successful

• shockwaves focused onto stone -> fragmentation, allowing stone fragments to pass spontaneously and
less painfully

Indications
• potential first-line therapy for renal <1.5 cm and ureteral calculi
• individuals with calculi in solitary kidney (consider stenting kidney to prevent obstruction)
• patient preference and wait- times play a large role in stone management

performed under fluoroscopic-guidance, so stone needs to be radio-opaque (i.e. NOT for uric acid
stones)

Contraindications
• acute UT1 or urosepsis
• bleeding disorder or coagulopathy
• pregnancy
• uncontrolled HTN
• obstruction distal to stone (SU L can be used after stent or nephrostomy inserted)

not a contraindication but SWL less successful for very dense stones and in obese patients

n
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Complications
• bacteriuria
• bacteremia
• post-procedure hematuria (common to have mild gross hematuria)

+
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• ureteric obstruction (by stone fragments)
• peri-nephric hematoma

Transition-Related Surgeries
• ensure appropriate use of gender pronouns
• some procedures require I yr trial of hormone therapy, preoperative letters of evaluation and

documentation from mental health professionals as outlined by the World Professional Association
for Transgender Health Standards of Care- Version 7 guidelines

Table 26. Surgical Options for Gender Transition (Also known as Gender Affirmation Surgery)
DescriptionProcedure Follow-Up

Scrotal incision and removal ol bilateral testicles
Scioteelomy in some patients

Ordiioctomy Eliminates need lor testosterone blockers
Allows lor luck with great case

Penile Inversion Vaginoplasty Formation ol vaginal cavily and vulva (clitoris, urethra , mens, labia) using lubrication required lor penelration
penile and scrotal skin Prostate crams conducted vaginally

Regular dilation ol vaginal cavity lo avoid stenosis
Complications:granulation tissue, urinary symptoms, listula formation.
hair growth in neovagina

Radial Forearm Phalloplasty
Most common technique lor phallic
reconstruction

loimation ol penis using radial loreaim gralt ol skin , blood vessels and
nerves
Urethral extension

lulure penile and testicular implants

loimation ol penis using skin, blood vessels, ncives and muscular tissue High complication rate as above
Itom thigh
Urethral extension

luturepenile and testicular implants

Formation of a penis through release ol hormonally-enlarged clitoris from tower complication rates when compared to phalloplasty
suirounding ligaments
Girth added fiom neighbouring tissue- urethroplasty
t vaginectomy and scrotoplasty

High complication rates related to urethral connection (urethral listula.
stricture, post void dribblingTstream spraying, urinary retention ), skin
complications and implant issues

Anterolateral Thigh (All) Phalloplasty
Pedicle flap failure very rare
Phallus maybe very thick due to subcutaneous lal ol thigh
Sensory recovery may be pooler than radial arm llap

Metoidioplasty
Hot capable of penetrative intercourse Major complications mayrequire
revision
surgery:urethral strictures, urethral fistulas

Common Medications
Table 27. Erectile Dysfunction Medications

Class Mechanism Adverse EffectsDrug
sildenafil
tadalafil
vardenafil [PDESsfor use when some
erection present)

Severe hypotensbn (very rare)
Flushing, headaches, dyspepsia

leads to sinusoidal smooth muscle relaxation, increased Contraindicated it Hi ol priapism, or in conditions
predisposing lo priapism (leukemia,myelofibrosis,
polycythemia, sickle cell disease)
Contraindicated with nitrates

Penile pain
Presyncope

thickening ol tunica albuginea at site ol repeated
injections (Peyronie's plague)
Painful erection
Hematoma
Contraindicated if Hi ol priapism,or in high -risk ol
priapism

Selective inhibition of P0E5Phosphodiesterase 5 inhibitor
(enzymewhich degradescGMP)

blood (low and erection

alprostadil (MUSE = ). PGfc -
phentolamine - papaverine mixture

alprostadil. papaverine
(intracavernosal injection)

Prostaglandin El Activation of cAMP, relaxing sinusoidal smooth muscle
focal release (urethral suppository)

See aboveSee above

triple therapy also used:
papaverine, phentolamine.
PGEt

Table 28. Benign Prostatic Hyperplasia Medications
MechanismClass Adverse EffectsDrug

terazosin
doxazosin

a adrenergic antagonists reduce stromal smooth muscle Prcsyncopc
leg edema

Reduce dynamic component of bladder outlet obstruction Retrograde ejaculalion
Headache
Asthenia
Nasal congestion

al blockers
lone

lamsulosin
allutosin
sllodosin
finasteride
dulasteridc

ou selective

Sexual dysfunction
Reduces static component ol bladder outlet obstruction PSA decreases
Reduces prostatic volume

S o reductase inhibitor Blochs conversion ol testosterone lo DHI
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Table 29. Prostatic Carcinoma Medications (N>0, M>0)
Class Mechanism Adverse EffectsDrug

GnRH agonist Initially stimulates LH.increasing testosterone and
causing “flare* (initially increases bone pain)
Later causes low testosterone
Competitively binds to the pituitary gland GnRH
receptors,thereby reducing the release of LH.FSH and
consequently testosteroneby testes

Hot flashes
Headache
Decreased libido
Back pain
Breast enlargement
Decreased libido
Hot flashes
Headache
Slow or fast heartbeat

leuprolide.goserelin
“androgendeprivation therapy"

degarelii GnRH antagonist

Steroidal antiandrogen Competes with DH1for intracellular receptors:
Prevent flare produced by GnRH agonist
Use forcompleteandrogen blockade
May preserve potency

As above

Irreversible cytochrome P450 ( CYP) 17 inhibition,
blocking synthesis of androgens in tumour, testis, and
adrenal glands

'cyproteroneacetate

Hepatotoxic:AST/ALI monitoring

Adrenal insufficiency (concurrent treatment with steroids
often required)
Hypertriglyceridemia
Peripheral edema
Peripheral edema
Fatigue and weakness
Hot flashes

flutamide, bicalutamide

abiraterone

Non-steroidal antiandrogen

Non-steroidal antiandrogen

enralutamide Non-steroidal antiandrogen Androgen receptor signaling inhibitor (full antagonist)

’Very rarely used

Table 30. Continence Agents and Overactive Bladder Medications
Class Mechanism Indication Adverse EffectsDrug
Antispasmodic Inhibits action olacetylcholine on smooth

muscle
Decreases frequency of uninhibited detrusor
contraction
Diminishes initial urge to void

^-sympathetic receptor blocker in the
bladder: relaxes bladder during storage
phase

Overactive bladder
Urge incontinence -̂ urgency » frequency

Dry mouth
Blurred vision
Constipation
Supraventricular tachycardia

oxybutynin

Anticholinergic Overactive bladder
Urge incontinence *urgency » frequency

As aboveoxybutynin
lolterodine
Irospium
solifenacin
darifenacin
fesoterodine
propiverine

mirabegron j)lagonist Sympathomimetic effects:
Urinary sphincter contraction

Anticholinergic effects:
Detrusor relaxation

Prevents the release of neurolransmitlcrs

Overactive bladder
Urge incontinence ^urgency » frequency

Blood pressure should be monitored

Tricyclic antidepressant Stress and urge incontinenceimipramine As above
Weight gain
Orthostatic hypotension
Prolonged PR interval
Urinary retention.UIIPrevents the release of neurotransmillcrs Refractory OAB incontinence both

neurogenic andnon- neurogcnic
Botulinum toxin A bladder
injections

Neurotoxin

Note:Allanticholinergics aie equally effective andlong-acting formulations are better tolerated. Newer muscarinic M3 receptor specific agents (solifenacin,darllenacin) are equally efficacious as older
drugs, however,RCTs based on head-to-head compalison to long acting formulations ale lacking

Landmark Urology Trials
Clinical Trial DetailsTrial Name Reference

BENIGN PROSTATIC HYPERPLASIA

PCP1 N Engl J Mud 2003:349:215 -224 Title: The Influence of Finasteride on theDevelopment of Prostate Cancer
Purpose: lo determine whether the drug Finasteride|5-alpha reductase inhibitor) could prevent prostale cancer in men ages
55 and older.
Methods:18882 men 55 yr or older with a normal digital rectal examination and a (PSA) level equal lo or less than 3.0 ng per
milliliter were randomly to receive finasteride (5 mg per day) or placebo for 7 yr.
Results: There was a 24.8% reduction in prostate cancer prevalence over the 7-yr period among the Finasteride arm compared
lo the placebo arm (95 % confidence interval, 18.6 lo 30.6 percent;P'0,001).However there was a significant increase in high-
grade disease among men in the finasteride group compared to the placebo (6.4 % vs.5.1% P'0.005).
Conclusion: the PCPf trial in 2003 was the first study to show that a medication (Finasteride) reduces the likelihood ol
developing prostale cancer.Upon long term follow -up in 2013, this reduction in risk has been attributed to less likelihood ol
low-grade cancers in men taking finasteride.Although participants who developed prostate cancer while taking finasteride
were mote likely to have high- grade cancers, this increase was attributed to better detection of disease rather than
medication use. +
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Trial Name Clinical Trial DetailsReference
Title: The Long-Term Effect ol Doxazosin,Finasteride,and Combination Therapy on the Clinical Progression of Benign Prostalic
Hyperplasia
Purpose: To determine whether therapy with doxacosin (a blocker) or finasteride(So-reductase inhibitor), alone or in
combination, would delay or prevent clinical progression of benign prostatic hyperplasia (BPH).
Methods:Participants were followed - up for a mean lime of 4.5 yr to compare the effects of the interventions. The primary
outcome was overall clinical progression of BPH ( >4points Irom baseline in ADA symptoms score,acute urinary retention,
urinary incontinence,renal insufficiency,or recurrent UTI).
Results: The risk oloverall clinical progression was significantly reduced by doxazosin (39% lisk reduction.P- 0.001) and
linastcride (34% risk reduction.P‘0.002), as compared with placebo,and the risk was reduced even more with combination
therapy (66%lor the comparison with placebo.P‘0.001) compared with doxazosin (P'0.001) or finasteride (P‘0.001) alone.
Conclusions: Long-term combination therapy with doxazosin and finasteride reduced the clinical progression of BPH
sigmlicantly more than each therapy alone, as well as reduce the need for invasive therapy in the long term.

MTOPS HJLM 2003:349:2387-2398

BLADOER CARCINOMA

Heoadjuvanl Chemotherapy
plus Cystectomy Compared with
Cystectomy Alone for locally
Advanced Bladder Cancer

NEJM 2003:349:859 866 Title: Heoadjuvanl Chemotherapy plus Cystectomy Compared with Cystectomy Alone for locally Advanced Bladder Cancer
Purpose: To evaluate whether the addition of neoadjuvant chemotherapy to radical cystectomy improves oulcomcsin
patients with locally advanced bladder cancer.
Methods: 317 patients with transitional-cell carcinoma of Ihe bladder ( T 2N0M0 to IdaNOMO) were randomized to undergo
radical cystectomy or to receive three cycles of combined chemotherapy followed by radical cystedomy.
Results: At 5 yr after treatment initiation, 57% of the combination- therapy group vs. 43% of Ihe cystectomy group were alive
(P‘0.06).In the combinalion-lhcrapy group.38% of Ihe patients werepathologically lice of cancer at the timeof cystectomy
vs.15% of the cystectomy -only group at Ihe lime of surgery (P‘0.001).
Conclusions: For locally advanced bladder carcinoma,ncoadjuvantchcmotherapy significantly reduces tumour volume which
is associated with improved survival.

PROSTATE CANCER

10 YrOutcomesAfter Monitoring. HEJM 2016;375|15|:1415 -1424
Surgery,or Radiotherapy for
Localized Prostate Cancer

Title:10 Yr Outcomes After Monitoring, Surgery,or Radiotherapy for localizedProstate Cancer
Purpose: To evaluate the effectiveness of active monitoring, radical prostatectomy,and radiotherapy inrelabon tomortality
and the incidence of metastases and disease progression.
Methods: 1643 men randomized into active monitoring,surgery,andradiotherapy. The primary outcome was prostate-
cancer mortality at median 10 yr of follow -up and the secondary outcomes were rale of disease progression,metastases,and
all-cause deaths.
Results: Ho significant difference among groups in prostate-cancer-specific deaths and in thenumbers ol deaths from any
cause.Metastases developed more in the active monitoring group (33 men) vs. surgery group (13 men)or radiotherapy group
(16 men) (P-0.004).Higher rates of disease progression in active-monitoring group (112 events) vs.surgery group (46 events)
or radiotherapy group (46 events)|P‘0.001).
Conclusions:At 10 yr,prostate-cancer-specific mortality was low regardless of the treatment,with no significant difference
among treatments.Surgery andradiotherapy were associated with lower incidences of disease progression and metastasis
compared to active monitoring.
Title:Screening and Prostate-Cancer Mortality in a Randomized European Study
Purpose:To determine the reduction of prostate-cancer mortality by PSA-based screening.
Methods:Participants were randomized to a group that received PSA screening an average of once every 4 yr or to a control
group that did not receive such screening.The primary outcome v/as the rate of death from prostate cancer.
Results:The incidence of prostate cancer was higher in the screening group than in the control group (8.2% vs.4.2%).The
absolute risk difference was 0.71deaths/1000 men.meaning that 1410 men would need to be screened and 48 additional
cases of prostate cancer would need to be treated to prevent one death from prostate cancer.
Conclusions:PSA-based screening reduced the rate of mortality from prostate cancer by 20% but was associated with a high
risk of overdiagnosis.
Title: Chemohormonal Therapy in Metastatic Hormone-Sensitive Prostate Cancer
Purpose:To assess whether concomitant treatment with Androgen-deprivation therapy (ADT) plus docetaxel would result in
longer overall survival than that with ADT alone.
Methods: Patients with metastatic,hormone-sensitive prostate cancer were randomized to receive either ADT plusdocetaxel
or ADT alone.The primary objective was overall survival.
Results: After a median follow-up of 28.9 months, the median overall survival was13.6 months longer in the combination
therapy group than within the ADT-alone group|P‘0.001).The median time to progression was 20.2 months in the
combination group and 11.7 months in the ADT- alone group (P‘0.001).
Conclusions:Combination ol docetaxel and ADT lor hormone-sensitive metastatic prostate cancer resulted in significantly
longer overall survival than that with ADT alone.

ERSPC HJEM 2009:360:1320-1328

CHAARTED NJEM 2015:373(8):737-46
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Acronyms
abdominal aortic aneurysm
ankle- brachial index
angiotensin converting enzyme
inhibitor
acute kidney injury
acute limb ischemia
angiotensin II receptor blocker
best medical therapy
carotid artery angioplasty +
stenting
calcium channel blocker
carotid endarterectomy

CEAP clinical, etiological,
anatomical, pathophysiological Echo
(classification of venous disease) EVAR
chronic limb threatening
ischemia
computed tomography
angiography
cerebrovascular accident
cerebrovascular disease
chronic venous insufficiency
disseminated intravascular LV
coagulation
deep vein thrombosis

DUS duplex U/S
echocardiogram
endovascular aortic aneurysm
repair
heparin - induced
thrombocytopenia with
thrombosis
international normalized ratio
low-density lipoprotein
cholesterol
left ventricular
magnetic resonance
angiography

MSK musculoskeletal
PAD peripheral arterial disease
PFO patent foramen ovale

prothrombin time
PIT partial thromboplastin time (i.e.

aPIT)
TAA thoracic aortic aneurysm
TBI toe-brachial index
TEE transesophageal

echocardiography
TEVAR thoracic endovascular aortic

repair
TIA transient ischemic attack

AAA
ABI
ACEI

CLTI PI
AKI HITT

CTAAll
ARB
BMT CVA INR
CAS CVD LDL-C

CVI
CCB DIC
CEA MRA

DVT

Arterial Disease
Anterior Posterior

1\Abdominal aorta & IVC
Common iliac a.& v.
Internal iliac a. & v.

/:
i -\ V — External iliac a. & v

— Inguinal ligament
• Common femoral a.& v.

Deep femoral a.& v. -
Superficial fomoral a. & v.

— Great saphenous v. —
— Adductor hiatus

Popliteal a. & v, —
— Tibioperoneal trunk —

I I
:

:
<

- Small saphenous v. -
" Anterior tibial a. & v.

Posterior tibial a & v.

Fibular (peroneal) a. & v.

Dorsalis pedis a. & v.

O ©Kim Nipp 2019

Figure 1. Peripheral vascular anatomy

Acute Limb Ischemia
Definition
• acute occlusion of a peripheral artery that often threatens limb viability with symptom duration <2

wk - clinical presentation usually within h to d
urgent management required as skeletal muscle can tolerate 6 h of total ischemia before
irreversible damage

< exception is acute-on-chronic occlusion, where previously developed collaterals provide minimal
perfusion

• tends to be lower extremity > upper extremity; femoropopliteal > aortoiliac
• paralysis with complete loss of sensation is sign of late ischemia

Etiology and Risk Factors
• the most common causes of AL1 is cardiac embolism;other causes include: thrombosis, peripheral

artery aneurysm, dissection, and traumatic artery injury
• embolism

• cardiac: arrhythmias ( most common cause is atrial fibrillation ), endocarditis, Ml, LV aneurysm,
myxoma/cardiac tumour, paradoxical embolism with PTO, valvular heart disease
non-cardiac: mural thrombus within arterial aneurysms, atheroemholism, ulcerated plaque with
distal embolism

• thrombosis (in situ)
progression of high-grade atherosclerotic plaque to acute occlusion
bypass graft: occlusion (most common etiology of arterial thrombosis in setting of previous open
or endovascular reconstruction)
hypercoagu table states

hypercoagulability, low arterial flow, or hyperviscosity
HITT

r i
L J

+

Activate Windows
Go to Settings to activate Windows.



VS3 Vascular Surgery Toronto Notes 2023

aortic or arterial dissection
aortic dissection typically caused by hypertensive crisis
isolated arterial dissection of vessels supplying lower limbs is uncommon but can occur from
trauma or collagen disorders

• trauma (e.g. arterial transection, compression)
vasospasm /vasculitis
iatrogenic (e.g.occlusion at arterial access site)

•differentiating between embolism and thrombosis
embolism is more common than thrombosis
embolus typically lodges at arterial bifurcations, where the vessel narrows naturally
embolism due to plaque rupture generally results in greater degree of ischemia due to relative lack
of collaterals

•suspect embolism in patients with the following features:
• acute onset (patient able to accurately recall the moment of the event)

history of embolism
• known embolic source (e.g.cardiac arrhythmias), lapse in prescribed anticoagulation

no prior history of intermittent claudication
normal pulse and Doppler U/S or DUS in unaffected limb

•suspect in-situ thrombus in patients with the following features:
prior history of intermittent claudication
prior vascular intervention/bypass
abnormal pulse examination of the unaffected limb

Viischow's Triad
• Hypercoagulability
• Stasis of flow
, Endothelial injury

Clinical Features
•6 Ps- may not all be present

Polar/Poikilothermia: cold
leg becomes cold

• Pallor: pale
within a few h becomes mottled cyanosis

Pain
may be constant or elicited by passive movement
absent in 20% of cases

Pulselessness
helpful to determine site of occlusion

• Paresthesia (late sign of ischemia)
light touch lost first then other sensory modalities

Paralysis/ Power loss (late sign of ischemia):
most important; heralds impending non-salvageable limb

Hypercoagulable States

Congenital
• Group I (reduced anticoagulants)

• Antithrombin
• Protein C
• Protein S

• Group II (increased coagulants)
• Factor V leiden. Prothrombin
• Factor VIII

• Other. Sickle cell disease. Hyperhomocysteinemia

Investigations
•history and physical exam are essential:depending on degree of ischemia one may have to forego

investigations and go straight to the OR (i.e.an immediately threatened limb)
•DUS: bilateral ultrasound examination; greater accuracy than pulse examination alone; absent

arterial signal indicates threatened limb
•determine Rutherford classification (see Table I. VS4) based on physical findings and Doppler U/S or

DUS signals
•AB1: extension of physical exam, easily performed at bedside
•RCG, troponin: rule out recent MI or arrhythmia
•CBC: rule out leukocytosis, thrombocytosis,or thrombocytopenia in patients receiving heparin (may

suggest HITT)
•P'l'/ INR, PTT: patient anticoagulated/sub-therapeutic INR
•echo: Identify wall motion abnormalities, intracardiac thrombus, valvular disease, or aortic dissection

(Type A ) (see Aortic Dissection, VS6)
•not part of immediate work-up to decide on operative management unlike other tests listed
•CT'A:most often used but not a requirement for decision making and sometimes performed after

operative intervention; identify underlying atherosclerosis, aneurysm, aortic dissection;embolic
source; other end organs with emboli (e.g. splenic/renal infarcts); identify level of the occlusion and
extent

•angiography:can be obtained in OR as part of intervention or for treatment

Acquired
• Age
• Obesity
• Smoking
• Immobility
• Cancer
• Pregnancy/systemic hormonal

contraceptives
• Antiphospholipid antibody syndrome
• Inflammatory disorders. Myeloproliferative disorders
• Nephrotic syndrome (acquired deficit

in Protein C and S)
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Table 1. Rutherford ALI Classification
Category Description/

Prognosis
Findings Doppler Signals

Sensory Loss Muscle Weakness Arterial Venous
I Viable Not immediately

threatened
None None Audible Audible

II Threatened
lla Marginally Salvageable If Minimal (toes) or none None

promptly treated
Salvageable
with immediate
revascularization pain
Major tissue lossor
permanent nerve
damage inevitable

Inaudible Audible

lib Immediately More than toes. Mild, moderate
associated with rest

Inaudible Audible

III Irreversible Profound, anesthetic Profound,paralysis Inaudible
(rigor)

Inaudible

Adopted from:Rutherford RB, Baker JD.Ernst C.et al.Recommended standards tor reportsdealing with lower extremity ischemia:revised version.
JVascSurg.«97:26:517-38.

Treatment
• immediate unfractionated heparinization with weight-based bolus (70-100 lU/kg) and continuous

infusion to titrate PTT to 70-90
• IV fluids, urine output monitoring, analgesia, supplemental O:
• if impaired neurovascular status: emergent revascularization (Rutherford category 11b)
• if intact neurovascular status:may have time for workup (including CTA)
• identify and treat underlying cause

embolus: embolectomy
thrombus: thrombectomy ± bypass graft ± endovascular therapy
irreversible ischemia (i.e. Rutherford category 111): primary amputation or palliation
arterial aneurysm: bypass/stent graft

• continue heparin postoperatively; start oral anticoagulant postoperatively wh
longer depending on underlying etiology and other comorbidities

note unfractionated heparin carries a greater risk for heparin induced thrombocytopenia than
low molecular weight heparin

Complications
• local: compartment syndrome secondary to reperfusion (see Orthopaedic Surgery, OR10) with

prolonged ischemia; requires 4-compartment (anterior/lateral/superficial and deep posterior)
fasciotomy in calf

• heart: risk of arrhythmia, Ml, cardiac arrest, and death with reperfusion injury
• kidneys/other organs: renal failure and multi-organ failure due to toxic metabolites from ischemic

muscle, rhabdomyolysis
• up to 10% chance of metachronous embolism

Prognosis
• 12-15% mortality rate
• 5-40% morbidity rate (amputation)

en stable x3 mo or

Peripheral Arterial Disease
Distinction between CLTI and AU

Definition
• chronic ischemia due to inadequate arterial supply to meet cellular metabolic demands during

walking (claudication) or at rest (CLTI)

Etiology and Risk Factors
• predominantly due to atherosclerosis (for pathogenesis, see Cardiology and Cardiac Surgery, C30);

primarily occurs in the lower extremities
• modifiable risk factors: smoking, DM, hyperlipidemia, HTN,obesity, and sedentary lifestyle
• nnn- modifiahle risk factors: advanced age, and PMHx or l:MHx of PAD/CAD/CVD

Clinical Features
• claudication:

1. pain with exertion:usually in calves or any exercising muscle group
2. relieved by short rest: less than 5 min and no postural changes necessary
3. reproducible: same distance or time to elicit pain, same location of pain, same amount of rest

to relieve pain
the presence of the preceding features differentiates vascular claudication from neurogenic
claudication or MSK pain

1. includes rest pain, night pain, and/or tissue loss (ulceration or gangrene) in a patient with
existing PAD for at least 2 wk

2. pain most commonly over the forefoot/toes, waking person from sleep, and often relieved by
hanging foot off bed

ALI:A precipitous decrease and/
or cessation in blood flow to a limb
threatening viability. Typically, due to
arterial embolism or thrombosis, or other
acute cause.Characterized by rapidly
worsening leg pain that is present for
<2 wk (usually h to d) in patients with no
history of claudication

CLTI:Severe manifestation of PAD
where blood flow to the extremities is
markedly reduced. Defined as ischemic
foot pain at rest or at night occurring
>2 wk.wounds, or gangrene in patients
who may have a history of claudication

Acute Aortoiliac Occlusion
If a patient presents with new onset
bilateral ALI, suspect possible occlusion
of the aorta or aortoiliac segment.
Etiologies include thrombosis or rupture
of AAA.aortic dissection, or large saddle
embolism

+. CLTI:
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3. ankle pressure 50 mmHg, toe pressure <30 mmHg, and/or ABI <0.40
distal pulses are absent
signs of poor perfusion: hair loss, hypertrophic nails, shiny skin, atrophic muscle,
ulcerations and infections, slow capillary' refill, prolonged pallor with elevation and
rubor on dependency, and venous troughing (Buerger’s sign/Buerger’s angle) (collapse of
superficial veins of foot)

4. high-risk of 1 yr limb amputation (25%) and mortality (25%)
5. usually the result of multilevel occlusive arterial disease in the lower extremity

Investigations
•routine blood work, fasting metabolic profile
•ankle pressure and ABI: highest ankle pressure (dorsalis pedis or posterior tibial) for each side divided

by highest brachial pressure (see Table 2 for cut-offs)
•toe pressure and TB1:highest pressure in the great toe for each side divided by highest brachial

pressure; useful in patients with non-compressible vessels
• ABI and/or a1BI study are recommended to confirm diagnosis of PAD
•arterial DUS: combines b-modc and Doppler U/S to visualize blood vessels and characterize flow and

plaques
•non-invasive: CTA and MRA excellent for large arteries (aorta, iliac, femoral, popliteal) but may have

difficulty with tibial arteries (especially in the presence of significant wall calcification)
requires IV injection of iodinated contrast for CTA (contrast-induced nephropathy risk),
gadolinium for MRA (avoid in patients with severe renal failure)
used primarily for planning interventions

•invasive: arteriography
superior resolution to CTA/MRA, better for tibial arteries, can be done intraoperatively as part of
intervention

• can be diagnostic and/or therapeutic

<§>
Leriche Syndrome
Chronic aortoiliac occlusive disease
presenting with a triad of:
1.Claudication (ol buUocks and thighs)
2.Decreased femoral pulses
3.Erectile dysfunction/impotence

Subclavian Steal Syndrome
A chronic arterial disease of the upper
limb wherestenosis or occlusion of
the proximal subclavian artery results
in retrograde flow from the vertebral
artery, compromising vertebrobasilar
circulation. Patients can present with
pre/syncope and neurological deficits
especially upon exertion of the limb
(rare), though most usually exhibit
diminished BP with an associated finding
of retrograde vertebral artery flow

Differential Diagnosis of Lower
Extremity Pain

Vascular
• Atherosclerotic disease
• Fibromuscular dysplasia
• Popliteal entrapment syndrome
• Venous claudication/hypertension

Table 2. Ankle-Brachial Index Cut-Offs
ABI Recording Degree of PAD
>130 Non-compressible vessel (e.g.wall calcification,common in DM)

Normal0.91-1.30
0.71-0.90
0.50-0.70

Neurogenic
• Neurospinal disease (e.g. spinal

stenosis)
• Complex regional pain syndrome
• Radiculopathies
• Diabetic neuropathy

Mild
Moderate
Severe<0.5

Treatment
• goals MSK

• Osteoarthritis
• Rheumatoid arthritis/connective

tissue disease
• Remote trauma
• Medial tibial stress syndrome
• Sprain/straln

• preserve viability (save the leg)
• preserve life (avoid complicated procedures in sick patients)

improve function and alleviate symptoms
• prevent deterioration and recurrence

• conservative
• risk factor modification (smoking cessation,glucose control, treatment of HTN and

hyperlipidemia)
structured exercise program (30-45 min 3x/wk): improves collateral circulation and muscle
oxygenation

• foot care (especially in DM ): trim toenails, check between toes for skin breaks, wear socks and
shoes, dear shoes of any debris, keep wounds clean/dry, avoid trauma and pressure on wounds

• pharmacotherapy
for global cardiovascular protection since patients with PAD are at increased risk for CAD and
CVD

• antiplatelet agents (e.g. ASA, clopidogrel)
• anticoagulants (e.g. low-dose rivaroxaban)

statin ± icosapent ethyl- ACEI/ARB
« SGLT-2 inhibitor if type 2 diabetic

• surgical
indications: severe lifestyle impairment, vocational impairment, CLTI
revascularization

endovascular (angioplasty ± stenting)
endarterectomy: removal of plaque and repair with patch (usually distal aorta or common/
deep femoral)
bypass graft sites:

- anatomic: aortofemora), femoropopliteal, popliteal-tiblal bypass
- extra-anatomic:axillofemoral, femorofemoral, femorotibial bypass

graft choices:saphenous vein graft (reversed or in situ), synthetic (polytetrafluoroethvlene
graft, e.g. Gore-Tex* or Dacron*), cryo-preserved homograft
not offered to asymptomatic patients

• amputation: if not anatomically suitable for revascularization, persistent serious infections/gangrene,
unremitting rest pain that is poorly controlled with analgesics, medically unfit for revascularization

Treating PAD
Note that symptoms do not necessarily
correlate with ABI measurement.
e.g.a patient with ABI of 0.45 may
be asymptomatic. Intervention is
guided mainly by the patient's clinical
presentation

The ABCDEs of PAD Treatment
A ANTI-PLATELET (ASA, clopidogrel),

anti-coagulant (if indicated), ACEI/
ARB

B BP control; target sBP <140 mmHg,
p-blocker (if indicated)

C Cholesterol management (statin):
target LDL-C <2 mmol/ L, smoking
cessation

D Diabetic control; target HbA1c <7%.
diet/wclght management

E Exercise (3x/wk.30-45 min per
session)
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Figure 2. Aortofemoral bypass, axillofemoral bypass, and femoropopliteal bypass

Prognosis
•claudication: conservative therapy: 60-80% improve, 20-30% stay the same, 5-10% deteriorate, 5% will

require intervention within 5 yr, <4% will require amputation
•for patients with CLTI, at 1 yr: 25% risk of mortality (secondary to CVA/M1), 25% risk of major

amputation, 50% alive with two limbs, 33% 5 yr survival rate
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Figure 4. Arterial structure

Aortic Dissection
Definition
• tear in aortic intima allowing blood to dissect into the media
• Stanford classification: Type A (involve the ascending aorta) vs.Type B (distal to left subclavian artery)
• acute <2 wk (initial mortality 1% per h for Type A dissections)
• chronic >2 wk

Etiology
• most common: chronic and/or uncontrolled HTN
• other: connective tissue disease (e.g. Marfan syndrome, Hhlers-Danlos type IV syndrome), cystic

medial necrosis, atherosclerosis, congenital conditions (e.g.coarctation of aorta, bicuspid aortic
valves, patent ductus arteriosus), infection (e.g. syphilis), trauma, arteritis (e.g. Takayasu’s)

Epidemiology
• M:l;=3:l
• small increased incidence in African-Canadians ( related to higher incidence of HTN); lowest

incidence in Asians
• peak incidence: ages 50-65; ages 20-40 with connective tissue diseases

Figure 5. Stanford classification of
aortic dissection r n \
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Clinical Features
• sudden onset tearing chest or back pain that radiates distally or between the scapulae with:- HTN

ischemic syndromes due to occlusion of aortic branches: coronary (Ml), carotids (ischemic stroke,
partial Horner’s syndrome), splanchnic (mesenteric ischemia), renal (AKI), peripheral (ischemic
leg), intercostal vessels (spinal cord ischemia)
“unseating" of aortic valve cusps (new diastolic murmur in 20-30%) in Type A dissection can lead
to severe aortic insufficiency
rupture into pleura (dyspnea, hemoptysis), retroperitoneum (hypotension, shock), or pericardium
(cardiac tamponade in Type A dissection)
syncope

Investigations
• CTA is the mainstay for both diagnosis and determining the type and extent of dissection:M RA may

also be used if CTA is contraindicated
• EC(j to rule out cardiac causes: LV hypertrophy ± ischemic changes, pericarditis, heart block, MI
• CXR: widened mediastinum, hemothorax if ruptured, apical pleural cap
• TEE:can visualize aortic valve and thoracic aorta but not abdominal aorta; rule out intra-cardiac

thrombus. consider: lactate (elevated in ischemic gut, shock), amylase (rule out pancreatitis), troponin (rule out
Ml), CBC, electrolytes, creatinine (renal failure), LETs (shock, liver)

Treatment
• Type A dissection needs referral to cardiac surgeon for urgent repair

resection of segment with intimal tear; reconstitution of flow through true lumen; replacement of
the affected aorta with prosthetic graft
postoperative complications: renal failure, intestinal ischemia, stroke, paraplegia, persistent leg
ischemia, death

• 2/3 of patients die of operative or postoperative complications
initial mortality rale without surgery is 1% per h for first 24 h, 30% 1 wk, 80% 2 wk

• Type B dissection is usually managed medically in the absence of spinal/mesentcric/limb
maiperfusion syndrome

<10-20% require urgent operation for complications
acute therapy is typically with intravenous antihypertensives titrated to sBP of 100-120 mmHg
measured by arterial line and HR of 50-65 bpm in critical care setting
may transition to oral meds after initial control
a and (1-blocker to lower BP and decrease cardiac contractility (e.g. labetalol);
nondihydropyridine CCB (e.g. diltiazem) if clear contraindications to p-blockers, and as second-
line therapy; IV nitroglycerin also used as second-line agent
AC.'EI and/or other vasodilators if insufficient BP or HR control
selective intervention (endovascular or surgical) for complications or refractory symptoms/
progression despite medical therapy
may be a subset of patients who could be well treated with early aortic stent-grafting after initial
medical stabilization
with treatment,60% 5 yr survival, 40% 10 yr survival
long term complications include aneurysmal degeneration of the

• Type B dissection with spinal/mesenteric/renal/limb maiperfusion and/or aortic rupture may be
treated with TEVAR or open surgical repair

True Aneurysm

Saccular

aorta

Fusiform

Aortic Aneurysm
Definition
• localized dilatation of an artery > l.5x normal diameter (3 cm and larger for abdominal aorta)
• true aneurysm: involves all vessel wall layers (intima, media, adventitia)
• false aneurysm (pseudoaneurysm):does not involve all layers; breach in intima/ntedia that allows

blood to collect between media and adventitia
• aneurysms can rupture, thrombose, embolize, erode, and fistulize

Pseudo-Aneurysm

Figure 6. Classification of aneurysms

Classification
• shape

fusiform:concentric; involves full circumference of vessel wall
saccular: eccentric; involves only a portion of vessel wall (theoretical higher risk of rupture due to
unequal distribution of pressure)

%
Ruptured AAA

Classic Triad
• Hypotcnsion/collapse
• Back/abdominal pain
• Palpable, pulsatile abdominal mass

(caution In patients with raised BMI)

• location
TAA:ascending, transverse arch,descending

• thoracoabdominal
AAA:90-98% are infrarenal

suprarenal:starts above the renal arteries but does not involve the thoracic aorta
pararenal:starts at the renal arteries but the superior mesenteric artery origin is not
aneurysmal

+Initial Management
• Intravenous access with two

peripheral large bore IVs
• Permissive hypotension (sBP enough

to maintain mental status)
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juxtarenal: starts immediately distal to renal arteries (there is no normal aorta immediately
distal to the origin of the renal arteries); renal artery origin is not aneurysmal
infrarenal; starts distal to the renal arteries (there is some normal aorta immediately distal to
the origin of the renal arteries)

Etiology and Risk Factors
•risk factors: smoking (current or prior), advanced age, male sex, White race, l-'MHx, presence of other

large vessel aneurysms, HTN
•degenerative
•traumatic
« mycotic (Salmonella,Staphylococcus, usually suprarenal aneurysms)
•connective tissue disorder (Marfan syndrome, Loeys-Dietz syndrome, Ehlers-Danlos type IV

syndrome)
•vasculitis
•infectious (syphilis, fungal)
•ascending thoracic aneurysms are associated with bicuspid aortic valve
•aortic dissection
•congenital (e.g.Turner’s syndrome)

Clinical Features
•75% asymptomatic
•most commonly in the abdominal aorta
•common presentation:due to acute expansion or rupture

syncope
• pain (chest, abdominal, flank, back)
• hypotension
• palpable pulsatile mass above the umbilicus

airway or esophageal obstruction, hoarseness (left recurrent laryngeal nerve paralysis),
hemoptysis,or hematemesis (indicates thoracic or thoracoabdominal aortic aneurysm)

• distal pulses may be intact

Canadian Society of Vascular Surgery
2018 AAA Screening Guidelines
Recommend:
• One time screening ultrasound for. Men age 65-80

• Women age 65-80 with smoking
history or cardiovascular disease

• First degree relatives after age 55
• Repeat ultrasound 10 yr after initial

screening if aortic diameter >2.5cm
and <3cm

Investigations
•blood work:CBC, electrolytes, urea, creatinine, PIT, INR, blood type,and crossmatch
•abdominal U/S (approaching 100% sensitivity, up to ± 0.6 cm accuracy in size determination) - useful

for screening and surveillance
•CT with contrast (accurate anatomic visualization, size determination, EVAR planning)
•peripheral arterial DUS (rule out aneurysms elsewhere, e.g. popliteal)

Treatment
•conservative (for asymptomatic aneurysms that do not meet the size threshold for repair; see below)

• cardiovascular risk factor reduction:smoking cessation; control of H'l'N, DM, hyperlipidemia,
regular exercise, watchful waiting, U/S surveillance with frequency depending on size and
location

•surgical
indications

ruptured
symptomatic (tenderness on palpation of the aneurysm)
AAA:size >5.5 cm (men) or >5.0 cm (women )
rapid growth greater than 0.5 cni/6 mo or I cm/yr

risk of rupture depends on:size, family history of rupture, rate of enlargement (>1 cm/yr in
diameter), symptoms,and comorbidities (HTN, COPD, dissection), smoking

• surgical options for AAA
open surgery (laparotomy or retroperitoneal)

- complications
- early: renal failure, spinal cord injury (paraparesis or paraplegia), impotence,

arterial
- thrombosis, anastomotic rupture or bleeding, peripheral emboli, ischemia- late: graft infection/thrombosis, aortoenteric fistula, anastomotic ( pseudo)aneurysm
- death (2-5%)

EVAR
- newer procedure
- advantages: preferred to open surgery in higher risk patients with suitable anatomy;

decreased perioperative morbidity and mortality, procedure time, need for transfusion,
1CU admissions, length of hospitalization, and recovery time

- disadvantages:endoleak rates as high as 20-50%,device failure increasing as longer
follow-up periods are achieved, re-intervention rates 10-30%, cost-effectiveness is an
issue, radiation exposure (especially in younger patients due to need for life-long follow-

r i
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+up)
- complications- early: immediate conversion to open repair (<1%), groin hematoma, arterial

thrombosis, iliac artery rupture and throinboemboli, renal failure, impotence,
ischemia
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- late:endoleak,graft kinking, stent fracture, device component separation and
migration, thrombosis, rupture of aneurysm, complications of radiation exposure- death (1-2%, though may be up to 10% in elective advanced endovascular repair
especially with proximal aortic and thoracoabdominal repairs)

Carotid Stenosis
Definition

• narrowing of the internal carotid artery lumen due to atherosclerotic plaque formation, usually near
common carotid bifurcation into internal and external carotids (carotid bulb)

Risk Factors
• HTN, smoking, DM, CVD or CAD, dyslipidemia, older age

Clinical Features
• maybe asymptomatic
• if symptomatic -T1A, ischemic stroke; may be hemispheric presentation (deficits contralateral to

carotid lesion) or ocular presentation (deficits ipsilateral to carotid lesion - amaurosis fugax or retinal
artery ischemia)

• physical exam
fundoscopy: cholesterol emboli in retinal vessels (Hollenhorst plaques)

Investigations
• CBC, PT/INR, PIT (hypercoagulable states)
• ECG, echo (rule out other causes of stroke)
• carotid duplex U/S or DUS:determines severity of disease (mild/moderate/severe stenosis or

occlusion)
• angiography: CTA, MRA

Treatment
• generally the decision to treat with BMT alone vs. BMT + surgical management depends on whether

stenosis is asymptomatic or symptomatic (see Table 3,VS10); size of infarct, patient functional
recovery, life expectancy, and comorbidities are important in decision-making

• symptomatic carotid stenosis is defined as focal neurologic deficits referable to carotid artery
distribution occurring within the past 6 mo with >50% stenosis; ideally surgical treatment should be
done within the first 48 h to 2 wk of symptom onset

• lifestyle modifications: smoking cessation, weight loss, dietary changes, exercise

1.medical management
• anti-hyperglycemlcs: if concomitant DM
• anti-hypertensives: target BP <140/90 or <140/85 if concomitant DM
• statins: aggressive management to achieve LDL-C reduction; plaque stabilization effect
• anti-platelet agents (ASA ± clopidogrel): confer -25% relative risk reduction

2. surgical management
• CTA or CAS for symptomatic carotid stenosis
• CHA:generally mainstay of treatment
• CAS: indicated if poor surgical access, radiation-induced stenosis, or comorbidities that increase risk

of surgery/anesthesia
• aggregate risk of death, stroke,or Ml in periprocedural period is not significantly different between

CHA or CAS
• higher risk of periprocedural stroke in CAS

higher risk of Ml and temporary cranial nerve palsy in CHA

10 Yi Stroke Prevention after Successful Carotid
Endarterectomy for Asymptomatic Stenosis
(ACST-1): A Multicentre Randomised Trial
Lancet 2010:376:1074-1084
Study: Asymptomatic Carotid Surgery Trial (ACSI), an
RCT with lollow-up at 10 yrr.
Patients : 1110 asymptomatic patients wiUs
significant carotd artery stenovs (126 centres m
30 countries) were randomized equally between
immediate CEA and indefinite deferral of CEA and
weie followed for up until dealt or to a median of 5 yi
among sjrnrors (IRO 6-11 ).
Main Outcome: Perioperative mortality and
morbidity (death or stroke witbin 30 d) a nd non-
perioperalive stroke.
Conclusions: In asymptomatic patients under age IS
with significant carotid artery stenosis, successful CEA
reduces the 10 yr stroke risk, let benefit dependson
risks from uaoperated carotid leskms, future surgical
risks, and whether life expectancy exceeds M yr.

Second Asymptomatic Carotid Surgery Trial
(ACST-2): Atandomized Comparison ol Carotid
Artery Stenting Versus Carotid Endarterectomy
Lancet 2021:3981065 -10)3
Patients: 362S asymptomatic patientswithcarotid
artery stenosis from 33countries were randomized
equally between CAS and CEA with mean follow-up
ol 4.9 years.
Main Outcome: Procedural mortality and morbidly,

non- procedural stioke subdivided by severity.
Conclusions: Occurrence of setiouscomplications
after CAS and CEA is similar and uncommon, and both
procedures ban similar long-term effects on fatal
and disabling stroke.
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Table 3. Indications for Medical vs. Surgical Management of Carotid Stenosis
Stenosis Asymptomatic Symptomatic
«50% BMT BMT
50-60%
60-70%

BM1
BM1 BMT

Surgical management if:
• Progression of disease
• Young and otherwise healthy
• Ocular ischemic syndrome
• life expectancy >5 yr
• Surgeon's perioperative morbidity/mortality

risk <3%

Surgical management if:
Surgeon's perioperative morbidity/mortality
risk «3%

50-70% stenosis:ARR-4.6%. HNT-22

60-99% stenosis:AMM-3%; H NT-33
70-99% BMT BMT

Surgical management if:
Surgeon's perioperative morbidity/mortality
risk <3%

Surgical management if:
Surgeon'sperioperative morbidity/mortality
risk <3%

ARR-1-3%; NHT-33 ARR-16%: NNT--6
100% BMT BMT

No surgical intervention No surgical intervention
ARR -* absolute risk reduction:NNT * number needed to treat

Venous Disease
Venous Thromboembolism

• see Hematology.H36

Chronic Venous Insufficiency
Definition
• wide spectrum of chronic venous disease with advancing symptoms of edema, skin changes,

varicosities, or leg ulcers

Epidemiology
• primary venous insufficiency is the most common venous disorder of the lower extremities
• 65% of North American adult population develops some degree of venous insufficiency

Etiology
• spectrum of chronic venous disease involving deep and superficial lower extremity veins caused by

calf muscle pump dysfunction, venous obstruction, and chronic valvular incompetence ( reflux) due to
phlebitis, varicosities, or DVT

• final common pathway is development of venous hypertension, leading to histologic and physiologic
inflammatory changes

• primary (99% of cases) venous insufficiency:venous valve incompetence or obstruction
• suspected risk factors: increasing age, systemic hormonal contraceptive use, prolonged standing,

pregnancy, obesity
• secondary venous insufficiency: DVT, malignant pelvic tumours with venous compression, congenital

anomalies, arteriovenous fistulae, trauma, pregnancy

Clinical Features and Complications
• pain (most common) described as fullness/tightness and aching; worst at end of the day
• telangiectasias or reticular veins: dilated intradermal and subdermal veins, respectively (<3 mm in

diameter) (CHAP classification Cl,Table 4)
• varicose veins: visible, long, dilated, and tortuous superficial veins (great or small saphenous veins

and tributaries) resulting from incompetent valves in the deep, superficial, or perforator systems (>3
mm in diameter) (CEAP C2)

• ankle and calf edema; relieved by foot elevation (CEAP C3)
• burning, aching, fullness/tightness
• skin changes:

eczema, stasis dermatitis, pruritus, brownish hyperpigmentation (hemosiderin deposits) (CEAP
C4a)

• subcutaneous fibrosis if chronic (lipodermatosclerosis or “inverted champagne bottle legs"),
atrophie blanche (CEAP C4b)
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• ulceration: shallow, above medial malleolus (gaiter area), weeping (wet), painless, irregular outline:
healed venous ulcer (CEAP C5)
active venous ulcer (CEAP C6)

• recurrent superficial thrombophlebitis and DVT
• bleeding or hematoma of varicosities secondary to trauma

Table 4. CEAP Classification of Venous Disease
Clinical Etiological Anatomical Pathophysiological

CO Congenital
Primary

As Superficial veins Pr Reflux
Ap Perforating veins Po Obstruction

No dinicalsigns of disease £c
Telangiectasia or reticular Ep
veins
Varicoseveins
Edema

Cl

C2 Es Secondary
No etiology
Identified

Pr.o Reflux * obstruction
An No venous location Pn No pathophysiology identified

identified

Ad Deep veins
C3 En

Cd: Skin changes:
Enema, pigmentation
lipodermatosderosisor
atrophic blanche

Healed venous ulcers
Active venous ulcers
Symptomatic

Asymptomatic

C 4a
C4b

CS
C6
S
A

Investigations
• AB1 ( pre-compression to ensure no arterial disease). venous Doppler U/S or DUS

Treatment
• conservative

elastic compression stockings, ambulation, periodic rest-elevation, avoid prolonged standing
• ulcers: wound care using multilayer compression bandage ± antibiotics ± debridement PRN

medical treatments are variable, e.g. pentoxifylline for venous ulcer healing, (lavonoids (e.g.
diosmin ) for pain, etc.

• surgical
surgical destruction of vein with partial or complete removal; techniques include vein ligation /
stripping, phlebectomy, perforator ligation

• indications for surgery:
• documented rellux at the saphenofemoral or saphenopopliteal junction by DUS or Doppler U/S
• failed trial of conservative treatment for >3 mo

signs of CVI (eczema, pigmentation, lipodermatosclerosis, ulceration) or complications associated
with varicosities (ulceration due to venous stasis, hemorrhage from superficial varicosity,
recurrent superficial thrombophlebitis, stasis dermatitis, varicose eczema, lipodermatosclerosis,
unremitting edema/pain affecting quality of life and requiring chronic analgesia)

• 10 yr postoperative recurrence of 20%
• endovenous: laser therapy, radiofrequency ablation, foam/liquid/glue sclerotherapy

Lymphedema
Definition
• impaired lymphatic drainage resulting in accumulation of interstitial fluid and fibroadipose tissue

Etiology
• primary

congenital lymphedema (e.g.Milroy disease, Turner syndrome): presents age <2
lymphedema praecox (75% of primary cases):presents in adolescence at onset of puberty
lymphedema tarda: presents age >35

• secondary
infection:filariasis (roundworm parasitic infection; leading cause worldwide), cellulitis,
lymphadenitis, tuberculosis
inflammation:rheumatoid arthritis, dermatitis, psoriasis, sarcoidosis
malignant infiltration/obstruction:axillary,groin or intrapelvic, pressure from large tumours
iatrogenic: radiation/surgery (axillary, groin lymphadenectomy) (leading cause in North
America), vein surgery', lymph node dissection, scarring

patients who develop lymphedema after axillary lymph node dissection are at increased risk
for developing angiosarcoma

• traumatic injury and burns
venous disease:CVI
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Clinical Features
• classically non-pitting edema and hyperkeratotic cutaneous/subcutaneous changes with progressive-

disease
• impaired limb mobility, discomfort/pain, psychological distress
• positive Stemmer sign (sensitive): examiner unable to lift skin of thickened skin fold at the base of

second toe or finger
• lipodermatosclerosis
• ulcerations

nvestigations
lymphoscintigraphy: most definitive test
secondary causes of lymphedema must be evaluated and treated appropriately if found

Treatment
conservative measures: avoid limb injury, treat skin infections early, skin hygiene, limb elevation,
avoid prolonged sitting/standing/crossing legs
external support: intensive (compression bandages) vs. maintenance (compression garments)
exercise: gentle daily exercise of affected limb, gradually increasing range of motion (must wear
compression garment while exercising)
massage: manual lymph drainage therapy-
surgical: physiological (early disease: increase lymphatic drainage) lymphovenous bypass vs. reductive
(advanced disease: remove fibroadipose deposits)

Landmark Vascular Surgery Trials
Trial Name Reference Clinical Trial Details
ARTERIAL DISEASE

BASIL J Vase Surg 2010;S1|S
Suppl):SS-17S

Title: Bypass vs. Angioplasty in Severe Ischemia ol the leg (BASIL) trial:An Intention -to-Treat Analysis ol Amputation Free and Overall Survrval
In Patients Randomized to a Bypass Surgery|BSX|- First or a Balloon Angioplasty (BAP} First Rcvasculariialion Strategy
Purpose: Determine Ihe optimal lust tine rcvasculariialion surgery between bypass surgeiy and balloon angioplasty in severe leg ischemia.
Methods: 4S2 enrolled patients in 27 United Kingdom hospitals, hall were randomised lo BSX-lirst and hall to BAP-first. All palienls were
monitored lor 3 yr and mote than half were monitored for »5 yr.
Results: AFS (Amputation Free Survival) and OS (Overall Survival ) did not differ between treatments during follow up. BSX-first patients who
survived 2 yr post randomiiation had a reduced hazard ratio for subseguenl AFS ol 0.85% (Cl.0.5 to1.07; P'0.108) and for subseguent OS of 0.61%
(95% Cl.0.50 lo 0.75: P'0.009) in an adjusted time dependent Con proportional hazards model.
Conclusions: No significant difference in amputation -free survival and overall survival between severe limb ischemia patients treated with
bypass surgery and those treated with balloon angioplasty.
Title: Rivaroiaban in Peripheral Artery Disease after Revascularization
Purpose:To investigate the efficacy and safety of rivaroxaban for patients with PAD who have undergone lower extremity revascularization.
Methods:Patients with PAD whD had undergone revascularization were randomized lo receive rivaroxaban plus Aspirin!or placebo plus
Aspirin -.Ihe primary efficacy outcome was a combination of acute limb ischemia, major amputation , myocardial infarction, ischemic stroke,or
death. The primary safety outcome was major bleeding.
Results: The 3-yv incidence of Ihe primary efficacy outcome was17.3% and19.9% (hazard ratio.0.85. 95% Cl. 0.76 lo 0.96: P"0.009) in the
rivaroxaban and the placebo group, respectively. Ihe primary safety outcome occurred in 2.65% and 1.87% (hazard ratio.1.43:95% Cl. 0.97 to
2.10:P'0.07) ol Ihe rivaroiaban and the placebo group, respectively.
Conclusions: In patients with PAD. there was significantly lower mortality and morbidity in patients treated with ASA and rivaroxaban than those
treated with ASA alone.

VOYAGER NEJM 2020:382:1994-
2004

AORTIC DISEASE
NEJM 2010:362:1863 Title: Endovascular vs.Open Repair of Abdominal Aortic Aneurysm

Purpose: To evaluate the long-term outcome ol EVAR compared with open repair of taigc aneurysms.
Methods: Between 1999 to 2004,1252 patients with large AAA (:5.5 cm in diameter) were randomized to undergo either EVAR or open repair.
Patients were followed for rates of death , graft- related complications, reintervenlions. and resource use until end of 2009.
Results: Ihe 30-day operative mortality was1.8% in the EVAR group and 4.3% in Ihe open- repair group (odds ratio, 0.39; 95% Cl.0.18 to 0.87:
P'0.02). but by Ihe end ol the study there was no significant difference in the rate of death from any cause (hazard ratio.1.03:95% Cl.0.86 to
1.23: P'0.72).The rates of graft-related complications and reintervenlions were 3-4 limes higher in the EVAR group.
Conclusions: In patients with large AAAs. there was nosignificant difference in mortality in patients treated with open surgical repair and those
treated with EVAR. Patients treated with EVAR had lower operative mortality but a higher incidence of graft-related complications,graft-related
reintervenlions, and healthcare costs.
Title:Comparative Clinical Effectiveness and Cost Effectiveness of Endovascular Strategy vs.Open Repair for Ruptured Abdominal Aortic
Aneurysm:3-yr Results of the IMPROVE Randomised Trial
Purpose: To compare the clinical outcomes and cost effectiveness of endovascular repair vs. open repair for patients with suspected ruptured
AAA.
Methods: 502 palienls who underwent emergency repair lor rupture were randomized to endovascular strategy or open repair.
Results:Similar mortality between strategies by 90 days. There was lower mortality (48% vs. 56%). improved OALYs of 0.17 (95% confidence
interval 0.00 lo 0.33).and lower average costs of C2605 (95% confidence interval -(5966 lo (702) in the endovascular strategy than the open
repair group at 3 yr.
Conclusions: At 3 yr.endovascular strategy for suspected AAA was associated with belter outcomes and was more cost -effective than open
repair.

EVAR1
1871

IMPROVE BMJ 2017;359:j4859
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Trial Name Clinical Trial DetailsReference
CAROTID DISEASE

lancet 2004:364:331-337 Title: Aspirin* andClopidogrel Compared with Clopidogrel Alone after Recent Ischaemic Stroke or Transient Ischaemic Attack inHigh-Risk
Patients (MATCH):Randomised.Doable-Blind.Placebo-Controlled Trial
Purpose: Tocompate the benefits of adding ASA to clopidogrel vs.clopidogrel alone inprevention of vascular events with higher bleeding risk.
Methods: 7599 patients with recent ischaemic stroke or TIA with vascular risk factors) that were already receiving clopidogrel were randomized
to either ASA or placebo.The primary endpoint was the first occurrence of an event in the amalgamation of ischaemic stroke andrelatedvascular
complications.
Results:15.7% of patients in the ASA and clopidogrel group aeguired primary endpoint,comparedwith16.7% in the clopidogrel alone group
(relative risk reduction 6.4%.(95% Cl -4.6 to 16.3):absolute risk reduction1% (-0.6 to 2.7)).Major and life-threatening bleedings were higher in
the ASA and clopidogrel group compared to clopidogrel alone group but there was no difference inmortality.
Conclusions: The addition ol ASA to clopidogrelmonotherapy in patients withprior ischemic stroke or TIA did notprevent recurrence ofischemic
stroke.TIA.or related complications.Dual therapy was associatedwith a greater risk of major hemorrhage.
Title:Stenting vs.Endarterectomy for Treatment of Carotid-Artery Stenosis
Purpose:To compare outcomes of CAS vs. CEA lor patients with symptomatic or asymptomatic entracranial carotid artery stenosis.
Methods: Patients with symptomatic or asymptomatic carotid stenosis were randomly assigned to CAS or CEA.The primary endpoint was a
composite of stroke,myocardial infarction,or death from any cause during theperioperative period or any ipsilateral stroke in the followtrg 4 yr.
Results:The estimated 4-yr rates of the primary endpoint between the stenting group and the endarterectomy group were 7.2% and 6.8%.
respectively (hazard ratio with stenting.1.11:95% confidence interval.0.81to 1.51:P‘0.51),with no differential treatment effectbased on
symptomatic status|P*0.84).
Conclusions:In patients with asymptomatic or symptomatic carotid artery stenosis,there were no significant drfferences in the combined risk
of stroke.Ml.or death between those who underwentCEA compared to those who underwent CAS.CEA was associated with a greater risk of ML
while CAS was associated with a greater risk of stroke in the postprocedural period.

MATCH

CREST NEJM 2010;363:11-23

VENOUS DISEASE

ESCHAR1 BrJSurg 2005:92:291- Title:Randomized Clinical Trial of Compression Plus Surgery vs.Compression Alone in Chronic Venous Ulceratron (ESCHAR Study)-Haemodynamic
and Anatomical Changes
Purpose:Toevaluate the effects of superficial venoussurgery and compression on legs with chronic venous ulceration.
Methods: Patients with open or recentlyhealed leg venous ulceration and saphenous reflux were randomized to either compression bandagng
or superficial venous surgery plus compression.Venous refill times (VRTs) were catenated via photoplethysmography before treatment andatl
yr later.
Results:Out of 214 legs.112 underwent compression bandaging and102underwent compression plus surgery.Saphenous surgery eliminated
deep reflux in10/ 22 legs with segmental deep reflux and 3/17 with total deep reflux.Median VRT increased from10 to15 seconds1yr later
(P<0.001).
Conclusions: Superficial venous surgery was effective in improving venous hemodynamics in patients with active or healed venous ulceration.
Title:long Term Results of Compression Therapy Alone vs.Compression Plus Surgery in Chronic Venous Ulceration (ESCHAR):Randomised
Controlled Trial
Purpose:Toevaluate whether superficial venous surgery in addition to compression bandaging prevents recurrent legulcers.
Methods: Patients with open or recentlyhealed leg ulcers and superficial venous reflux underwent either compression plus saphenous surgery or
compression alone.Primary outcomes were ulcer healing and ulcer recurrence.
Results:At three yr.ulcer healing rates were 93% for the compression plus surgery group and 89% for the compression alone group (P^0-73).At
four yr. the rales of ulcer recurrence were 31% for the compression plus surgery group and 56% for the compression alone group (P<0.01|.
Conclusions:Superficial venous surgery and compressionbandaging was effective inreducing the recurrence of venous ulcers compared to
compression bandaging alone.Superficial venous surgery and compression bandaging did not reduce thehealing time of venous ulcers compared
to compression bandaging alone.

2 %'

ESCHAR2 BMJ 2007:335:83
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