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view of the current medical knowledge on the topic. Discussion papers are not peer reviewed.
They are written to be understood by lay individuals.

Discussion papers do not necessarily represent the views of the Tribunal. A Vice-Chair or Panel
may consider and rely on the medical information provided in the discussion paper, but the
Tribunal is not bound by an opinion expressed in a discussion paper in any particular case.
Every Tribunal decision must be based on the facts of the particular appeal. Tribunal adjudicators
recognize that it is always open to the parties to an appeal to rely on or to distinguish a medical
discussion paper, and to challenge it with alternative evidence. Please see Kamara v. Ontario
(Workplace Safety and Insurance Appeals Tribunal) [2009] O.J. No. 2080 (Ont. Div. Court)

for reference. For more information about these papers, please consult the WSIAT’s Guide to
Medical Information and Medical Assessors.
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Introduction

Stroke is the leading cause of disability in Canada and fourth leading cause of
death.

Stroke is on the rise given the aging population, but globally more strokes are
being diagnosed in younger individuals below the age of 55 due to increasing
traditional vascular risk factors (hypertension, obesity, and diabetes etc.), among
this age group. Improvements in awareness of stroke as a potential diagnosis and
earlier recognition may also be contributing to higher overall diagnosis rates in this
younger age group.

There have been major advances in the treatment of acute ischemic stroke ; first
with “clot-buster” medications like tPA (tissue plasminogen activator) and now
TNK (Tenecteplase) and in the last ten years, with mechanical thrombectomy in
select patients with ischemic stroke who have a blood clot in a major blood vessel,
leading to improved functional outcomes in ischemic stroke. The quicker a patient
is treated the better they do in recovering from their stroke. Morbidity and mortality
from hemorrhagic stroke continue to remain a challenge, but ongoing research in
management, including rapid assessment protocols and surgical management are
continually evolving.

1. Definitions

What is a Stroke?

There are two types of strokes: 1) ischemic; and 2) hemorrhagic. Ischemic stroke
means the sudden onset of a focal disturbance of brain function from a blocked
blood vessel to a part of the brain. Blood vessels in the retina and the spinal

cord can also be affected- leading to a stroke of the eye or the spinal cord. A
hemorrhagic stroke is due to a rupture of a blood vessel, also known as a brain

or intracranial hemorrhage. A subarachnoid hemorrhage (SAH) is a sub-type of
hemorrhagic stroke, where blood pools in the lining of the brain, the sub-arachnoid
space, between the brain and skull.

Ischemic strokes are far more common than hemorrhagic strokes. The diagnosis
of ischemic and hemorrhagic stroke can only be made with brain imaging.
Globally, ischemic stroke accounts for the majority of incident strokes at

65.3%, followed by intracerebral hemorrhage at 28.8%, and subarachnoid
hemorrhage at about 5.8%. (Feigin et al. 2025).

Around~20-40% of patients presenting to an emergency room with acute stroke-
like symptoms turn out to have an alternative diagnosis. Most common stroke
“mimics” include migraine, seizures, brain tumours, functional neurologic disorders
and neurological disturbance due to infection or electrolyte abnormalities.
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What is a Transient Ischemic Attack (TIA)?

A transient ischemic attack is a transient episode of interruption of blood flow to
the brain, retina or spinal cord. It is different than a stroke as it does not typically
leave permanent brain damage on imaging or symptoms. Episodes are transient
usually lasting a few minutes. However, TIAs are warning signs for stroke as they
pose a significant risk of having a stroke with the highest risk in the first 48 hours.
However, it is an opportune time to address stroke risk factors an individual may
have and initiate preventive treatment.

2. Stroke Symptoms and Vascular Supply

The type of stroke cannot be differentiated based on clinical symptoms alone,
as the clinical presentation can be similar. Common stroke symptoms will be
described below based on their clinical anatomical correlation. Vascular supply
of the brain can be divided broadly into the carotid and vertebrobasilar artery
systems and their respective branches.

Symptoms of Stroke in the Territory of the Carotid Arteries
(Anterior Circulation)

The carotid arteries supply the cerebral hemispheres in the frontal, parietal

and parts of the temporal lobe and the retina of the eyes. Vascular supply
includes the middle and anterior cerebral arteries. If the blood flow to the eye

is interrupted, there will be loss of vision in one eye. Loss of blood flow in the
cortex on one side may lead to numbness and/or weakness on the other side

of the body, sometimes with slurring of speech. If the dominant hemisphere
(usually the left hemisphere) is involved, there may be loss of language function;
either inability to comprehend speech (receptive aphasia) or inability to produce
speech (expressive aphasia), or a combination of both (global aphasia). A large
infarction, particularly in the right hemisphere, sometimes leads to severe neglect
of the opposite side of the body. In this condition, the patient may not even
recognize their own hand if it is held up in front of their face.

Symptoms of Stroke in the Territory of the Vertebrobasilar System
(Posterior Circulation)

The vertebral arteries course through the back of the neck, join at the base of
the brain to form the basilar artery, which supplies the brainstem and cerebellum;
the basilar artery then divides to form the posterior cerebral arteries (Figure 1).
The posterior cerebral arteries supply the occipital lobes, where visual function

is located, and the mesial temporal lobe, which is vital to short-term memory.
Symptoms of vertebrobasilar ischemia may vary, depending on what part of the
brain or brainstem is involved. If the occipital lobes are involved, there may be
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visual symptoms (flashing lights, zig-zag lines, loss of vision, or impaired visual
processing — for example becoming lost in familiar surroundings). If the mesial
temporal lobe is involved, there may be impairment of short-term memory.
Involvement of the brain stem could lead to symptoms of double vision, slurring
of speech, weakness or sensory changes. Strokes in the cerebellum may lead to
symptoms of vertigo and imbalance.

Anterior communicating artery

Anterior cerebral arter . . e
y Artére communicante antérieure

Artére cérébrale antérieure

Internal carotid artery

Middle cerebral artery
Artére carotide interne

Artére cérébral moyenne
Posterior cerebral artery
Arteére cérébral postérieure

Posterior communicating artery
Artére communicante postérieure

Basilar artery
Artére basilaire
Vertebral artery
Artére vertébrale

Aneurysm
Anéurisme

Figure 1. Base of the brain showing principal arteries (the circle of Willis).
An aneurysm is shown on the basilar artery.
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Figure 2. Blood supply of the cerebral hemispheres.



Stroke

3. Ischemic Stroke

Ischemia means loss of blood flow, and infarction means death of tissue due to
loss of blood flow. The size of a stroke can depend on the size and type of blood
vessel that is affected and the mechanism of stroke. Ischemic stroke has several
causes.

Based on the TOAST Classification (Trial of Org 10172 in Acute Stroke
Treatment) causes of ischemic stroke can be divided into five main categories:
1) Small Vessel Disease; 2) Large Artery Atherosclerosis 3) Cardioembolic; 4)
Stroke of undetermined etiology-Cryptogenic and 5) Stroke of other determined
etiology. However, it is never possible to prove with certainty the cause of

an ischemic stroke as we often see the effect of the damage (but do not see
where the blood clot started from). We use our stroke work-up to determine the
mechanism (cause) of the stroke and identify risk factors the individual may have
that can be modified.

Pathophysiology

Small Vessel Disease: Infarcts due to small vessel disease are very small (2

to 15 mm diameter) in the deep portion of the cerebral hemispheres or brain
stem, due to blockage of very small artery branches (so-called ‘perforating’
branches). An artery may occlude because of disease in the artery wall or may
be occluded by a chunk of material that originates upstream, and lodges in

a branch that is too small to permit further advance; the latter mechanism is
called an embolism (the chunk is an embolus; the mechanism is called embolic
stroke). Diseases in the artery wall that can lead to occlusion most commonly
include atherosclerosis (hardening of the arteries), and small vessel disease, as
described above. Common risk factors for small vessel disease include smoking,
diabetes, hypertension and dyslipidemia. Ischemic and hemorrhagic strokes due
to small vessel disease occur in the basal ganglia, internal capsule, brainstem
and cerebellum.

Large Artery Atherosclerosis: This affects the large extracranial and intracranial
vessels of the neck and brain. Ischemic stroke can be due to three mechanisms:
1) in situ thrombosis where a cholesterol type plaque may rupture into the lumen
of the artery, leading to a blockage of the artery followed by thrombosis (clotting);
or 2) there may be embolism from a plaque in the arteries, with either chunks of
plaque or platelet clumps that have formed on a rough plaque breaking off and
embolizing into the brain arteries; and 3) from hypoperfusion (low blood flow
state) to the brain from progressive narrowing of the affected artery.

This type of stroke may be prevented by removing the plaque (carotid
endarterectomy) or opening the artery (carotid artery stenting). An operation to
clean out narrow internal carotid arteries (endarterectomy) or carotid stenting,
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reduces stroke and death from 26% to 9% in two years, in patients with
symptomatic severe narrowing of the internal carotid arteries. Platelet clumps
form on roughened plaques, and the formation of such platelet clumps is
reduced by antiplatelet agents such as aspirin and other antiplatelet agents like
clopidogrel and ticagrelor. Aggressive medical management involving treating
high cholesterol, diabetes, high blood pressure and smoking cessation has
significantly reduced the risk of stroke from large artery disease.

Cardioembolic Stroke: About a quarter of ischemic strokes are due to blood
clots from the heart, which break off and travel to the brain. Atrial fibrillation is a
heart rhythm disturbance and by far the most common cause of cardioembolic
stroke and is associated with advancing age and hypertension. Clots commonly
form in the heart in the setting of atrial fibrillation, in which the upper chambers
of the heart, instead of beating rhythmically, wiggle like a bag of worms. Clots
may also form in the ventricles of the heart if the heart muscle is damaged. If
the ventricle functions very poorly, either because of muscle diseases called
cardiomyopathies, or because part of the heart muscle has been damaged by
a heart attack, there may be stasis of blood and clot formation. Clots may also
form on native or artificial heart valves which have been damaged by infection,
rheumatic heart disease or cardiac tumours.

Such strokes may be prevented by drugs that prevent the formation of

the clotting proteins, drugs called anticoagulants, and which include direct

oral anticoagulants (DOACS), Coumadin (warfarin), and heparins (given
intravenously or by subcutaneous injection). DOACS are by far the most common
class of anticoagulants used in atrial fibrillation for stroke prevention with a better
safety profile in terms of bleeding and ease of use than warfarin. However certain
conditions such as mechanical valves necessitate warfarin as the blood thinner
of choice to prevent stroke and other embolism.

a) Paradoxical Embolism

This form of an embolic stroke happens when a blood clot that has formed in
a vein, for example a leg vein in a patient with deep vein thrombosis, breaks
off, making its way through an abnormal passage into the arteries, and then
to the brain. The name ‘paradoxical’ comes from the unexpectedness of a
venous clot going directly to the brain, instead of being filtered out in the
lungs. There are two ways for a blood clot to get from the right side of the
heart into the arterial circulation: a pulmonary arteriovenous fistula (about
2% of strokes in young people), or a hole in the dividing wall between the
right and left side of the heart (far more common). The clot in the heart can
pass through an atrial septal defect (ASD), which is a hole in the dividing wall
between the left and right atrium or a patent foramen ovale (PFO) (Figure 3).
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PFOs are far more common than ASDs and occur in the general population
with a high prevalence of 25%. Therefore, it can be difficult to determine
with certainty if a PFO is the cause of a stroke. It is more common to be a
cause of a stroke in a young person without traditional stroke risk factors. It
is estimated that about 5% of all ischemic stroke is due to this mechanism
and 10% in young and middle-aged patients. The diagnosis is made using
an echocardiogram with a bubble test, a specialized transesophageal
echocardiogram or with a transcranial doppler (TCD) study which listens for
microbubbles passing through the shunt into the brain. Percutaneous PFO
closure is recommended in individuals less than 60 years of age with a high
suspicion that their stroke is due to paradoxical embolism.

If a worker experiences an injury that results in immobilization and deep vein
thrombosis in the legs or pelvis, then a stroke due to this mechanism could
be work-related, if they are found to have a PFO. Also, certain occupations
such as caisson workers and divers would be more susceptible to this kind
of stroke because of embolization of nitrogen bubbles into the brain during
decompression, or Valsalva maneuvers (high-pressure expiration of breath)
during diving.

Fulmonary
artery and
narrowing

Right atrium ) —e Left atrium

Left ventricle

1. Embolus (blood clot) from a vein in leg or pelvis erters right atrium.

2. Embolus passes through defect in septum between right and left atria, ana
enters left atrium.

3. Embolus enters left ventricle, and is then pumped mito the aorta and thence into
the brain, causing a stroke.

* Marrowing of the pulmonary artery causes increased pressure differential
between right and left sidz of heart, expediting passage of embolus from right
ta left atrium,

Figure 3. Paradoxical embolism



Stroke

Strokes of Undetermined Source: Cryptogenic

The cause of a large proportion of ischemic strokes is undetermined, also called
cryptogenic in about ~25% of individuals even after thorough investigations.

A subset of these patients will be classified as having an embolic stroke of
undetermined source (ESUS) which is a non-lacunar stroke and cannot be
attributed to another mechanism after extensive work-up.

Other Determined Causes of Stroke: Rare Causes of Stroke

This category includes inflammation of the extracranial and intracranial arteries
due to rare conditions called vasculitis which are either primary or secondary due
to an underlying systemic condition. Hypercoagulability from inherited conditions
such as antiphospholipid antibody syndrome or acquired from underlying
malignancy can lead to a tendency to form blood clots and stroke.

Other rare conditions included in this category are genetic conditions which
cause stroke. Strokes can occur due to thrombosis of the dural sinuses and
or cerebral veins called cerebral venous thrombosis (CVT). Cervical artery
dissections are also considered a rare cause of stroke.

Hematologic 0.2%
Hématologique 0,2%
Vasculiis 0.3% —
Vascularite 0,3%
Coagulopathy 0.7%
Coagulopathie 0, 7%
Dissection 1.5%
Dissection 1,5%
Multiple 7.0%
Multiple 7,0%

Cardicembolic 25.8%
Cardioemboligue 25,.8%

Srmall-vessel 20.7%:

Petits vaisseaux 20,7%

Cause unknown 22.8%
Cause inconnue 22,.8%

Large Artery 21.1%
Large artére 21, 1%

Figure 4. Subtypes of ischemic stroke.
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a) Dissection of the Cervical Arteries and the Intracranial Vessels

Cervical dissection is a common cause of stroke in the young. They account
for about 2% of all ischemic strokes, but up to 25% in adults under 50 years
of age. Stroke occurs in < 5% of all cervical artery dissections.

Dissection most commonly affects the internal carotid and vertebral arteries
which course through the neck (extracranial artery dissection) rather than in
the brain (once they pierce the dura which is considered an intracranial artery
dissection). The vertebral arteries are susceptible to injury at the C1-2 level

of the spinal column, due to their precarious position within the bones at that
level. When a tear occurs in the artery a hematoma forms in the vessel wall
which can lead to ischemic stroke from expansion of the hematoma leading to
reduced blood flow to the brain, or a clot can break off and travel to the blood
vessels of the brain.

Cervical Dissections (CD) also can occur with severe (e.g. high velocity motor
vehicle collision) or minor neck trauma characterized by hyperextension,
rotation, or lateroversion of the neck; various sporting activities; whiplash
injuries; stretching and sudden neck movements; and violent vomiting

or coughing. Among patients with CD, the reported prevalence of minor
trauma, is estimated to be between 12% and 34%. Given the association
with minor trauma, the timing of the dissection and injury can be unclear.
Rarely dissections are due to underlying connective tissue diseases or
other vasculopathies such as fiboromuscular dysplasia (FMD). In most cases
dissections are spontaneous where no clear cause is found, and likely
result from a combination of anatomical factors, genetic pre-disposition and
possible trauma which can be minor.

Chiropractic high velocity neck manipulations are statistically associated

with an increased risk of cervical artery dissections, more so those of the
vertebral arteries. This may be more common in patients with susceptibility
to dissections. However, risk factors and “predisposition” are often not known
prior to the dissection. Also, individuals may seek chiropractic treatment
because of neck pain, which can be a sign of a cervical artery dissection.

Symptoms will depend on the location of the dissection. Headache and/or
neck pain can be the only symptoms someone presents with. Depending on
which artery is affected by the dissection, and its blood supply, patients can
experience visual loss (the ophthalmic artery is a branch of the carotid artery),
and/or symptoms of stroke in the territory supplied by the artery.

With most dissections, symptoms occur within the first few days, and rarely
after weeks and months. Many of the strokes typically occur within the first
4 weeks, with the majority occurring within the first week.

10
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Treatment is typically medical management with antiplatelet or anticoagulant
type of medication. Surgery, including minimally invasive procedures like
stenting of the artery are not routinely performed.

Site of

patential injury
Site de

Iécinn potentialle

i~ Vertebral artery injured

in extrerne neck maovement
Artére vertébrale sée lors d'un
Mavement extréme

au niveau du cou

Vertebral artery
Artére vertébrale

Figure 5. Mechanism of injury in traumatic vertebrobasilar stroke

4. Hemorrhagic Stroke

Hemorrhagic stroke can be divided into intracranial hemorrhage (ICH) and
subarachnoid hemorrhage (SAH).

Intracranial Hemorrhage

ICH can occur in different locations in the brain including the cerebral cortex,

deep grey structures or white matter, brainstem or cerebellum. Hypertensive
hemorrhages (due to small vessel disease) occur primarily, in the deep parts and at
the base of the brain, where short straight arteries with few branches transmit the
high pressure from the large arteries right through to the resistance vessels, which
are called arterioles. These hemorrhages affect the basal ganglia, internal capsule,
brainstem and cerebellum. The high pressure damages the arterioles and leads to
hemorrhage when the vessels rupture.

Hemorrhages from cerebral amyloid angiopathy (CAA) tend to occur at the junction
between the cortex and white matter, are often cortical, involving the cerebral
hemispheres. CAA is due to the abnormal deposition of an amyloid protein in the
arteries of the brain and the arterioles in the lining of the brain. These types of
hemorrhages tend to occur after the age of 65 years. Arteriovenous malformations
and cavernomas are vascular malformations which are congenital, can occur in

11
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various locations of the brain. They can present with bleeding, seizures and/or
headache.

Other causes of intracranial hemorrhage include iatrogenic causes from blood
thinners, inherited or acquired coagulopathies that can cause low platelets,
certain cancers which tend to bleed (e.g. melanoma etc.), and recreational
drugs like cocaine and amphetamine. Rare conditions can cause hemorrhages
like reversible cerebral vasoconstriction syndrome (RCVS), cerebral venous
thrombosis and central nervous system (CNS) vasculitis.

Chart 1: Etiology of Ischemic Stroke and Intracranial Hemorrhage

Etiology of Ischemic and
Hemorrhagic Stroke

Ischemic Stroke

Hemorrhagic Stroke

N 7 N
Small Vessel Disease Small Vessel Disease
] < deep grey structures and white matter, » deep grey structures and white 1
brainstem, cerebellum ) L matter, brainstem, cerebellum
. N N
Large Artery Atherosclerosis Cerebral Amyloid Angiopathy
» 250% stenosis « usually, cortical
J J
N O N
Cardioembolic Vascular Malformations
* Atrial Fibrillation * Arteriovenous Malformations (AVMs) | |
» Cardiomyopathy » Cavernomas
« Valvular Disorders
/\l J
4 N N
Other Causes Other Causes
» Coagulopathies: inherited or acquired * Drugs: sympathomimetics
* Inflammatory: CNS vasculitis  Certain Brain Tumours that can
— + Cervical Artery Dissection hemorrhage (e.g. melanoma etc.) —
« Cerebral Venous Thrombosis * Cerebral Venous Thrombosis
« Reversible Cerebral Vasoconstriction * CNS Vasculitis
Syndrome (RCVS « RCVS
y ( ) ) L p—
N . N\
Cryptogenic Hematologic
* Embolic Stroke of Undetermined * latrogenic: antiplatelets and L
Source (ESUS) anticoagulants
S » Coagulopathies inherited or acquired

( Cryptogenic )7
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Subarachnoid Hemorrhage

The outer lining of the brain is called the arachnoid membrane; a hemorrhage
under that lining is called a subarachnoid hemorrhage. Such hemorrhages are
usually due to rupture of an aneurysm, at a branch point on one of the main
arteries at the base of the brain, where all four main arteries join to form a natural
bypass system, called the Circle of Willis (Figure 1). Such aneurysms (like

small blisters) are thought to be due to an underlying weakness in the wall of

the artery and can grow over time at which point they may rupture. Risk factors
associated with SAH include hypertension, smoking and some genetic conditions
predisposed to aneurysm formation.

5. Risk Factors for Stroke

Risk factors are associated with an increased risk of stroke but are not
necessarily causal. For example, atherosclerosis in large and small vessel
disease is associated with hypertension, smoking, diabetes and high cholesterol.
There are common risk factors that are shared between ischemic stroke and
intracranial hemorrhage.

Risk factors can be classified as modifiable and non-modifiable. Non modifiable
risks include age, sex/gender, ethnicity and family history associated with stroke.
There are common risk factors between ischemic and hemorrhagic stroke,
including SAH.

The INTERSTROKE case—control study in 32 countries showed that 10
modifiable factors (hypertension, smoking, abdominal obesity, diet, low physical
activity, dyslipidemia, diabetes, alcohol, psychosocial stress/depression, cardiac
disease) together accounted for 90.7% of the population-attributable risk of all
strokes worldwide (91.5% ischemic, 87.1% intracerebral hemorrhage).

Similarly to the INTERSTROKE study, the recent updated Global Burden of
Disease (GBD) study supports the preventable nature of stroke with 84% of
the stroke burden in 2021 attributable to 23 modifiable risk factors, including
high blood pressure, air pollution, excess body weight, smoking, alcohol

use and physical inactivity. Diets high in sodium, low in fruit, low in omega-6
polyunsaturated fats and high in sweetened beverages have been associated
with increased risk of stroke. Other environmental risk factors such as ambient
temperature, for example extreme heat, and air pollution are emerging as
potential stroke risk factors.

Substance misuse with certain drugs such as cocaine, amphetamine, marijuana
and opioids are associated with increased risk of stroke and is a significant
independent risk factor for stroke in young individuals. Infections like recent
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COVID and Influenza may increase the risk of stroke. Low socioeconomic class
status is also linked to an increased risk of stroke.

Global burden of stroke . usé
million EINQ)  EveryUss

every year 2017 invested in
The cost prevention

cause of death and the m | lll on of stroke has

every year

- - Milli
leading cause of death and disability million DAIve
globally among NCDs people living with the by region

53%
under 70

modifiable risk
factors
responsible for
over 80% of
stroke

NCD: Non-communicable disorder LMICs: Lower-middle-income country
DALYS: Disability-adjusted life year ROI: Return on investment

Figure 6: Infographics of stroke burden and risk factors in the world. Feigin

VL, Brainin M, Norrving B, et al. World Stroke Organization: Global Stroke

Fact Sheet 2025. International Journal of Stroke. 2025;20(2):132-144. doi:
10.1177/17474930241308142© 2025 World Stroke Organization. Used under the
Creative Commons Attribution Non-Commercial 4.0 License (https://creativecommons.
org/licenses/by-nc/4.0/)

Is There a Relationship Between Certain Types of Work and Stroke?

Overall working conditions may have a modest increase in the risk of stroke.
Traditional cardiovascular risk factors continue to have the strongest evidence
in increasing risk of stroke. However, there is likely a complex interaction
between an individual, their personal risk factors, work type and workplace
characteristics.

Shift Workers

Studies have shown an increased risk in stroke with poor sleep and shift work.
Likely there is an interplay with other risk factors. In one meta-analysis, workers
who did shifts had a modest 8% (RR 1.08, 95 % CI: 1.05—-1.10) higher risk of
stroke than non-shift workers (Jin et al 2024).

14
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Workplace Stress

Stress can have negative effects on the cardiovascular system. In one
individual participant data meta-analysis, jobs with high stress and low control
were associated with increased stroke risk by 20% (HR 1.24, 95% CI 1.05-
1.47) specifically in ischemic stroke (Fransson et al. 2015).

Long Work Hours

There is likely a modest association with extreme long work hours, but quality
evidence is lacking. A recent systematic review from the WHO/ILO showed
that working =255 h/week may have led to a moderately, clinically meaningful
increase in the risk of incident stroke (RR 1.35, 95% CI 1.13-1.6) with
longitudinal follow-up between one and 20 years (Descatha et al. 2020).

6. Standard Stroke Investigations — Ischemic and Hemorrhagic

Stroke Diagnosis

You cannot distinguish a bleeding type of a stroke from a blockage type of
stroke without brain imaging. When someone presents to the Emergency
Department with stroke-like symptoms the first step after medical stabilization is
to determine what type of stroke it is which will direct acute management and
secondary prevention. Cardiac investigations are primarily used in the work-up
of ischemic stroke.

Brain Imaging
Imaging of the Brain and Blood Vessels of the Head and Neck

Computed Tomography (CT) Scan of the Head

Computed tomography uses a special radiology technology which creates

3-D images of the brain to look for structural abnormalities such as early signs
of stroke, brain bleeds and masses. It is usually the first line of imaging which is
done when someone is showing stroke symptoms. A normal CT scan does not
necessarily mean someone has not had an ischemic stroke as in the early
stages, the CT scan can be normal. With time as damage evolves, the stroke
can be seen.

Computed Tomography Angiogram (CTA) of the Head and Neck Vessels

This test often is part of the initial imaging protocol for when a patient is
experiencing signs of a stroke. It examines the blood vessels from the aortic
arch up to the top of the brain. This test is looking for abnormalities such as
narrowing or blockage of blood vessels, dissection, aneurysms, and other
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vascular abnormalities such as arteriovenous malformations (AVMs). It requires
contrast dye. It is required to determine if a patient has an ischemic stroke due
to a blockage of a major intracranial artery and may be a candidate for acute
mechanical thrombectomy.

Magnetic Resonance Imaging (MRI)

A safe, and powerful imaging technique is magnetic resonance imaging which
uses a strong magnetic field to create detailed pictures of the brain and its
linings. It has high spatial resolution and can be useful in picking up small
strokes and bleeds that cannot be seen on CT imaging and helping to diagnose
more clearly other structural abnormalities. It is useful when you are working
up a patient with a stroke mimic. It also provides better resolution of the brain
stem and cerebellum. It can also look at the blood vessels in the neck and
brain through the addition of an angiogram sequence. An MRI of the head is
not always required in patients presenting with an intracranial hemorrhage and
will depend on the risk factors of the patient, location of the hemorrhage, and
certainty of etiology.

There are limitations to this technique as there are several patient related
contraindications such as metal in the body, pacemakers and other implantable
devices that you need to know before the patient undergoes an MRI. The MRI
machine is a tight space so agitated and claustrophobic patients may have
difficulties tolerating the scan which requires keeping still.

Carotid Doppler

It is an ultrasound that can look at the arteries in the neck for hardening of the
arteries (plaque), narrowing or complete blockages.

Digital Subtraction Angiography (DSA)

A DSA is a high-resolution fluoroscopic imaging technique of the blood vessels
in the brain. It is considered the gold standard of vascular imaging as it provides
sub-millimeter dynamic images of the brain blood vessels. It is used to diagnose
and confirm blood vessel abnormalities such as AVMs, and aneurysms. A small
thin tube (a catheter) is inserted in an artery in the groin or wrist and threaded
up to the brain blood vessels. It has a small risk of complications particularly
stroke estimated at < 1%. This procedure is also required to treat vascular
malformations, aneurysms, for carotid stenting and for clot retrieval in acute
ischemic stroke.

Blood work

Standard work-up includes a lipid profile, testing for diabetes with HbA1C, fasting
or random glucose, usually standard complete blood count and electrolytes.
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Other specialized tests will depend on the individual patient and the cause of
their stroke.

Cardiac Investigations

Echocardiogram: It is a non-invasive technique using ultrasound technology
which looks at the structure of the heart including all 4 chambers, the arteries
leading in and out of the heart, and the valves between the chambers. It allows
you to look at how the heart is pumping (Ejection Fraction), if there is any
damage to the pump (Left Ventricle) from a heart attack, and whether the valves
are working, whether they are narrowed (stenosis) or refluxing blood back into
the corresponding chamber (regurgitation). It can diagnose holes in the heart,
tumours or acquired/ congenital valvular problems. Sometimes blood clots can
be seen in the left ventricle.

Echocardiogram with Bubble study: A saline injection is used to look for
shunts, abnormal passageways between the chambers of the heart (atrium) from
PFOs or ASDs.

Trans-esophageal Echocardiogram (TEE): It is a special echocardiogram that
uses a specialized ultrasound tube which is passed down the esophagus to look
in more detail at the heart structure, heart valves, and other abnormalities like
PFOs, and blood clots in the left atrial appendage. It has higher spatial resolution
than a standard echocardiogram.

Electrocardiogram (ECG): An ECG is a snapshot of the rhythm of the heart.

It can diagnose slow and fast heart beats and abnormal rhythms like atrial
fibrillation. However, a normal ECG does not mean someone does not have atrial
fibrillation, as individuals can have it intermittently.

Cardiac Monitoring including Holter Monitor and Implantable Loop
Recorder (ILR): A holter monitor is a small device patients wear which monitors
their heart rhythm over an extended period of time to detect arrhythmias like
atrial fibrillation. The minimum recommended duration is 48-hours but when worn
for a longer duration there is a higher chance of detecting occult atrial fibrillation.

High risk patients with suspicion for atrial fibrillation will sometimes be implanted
with a device just under the skin of the chest called an ILR which they will wear

for up to 3 years. Studies have shown that with prolonged monitoring the higher
likelihood of atrial fibrillation detection.
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Conclusion

Stroke remains an important disease in Canada and worldwide with large

costs to the health care system. Beyond the clinical impact, stroke can inflict
severe personal and financial hardships particularly on young survivors,
fundamentally altering their ability to return to the workforce during their most
productive years. The disease is largely preventable through the management
of traditional cardiovascular risks factors and lifestyle changes. Recent data
implicates emerging stroke risk factors, such as air pollution and extreme
ambient temperatures, which may disproportionally endanger outdoor and certain
industrial workers. Nevertheless, significant advances in the acute management
of stroke, in particular ischemic stroke, have revolutionized stroke care and
reduced disability for stroke survivors.
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Questions and Answers

1.

Is there an association between cervical dissections and awkward head
positioning?

Please see section on cervical dissections (pp. 10-11).

There are reports of possible associations of dissections occurring with awkward
neck positions — such as prolonged hyperextension, certain yoga poses etc.
However, it is difficult to clearly establish these temporal associations. There are
many people who participate in these activities and do not have dissections. It is
often difficult to link a minor trauma to a dissection compared to a blunt or major
trauma to the neck.

. What is the role of secondhand smoke and stroke risk?

Evidence has been consistent that secondhand smoke elevates stroke risk.
Secondhand smoke is a risk factor where nonsmokers have an increased risk of
20-30% of stroke. Risk will depend on duration and intensity of exposure. Some
evidence shows that those with a significant secondhand smoke exposure have
an increased risk of mortality after stroke (Lin et al. 2016 Stroke)

1. U.S. Department of Health and Human Services. The Health
Consequences of Smoking — 50 Years of Progress: A Report of the
Surgeon General. Atlanta, GA: U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention, National Center for
Chronic Disease Prevention and Health Promotion, Office on Smoking and
Health; 2014.

2. Lin MP, Ovbiagele B, Markovic D, Towfighi A. Association of Secondhand
Smoke With Stroke Outcomes. Stroke. 2016;47(11):2828-2835.

What is the role of vaping and stroke?

Vaping probably has a lower risk for stroke than smoking cigarettes but is not risk
free. Likely, we will not know the full effects on individuals probably for another
20-30 years. E-cigarettes (vaping) with nicotine is emerging as a risk factor for
increased risk for cardiovascular disease including stroke. Nicotine has effects
on the blood vessels of the body including those of the brain. These effects
include increase in heart rate and blood pressure, endothelial dysfunction, and
making platelets sticky. A recent meta-analysis showed an increase in heart
attack and stroke (to a lesser degree) with electronic cigarettes.

1. Gupta R et al. Are electronic cigarettes associated with the risk of
myocardial infarction and stroke? A systematic review and meta-analysis.
BMC Public Health. 2025; DOI:10.1186/s12889-025-25161-2.
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4. What is the role of emergency medical services (EMS) in the timing of
stroke treatment?

The treatment of acute ischemic stroke is time sensitive. The quicker the
symptoms are recognized and the patient is transported to hospital by

EMS, evaluated, and treated the better they do from a functional recovery
perspective. Certain treatments are time sensitive. It has been estimated that
every one minute 1.9 million neurons die when someone is experiencing an
ischemic stroke. Stroke systems of care are organized to ensure patients
who are experiencing stroke symptoms are transported rapidly to the closest
designated stroke centers where patients can be assessed and treatment
can be initiated quickly. With a bleeding type of stroke patients also do better
if their high blood pressure is rapidly lowered, high sugars and fevers are
treated, and reversal of blood thinner medication, if indicated is done within a
rapid time frame.

5. Is obesity a risk factor for stroke?

See section on stroke risk factors (pp. 14-16). Obesity is an accepted risk
factor for stroke.

Obesity is traditionally defined in research studies using Body Mass Index
(BMI). A BMI above 30 is considered obese. Morbid obesity is defined as
a BMI over 40. However, the definition of obesity is evolving to consider
other measures such as the proportion of visceral abdominal fat and waist
circumference, given limitations of using BMI alone.

6. During recovery after stroke, what predicts the extent of the disability
and the ability to return to work?

This is a complex topic and there are many factors that go into recovery after
stroke and return to work. Approximately 60% of stroke survivors are left with
some level of disability, with about 400,000 Canadians currently living with
long-term stroke-related deficits (HSF 2025 backgrounder).

Factors that affect stroke recovery include patient age, pre-existing health
conditions, frailty, functional baseline status, severity and location of stroke

to name a few. Early intense rehabilitation has shown to vastly improve
recovery in stroke survivors. Patients who experience a stroke on average
will experience some recovery. However, 30% of individuals with minor stroke
may still experience post-stroke disability.

Patients’ abilities that will impact return to work can include not only motor
function, but change in cognitive abilities, post stroke fatigue and mood
disturbance. Therefore, it will depend on the patient’s type of employment,
ability to do other modified duties and employer accommodation, readiness
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to return to work and individual motivation. Rate of return to work after
stroke varies.

7. What are transient ischemic attacks (TIA) and what is the relationship
between TIAs and subsequent strokes?

Please see section on TIA (p. 4). ATIAis a warning sign for a potential stroke.

8. What is the significance of blood thinners (warfarin, etc.) and/or other
medications and their contribution to strokes?

Blood thinners are used to prevent strokes in certain types of heart conditions.
Other indications for blood thinners are treatment and prevention of blood clots
in the legs (deep vein thrombosis) and in the lungs (pulmonary embolism).
However, with these medications there is a small risk that they can also cause
intracranial bleeding. Risk of bleeding from these medications have been
estimated at <5%. Though the rate of hemorrhage will vary for each patient by
individual risk factors.

9. Is the use/abuse, acute or chronic, of illicit drugs associated with an
increased risk of strokes?

lllicit drug use is associated with an increased risk of both ischemic and
hemorrhagic stroke, in particular cocaine and amphetamines. The American
Heart Association/American Stroke Association guidelines state that cocaine
use is associated with a higher risk of ischemic stroke (adjusted odds ratio
(OR) =2.0) and hemorrhagic stroke (OR =2.3), with risk particularly elevated in
younger adults and in the context of recent use. Amphetamine-type stimulants
also significantly increase the risk of both ischemic and hemorrhagic stroke.
Mechanisms include acute hypertension, vasospasm, endothelial dysfunction,
prothrombotic states, and arrhythmias leading to cardioembolism.

Cannabis use is associated with a dose dependent increased risk of stroke,
especially in young adults and with frequent use (>10 days/month). However,
data are inconsistent for less frequent use and confounded by tobacco and
other risk factors.

Intravenous drug use can also cause stroke via infective endocarditis and
embolization of foreign material.

Opioid misuse is associated with increased stroke risk (adjusted OR =2.3), and
heroin use may cause stroke via infective endocarditis or hypoxia.

10.What are the generally accepted statistical risk factors associated
with strokes?

See section on risk factors (pp. 13-15).
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