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OVERVIEW

Acute ischemic stroke (AIS) is a leading cause of serious disability and death globally. Significant efforts have been made,
globally, to research interventions that yield the best outcomes for patients who suffer from AIS. Numerous surgical and
non-surgical methods have been studied, with intravenous (IV) tissue-type plasminogen activator (tPA) being the leading
medical therapy approved for treatment for many years. However, recent clinical trials have demonstrated the efficacy of
endovascular therapy (EVT) via mechanical thrombectomy. Mechanical thrombectomy involves deploying a clot-disrupting
or retrieval device to a thromboembolus occluding an artery within the brain. These groundbreaking studies!** 115
generated the American Heart Association and American Stroke Association to update their guidelines for the emergency
treatment of patients with AIS to include recommendations for endovascular treatment using mechanical stent retrievers.
The outcomes from these studies were also adopted by the World Stroke Organization guidelines with a focus on reducing
the burden of stroke worldwide.

Enhancing healthcare providers’ understanding of evidence-based guidelines, treatment options and clinical advances is
critical to improving the outcomes for patients who are at risk for or have experienced AIS in emerging markets. This
course reviews the etiology, epidemiology and prevalence of AIS. The evaluation of individuals with AIS will be discussed,
the success of mechanical thrombectomy, and the patient education key points are highlighted to help healthcare
providers educate themselves, peers and patients about the risks and management of stroke. Antiplatelet and
anticoagulant protocols will also be reviewed.

LEARNING OBJECTIVES

After completing this continuing education activity, the participant should be able to:

Identify risk factors for acute ischemic stroke.

Describe the etiology, epidemiology and prevalence of acute ischemic stroke from a global perspective.
Describe current evidence-based approaches to neurovascular imaging in acute ischemic stroke patients.
Discuss recommended guidelines for the management of patients with acute ischemic stroke.

Identify evidence-based treatment and interventions.

List antiplatelet and anticoagulant protocols and guidelines.
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INTENDED AUDIENCE/EDUCATIONAL NEED

This continuing education activity is intended for a registered nurse, radiologic technologist, or other healthcare
professional who wants to learn more or needs to gain knowledge and skills in stroke etiology: prevention and treatment.

TEACHING METHODOLOGIES

The eBook is a self-paced, independent learning activity. Course goals are presented, followed by corresponding content.
Learners can evaluate attainment of objectives by completing the test questions and comparing with the answer key.
References can be reviewed for additional information.

This continuing education activity is governed by principles of adult learning and consists of written content with illustrations
to complement the narrative. Learner comprehension will be assessed through post-test questions following the content.
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INTRODUCTION

Stroke is a condition where the blood supply to the brain is disrupted and leads to oxygen starvation, (temporary and
permanent) damage, and loss of function (eg, memory loss, paralysis, impaired speech).! This condition is frequently
caused by ischemia, a clot in an artery that supplies blood to the brain. It can also be caused by hemorrhage when a burst
vessel causes blood to leak into the brain.! The severity of a stroke can range from minimal to catastrophic, which is
determined by location and degree of damage.” The American Stroke Association describes stroke as swiftly developing
clinical signs of focal, and sometimes global, disruption of cerebral function that persists more than 24 hours or leads to
death with no apparent nonvascular cause.?

The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD)? provides a systematic, comparable method of
quantifying health loss on more than 300 conditions, including stroke, by a variety of categories (eg, disease, age, sex,
year, and geographical location).3 GBD measures burden of disease using the disability adjusted life years (DALY), which
combines years of life lost due to premature mortality and years of life lost due to time lived in less than optimum health.’
Stroke is an epidemic and is a leading cause of mortality and substantial disability worldwide. The age-standardized rates
of stroke mortality have decreased; however, the total number of people who have a stroke every year, stroke survivors,
related deaths, and overall burden of stroke is increasing. Globally, one in four people over age 25 will have a stroke in
their lifetime.8 According to the American Heart Association (AHA), the global prevalence of stroke in 2019 was 101.5
million people, that of ischemic stroke was 77.2 million and hemorrhagic was 20.7 million.5 More than 80 million people
currently living have experienced a stroke, with more than 13.7 million people experiencing new strokes each year.?
Approximately 5.5 million people will die as a result of stroke." Over 15 million people live with the effect of hemorrhagic
stroke while greater than 67.5 million people currently living have experienced an ischemic stroke.® This program will focus
on ischemic stroke and provide data and information to support stroke awareness of the scale and urgent action needed to
address ischemic stroke from a global perspective.

GLOBAL PERSPECTIVE

Systems of care, integrated approaches to care delivery, and the availability of resources for stroke vary significantly
based on geographic location - this variation creates a risk for sub-optimal care for people who experience a stroke.’
Although there is global guidance for implementing stroke care, low-income and middle-income countries (LMIC) face
challenges in setting up optimum stroke services. Despite barriers to resources and technology, there are models of stroke

care available in LMICs such as®: .
e Multidisciplinary team care led by a stroke neurologist.

e Hub and spoke models incorporating stroke telemedicine.
e Task sharing involving community health care workers.

Additionally, as populations age, and LMICs evolve from infectious to noncommunicable diseases as the chief cause of
morbidity, it is expected that stroke burden will continue to increase until effective stroke prevention strategies are
implemented extensively.® Stroke disproportionately affects people in countries that are resource deprived. The overall
stroke incidence rates in LMICs exceeds that of incidence rates in high-income countries by 20%. Two out of every three
people who suffer from a stroke live in a LMIC." Global mortality and morbidity from stroke could be significantly reduced
through organized stroke care that is designed with evidence-based clinical practice and implementation of continuous
quality improvement.’



REFLECTION QUESTION

There are broad gaps between countries in how evidence-based best practices in stroke care
recommendations are implemented.

Pre-hospital and
emergency
department care

Acute inpatient Prevention of
care recurrent stroke

Community
reintegration
and recovery

Stroke
rehabilitation

What resource gaps can you identify in your local stroke care program?

Global and Regional Statistics

Global risk of stroke represents cumulative stroke incidence of both ischemic and hemorrhagic stroke. According to 2016
GBD data, there are over 13.7 million new strokes each year and the global lifetime risk of stroke from the age of 25 years
and older was 24.9%.4 China had the highest estimated risk with 39.3% with similarly high risk in Bosnia and Herzegovina,
Bulgaria, Latvia, Macedonia, Montenegro, Romania, and Russia.* In terms of regional data, East Asia had the highest risk
with 38.8%, followed by Central Europe with 31.7%, and Eastern Europe with 31.6%. Eastern sub-Saharan Africa had the
lowest risk with 11.8%.4 East Asia has the highest lifetime risk among men at 40.6%, whereas the highest lifetime risks
among women are in Eastern Europe (36.5%) and East Asia (36.3%). In terms of country, the greatest risk among men is
in China (41.1%) and the greatest risk among women is in Latvia (41.7%).* The lifetime risk of ischemic stroke is
approximately double that of hemorrhagic stroke among both men and women across different regions around the world.4
The AHA reports that in 2019 global deaths from ischemic stroke were an estimated 3.3 million.> Age-standardized stroke
prevalence rates were highest in Oceania, Southeast Asia, North Africa, the Middle East, and East Asia. Countries in
North Africa, the Middle East, southern sub-Saharan Africa, North America, and Southeast Asia had the highest
prevalence rates of ischemic stroke.

Over the past 40 years, the global incidence of stroke in LMIC has more than doubled but has declined by 42% in high-
income countries over the same period of time.'®On average, stroke occurs 15 years earlier, and causes more deaths, in
people living in LMICs." Despite its enormous impact on socio-economic development, this disease remains a global
crisis. This disparity is largely related to LMICs inability to allocate ample resources to deal with stroke burden, appropriate
knowledge of local stroke incidence, risk factors, prevalence, and access to information about hospital and long-term
determinants of disability and lethality. Models for stroke services delivery vary considerably between countries and
regions. The variation largely depends on the availability of resources and access to health care facilities, diagnostic and
laboratory services, medication, and transportation.” Resource availability affects the degree to which comprehensive
stroke care can be provided across the continuum of care.’

National Statistics

United States (US)

Every year more than 795,000 people in the United States (US) have a stroke and about 610,000 of them are first or new
strokes. About 185,000 strokes are in people who have had a previous stroke. 2 Approximately 1 in every 6 deaths from
cardiovascular disease in the US is due to stroke.® Every 40 seconds someone in the US has a stroke and every 4
minutes someone dies from one.'? An estimated incidence of 691,650 (87%) of all strokes experienced by people in the
US are ischemic and a leading cause of significant long-term disability,'? reducing mobility in more than half of stroke
survivors aged 65 and over.'?




India

The incidence of stroke in India has increased 17.5% in the last 15 years.'* Incidence of stroke varies from 116-163 per 100,000 people in
this population. It has become a leading cause of death in India, and has increased by 7.8% from 1998 to 2004."

There is organized health activism in India for other non-communicable diseases (ie., diabetes), but this type of fervor
does not exist as it pertains to stroke.' Stroke often goes undiagnosed or is not timely addressed when identified.!2
Insufficient prehospital care, stroke and rehabilitation services, lack of awareness, and overpopulation are significant
challenges and create gaps in the continuum of care.> Many hospitals in India lack the infrastructure and organization
necessary to triage and manage stroke patients efficiently, such as availability of stroke physicians and interventionalists. ¢
For example, every year 1.8 million people experience a stroke in India, but they only have about 2,000 practicing
neurologists."

China

China is the world’s most populated country with a fast ageing population.'®

Prevalence of stroke in China is estimated at 11 million cases with more than 2

million new strokes every year.'8 Stroke is the third highest cause of death in China (third in urban areas and second in
rural areas) accounting for 1.57 million deaths in 2018.'° The prevalence of stroke in rural areas continues to increase
severely, whereas in urban areas the prevalence is relatively stable. The marked increase in rural areas is attributed to a
rising incidence of stroke and increased detection.'® Ischemic stroke accounts for about 60%—80% of all strokes.20

Given that China had the highest number of prevalent cases of stroke in the world, vigorous and effective actions are
critical to reduce the burden.® Currently, only 10% to 20% of patients with stroke reach a hospital within 3 hours in China,
which is associated with several factors such as early recognition of the symptoms of acute stroke.2!. 22 Whether stroke
units in China meet international stroke standards is uncertain, but a study showed that only a third of patients receive
specialized stroke care and fewer receive care that satisfies key recommended practices (eg, dedicated stroke unit, staff
specialized in stroke care, multidisciplinary team involvement, established protocols for care).'®

Australia

Approximately 56,000 Australians have a stroke every year? and about 27,428 Australians experienced stroke for the first
time in their lives in 2020.2* Stroke accounts for 2.7% of the total burden of disease in Australia and was the 10th leading
specific cause of disease burden.2 It is the third highest disease burden in people aged 85 and over, accounting for 6.6%
of the burden in males and 8.1% of the burden in females.2*In 2016 an estimated 37,091 Australians died from stroke.3
The rate of people dying from stroke has decreased considerably over the last three decades, 85% of patients with
ischemic stroke survive, although around 10,600 still die of stroke each year.22 The country’s Stroke Foundation Clinical
Council (SFCC)? attributes the decline in stroke deaths to advances in emergency treatment, introduction of dedicated
stroke units, increased availability of clot dissolving drugs, and implementation of endovascular thrombectomy.? The
SFCC is now focusing on enhanced community awareness and recovery efforts to enable stroke survivors to live optimally
following stroke and prevent reoccurrence.?

Also notable, the impact of stroke varies between population groups, with rates higher among Aboriginal and Torres Strait
Islander people than non-Indigenous Australians.* Many people who live outside of major cities have limited access to
well established standard stroke treatments, while major city hospitals are innovating, permitting those patients to benefit
from the latest evidence-based practices.? Only 35% of all patients in Australia with acute stroke reached the hospital
within 4.5-hour time for thrombolysis treatment.26 Access to stroke unit care for people in major cities is 79%, where
access for regional patients 55% (inner regional) and 35% (outer regional). Another concern is that only 69% of major city
services reported routine use of stroke guidelines, care plans and protocols and the inner and outer regional areas
reported routine adherence 45% and 47% respectively.? According to the SFCC, introduction of telemedicine for stroke is
expected to support patients in regional and rural areas with accessing stroke treatment and quickly leading to improved
outcomes. %

Korea

Despite the significant burden of stroke, Korea is reported as a country with minimal consistent and well-designed data
sources for stroke incidence.? In 2013, 46,495 Koreans were estimated to have a new diagnosis of stroke and one in 40
people experience a stroke event every year. The incidence is highest for ischemic stroke and account for 76% of all



strokes. Stroke is the third leading cause of death.2 Approximately four out of 10 patients hospitalized with stroke arrive to
the ED within 3 hours of symptom onset, and only half arrive by ambulance.?

Japan
In 2016 the incident of stroke in Japan was approximately 353, 551 with an estimated 122, 032 deaths.3 Japan has the

highest rate of stroke incidence in East Asia at 422 per 100,000 people among men and 212 per 100,000 people among
women.? Japan has the lowest rate of age - and sex-standardized stroke DALY lost in Asia with 706.6 per 100,000
people.? Stroke is the third leading cause of death, the first leading cause of patients who become bedridden (35%), and
accounts for 1/6th of the population who require long-term support and care.® Cases of ischemic stroke are steadily rising
and is attributed to increased prevalence of metabolic disorders (ie., diabetes, hypercholesterolemia). In 2018, a Stroke
and Cardiovascular Disease Control Act was established to address the burden of cardiovascular diseases, including
stroke®to address the gaps in patient awareness, clinician education, resource allocation, guideline, and evidence-based
practice adherence.®0

Africa

There is insufficient information on the current epidemiology of stroke in African countries and the epidemiology data that
does exist is scarce and characterized optimally,32leading to ineffective stroke prevention and management. The overall
rate of stroke in Africa is among the world's highest, with around 316 new cases each year per 100,000 people.? The sub-
Saharan part of Africa has the highest age-standardized incidence of stroke globally.33 Cardiovascular diseases are the
second most common cause of death in Africa and of this disease category, stroke is primary cause of death.

Stroke care in Africa is below international recommended standards with variations across African countries. Overall, the
proportion of stroke patients reported to arrive at the hospital within 3 hours of stroke onset varies between 10% and 43%
and the average time between stroke onset and hospital admission is 31 hours.32 For example, in Nigeria only 10.2% of
patients presented in 3 hours and 17.2% presented greater than a week after stroke onset. In South Africa an average
delay of up to 2 days from symptoms onset to presentation was reported.32 A study in Burkina Faso found the time
between stroke onset and the first contact with the first health facility ranged between 30 minutes and 24 hours with an
average of almost 7 hours. Patients spent on average 2 days in a health facility without CT scan capability or the
availability of a neurologist.® Major barriers to providing optimum evidence-based care was reported as poor awareness of
stroke signs and symptoms among the population, scarcity of medical transportation, unavailable thrombolytics, shortages
in neurosurgical physicians and staff, lack of stroke units, and high costs (eg, neurovascular imaging, thrombolysis,
rehabilitation services).%

European Union (EU) and the United Kingdom

Stroke is the second most common cause of death and a leading cause of adult disability in the European Union (EU).% It
affects an estimated 1.1 million people across the continent annually® and causes 440, 000 deaths.3® While some EU
countries experienced higher rates of stroke incidence in the past resulting in a larger capacity for improvement and
steeper declines, others (ie, Italy, France, and United Kingdom (UK)) achieved further reductions from already lower
rates.®®

Stroke is one of the leading causes of death in the UK, accounting for more than 100,000 strokes in the UK each year
causing 38,000 deaths, there are over 1.2 million people living with the effects of stroke with two thirds of survivors leaving
hospital with a disability.*0 It is estimated that 7,000 strokes could be prevented and over 2,000 lives saved every year if
people with atrial fibrillation (AF) were adequately treated.*0 Admission to a stroke unit within 4 hours has been around
58% for the last 5 years.40

In 2016 the incidence of stroke in Germany was reported to be up to 265,229 per year with approximately 65,847 people
who died from stroke. Public knowledge of stroke risk factors is low and include high blood pressure, high cholesterol,
smoking, and atrial fibrillation. As of 2014, 726 hospitals in Germany that treated stroke patients did not have a formal
stroke unit and 436 hospitals did have stroke units and were certified by a stroke accrediting organization.*' Hemorrhagic
strokes are almost 5 times as likely to be treated on intensive care units (ICUs) whereas AIS are predominantly treated on
stroke units.3? Between the years of 2011 to 2017, there have been 1,804,130 cases of stroke

(SAH, ICH, AIS) treated in hospitals, with the annual number of stroke cases increasing from 250,199 to 264,208. AIS
accounted for approximately 84% of all stroke cases and an estimated 78% of hemorrhagic strokes were ICH. The
proportion of patients with incidents of ischemic stroke that receive IV - tPA is 15.6% - 18.1% and 4.8% - 5.5% receive



endovascular treatment.“2 Hemorrhagic strokes are associated with higher in-hospital mortality than AlS. Stroke mortality
rates have generally been higher in Eastern German than Western Germany, with decreases in stroke mortality being
higher in West Germany over the years.*' According to hospital coding data, in-hospital mortality slightly decreased in AIS
patients between 2011 and 2017, which is attributed to improved treatment strategies such as higher use of thrombolysis,
mechanical thrombectomy, and other interventions.*2 Conversely, the data shows that in-hospital mortality increased in
ICH patients, which is thought to be attributed to an increasing use of oral anticoagulation in the general population.4243

Stroke is the leading cause of death in women and the third leading cause in men in France.* Published data reports
110,438 hospitalizations due to stroke, resulting in 31,346 deaths in 2013.44 Risk factors are similar to other European
countries, with the addition of Atrial fibrillation (AF) being a primary risk factor affecting between 600,000 and 1 million
people.# |V - tPA is delivered to 7.8% - 10.3% of ischemic stroke patients and 4.8% - 5.5% receive endovascular
treatment. In recent years a national effort to increase these outcomes has driven an increase in the number of stroke units
to better manage stroke outcomes has been thought to have led to a decrease in hospital mortality. In 2014, 110,438
patients in France were hospitalized for stroke (82,912 for Ischemic stroke and 27,526 for Hemorrhagic stroke).
Approximately 50% of hospitalized stroke patients were admitted to a stroke unit or and ICU. The proportion of patients in
a stroke unit was higher for ischemic stroke (49.3%) than for intracerebral hemorrhage (33.2%).% It was found that the rate
of hospitalized patients for ischemic stroke strongly increased in young patients (<65 years of age) between 2008 and
2014, which is attributed to an increase in diabetes prevalence among younger people, in particular those between the age
of 20 to 24 years old. Furthermore, during this time the prevalence of self-reported obesity increased, and smoking
increased among younger adults.4

The annual incidence of stroke in ltaly is 73,116, while deaths due to stroke per year are 75,252 61t is the primary main
cause of disability and the second leading cause of dementia with loss of daily independence. Stroke risk factors are
similar to the rest of the landscape of Europe and include high blood pressure, high cholesterol, smoking, and elevated
blood glucose levels.*6 There are approximately 130 stroke centers and stroke units in Italy*8 and the hospitalization rate
among people in Italy with stroke ranges between 82% and 98%, with over 80% classified as ischemic and approximately
20% classified at hemorrhagic.*” It is reported that up to 10% of patients hospitalized for AIS receive IV tPA. In 2018, IV
tPA was administered in 12,469 cases and EVT was performed in 4,343, which was a relative increase of 18.8% and
65.2%, respectively from the year prior.4

Latin America

Stroke has been poorly studied in Latin America and available data suggest that the prevalence and incidence of stroke is
lower than in developing countries. In 2016 the prevalence of stroke in southern Latin America was estimated to be
95,250 with approximately 35,357 deaths.2 The Andean region of Latin America has an estimated stroke prevalence of
49,970 with 14,122 deaths, the Caribbean region has a prevalence of 63,459 and 33,297 deaths, and Tropical Latin
America prevalence is approximately 264,861 and 111,098 deaths.? The lowest age-standardized incidences of stroke
globally were in central Latin America, particularly El Salvador, and the region with the largest decrease in age-
standardized stroke incidence was southern Latin America. Of note, between 1990 and 2016, southern Latin America
had the largest decrease in ischemic stroke than any other region studied.?

As the most common risk factor for stroke, hypertension screening and treatment has become a main strategy to pursue
in Latin American countries for primary stroke prevention, although there is an absence of a formal joint strategy across
the countries. Some countries, especially in rural areas, face challenges due to the absence of accurate case registries,
medical records, stroke care experts, and technology. Therefore, the approaches to stroke care in many Latin American
countries do not meet the recommendations and practices in high-income countries.*® For example, Nicaragua does not
have any stroke units or hospitals with thrombolytic capability. Brazil only has three dedicated stroke units, and 122
hospitals can provide thrombolytic therapy, Costa Rica has four stroke units (two private and two public) and only 4
hospitals that provide thrombolytic therapy.*® This is especially troubling as stroke is estimated to become a growing
public health problem in Latin America during the next decades due to an increase in life expectancy and changes in the
lifestyle of the population.



REFLECTION QUESTION
Every health system obtains stroke data from different sources.
What type of stroke data do you have access to?

How does your organization use this data?
How does knowing this data effect your clinical practice?

MAJOR CLASSIFICATIONS OF STROKE

The two broad types of strokes are hemorrhagic and ischemic, and their relative burden varies among different
populations. Hemorrhagic stroke accounts for 20% of cerebrovascular accidents (CVA) and ischemic stroke contributes to
80% of CVAs.50

Ischemic Stroke
Ischemic stroke occurs when a vessel supplying blood to the brain is obstructed (Figure 1).5' Fatty deposits lining the
vessel walls, called atherosclerosis, are often the main cause for ischemic stroke and can cause two types of obstructions*:
o Cerebral thrombosis is a thrombus (blood clot) that develops at the fatty plaque within the blood vessel.
o Cerebral embolism is a blood clot that forms at another location in the circulatory system, usually the heart and
large arteries of the upper chest and neck.

Figure 1 — Acute Ischemic Stroke- Cerebral Vessel Thrombus

Cerebral Vessel Thrombus

Ischemic stroke can be further divided into etiologic subtypes thought to represent the causes of the stroke: cardioembolic,
atherosclerotic, lacunar, other specific causes (dissections, vasculitis, specific genetic disorders, and others), and strokes
of unknown cause.5% The anterior portion of the brain blood supply originates from the carotid arteries and is responsible
for perfusing nearly 4/5ths of the brain tissue and occlusion of the carotid artery typically will disrupt blood flow to the
cerebral hemispheres. During the process of atherosclerosis fatty deposits build up inside the vessel wall and can create a
blockage. A fragment of the fatty plaque can break and travel through the bloodstream causing an obstruction in a smaller
vessel. The amount of damage to the brain depends on how far downstream in the artery the blockage occurs.5! The
reduction in blood flow starves the brain of nutrients and quickly leads to malfunction of the cells where symptoms of a
stroke occur. Within minutes of the onset of ischemic stroke, the core of an infarct can begin to form at the least-perfused
site and is distorted by edema. This area, the ischemic penumbra (Figure 2), is structurally intact and is salvageable if
reperfusion is promptly achieved. Cerebral function deficits develop swiftly and every minute that passes an average of 1.9
million neurons and 14 billion synapses are lost. In fact, an ischemic brain ages 3.6 years for every hour that passes after
the onset of stroke.5! This process is responsible for birthing the stroke mantra: time is brain. Despite some irreversible
damage, most people have recoverable penumbral tissue for at least three hours following the onset of symptoms.52



Figure 2 - Blood Clot with lllustration of Core and Penumbra

Penumbra

Core

Globally, there were over 9.5 million new cases of ischemic stroke in 2016.8 Aimost 60% of new cases occur in people
under 70 years and 61% of the people currently living with the effects of ischemic stroke are younger than 70 years old.
Ten percent of the people currently living with the effects of ischemic stroke are under the age of 448. More than 2.7 million
people die from ischemic stroke every year.6 Although age-standardized ischemic stroke mortality rates have declined
over the last 2 decades, the absolute global burden of ischemic stroke is increasing, with the bulk of DALY lost in LMIC.%*

Hemorrhagic Stroke
Hemorrhagic stroke is caused by a weakened vessel that ruptures, the blood accumulates, and compresses the
surrounding brain tissue.5® The two types of hemorrhagic strokes are intracerebral or subarachnoid hemorrhage. The

weakened blood vessels that typically cause hemorrhagic stroke are aneurysms and arteriovenous malformations (AVMs).
53

Over 15 million people globally live with the effect of hemorrhagic stroke and 51% of stroke deaths are due to hemorrhagic
stroke.8 The global burden of hemorrhagic stroke has increased over the last 20 years.5 The majority of the burden exists
in low - and middle-income countries. The lowest incidence and mortality rates are in high-income regions such as North
America, Australia, and Western Europe; the highest rates are in Central Asia, Southeast Asia, and sub-Saharan Africa.%

RISK FACTORS FOR STROKE

Recognizing the risk factors for stroke is important for identifying, preventing, and reducing the burden of stroke. There are
numerous risk factors for stroke that are classified as modifiable (eg, diet and comorbidities) or nonmodifiable (eg, age,
ethnicity) efforts.?? Estimating stroke risk based on a person’s specific combination of risk factors, particularly for a first
stroke event, is important to reduce the risk and identify thresholds of risk for stroke prevention. The goal of prevention is
to decrease stroke incidence with targeted modification of a single risk or multiple risk factors. There are three broad levels
of stroke prevention®:
«  primordial prevention - primarily involves healthy living measures that aim to decrease the incidence of
physiologic stroke risk factors;
«  primary prevention - aims to improve the risk factor profile of individuals who do not have a history of stroke with
the goal of preventing a first event; and
* secondary prevention - for individuals who have already suffered a stroke with the goal of preventing stroke
recurrence.

Risk scoring tools have been developed to identify patients at greatest risk for stroke, such as the Framingham Stroke
Risk Profile, which is a widely accepted and continuously-updated tool. It assesses stroke predictors (eg, age, systolic
blood pressure, antihypertensive therapy, diabetes, smoking, left ventricular hypertrophy by ECG, and the presence of
cardiovascular disease) and can be used to estimate 10-year stroke risk stratified by gender.50 Risk factors for the major
classifications of stroke, hemorrhagic and ischemic, are similar with some notable differences.5 For example,
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hypertension is a particularly important risk factor for hemorrhagic stroke and it also contributes to atherosclerotic disease
that can lead to ischemic stroke as well.%

Modifiable Risk Factors

Nearly half of stroke-related mortality is attributable to modifiable risk factors® as shown in Table 1. Globally, high systolic
blood pressure is the largest single risk for stroke followed by dietary risk factors, high BMI, smoking, and high fasting
glucose.’ Feigin et al® suggest that nearly 90% of the global stroke burden is attributable to modifiable risk factors.
Achieving control of modifiable risk factors could prevent more than 3/4ths of the global stroke burden.56

Table 1 - Contributions of Behavioral Factors to Stroke

Risk Factor % of Stroke Burden

Systolic blood pressure 57.3
Dietary 30.0
High BMI 23.6
Smoking 171
High fasting glucose 20.1
Alcohol use 5.8

High LDL cholesterol 9.6

Impaired kidney function 8.2
Low physical activity 1.8

World Stroke Association. WSO global stroke fact sheet 2019. [Pdf]. Published 2020. Accessed May 6,
2021. World Stroke Association. WSO global stroke fact sheet. [Pdf]. Published 2020. Accessed May 6,
2021.

Policies and practices to reduce inequalities in stroke care should be a priority, particularly in LMICs, focusing on treating
early predisposing factors (see Table 2).56 For example, physical inactivity is associated with stroke. People who are
physically active have a lower risk of stroke and the relationship may be due to the related decrease in blood pressure,
reduction in diabetes, and decrease in excess body weight.®0 Also, diet directly influences the risk of stroke in addition to
the risk of other risk factors such as diabetes, hypertension, and dyslipidemia. There are specific components of diet and
nutrition that are well-established risk factors for stroke. For example, salt intake is correlated with an increased risk of
stroke, while increased potassium intake is associated with a decreased stroke risk.5? Obesity and excess body weight are
related to stroke risk factors such as hypertension and diabetes, and the effect of body mass index (BMI) is mediated by
blood pressure, cholesterol, and glucose levels. Blood pressure alone accounts for approximately 65% of the risk due to
weight.® The association of alcohol consumption to stroke risk depends on stroke type, but there is evidence that heavy
drinking is linked with hypertension and poor blood pressure control which increases the risk of ischemic stroke.*

11



Table 2 - 2016 Estimates for Stroke Burden DALYs Attributable to Risk Factors

Metabolic Risk

Behavioral Risk

Environmental Risk

Combined

71%

47%

37.8%

88.8%

of global stroke burden

of global stroke burden

of global stroke burden

of global burden

high systolic blood
pressure, high body-

smoking, poor diet, and
low physical activity

air pollution and lead
exposure

mass index, high fasting
plasma glucose, high
total cholesterol, and
low glomerular filtration
rate
Adapted from: World Stroke Association. WSO global stroke fact sheet. [Pdf]. Published 2020. Accessed May 6, 2021.

Exposure to air pollution is increasingly recognized as a major public health issue and is one of the leading causes of
mortality and morbidity, and contributed to 6.5 million deaths and 167.3 million DALY's in 2015.5 More importantly it ranks
in the top five risk factors for mortality in China, India and other LMICs% and contributes to an estimated 99% of deaths.
Air pollution has emerged as a significant contributor to global stroke burden, therefore reducing exposure to air pollution
should be one of the priorities to address stroke burden in these countries.5!

Risk factors for the stroke population in China has increased over the last two decades. The most prevalent risk factors
are hypertension (84.2%), smoking (47.6%), and alcohol use (43.9%). The least prevalent is atrial fibrillation (AF)
(2.7%)."In the stroke population in Korea, hypertension is the most common risk factor, followed by diabetes, alcohol
intake, smoking, AF, hypercholesterolemia, and obesity. Smoking plays a significant role in young - aged individuals, and
the prevalence of smoking is decreasing in men but not in women, while the prevalence of alcohol drinking is increasing in
women but not in men.28 Established risk factors for the population in Japan include hypertension, previous stroke,
persistent or permanent AF, and BMI less than 18.5 kilograms; novel risk factors that have emerged include persistent or
permanent AF, low body weight, anemia, and kidney dysfunction.6264

Africa bears the greatest burden of hypertension in the world,®® which was identified by the Pan-African Society of
Cardiology (PASCAR) as the priority condition for action to reduce stroke.88

Nonmodifiable Risk Factors

Nonmaodifiable risk factors for stroke include age, sex, race/ethnicity, and genetics. In general, stroke is a disease of aging.
The incidence of stroke increases with age and doubles for every decade after 55 years of age.' The relationship of
gender to stroke risk depends on age. In younger people, women have as high or higher risk of stroke as men; however,
at older ages the risk is slightly higher for men. The higher stroke risk among women can be attributed to pregnancy,
postpartum phase, and hormonal factors (eg, hormonal contraceptives).'? Overall, more strokes occur in women than men
because of the longer life span of women compared with men. 12

REFLECTION QUESTION
Risk factors for stroke vary between countries and regions.
Which risk factors are common in your area?

What do you think are barriers to reducing the common risk factors in your area?
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EVIDENCE-BASED APPROACHES TO NEUROVASCULAR IMAGING

Neuroimaging has revolutionized diagnosis and management of ischemic stroke. These imaging modalities can detect
intracranial vessel occlusion, evaluate the ischemic penumbra to select candidates for thrombectomy, and play a
fundamental role in identifying stroke cause.58

All patients admitted to hospital with suspected acute stroke should receive brain imaging evaluation on arrival to hospital.
In most cases, noncontrast computerized tomography (NCCT) will provide the necessary information to make decisions
about acute management (Figure 3). But advanced brain imaging can help physicians better identify patients with ischemic
stroke who are at an increased risk of complications and/or allow for cutting-edge interventions to be extended beyond
conventional time windows and has revolutionized stroke care worldwide 871

Essentially, NCCT is sufficient to rule out a hemorrhagic stroke and establish whether to proceed with IV tPA within the 4.5
- hour window; advanced neuroimaging is crucial to determine the need for emergent endovascular thrombectomy in the
24 hour window. A practical approach is to obtain multi-modality imaging as rapidly as possible when the patient arrives to
the hospital. Systems should be established so that brain imaging studies can be performed within 20 minutes of arrival in
the ED in at least 50% of patients who may be candidates for IV tPA, and/or mechanical thrombectomy.52

Figure 3- Non-contrast Computed Tomography of the Brain

Computed tomography angiography (CTA) combines a regular CT scan with injection of contrast dye to diagnose and
evaluate blood vessel disease or related conditions, such as aneurysms or blockages (Figure 4).72 Angiography is a
minimally invasive modality that uses x-rays and an iodine - containing contrast substance to produce pictures of blood
vessels in the brain. It is considered the gold standard detecting blockages in the brain using x-rays taken during the
injection of a contrast agent. Rotational angiography and 3 - or 4 -dimensional imaging are powerful tools that have
extended a major advance in the angiographic diagnosis and treatment of patients with cerebral and vascular disease.
Rotational angiography and 3 - or 4 - D reconstruction guides neurointerventional procedures by creating 3 - or 4 - D, CT -
like images from two-dimensional angiography by rotating the fluoroscopy unit (eg, C - arm). CTA adds diagnostic
certainty to the NCCT brain scan and can isolate the location of an occlusion, which is essential if proceeding with
endovascular therapy,”and identify the degree of vessel stenosis, which is relevant for both the acute and long - term
management of patients.”™
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Figure 4- Computed Tomography Angiography of the Brain

Courtesy of Curtis Given, M.D.

CT perfusion in AIS is an important adjunct, along with CTA, to conventional unenhanced CT brain imaging (Figure 5). It
uses sequential brain imaging to evaluate the flow of contrast through cerebral vessels, total cerebral blood volume, and
cerebral blood flow to a specific region.”2 This information enables differentiation of salvageable ischemic brain tissue
(penumbra) from irrevocably damaged infarcted brain (infarct core).’2 Injured tissue with reversible damage can be
estimated using a time to peak of greater than 6 seconds and the degree of irreversible damage can be evaluated by
identifying tissue with a 30% lower cerebral blood flow than the normal brain parenchyma. Ischemic core volume of more
than 70 — 100 mL indicates there is minimal capacity of functional outcome irrespective of the treatment provided.”> When
evidence of ischemia is absent on a CT, diffusion-weighted magnetic resonance imaging (MRI) sequences can be used as
signs of ischemia often appear on MRI sooner than CT. Although MRI is more sensitive to the early changes in ischemia,
a systematic review found that approximately 1/3 of patients with a clinical diagnosis of a minor stroke were found to have
no corroborative signs on MRI.78 For patients who are not able to provide the time of symptom onset, diffusion-weighted
MRI with fluid-attenuated inversion recovery sequences may be able to time the stroke precisely.”

Figure 5- CT Perfusion of Core and Penumbra
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Digital subtraction angiography (DSA) is a minimally-invasive technique that removes unwanted elements or background
images (eg, skull, soft tissue) from view prior to injecting the contrast agent.” A catheter is inserted into an artery in the
leg, passed up to the blood vessels in the brain, then contrast dye is injected through the catheter and X-ray images are
taken of the blood vessels. This technique eliminates unwanted elements that could potentially be superposed on the
vessels. It is an imaging modality used to assess blood flow and vascular abnormalities (ie., narrowing, blockage, or
malformations) during neurovascular interventions of stroke. In essence, this technique provides real-time flow
hemodynamic information.”® An observational study published in 2016, proposed that interventionalists can use the
presence or absence of flow to predict adequacy of seating time after placement of mechanical thrombectomy and
decrease the number of placements per case. After placement of a mechanical thrombectomy device, it is recommended
that the device is seated in the clot for five minutes before attempting removal to allow sufficient time for the clot to embed
into the stent. A five-minute seating time that is not successful may delay time to recanalization and negatively affect the
outcome due to multiple attempts at the procedure. Using DSA for post-deployment of the stent can confirm thrombus-
device integration and increase the chance of effective removal of the thrombus.™

Several stroke guidelines,’5281-8 recommend proper neuroimaging before thrombectomy. The guidelines recommend
that in selected ischemic stroke patients within 6 to 24 hours of last known

normal, who have a large vessel occlusion in the anterior circulation, CT perfusion, diffusion weighted MRI, or MR
perfusion is obtained to aid in selection for mechanical thrombectomy.

RECOMMENDED GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH AIS

Evidence-based guidelines help to promote best possible clinical practice. Several general stroke care guidelines discuss
the overall stroke management from the acute care to long-term support. These guidelines are broad in scope and can be
tools for any organization that wants to build clinical pathways for stroke rehabilitation in a specific regional or local health
care situation. These guidelines include, but are not limited to:

e UK: National Clinical Guideline for Stroke.8!

e Australia: Clinical Guidelines for Stroke Management.&

e Japan: Japanese Guidelines for the Management of Stroke.84

e US: Guidelines for the Early Management of Patients with Acute Ischemic Stroke.52

The guidelines from middle- to high-income countries cannot easily be applied in low-income settings, like South Africa,
who are the only low-income area with officially formed stroke guidelines8 with specific recommendations for resource-
constrained regions.88

The American Heart Association (AHA) and American Stroke Association (ASA) established evidence-based
recommendations for the diagnosis and early management of adult-onset ischemic stroke.52 These recommendations are
often mentioned as leading recommendations that address the evaluation of the individual before they arrive to an
emergency department (ED), diagnosis in the ED, the history and physical examination, medication administration,
laboratory tests, interventions, neuroimaging studies, and rehabilitation care. Unfortunately, not all LMICs have the
resources to implement care structures that are available in the US. Therefore, the content of the guidelines may limit
feasibility outside their context, especially when health care system and organizational aspects are addressed.

Emergence of a Global Standards Perspective

In 2014, the World Stroke Organization (WSO) published the first-ever Global Stroke Services Guideline and Action Plan®”
to support the efforts and progress of all regions to improve stroke care and outcomes through evidence into practice,
specifying beneficial treatment approaches, and influence of public policy.

The WSO’s guideline includes a core set of stroke care recommendations to establish a stroke-focused program that
includes®:
e  System resource elements that are required to deliver stroke care and implement recommendations.
e Evidence-based best practice recommendations for stroke care®” which are applicable across the continuum
of stroke care. For each recommendation there is an indication of the level of service capacity in whichthese
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recommendations may be realistically carried out.
o Key quality indicators (core performance measures) help determine how care is being provided, the extent of
implementation, and the quality of that care. These indicators may be considered as the foundation for ongoing

quality improvement efforts.

e  System-level quality monitoring indicators are also provided to help support systems change and ongoing

improvement efforts.

The guidelines provide comprehensive recommendations divided into the following sections®’:
e Prehospital and emergency department care.

Acute inpatient care.

Stroke rehabilitation.

Prevention of recurrent stroke.

Community reintegration and recovery.

Using established leading evidenced-based guidelines as the framework, such as AHA/ASA stroke guidelines,2WSQO's
stroke services roadmap categorizes stroke care services into 3 levels: minimal healthcare services, essential stroke
services, and advances stroke services (Table 3)”. Minimal healthcare service offers care by the local communities with
limited or no access to physicians, diagnostic or imaging facility. The essential stroke service level provides patients with
stroke access to diagnostic services, nurses, physicians (not neurologists), tPA and members of the stroke team, but they
do not have access to advanced diagnostic services (interventional radiology) and access to stroke experts, rehabilitation
therapists and well-coordinated stroke team, which is available only with advanced stroke services.? &

Table 3 - WSO Minimal, Essential and Advanced Stroke Services Roadmap

Minimal Health Care Services

e  Care provided in local
communities without coordination
across defined geographicregions

o No access to diagnostic services
or hospital care for hyperacute
stroke treatment

e Very limited access to physicians

e Variable access to healthcare
workers (eg., nurses, lab
personnel)

*  Basic training in swallow
screens and dysphagia
management; and in temperature
management

Essential Stroke Services
(in addition to Minimal services)

Limited coordinated stroke care
provided across geographically
discrete regions

Stroke training programs for all
levels of healthcare providers
Access to basic diagnostic
services

Limited access toemergency
medical services

Access to nurses and nursing
assessment with stroke training

Access to physicians with stroke
expertise

Access to acute thrombolysis with
IV tPA

Access to core members of an
interdisciplinary stroke team (MD,
RN, PT, OT)

Access to basic diagnostic
services

Laboratory blood test,
electrocardiogram (12 lead),
computed tomography (CT) scan
brain and vasculature,
angiography (CTA)

Ambulance personnel to identify
stroke signs using FAST
mnemonic

Advanced Stroke Services

(in addition to Minimal and Essential)

Fully coordinated stroke care
provided across geographically
discrete regions

* Advanced stroke services
rationalized to a smaller number of
centers

*  Stroke pathways that define
movement of stroke patients
across region to higher and lower
levels of services as required

*  Coordinated referral system

*  Provide telemedicine
consultations to smaller andmore
rural; centers

*  Ambulance bypass
agreements in place

* Repatriation agreements in
place to transfer patients back to
home communities

*  Printed stroke patient
educational materials

Stroke training programs for all
levels of healthcare providers
Data collection strategy and
mechanisms

Access to advanced diagnostic
services
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*  Work with ambulance
systems to have stroke identified
as a high priority transport
emergency, in addition to trauma
and obstetrical crises

Access to nurses and nursing
assessment with stroke training

Access to physicians with stroke
expertise (although may not be
stroke specialists)

Access to acute thrombolysis with
IV tPA

Intravenous tPA (Alteplase)

o  Magnetic resonance imaging
(MRI), MR Angiography, CT
perfusion scans, ECG
monitoring devices

Access to physicians with stroke

expertise in acute stroke care,

stroke prevention and/or stroke
rehabilitation

Program to develop and

maintain core competenciesin

stroke care

Access to additional acute

interdisciplinary stroke team

members
e  Access to advanced interventions:
o Intravenous tPA (Alteplase),
endovascular thrombectomy,
neurosurgery for hemorrhagic
stroke, hemicraniectomy for

*  Members of aninterdisciplinary
stroke team

*  Protocols for rapid evaluation and
diagnosis of stroke patients

*  Patient and family education, skills

training, and involvement in care ischemic stroke

plgnnlng _ . Acute inpatient stroke units
*  Discharge planning o Products to reverse
*  Limited coordinated stroke care coagulopathy

provided across geographically
discrete regions

*  Stroke training programs for all
levels of healthcare providers

Information adapted from World Stroke Organization. Global stroke guidelines and action plan: A road map for quality stroke care. [Pdf]. Published 2016.
Accessed May 6, 2021.

REFLECTION QUESTION

Review the core best practice recommendations for stroke care programs listed in Table 3.

Evaluate whether each recommendation is routinely in place, in development, not implemented, or not
available at your local health care facility.

Does your local health care facility meet minimal, essential, or advanced services?

Prehospital Care

The prehospital and emergency care portion of the Global Stroke Services Guideline focuses on early stroke assessment,
diagnosis, and management from the first onset of stroke symptoms through the first 24 to 48 hours.” Depending on a
region’s resource and facility availability, prehospital stroke care begins with family members or friends, ambulance
response, and ED.787 The goals of care in this phase are to diagnose the presence of a stroke and initiate time-sensitive
treatments to reduce the effects and prevent further damage.”8” The time from symptom onset to arrival at an ED is often
the source of the greatest delay and a frequent cause of exclusion for acute reperfusion therapies.”#” The temporal
window for effective stroke treatment is narrow and it is imperative that evaluation and diagnosis are performed promptly
and accurately.

Many factors contribute to the lack of prehospital care, such as awareness, fractured health care systems, underutilization
of emergency ambulance services, and road infrastructure. For example, stroke patients in China are not routinely
transported to health care facilities through the emergency ambulance service.® The Chinese government mandated the
use of “120” and “999” as the national medical emergency phone number in 2011; however, multiple emergency numbers
that predate this mandate (for private and hospital-based ambulance services) still exist and may create confusion.
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Emergency ambulance services are not routinely used to bring patients with stroke to a hospital and most patients arrive
by personal vehicle.? In some countries poor traffic infrastructure and an abundance of traffic lead to transportation delays
by ambulance services. Depending on the distance from the nearest stroke-capable facility, the risk of losing time in
transit in this circumstance must be carefully balanced against the services potentially offered by the medical ambulance
personnel (ie., is waiting on an ambulance service with minimal stroke support worth the time vs transporting the patient
via a personal vehicle?).8

A lack of patient and public awareness of stroke signs and symptoms, the urgency for immediate care, and the need to call
the national emergency number for ambulance response are the main causes of delay. Therefore, the designation and
consistent use of a standardized assessment scale is imperative. The FAST score is an acronym that is easy to recall and
provides reliable and consistent information for the health care personnel. FAST is the acronym comprised of keywords to
identify the following signs and symptoms of stroke?":

+ Face - Is the person's face drooping on one side?

+ Arms - Can the person raise both arms without one or both falling?

+  Speech - Slurring or difficulties in speaking are a sign of trouble.

« Time - Every second counts. With one or more of these symptoms, call 911 or your emergency phone line

immediately.

In some instances, the FAST acronym translates into other languages seamlessly. However, in some languages, the
direct translation is not as effective and may not allow for quick memorization for non-English speakers. Therefore,
researchers around the world have replicated the FAST acronym into language-specific acronyms or adapted a new
stroke awareness acronym to raise awareness of stroke symptoms in various countries. For example, the acronym
RAPIDO (which means fast in Spanish) is used in place of the FAST acronym in some Spanish speaking communities and
countries.®2 Similar to the FAST tool, RAPIDO illustrates warning signs and symptoms of stroke and the need to seek
treatment quickly. In Sweden the acronym AKUT is used, which stands for evaluating the face, body part, speech, and
time to call the national medical emergency line.?3 Also, in China, there is not a direct use or a simple translation of the
acronym FAST that works effectively due to language and dialect barriers. Therefore, researchers have proposed using
the country’s medical emergency phone number, 120, as a mnemonic tool for rapid stroke recognition. The number 1
represents “First, look for an uneven face,” 2 represents “Second, examine for arm weakness”, and 0 represents “Zero
(absence of) clear speech”. If stroke is suspected or identified through this three-step observation, the emergency number
120 must be dialed immediately.®

It is critical that ambulance response personnel determine when the patient was last known to be neurologically normal or
at their baseline neurological status. This provides guidance about interventional time windows and therapies that may be
appropriate to guide patient transportation and potential destination. Ambulance response should conduct a clinical
assessment (eg, onset of stroke symptoms, FAST data, airway, breathing, circulation stats, loss of balance, vision
changes, glucose level).% All patients with focal neurological symptoms/ symptoms of stroke should receive neuroimaging
without delay.

It is important that prehospital care providers have an established plan with regard to the triage of acute stroke patient

Ideally, ambulance personnel should be aware of the transportation route and destination of the nearest health care facility
with stroke care capabilities and/or capacity. % If there is only one hospital within a region that is an acute stroke—capable
hospital it should be the destination of choice. If multiple stroke-capable hospitals are within a similar driving distance, then
stroke severity and other patient and resource factors (ie., patient preference, hospital patient capacity) may influence
ambulance response triage decisions. Hospitals with high stroke volumes, those with stroke units, and certified stroke
centers have better stroke outcomes than hospitals without this expertise, experience, and resources. Initial presentation
at a health care facility that is not equipped to provide emergent stroke care can result in time delays that may exclude a
patient from some qualifying for acute therapies once the patient arrives at a more appropriate level of care or stroke
center. However, unless there are urgent mitigating circumstances, ambulance response personnel should not bypass the
closest facility to go to a higher-level facility if the diversion would add significant time to the transportation time.% Every
health care facility should have a policy that indicates the type and level of care it provides and these capabilities should
be communicated to the ambulance response authorities and incorporated in bypass policies along with other
considerations such as a patient’s stroke syndrome severity, stability, symptom duration, eligibility, and need for acute
treatment.%
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In some under resourced settings, ambulance response personnel may be staffed by volunteer personnel rather than
certified or licensed health care professionals. The training and expertise of volunteer personnel likely varies based on
local and regional factors. However, because of the important need for emergent care of stroke patients, it is crucial that
regional and state government health care leaders make stroke-specific educational and training efforts a high priority.°

Emergency Department Care
The initial evaluation is aimed at stabilizing vital functions, establishing a definitive diagnosis of stroke by excluding a
stroke mimic, and determining the type of stroke. The Guidelines’ recommends that an acute multidisciplinary stroke team
(ie., physicians, nurses, and laboratory/radiology personnel) triages and stabilizes the patient, conducts an evaluation
(history and physical), conducts laboratory and imaging studies, and should be performed concurrently. The multimodal
approach has three goals’:

e Rapid and careful identification of people with stroke for treatment purposes.

o Determination of the underlying cause of the stroke for secondary prevention.

o Detection of stroke-mimicking conditions that may require immediate care.

The AHA recommends that all patients receive a physical examination, standardized battery of tests and procedures, (see
Table 5) with alternative tests performed only if a particular condition is suspected or the patient's history is incomplete.” If
a patient presents with classic signs of stroke and has one or more cardiovascular risk factors, the diagnosis of stroke can
be straightforward. However, identifying more unusual cases may be a challenge.

Table 5- Tests and Procedures

Laboratory Procedures/Tests
Complete Blood Count (CBC) Echocardiography
Electrolytes Doppler ultrasound
Urea Holter monitors
Glucose -

Prothrombin (PT) International Normalized -

Ratio (INR)

The general physical examination should involve assessment of the head, neck, heart, lungs, abdomen, skin, and
extremities, as well as the cardiovascular, respiratory, and gastrointestinal systems. When performing the head and neck
examination, the clinician should look for physical signs of trauma or seizure activity (eg, contusions, tongue lacerations)
or heart failure (jugular venous distention). Pulse oximetry and temperature are also important evaluations because
thrombolytic treatment is inadvisable for a seizure in the absence of acute ischemia detected by imaging.” The cardiac
examination may demonstrate contributing factors or comorbidities, such as myocardial ischemia, valvular conditions, or
arrhythmias.” The diagnostic evaluation should include electrocardiography (ECG), because cardiovascular conditions
such as AF and Ml are prevalent among individuals with stroke.®” Within 1 hour of the patient's arrival, the initial evaluation
and treatment decision should be completed. All patients with acute ischemic stroke who can be treated within 4.5 hours of

symptom onset should be evaluated without delay in the ED by a physician with stroke expertise (either on-site or by
telemedicine/telestroke consultation) to determine their eligibility for treatment with [V tPA.8
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An important component of the physical examination is assessment with a clinical stroke tool that can evaluate and
document the neurological status in acute stroke patients. Different types of scales are needed for different purposes and
no single scale is suitable for capturing all of the effects of stroke. Numerous stroke scales have been developed such as
the Modified Rankin Scale (mRS), Barthel Index (Bl), and the National Institute of Health Stroke Scale (NIHSS). The
NIHSS% s highly sensitive and one of the most frequently used tools to measure the severity of a stroke, devise an
effective treatment plan that establishes a priority for patient safety, identify the potentially occluded vessel, and predict
patient outcome.52 The NIHSS is a commonly used 15-item neurological examination stroke scale used to evaluate the
severity of stroke based on patients’ level of consciousness, language, neglect, visual-field loss, extraocular movement,
motor strength, ataxia, dysarthria, and sensory loss. It has been validated for predicting lesion size and measuring stroke
severity and shown to be a predictor of both short-and long-term outcomes of stroke patients.® Ischemic stroke patients
may have a depressed level consciousness on initial presentation, which may diminish the efficacy of the NIHSS, and as a
result, other scales may be more appropriate to use.

Acute Inpatient Care
The acute inpatient stroke care phase in the Guideline’ focuses on the period after emergency care is completed.” This
phase of care usually starts from about 24 hours after stroke onset through the first 5 to 7 days when the patient is
medically stable. During this time attention shifts to ongoing stroke assessment, determining etiology, management of
persistent symptoms, initiating recovery, early rehabilitation, and prevention of acute complications.”#” All stroke patients
should be assessed for the risk of developing venous thrombosis and patients at high risk should be started on venous
thromboembolism prophylaxis immediately if there is no contraindication.?” Patients admitted to a hospital with an acute
stroke or transient ischemic attack should be treated by an interdisciplinary stroke team on a stroke unit that is specialized
and dedicated to the management of stroke patients.8” Management strategies should be implemented to prevent
complications such as®;

o Fever
Infection
Pneumonia
Hypoglycemia
Deep vein thrombosis (DVT)
Skin ulcers
Recurrent stroke

Other strategies include to avoid use of indwelling catheters due to risk of urinary tract infection (UTI). Swallowing,
nutritional, and hydration status should be screened as early as possible and prompt referrals to appropriate specialist
should be made as needed. Lastly, discharge planning should be initiated as soon as possible after admission.

Prevention of Secondary Stroke and Rehabilitation

Prevention of a secondary stroke occurs in the subacute phase. It involves assessment and management of risk factors

and ongoing physical, cognitive, and emotional factors attributable to survivors of stroke.”8” Based on the resource

availability in the region, this care can take place in a variety of settings and can include a myriad of services such as®’:
o Designated prevention clinics

Vascular risk reduction programs

Chronic disease management programs

Acute care hospitals

Primacy care

Community care

EDs

20



Secondary prevention services based on resources available include patient and family education, skills training, and
involvement in care planning as well as the following:”

¢ Organized prevention clinics or experts

e Risk factor assessments

Blood pressure management

Antiplatelet and anticoagulation medications
Ongoing rehabilitation

Cognition assessment and management
Depression assessment and management

Rehabilitation addresses goal setting, assessment, therapies, and interventions to promote optimal ongoing physical,
cognitive, and emotional recovery.®” These goals help people living with stroke regain as much independence,
functionality, mobility, and increase quality of life as possible (see Table 6). The Guidelines’ recommend that this care
occurs soon after the stroke occurs, and the patient is medically stable. Based on resource and facility availability, this
care should be provided in settings such as®”:

e Inpatient rehabilitation units
community-based rehabilitation programs
Acute care hospitals
Day programs
And in the home

Table 6 — Stroke Rehabilitation Services’

Stroke Rehabilitation Services
Early functional assessments Training programs for patients and families in simple
rehabilitation techniques and self-management
Goal Setting Home care services for stroke patients
Individualized rehabilitation plan Local/private community stroke rehabilitation programs
Inpatient stroke beds Patient and family support groups

The WSO also suggests empowering survivors of stroke, the community, and health care providers to use educational
technology (ie., smart phones, apps, online tools), where available, to reduce the risk of having a stroke. 8.1 |f routinely
encouraged as an extension of stroke care, such technology can potentially bridge the gap in the prevention efforts to
reduce the stroke burden worldwide.'%®

Community Reintegration and Recovery

Community reintegration is an important final stage of rehabilitation. This phase of the Guidelines’ is for survivors of
stroke after they leave inpatient care in either the acute and/ or rehabilitation setting and return to the community. The
care should be designed so that patients can resume independence after experiencing deficits or disability. This planning
should begin during discharge planning from acute care and include ongoing activities that can last months or years
following a stroke. Therapeutic activities should relate to meaningful activities and should be tailored to the individual
stroke survivor and promote their return to engaging in their usual roles and responsibilities and actively participating in
social groups.8”

A qualitative meta-synthesis'®' observed the following impactful themes related to successful community reintegration
within the first year after stroke:

Primary effects of stroke

Personal factors

Social factors

Relationships with health care professionals

Successful reintegration could significantly improve long-term outcomes for stroke survivors.8” Encouragement of the
patient living with stroke is critical during this phase as individuals’ perseverance, adaptability, and ability to overcome
physical and emotional challenges can accelerate reintegration even when the effects of stroke persist.
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REFLECTION QUESTION

Think about the quality indicators that are actively and routinely collected at your local health care facility. Are
you able to identify:
e What indicators are priority?
Who collects the data?
How is the data collected (eg, electronically, paper)?
How frequently is the data being analyzed?
Who receives the results (eg, stroke team, quality improvement team, administration, board of
directors, patient advisory counsel)?

EVIDENCE-BASED TREATMENT AND INTERVENTIONS

Reperfusion Therapy: Intravenous Tissue Plasminogen Activator (/V tPA)
Thrombolytic therapy by IV tPA has been the standard treatment for acute ischemic stroke52and converts endogenous
plasminogen into plasmin, which in turns lyses the fibrin mesh of the thrombi, promoting recanalization.

The earlier treatment is initiated, the higher the probability of a full recovery. The AHA/ASA recommend that health
systems set a goal of increasing their percentage of stroke patients treated within 60 minutes of presenting to hospital (ie.,
door-to-needle time of 60 minutes) to at least 80%.52 This treatment is extremely effective when administered within 3
hours — 4.5 hours.52 Treatment within 90 minutes has been associated with a higher rate of favorable outcomes than
treatment at 180 minutes at 3 months.'%2For stroke criteria, IV tPA improves functional outcomes at 3 to 6 months when
administered within 4.5 hours after ischemic stroke onset.52 Three months following IV tPA therapy, approximately 30% of
patients are neurologically normal or near normal. 'The most common serious medical complication related to IV tPA is
brain hemorrhage, ' which occurs in 6% of patients.'% Administration of [V t-PA is not recommended for patients who
have a systolic blood pressure greater than 185 mm Hg or a diastolic blood pressure higher than 110 mm Hg.52

A 2014 review on the global uptake of thrombolytic therapy revealed that only a 19% increase in LMIC compared to 50%
in high-income countries'% due to the provision of care in resource - poor settings being sub-optimal, fragmented, and
less likely to follow evidence-based recommendations.'® India has a low thrombolysis rate of 0.5%.

Mechanical and Aspiration Thrombectomy

IV tPA has remained a mainstay of medical therapy approved for stroke treatment for years;52however, over the past
decade clinical trials have demonstrated the efficacy of endovascular therapy via mechanical thrombectomy (MT). This
treatment is considered a newer option for acute care of ischemic stroke, with benefits in improving post-stroke
outcomes in patients with anterior circulation large vessel occlusion strokes.'%8112Newly developed devices for EVT
have further increased the recanalization rate and improved the benefits and safety for patients who meet exclusion
criteria for IV t-PA or when IV t-PA is unsuccessful in recanalizing large vessel occlusions. 52113

Mechanical thrombectomy has become a standard of care for ischemic stroke with large vessel occlusions and can be
performed with several devices and techniques as both a primary reperfusion strategy and an adjunct to pharmacologic
fibrinolysis for achieving recanalization in patients with acute ischemic stroke.52 The primary advantage of mechanical
thrombectomy is its ability to remove a clot within minutes, compared with pharmacologic thrombolytics that can take as
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long as two hours to dissolve the clot."* A second advantage is that newer devices have higher recanalization rates and
better outcomes than those seen with older devices.!"2 Although cost can be significant barrier, some of the primary
disadvantage of mechanical thrombectomy is the delay in initiation of treatment due to the time needed to activate the
interventional team and, in some instances, transfer of the patient to another hospital that has the capability to perform
mechanical thrombectomy.'14-116

The most commonly used device in recent trials was the stent retriever (SR) and, as a result, it is generally felt to be the
first-line device for MT (Figure 6).52 During this minimally-invasive procedure a catheter with a stent is thread into the
femoral artery in the groin to access the artery in the brain that is blocked by a clot. Contrast is introduced through the
catheter to identify the exact location of the blood clot. The stent opens and retrieves the clot allowing the artery to be
opened and blood flow reestablished.

Figure 6- Mechanical Thrombectomy with Stent Retriever

Published results from 2015 for five seminal randomized clinical trials expanded the research to introduce critical
modifications in standardizing the patient selection process and inclusion of EVT procedures such as primary stent
retrievers (Table 7). These studies included:

e Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands
(MR CLEAN)18;
Endovascular Treatment for Small Core and Proximal Occlusion Ischemic Stroke (ESCAPE)"0;
Extending the Time for Thrombolysis in Emergency Neurological Deficits-Intra-Arterial (EXTEND-IA)";
Endovascular Revascularization with Solitaire Device Versus Best Medical Therapy (REVASCAT)!"!; and
Solitaire FR with the Intention for Thrombectomy as Primary Endovascular Treatment of
Acute Ischemic Stroke (SWIFT PRIME)."'2

Intra-arterial administration of fibrinolytic drugs for stroke patients is an off-label use - an unapproved use of an approved
drug. Of the trials listed above, MR CLEAN permitted use of salvage intra-arterial fibrinolytic drugs.52 Nearly every patient
in the trials received IV tPA first. All of the studies enrolled participants 18 years of age and older. Four of the trials used
NIHSS scores (>2, >5, and 8 - 29) as eligibility criteria, and the fifth trial enrolled patients with a similar distribution of
NIHSS scores. Four of the trials used a pre-stroke function eligibility criterion. Each of the trials required baseline
nonenhanced CT or MRI and also used different strategies of an imaging-based selection criterion. The overwhelming
majority of patients in the trials had an internal carotid artery (ICA) or proximal middle cerebral artery (MCA) occlusion. All
five trials allowed the inclusion of patients with proximal cervical carotid stenosis, and all but one trial (SWIFT-PRIME)
allowed the inclusion of patients with complete atherosclerotic cervical carotid occlusion. General anesthesia and
conscious sedation were the two most frequently used anesthetic approaches for patients with acute ischemic stroke
receiving endovascular therapy. Outcome data comparing the use of intra-arterial (IA) r-tPA with mechanical
thrombectomy using stent retrievers is not available. Consequently, endovascular therapy with stent retrievers is
recommended over |A fibrinolysis as first line therapy. None of the trials established the usefulness of mechanical
thrombectomy devices other than stent retrievers.52
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Table 7 - Overview of Recent RCTs of Endovascular Stroke Therapy

MR CLEAN Escape EXTEND IA SWIFT PRIME REVASCAT
(Netherlands) (Global) (AUS, NZ) (Global) ~ (Spain)
Randomization of
patients to best
medical care vs
best medical care J J / / /
+ Endovascular
Time Window Onset to 6 hours Onset to 12 Onset to 6 hours Onset to 6 hours Onset to 8 hours
Studied hours
Number of 500 316 70 196 206
Patients
Age >18 >18 >18 18-80 18-80
Analysis of Rankin Shift Rankin Shift Reperfusion at Rankin Shift Rankin Shift
Primary Endpoint 24hrs and
dramatic NIHSS
improvement at
3d
Imaging Modality NCCT/CTA NCCT, CTA, NCCT, CTA, CTP | NCCT, CTA,CTP CTA or MRA,
Collateral Mismatch or MRI/MRA/PWI ASPECTS
assessment on
multiphase CTA
ASPECTS
Median baseline 18/17 17/16 13/17 1717 17117
NIHSS
Types of Devices Any Device Any Device 100% Stent 100% Stent 100% Stent
(97.4% Stent (86.1% Stent Retriever Retriever Retriever
Retrievers) Retrievers)
Statistically
Significant
genefit / / ( ( /

Source from Medtronic. Acute ischemic stroke changing clinical landscapes. PDF. 2016:12. DC00043715A.

Two newer trials, DAWN"” and DEFUSE "8 also showed a clear benefit of mechanical thrombectomy as well for certain
patients with large vessel occlusion who could be treated out to 16 - 24 hours. Both these studies included imaging based
on inclusion criteria to identify patients with large vessel occlusions with favorable core penumbra ratios in extended time
window of last well known. The DAWN trial ''"-""9was the first study to compare mechanical thrombectomy with standard
medical care for patients with acute ischemic stroke who were last known well 6 to 24 hours earlier. This study found that
compared to standard medical care alone, thrombectomy was associated with significant benefit on the 90-day co-primary
outcome with a utility - weighted mRS of 5.5 and rate of functional independence. The DEFUSE 3 trial''8120 revealed that
in some patients with large vessel strokes with favorable ischemic core to penumbra ratios, thrombectomy 6 hours to 16
hours after the last time a patient was well could give a patient an excellent outcome compared with medical therapy
alone. It further confirmed the use of advanced neuroimaging techniques to define an ischemic stroke population that may
benefit from thrombectomy in an extended time window. Both DAWN and DEFUSE 3 led to a Level | - A recommendation
in the most recent AHA and ASA AIS guidelines that selected patients within 6 to 24 hours of last known will benefit from
thrombectomy, when the imaging and other eligibility criteria from DAWN and DEFUSE 3 are strictly applied. 12!

Alternative techniques such as a direct aspiration first-pass technique (ADAPT) or direct aspiration (DA) are increasingly
used for the treatment of ischemic stroke. These techniques involve the use of large-bore aspiration catheters that are
guided to the proximal end of the thrombus and then put under negative pressure to produce suction on the thrombus. The
clot is then trapped at the tip or aspirated. 122

Clinical experiences reported in several non-controlled observational studies'?3124 suggest that compared with stent
retrievers, DA could result in faster reperfusion, higher rates of successful reperfusion (Thrombolysis in Cerebral Infarction
(TICI) score of 2b or more), and lower rates of major complications.'23125 Although the results of these trials are
encouraging, the results were not confirmed by two other recent randomized controlled trials, ASTER (Contact Aspiration
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vs Stent Retriever for Successful Revascularization)'26 and COMPASS (Aspiration Thrombectomy vs Stent Retriever
Thrombectomy as First-Line Approach for Large Vessel Occlusion)'?” which only validated similar efficacy and safety.

In Australia, delivery of thrombectomy rose steeply from 872 patients in 2017 to 1907 patients in 2019.23 A national stroke
audit reported that out of 14,902 ischemic stroke patients seen from 2013-2014, 2,180 (14.6%) were mechanical
thrombectomy candidates, but only one-third were taken to a health care facility that was capable of providing the
procedure.'? The Stroke Statistics in Korea facilitated by the Korean Stroke Society was a landmark endeavor at
compiling a comprehensive report on stroke epidemiology in Korea from 2008 to 2014. They reported that of the
approximately 33,252 patients in Korea who experienced ischemic stroke, endovascular treatment was received by about
3.6%.'2In the UK, facilities for thrombectomy are only available in a small number of hospitals and there is a shortage of
trained clinicians to perform the procedure. National stroke data reports that 781 thrombectomies took place in England,
Wales, and Northern Ireland across hospitals from 2017 - 2018, which is an increase from 594 the year prior.4? Mechanical
thrombectomy has become progressively widespread in recent years in Japan.

Dual Antiplatelet Therapy (DAPT)

The role of single antiplatelet agents after stroke is well established in the literature. Use of dual antiplatelet therapy
(DAPT) is more controversial and has been found effective in selective circumstances after ischemic stroke. DAPT with
aspirin and clopidogrel was found effective in coronary artery disease, but initial studies of chronic DAPT in stroke showed
no additional benefit and increased bleeding over single antiplatelets.'™® However, recent trials suggest a benefit in
specific stroke subtypes in the acute setting for limited duration.

DAPT may benefit patients with symptomatic large vessel high-grade intracranial atherosclerosis. Although the study was
not designed to test DAPT, all patients in the SAMMPRIS (Stenting Versus Aggressive Medical Therapy for Intracranial
Atherosclerosis) 3! study received DAPT along with aggressive management of stroke risk factors and the rate of
recurrent ischemic stroke in both stented and control patients was lower than seen in previous clinical trials of intracranial
atherosclerosis. During SAMMPRIS patients with high-grade intracranial stenosis with transient ischemic attack or
ischemic stroke within 30 days were randomized to stenting or aggressive medical therapy including aspirin 325 mg daily
and clopidogrel 75 mg daily for 90 days.'3! Patients from the WASID trial (Warfarin and Aspirin for Symptomatic
Intracranial Arterial Stenosis) who would have met SAMMPRIS inclusion criteria had a 30 - day rate of stroke/death of
10.7% and 1-year rate of 25% in comparison to 5.8% and 12.2%, respectively, in SAMMPRIS, suggesting benefit for
aggressive medical management, including DAPT during the first 90 days after stroke in patients with intracranial
atherosclerosis. 32

Further evidence for short-term DAPT in patients with atherosclerotic disease is supported by CLAIR trial (Clopidogrel
Plus Aspirin Versus Aspirin Alone for Reducing Embolization in Patients with Acute Symptomatic Cerebral or Carotid
Artery Stenosis)'®®and CARESS trial (Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis),
which show reduced micro embolic signals with transcranial Doppler in the first week after ischemic stroke.'3 Ninety-three
percent of patients in CLAIR had intracranial atherosclerosis, while 50% in CARESS had =50% ipsilateral extracranial
carotid stenosis. While both studies are limited by a lack of data past 7 days poststroke and a low number of events, there
were no differences in recurrent stroke events in either trial. Meta-analysis shows a 6% reduction in recurrent

strokes. 133134

The ACTIVE W (AF Clopidogrel Trial with Irbesartan for Prevention of Vascular Events) compared DAPT to warfarin.
Warfarin significantly lowered stroke, systemic embolization, myocardial infarction, or vascular death (primary end points)
compared with DAPT."®5 However, the ACTIVE Atrial (Effect of Clopidogrel Added to Aspirin in Patients With AF)'3 found
that DAPT had a significantly lower major vascular end points than aspirin alone, a finding determined primarily by stroke
reduction. Except for ACTIVE-A and ACTIVE-W trials, where DAPT was used as primary stroke prevention in AF, trials
showed DAPT benefit used for a relatively short period of time. The benefit with long-term administration was countered
by increased bleeding.®

The MATCH trial (Aspirin and Clopidogrel Compared with Clopidogrel Alone After Recent Ischemic Stroke or Transient
Ischemic Attack in High-Risk Patients),’3” compared DAPT to clopidogrel alone in patients with stroke or high-risk TIA.
DAPT did not reduce major vascular events and increased complications with intracranial and gastrointestinal bleeding.13
Fifty-four percent of patients in MATCH had lacunar and 34% had large artery stroke.'* This data combined with the
SPS3
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trial (Effects of Clopidogrel Added to Aspirin in Patients with Recent Lacunar Stroke),'3 which compared DAPT to aspirin
in patients with subcortical, lacunar strokes, showed DAPT significantly increased annual rate of hemorrhages and
mortality.138 SPS3 was halted early because of excessive bleeding and mortality in the DAPT arm. The majority of
hemorrhages noted were intracranial followed by gastrointestinal.

Short-term DAPT use carries less risk than chronic use. MATCH%and SPS3 CHANCE showed no significant bleeding
difference between DAPT and aspirin monotherapy (2.3% versus 1.6%). POINT showed increased major hemorrhage (0.9
versus 0.4%) but only between 8 and 90 days with overall benefit of DAPT through day 30. Increased hemorrhage is likely
because of longer duration of DAPT in POINT. Based on this data, optimal duration of DAPT appears to be 21 to 30 days
in patients with high-risk TIA and minor ischemic stroke. In patients with intracranial atherosclerosis, 90 days of DAPT is
based on SAMMPRIS data'30.13!; however, optimal duration of therapy for intracranial atherosclerosis has not been
specifically tested. '3

STROKE COMMUNITY AWARENESS PROGRAMS

Stroke community awareness campaigns around the world are aimed at increasing the public's awareness of signs and
symptoms of stroke and encouraging them to call the medical emergency number in case of stroke. These campaigns
generally include connecting with both the community and health care professionals using mass media, grassroots
outreach, partnerships, and community education. Many of these programs have been successful in increasing awareness
of the disease and activating emergency medical response quickly.

Australia’s National Stroke Foundation (NSF) stroke awareness campaign was launched in 2004 and awareness of stroke
warning signs has improved over the years as education became more robust.™? The reach and impact of the NFS
multimedia stroke warning sign campaigns across Australia was evaluated. A total of 12, 439 surveys were performed
across 6 states over 6 years. Awareness of stroke advertising increased from 31% to 50% between 2004 and 2010 and
the unprompted recall of more than 2 of the most common stroke warning signs increased from 20% to 53%."4°A 2011
cross-sectional study'#' examined the monthly numbers of ambulance dispatches for stroke in Australia between August
1999 and 2010 and for the month prior and after NSF’s stroke week campaign for each year. Ambulance dispatches for
stroke increased substantially after the campaigns began, specifically during years where funding and advertising was
highest. Between 1999 and 2009, the annual proportion of ambulance dispatches increased from 2.1% to0 2.95%. When
ambulance dispatches in before and after each campaign were compared, a significant increase after the campaign was
observed and researchers posit that this is due to the ambulance number being added to FAST community information:
2007 an increase from 2.62% to 3.00%, 2008 an increase from 2.62% to 3.05%, and in 2009 an increase from 2.70% to
3.09%.41

A 2016 study'*? evaluated the impact of a mass media campaign in Norway on the number of admissions to the ED with a
suspected acute onset of stroke and the number of patients treated with IV-T. The mass media campaign began with
raising awareness of hospital personnel and a primer before being pushed out to the community. A prospective analysis of
all patients admitted to the ED before, during, and after the mass media campaign was conducted to assess changes in
admission rate and IV-T treatment rate, both of which showed an increase. The increase of IV-T treatment rate started
from 7.3 to 11.3 patients per month, resulting in IV-T treatment percentages as high as 42%. The number of suspected
acute stroke admissions to the ER increased from 37.3 to 72.8 patients per month. Stroke symptom recognition increased
from 66% to 75%.42

In 2017 the effects of a national stroke campaign in Sweden was assessed.® The variables used to measure campaign
effects were knowledge of the AKUT (Swedish equivalent of the FAST) test and intent to call the medical emergency
number 112. Telephone interviews were conducted with 1, 500 people at eight points in time of the campaign: prior to;
three times during; immediately after; and 9, 13 and 21 months after the campaign. The campaign substantially increased
knowledge about the AKUT and intention to call 112 when experiencing or observing stroke symptoms. Prior to the
campaign 4% of people could recall the meaning of some or all keywords in the AKUT test, compared with 23% during
and directly after the campaign, and 14% 21 months later. Corresponding outcomes were 15%, 51%, and 50%
respectively for those remembering the term AKUT and 65%, 76%, and 73% respectively for intent to call.?®

In the province of Quebec, Canada, prehospital delays have been a significant obstacle to timely IV-T administration and
stroke sign recognition within the community has been historically poor. In 2021, researchers published a cross-sectional
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study'3that assessed the impact of FAST public awareness on stroke knowledge before and after a province-wide
bilingual (English and French) stroke campaign between July 2016 and January 2019. Campaigns preceded survey waves
1 through 3 and two campaigns preceded wave 4. They found that knowledge of FAST stroke signs in the general
population improved after multiple public awareness campaigns, although it remained low overall. They observed an
overall improvement of 26% in FAST stroke knowledge between survey waves 1 and 4, and by the last campaign
approximately 70% of people were able to name at least one FAST stroke sign. They also found that people of retirement
age and those with lower household income and education had a tendency towards worse stroke sign knowledge. 43

SUMMARY

Stroke is a major public health problem globally and one of the leading causes of morbidity and mortality. Ischemic stroke
is such a significant global burden that it is important that best practices in prevention, diagnosis, and treatment are
implemented across care settings around the world in order to further decrease the prevalence and high rates of morbidity
and mortality. Additionally, population awareness, reliable data on stroke epidemiology, and availability of hospital-based
stroke education and services are important for guiding policy decisions and health care planning.

The primary treatment for ischemic stroke is to recanalize the occluded vessel rapidly and improve clinical outcomes by
salvaging vulnerable brain tissues through blood-flow restoration. IV tPA was the only recanalization therapy with proven
efficacy in the past; however, landmark trials have established strong evidence for the efficacy of endovascular
mechanical thrombectomy over IV tPA. Since then, mechanical thrombectomy has increasingly become the standard
treatment for LVO’s. Consequently, advances in acute stroke treatment, such as mechanical thrombectomy and extended
time window of IV thrombolysis have led to a paradigm shift in how neuroimaging is delivered in patients with acute stroke.
This paradigm shift, combined with the understanding that time is brain, means that imaging must be quick, reliable, and
available around the clock for physicians to make appropriate clinical decisions. Understanding the use of various
appropriate imaging modalities and techniques in dealing with an emergency such as an acute stroke has become more
important than ever for physicians, nurses, and imaging technologists to treat patients with acute stroke. Diffusion-
weighted MRI and CTP imaging have gained widespread use as diagnostic tools to assist decision-making for reperfusion
therapies. Use of both modalities in an emergent setting help physicians and other health care professionals better predict
the time of onset of an ischemic event, calculate infarct core, and estimate potentially salvageable brain tissue. Also,
stroke recurrence is common in the early period after an ischemic stroke, so treatment with an antiplatelet intervention is
recommended to reduce recurrent stroke and death in patients with a noncardioembolic ischemic stroke and transient
ischemic attack. Compared to monotherapy, dual antiplatelet therapy has more robust inhibition of platelet activation but a
higher risk of systemic bleeding and intracranial hemorrhage.

Implementing best practices for stroke care and management worldwide is challenging. These challenges are amplified in
low- and middle-income countries where unmet needs for data, specialists and stroke care is high. As a result, the WSO
has developed guidelines is which countries can use to perform a self-assessment of current stroke activities, apply the
findings to help inform decision-making, and further advocacy efforts within their respective ability.
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GLOSSARY

Angiography

AF (A-Fib)

C-Arm

Catheter

Computed
Tomography

Diabetes Mellitus

Digital Subtraction
Angiography (DSA)

Embolic Stroke

High-density
Lipoprotein
Cholesterol (HDL)

Hemorrhagic Stroke

Ischemia

A method of visualizing blood vessels by injecting a dye or contrast substance through a
catheter.

The most common type of irregular heartbeat. A quivering or irregular heartbeat
(arrhythmia) that can lead to blood clots, stroke, and heart failure.

A device used to guide surgical instruments while watching the instrument being driven on
a live x-ray machine; also referred to as an x-ray image intensifier.

A flexible tube inserted through a narrow opening into a body cavity or blood vessel.

An imaging procedure that uses x-ray equipment and computer technology to create
detailed pictures, or scans, of areas inside the body.

A metabolic disease that causes high blood sugar because the body either does not
produce enough insulin or cannot effectively use the insulin that is produced.

Digital Subtraction Angiography (DSA) Provides an image of the blood vessels in the brain
to detect a problem with blood flow.

Occurs when a blood clot that forms elsewhere in the body (embolus) breaks loose and
travels to the brain via the bloodstream. Eventually, the clot lodges in a blood vessel and
blocks the flow of blood, causing a stroke.

A group of heterogeneous lipoproteins that are involved in the transport of sterols and
lipids.

When a blood vessel ruptures, blood accumulates in the tissue around the rupture, and
pressure on the brain and causes a loss of blood to the surrounding areas.

Inadequate circulation of blood, generally due to a blockage of an artery, which causes a
shortage of oxygen and nutrients needed for cellular metabolism and to keep tissue alive.
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Ischemic Stroke

Low-density
Lipoprotein
Cholesterol (LDL)

Magnetic Resonance
Imaging (MRI)

Mechanical
Thrombectomy

Neuroimaging

Quality Indicator

Stent Retriever

Thrombolytic Stroke

Tissue Plasminogen
Activator

Occurs as a result of an obstruction within a blood vessel supplying blood to the brain.

A fat that circulates in the blood, moving cholesterol around the body to where it is needed
for cell repair and depositing it inside of artery walls.

An imaging modality that uses a powerful magnetic field, radio waves, and a computer to
produce detailed images of the inside of the body.

A thrombolytic procedure where a long catheter tipped with a tiny suction cup, rotating
device, high-speed fluid jet, or ultrasound device is used to physically break up the clot.

Techniques to directly or indirectly image the structure, function, or pharmacology of the
brain.

An objective measure of healthcare quality that has been developed to support self-
assessment and quality improvement at the provider, hospital or systems level.

A treatment for AIS that can rapidly, safely and effectively retrieve intracranial clots.

When a blood clot develops at the fatty plaque within the blood vessel.

A protein involved in the breakdown of blood clots and the only FDA approved treatment
for ischemic strokes.
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