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lobally, stroke is the second leading cause

of death.! The estimated 62 000 strokes that

occur each year in Canada affect all age
groups, from neonates to elderly people, with occur-
rence rates rising by age. The lifetime risk of overt
stroke is estimated at one in four by age 80 years,
and the lifetime risk of silent or covert stroke is
likely closer to 100%. Stroke affects men and
women equally and causes major social and eco-
nomic burdens to society, with direct costs above
$3 billion annually in Canada.> Acute stroke and
acute coronary syndromes have many similarities.
Here, we review the diagnosis and management of
acute ischemic stroke and compare its treatment
with that of acute coronary syndrome, to help illus-
trate how the rapid relief of arterial occlusion and
restoration of normal blood flow can save lives
and prevent disability. This narrative review is
based upon a critical appraisal of relevant clinical
trials (Box 1).

Stroke is a syndrome. Broadly, there are two
types of stroke, either ischemic (in 85% of cases)
or hemorrhagic (in 15%). Hemorrhagic strokes are
divided equally into intracerebral hemorrhage and
atraumatic subarachnoid hemorrhage. The older
terms ‘“‘cerebrovascular accident” and “reversible
ischemic neurologic deficit” are not meaningful
and should no longer be used. The severity of isch-
emic stroke ranges from clinically mild or transient
(termed a minor stroke or transient ischemic
attack) to very severe (termed major ischemic
stroke), but the underlying causes are identical.
The distinction between transient ischemic attack
and ischemic stroke is no more than one of sever-
ity; therefore, it is not useful to think of these two
entities in separate categories.

Box 1: Evidence used in this review

We searched PubMed from 1955 to 2015 for
articles about stroke and acute coronary syndrome.
We reviewed the bibliographies of identified
articles for additional pertinent studies. A group of
stroke physicians and interventional cardiologists
(including but not limited to the author team)
provided expert review of the literature.
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How do the causes of ischemic
stroke and coronary syndromes
compare?

Ischemic stroke syndromes have a multitude of pos-
sible causes, characterized by a rule of quarters:
25% cardioembolic, 25% arteroembolic (large-
artery disease), 25% lacunar (small-vessel disease)
and 25% due to other causes, with global variation
in proportions by population.® In contrast, acute cor-
onary syndromes are overwhelmingly due to rup-
ture or erosion of an atherosclerotic plaque, with in
situ formation of thrombus on the plaque, which in
turn causes arterial obstruction.* We compare stroke
syndromes and coronary syndromes in Table 1.
Arterial occlusion in ischemic stroke is most
commonly embolic: either cardioembolic, from
causes such as atrial fibrillation or valvular heart
disease, or arteroembolic, from atherosclerotic
disease in the extracranial cervical carotid or ver-
tebral artery. Plaque rupture in the extracranial
cervical arteries with thrombus formation is
thought to be mechanistically identical with the
same process in the coronary arteries, but most
commonly results in distal embolization of throm-
bus to the brain (arteroembolism), rather than
in situ vessel occlusion. There is increasing recog-
nition that acute coronary syndromes may involve
arteroembolic mechanisms of occlusion of distal
coronary arteries, exactly analogous to ischemic
stroke caused by arteroembolism from the extra-
cranial carotid artery.>® A less common cause of
intracranial artery occlusion is rupture of an intra-
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e Ischemic stroke and acute coronary syndromes are similar because they

are both caused by sudden arterial occlusion.

e Different causes and pathological processes can result in occlusion;

therefore, approaches to treatment differ as well.

e Time to treatment is a critical factor affecting outcome for both

ischemic stroke and acute coronary syndromes.

e Asis the case for acute coronary syndromes, coordinated systems of care are

required to achieve good outcomes in patients with acute ischemic stroke.
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cranial atherosclerotic plaque with in situ throm-
bus formation, exactly analogous to the situation
in the coronary circulation.

Intrinsic small-vessel disease is inferred in a
quarter of ischemic strokes, but a good under-
standing of the mechanism is lacking because
these arteries are too small to be reliably imaged
in vivo during an acute stroke event. In studies of
small-vessel strokes, pathologic examination has
suggested that microatheroma with plaque rupture
was the most common cause of occlusion, fol-
lowed by microembolism.”8

Stroke registries in which the mechanism has
been prospectively identified show that for as
many as one-quarter of patients, no clear cause
of the stroke is identified. Many of these strokes
have imaging characteristics supporting an
embolic mechanism; hence, they are labelled as
embolic stroke of undetermined source (widely
known as ESUS).? Less common causes of both
ischemic stroke and acute coronary syndromes
include arterial dissection, vasospasm, vasculitis
and hypercoagulable states.

What are the signs and symptoms
of acute ischemic stroke?

Stroke syndromes present clinically as neurologic
deficits of sudden onset. Symptoms depend upon
the affected region of brain, which in turn is de-

fined by the arterial anatomy involved. Although
some features are more or less typical of hemor-
rhagic forms of stroke, as distinct from ischemic
stroke, none are sufficiently discriminatory to al-
low clinical diagnosis of stroke type. Therefore,
brain and neurovascular imaging in the acute
phase is required for all strokes. Common symp-
toms of stroke in the left hemisphere include
aphasia, right hemiparesis and right hemianopia,
and in the right hemisphere, left hemispatial ne-
glect, left hemiparesis and left hemianopia. The
majority (90%) of strokes are supratentorial; as
such, the public can be taught to recognize and
act upon stroke using the acronym FAST, for fa-
cial droop, arm drop, speech disturbance and
time. Posterior circulation or infratentorial stroke
has a multitude of additional symptoms, includ-
ing diplopia, bulbar palsies, dysphagia, unilateral
dysmetria and incoordination, as well as reduced
levels of consciousness. Although headache or
head, facial or neck pain may be an ancillary
symptom, stroke is typically painless. The most
important historical feature of stroke is the sud-
denness of its onset.

Identification of a stroke syndrome is rela-
tively easy: sudden onset of acute neurologic
symptoms, peaking within a few minutes, is
deemed a stroke until proven otherwise. How-
ever, detailed diagnosis and management are
highly dependent upon clinical assessment of the
history and physical examination, because symp-

Table 1: Comparison of ischemic syndromes of the brain and heart

Characteristic

Acute ischemic stroke syndromes

Acute coronary syndromes

Pathophysiology

Diagnosis

Thrombolytics

Endovascular therapy

Organized care units

or wards

Milder clinical syndromes

Heterogeneous: cardioembolic, artery-to-
artery embolization, small-vessel disease,
cryptogenic or embolic stroke of
undetermined source (also known as ESUS)

Clinical; imaging is mandatory and used for
treatment decisions

Alteplase (tPA) is standard; other
thrombolytic agents still under
investigation

Endovascular thrombectomy proven for
patients selected by imaging and with fast
treatment paradigms

Associated with proven improvement in
mortality and morbidity, but not yet widely
established throughout Canada

TIA and minor stroke require same-day
assessment, diagnosis and management to
prevent major acute stroke

Homogeneous: rupture of plaque and
in situ formation of occlusive thrombus
(most cases)

Clinical assessment, electrocardiography
and imaging used for risk stratification
and prognostication

Tenecteplase is standard; alteplase (tPA),
reteplase and streptokinase are
alternative proven therapies

Primary percutaneous coronary
intervention established for STEMI,
within 12 h of symptom onset

Shown to improve mortality and
morbidity; well established worldwide

Unstable angina and NSTEMI

require urgent assessment, diagnosis, risk
stratification and often invasive
management to prevent major
cardiovascular events

plasminogen activator.

Note: NSTEMI = non-ST-elevation myocardial infarction, STEMI = ST-elevation myocardial infarction, TIA = transient ischemic attack, tPA = tissue
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toms and signs vary tremendously according to
the region of the brain that is affected (Box 2).

How is the diagnosis confirmed?

Brain and neurovascular imaging is required for
diagnosis. The current standard is noncontrast
computed tomography (CT) of the head because
it is fast and widely available. When interpreted
by an expert, head CT can rule in a diagnosis of
hemorrhagic stroke (intracerebral or subarach-
noid hemorrhage) with over 95% accuracy. Head
CT can also rule in a diagnosis of major stroke in
about two-thirds of cases in which ischemic
changes are evident, but it is highly insensitive to
the diagnosis of minor stroke.!*!'? Small-volume
ischemic change is simply beyond the resolution
of CT; therefore, a “normal” scan in the scenario
of minor stroke neither confirms nor excludes
ischemia. Magnetic resonance imaging (MRI)
has greater spatial resolution to detect brain isch-
emia in transient ischemic attack or minor isch-
emic stroke and is the modality of choice to make
an inclusive imaging diagnosis of minor stroke
in cases where the deficits are very mild."?

For all presentations of acute stroke syndrome,
we recommend CT angiography immediately fol-
lowing noncontrast head CT.!3!* Identification of
the occluded intracranial vessel and evaluation of
the extracranial carotid, extracranial vertebral,
aortic arch and proximal great vessels is required
for management of both transient ischemic attack
or minor stroke and major ischemic stroke, if not
immediately then over the next several days.” In
cases of hemorrhagic stroke, intracranial CT angi-
ography will identify intracranial aneurysm as the
cause of subarachnoid hemorrhage or show the
source of bleeding in intracerebral hemorrhage as
a “spot” sign.'® Although MRI has greater sensi-
tivity for the small-volume ischemia observed in
transient ischemic attack or minor stroke, it is
used only in situations where there is no time
pressure to offer treatment, typically as follow-up
imaging. Unlike the situation for acute coronary
syndromes, where serum troponin and electro-
cardiography (ECG) are helpful diagnostic bio-
markers, similar blood or simple electrophysio-
logic tests are not available in stroke. Imaging is
the biomarker. See Box 3.

How should the patient with
acute ischemic stroke be treated?

When given within 4.5 hours after onset of isch-
emic stroke, intravenous administration of recom-
binant tissue plasminogen activator (alteplase) has
been shown in randomized controlled trials to de-
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crease functional disability, with an absolute risk
reduction of 7%-13% relative to placebo; it has
thus become the leading specific treatment recom-
mended for acute management of ischemic
stroke.'®2! Treatment efficacy wanes rapidly, and
risk of harm increases with time elapsed from
symptom onset; hence the urgent need for timely
diagnosis and treatment.?

Endovascular treatment is now a proven ther-
apy for major acute ischemic stroke. A Canadian-
led multinational trial, the Endovascular treat-
ment for Small Core and Anterior circulation
Proximal occlusion with Emphasis on minimiz-
ing CT to recanalization times (ESCAPE) trial,
has convincingly shown that endovascular throm-
bectomy using contemporary devices substan-
tially reduces both morbidity and mortality.” The
ESCAPE findings have confirmed results from the
Netherlands? and a phase IIb study from Aus-
tralia.”> Two smaller studies, one from the United
States and the other from Spain, have provided
further confirmatory findings.?**” These results

Box 2: Diagnosis and assessment of acute stroke syndrome

e Check ABCs (airway, breathing and circulation) first. In some patients

required. Rarely, there is circulatory instability due to arrhythmia or
other concurrent cardiac disease.

e Perform a quick assessment of degree of disability:
e Speech and spatial perception: Aphasia or hemispatial neglect?
e Vision: Hemianopia or quadrantanopia?

strength?
e Hemianesthesia: Check gross light touch on face, arm and leg.

and try to walk.

e Use the National Institutes of Health Stroke Scale (NIHSS) to guide
assessment of disability:

e NIHSS = 0-5: transient ischemic attack (NIHSS = 0 and no signs on
examination) or minor stroke (NIHSS 1-5)

e NIHSS = 6-10: moderate disabling stroke
e NIHSS = 11-20: moderate to severe disabling stroke
e NIHSS > 20: severe, life-threatening stroke

with stroke, the level of consciousness is reduced, and intubation may be

e Hemiparesis: Facial droop? Antigravity arm strength? Antigravity leg

e Coordination and walking: If possible, have the patient get out of bed

syndromes

infarction was facilitated by the wide availability and ease of use of
electrocardiography. ST-segment elevation was easily recognized and

treatment. In contrast, the development of thrombolysis for stroke was
dependent upon imaging to confirm the type of stroke. As CT imaging

Box 3. How diagnostics defined treatment in stroke and coronary

The evolution of thrombolytic therapy for ST-segment elevation myocardial

provided a good method of identifying patients who would benefit from

became more widely available in the 1990s, it became possible to rapidly
rule out hemorrhagic stroke and to test thrombolysis for ischemic stroke in
clinical trials. Thus, the development of thrombolysis for stroke, although
first considered and attempted in 1958,"” was delayed by the necessary
development of noninvasive imaging.
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apply only under the following conditions: patients
have been selected on the basis of CT and CT
angiography, time from imaging to reperfusion of
the blocked artery is less than 90 minutes, contem-
porary devices are available for use by experts to
open the blocked artery, and support from a dedi-
cated stroke unit is available for inpatient stroke
care. Thus, while the technology is enabling, this
procedure will be available only in tertiary hospi-
tals that have stroke teams with the expertise to use
timely imaging and intervention and the ability to
provide follow-up hyperacute care on a stroke unit.

Only patients with disabling acute ischemic
strokes are considered eligible for thrombolysis.
The definition of “disabling” varies by stage of life
and occupation. For example, a cortical hand syn-
drome (score of 0 on National Institutes of Health
Stroke Scale) may be disabling for a professional
musician but not for an elderly retiree. A patient
with a higher score on this scale is more likely to be
considered disabled. Stroke is sometimes associ-
ated with a major underlying life-limiting illness
(e.g., pancreatic carcinoma causing hypercoagu-
lable state or stroke associated with advanced
dementia); in such cases acute treatment is not indi-
cated, as death is an inevitable outcome. Deciding
who should be treated requires experience, judg-
ment and appreciation of the entire clinical context.
Broader use of advance directives would help with
this kind of decision-making.

At least half of patients with major ischemic
stroke arrive more than 4.5 hours after stroke onset

and are therefore not eligible for thrombolysis.?
This delay in presentation may result from a fail-
ure to recognize stroke, principally by the family
or friends. Alternatively, stroke commonly renders
the patient unable to initiate his or her own call for
help, so if the patient is alone when the stroke
occurs, there will be a delay until the person is
found by family or friends. Registries have shown
that in half of the cases, delay is caused by hesita-
tion to contact medical services after symptom
onset. 23 All patients with stroke should ideally be
treated on a geographically discrete stroke unit by
a multidisciplinary team, as described in further
detail below.

Half or more of all ischemic strokes are classi-
fied as transient ischemic attack or minor stroke,
and most of these patients are not offered thrombo-
lysis because their symptoms are not judged to be
disabling. These cases must be managed aggres-
sively to prevent progression to major stroke and to
prevent early recurrent major stroke. This means
same-day diagnostic work-up to establish whether
carotid artery atherosclerotic disease or atrial fibril-
lation are implicated, which would necessitate
cause-specific therapy with carotid revasculariza-
tion or anticoagulation, respectively.'*>!

Time is brain!
Minutes count

Speed of treatment is a critical factor in deter-
mining the outcome of thrombolytic and/or endo-

Box 4: Acute revascularization for ST-segment elevation myocardial infarction3?

Patients with ST-segment elevation myocardial infarction (STEMI) most likely have a large, acute

occlusion of the coronary artery that will be amenable to emergent revascularization with thrombolysis
or primary percutaneous coronary intervention (PCl). These patients represent about 40% of all cases of
acute coronary syndrome.*3 Initial thrombolysis trials dating back to the 1970s had neutral or negative
results. In 1986, with the publication of the landmark GISSI Trial (Gruppo Italiano per la Sperimentazione
della Streptochinasi nell’Infarto Miocardico), thrombolysis entered the mainstream.4 The GISSI trial
showed that the sooner streptokinase was administered, the better were the chances of recovery, with
significant improvement in mortality rates. Numerous other clinical trials followed, reinforcing the
evidence for rapid administration of streptokinase. Eventually, streptokinase was supplanted by newer
agents, such as recombinant tissue plasminogen activator (alteplase) and tenecteplase, which have
superior efficacy, with a treatment window of six hours from symptom onset. These trials also resulted in
the concept of door-to-needle time as a measure of system performance.

The limitations of systemic thrombolysis for STEMI, including significant decrease in efficacy with
prolonged ischemic time, failure of reperfusion, risk of reinfarction and an approximately 1% risk of
intracranial hemorrhage, prompted development of local therapies: first endovascular thrombolysis and
then PCI.?* Primary PCl is now the preferred strategy, but only where coordinated systems are available
to ensure timely access. For patients with STEMI, immediate transfer to a PCl-capable institution is
recommended, provided this transfer can be achieved within 90 minutes and provided that total
ischemic time is less than 12 hours. If this is not feasible, and particularly for patients who present within
two to three hours of symptom onset, thrombolytic therapy should be given before arrival at the
hospital or at the non-PCl-capable hospital, followed by transfer to a PCl-capable centre.

Coronary care units are the cornerstone of post-myocardial infarction (Ml) care. The development of
this type of unit began in the 1960s, the first in Toronto being established in 1965. By the 1980s, when
the evidence for thrombolysis for acute MI became accepted, infrastructure was already in place for
treatment of acute MI, which made the goal of short door-to-needle times highly feasible. Furthermore,
admission to a coronary care unit is beneficial because this setting offers rapid identification and
treatment of malignant arrhythmias, diagnostic expertise and early introduction of medical treatments.53¢
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vascular treatment for patients with disabling acute
ischemic stroke. In this regard, it may be useful to
consider how the treatment of myocardial infarc-
tion (MI) has evolved (see Box 4).#6323% Rapid
diagnosis of acute MI is facilitated principally by
ECG. Measurement of serum enzymes (creatine
kinase MB fraction and troponin T/I) is not useful
in the first hour. The clinical history, physical
examination and ECG findings are the diagnostic
mainstays. In some large cities, paramedic person-
nel perform ECG and can transmit the tracing
electronically to the attending cardiologist, which
allows treatment decisions to be made en route. In
some jurisdictions, ambulance-based thrombolysis
is initiated on this basis alone.?”* Electronic trans-
mission of the ECG tracing has also facilitated a
direct-to-catheterization-laboratory approach for
primary percutaneous coronary intervention, with
bypass of the emergency department and reduction
in door-to-balloon time, which has led to better
outcomes for patients with ML It remains true that
when delays to primary percutaneous coronary
intervention are expected (e.g., because of trans-
port distance), it is better to treat rapidly with intra-
venous thrombolysis.*’

In cases of suspected ischemic stroke, bypass-
ing the emergency department is difficult because
of the need for imaging. The particular stroke type
(ischemic v. hemorrhagic) may be suspected
before arrival at the hospital, but cannot be con-
firmed without imaging. Rapid in-hospital pro-
cesses and a team approach are required to reduce
door-to-needle times. A median time of 20 min-
utes was shown to be possible in a cohort study
from Helsinki,* but in North America median
times of 60 minutes or more are typical.*® On aver-
age, for every minute of delay after middle cere-
bral artery occlusion, 1.9 million neurons, 14 bil-
lion synapses and 12 km of myelinated fibres are
destroyed.* Efforts to reduce door-to-treatment
times for stroke are continuing. Research studies are
underway in Berlin and Houston to examine the
effects of placing CT scanners in ambulances to
allow rapid imaging, remote transmission of imag-
ing data for expert review and a thrombolysis deci-
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sion, so that paramedics can deliver thrombolytic
therapy in the ambulance.*! Ambulance-based CT
may eventually facilitate a direct-to-angiography-
suite approach for acute ischemic stroke, similar to
what is already in place for MIL.

Hours count
Distinguishing clinically between transient isch-
emic attack and minor stroke is not particularly
helpful for prognosis because both are associated
with substantial early and 90-day risks of major
ischemic stroke, and urgent investigation and man-
agement are therefore warranted for both.!34243
Cobhort studies have shown that up to one-third of
inpatients with a clinical diagnosis of transient isch-
emic attack (no residual deficits on examination)
have evidence of ischemia on MRL'"** Almost all
patients with minor stroke have small infarcts that
can be visualized by MRI* In this way, transient
ischemic attack and minor stroke are conceptually
similar to non-ST-segment elevation MI (Box 5).46
The risk of disabling stroke after transient
ischemic attack or minor stroke is substantial
and is heavily “front-end loaded.”*” Recognition
and early (i.e., same-day) evaluation and treat-
ment may substantively reduce this risk.*-0
Dual antiplatelet regimens for the short-term are
warranted and continue to be investigated.>!3
Carotid artery revascularization and anticoagula-
tion for atrial fibrillation are proven effective
treatments that prevent stroke.»> For patients
without these conditions, transient ischemic attack
presents a golden opportunity to prevent future
stroke by intervening on lifestyle and vascular
risk factors.?!

What care should be provided
in hospital?

Specialized coronary care units are prevalent
worldwide, but the same is not true for stroke
units.>> However, organized stroke unit care —
care provided by multidisciplinary teams that
exclusively manage patients with stroke in a dedi-

Box 5: Non-ST-segment elevation acute coronary syndromes*¢

Non-ST-segment elevation acute coronary syndromes include unstable angina and non-ST-segment
elevation myocardial infarction. Unstable angina is considered an acute coronary syndrome in which

there is no detectable release of enzymes (biomarkers of myocardial necrosis). Most patients with acute
coronary syndrome have recurrent transient reduction in coronary blood supply caused by formation of
thrombus at the site of atherosclerotic plaque rupture and/or vasoconstriction. These events occur as a
consequence of platelet aggregation and complex interactions among the vascular wall, leukocytes,
platelets and atherogenic lipoproteins. Non-ST-segment elevation myocardial infarction has the same
pathophysiology as unstable angina but is distinguished by the release of cardiac markers of myocardial
necrosis (e.g., troponin T). Management involves early risk stratification and rapid institution of medical
treatments: antiplatelet agents, antithrombotic agents, B-blockers and statin therapy. Thrombolytic
therapy is not indicated for these patients. Early coronary angiography and revascularization are
beneficial in high-risk patients with acute coronary syndrome.
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cated ward — should be the standard of care.
Randomized controlled trials have shown conclu-
sively that patients treated in dedicated stroke
units fare better than those treated in general
wards without the same ready access to personnel
trained and experienced in managing stroke.¢>°
The spectrum of stroke syndrome in these studies
included both ischemic and hemorrhagic stroke,
ranging from mild (transient ischemic attack and
minor stroke) to more severe.”® In one trial, pro-
viding treatment in a stroke unit significantly
reduced in-hospital mortality (odds ratio [OR]
0.50, 95% confidence interval [CI] 0.34-0.74),
case-fatality rate (OR 0.45, 95% CI 0.28-0.71),
six-month mortality (OR 0.57, 95% CI 0.39—
0.82), one-year mortality (OR 0.59, 95% CI 0.42—
0.84) and rate of discharge to a nursing home (OR
0.61, 95% CI 0.38-0.98).%

Patients with stroke who receive organized
inpatient care in a stroke unit are more likely to
be alive, independent and living at home one
year after the stroke.””-%%5! These benefits were
most apparent in units based in a discrete ward,
and there is substantial evidence of avoidance of
direct costs when such care is implemented.

Conclusion

Conceptually, there are broad similarities in the
presentation, pathophysiology and treatment of
acute ischemic stroke syndromes (from the mildest
transient ischemic attack or minor stroke through
major ischemic stroke) and acute coronary syn-
dromes. Two unifying concepts are that treatments
must be fast and decisive and that organization of
care is critical to good outcomes. Acute stroke care
is rapidly catching up with acute coronary care.
Successful treatment programs for both conditions
are highly dependent upon specialized treatment
units, provision of care by teams of health care pro-
viders and the “chain of survival” from symptom
onset to reperfusion.
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