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1 | QUESTION

ABSTRACT

An approach to managing acute ischemic stroke includes recogni-
tion, investigations, treatment, and secondary prevention. Firstly, facial
drooping, limb weakness and slurred speech are some common signs
that should raise the suspicion for stroke. Upon presentation, investi-
gations, including the national institute of health stroke scale and a CT
head, should be done to rule out intracranial hemorrhage and diagnose
an ischemic stroke. The treatment principles for an acute ischemic stroke
focus on removing or dissolving the occlusion to maintain or reinstate per-
fusion of the brain. Finally, patients suffering ischemic stroke should be
admitted to the acute stroke unit and monitored for complications. Ba-
sic medical management of comorbidities should also be considered to
prevent subsequent ischemic episodes. This article will explain each of
these processes in more detail to help develop a basic approach to the
management of an acute ischemic stroke.
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pressure 172/91 mmHg, temperature 37.9 C. Physical

Mr.  Smith is a 72-year-old right-handed man who
presents to the emergency room with sudden-onset
right-sided weakness and numbness, as well as impaired
speech. His partner drove him to the hospital when they
noticed his smile was asymmetrical (right-sided facial
weakness) and he could not lift his right arm. His past
medical history includes type 2 diabetes and hyperten-
sion. His medications include metformin 850 mg, ASA
81 mg, atorvastatin 40 mg and lisinopril 10 mg. Vital
signs are evaluated; heart rate: 123 beats per minute

(bpm), respiration rate: 22 breaths per minute, blood

exam reveals diffuse right arm weakness (MRC grade 2),
and the right biceps and brachioradialis deep tendon re-
flexes are graded as 3+. Right plantar response is ex-
tensor. Language assessment reveals deficits in fluency,

comprehension, repetition, and naming.

Investigations
EKG: rapid atrial fibrillation at 118 bpm
CBC and basic metabolic panel: WBC 7.8 x 10?/L, Hgb
130 g/L, platelets 250 x 107/L, Na 140 mmol/L, Cl 107
mmol/L, HCO3 25 mmol/L, Creatinine 58 umol/L, urea
15 mmol/L, random blood glucose 8.4 mmol/L, INR 1.1
NIHSS evaluation: pending
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Occlusion of which blood vessel would elicit the neu-
rological symptoms presented above?

. left anterior cerebral artery
basilar artery

right middle cerebral artery
. left middle cerebral artery

moonw>

left posterior cerebral artery

N

| ANSWER

D. Mr. Smith presented with acute onset right-sided
weakness and numbness in his arm and face, as well as
brisk right-sided upper limb reflexes on physical exam.
These signs and symptoms are suggestive of a left hemi-
sphere upper motor neuron lesion. Furthermore, his
language deficits are indicative of a global aphasia with
both expressive (i.e. producing language) and recep-
tive (i.e. understanding language) components, localiz-
ing to the language areas of the left frontal (Broca's area)
and temporal-parietal (Wernicke's area) lobes. The pres-
ence of cortical signs (aphasia), right upper motor neu-
ron signs (weakness and hyperreflexia), and right-sided
sensory symptoms (numbness) makes the most proba-
ble localization the left cerebral cortex, supplied by the
left middle cerebral artery, making it the most likely ves-
sel to be occluded. Anterior cerebral artery occlusions
more often present with contralateral lower limb weak-
ness and numbness. A basilar artery occlusion can re-
sult in “locked-in” syndrome, in which an individual is
aware, but unable to communicate or move due to paral-
ysis of most voluntary muscles in the body. Right middle
cerebral artery occlusions present with left-sided sen-
sory and motor symptoms, as well as neglect syndromes.
Finally, a left posterior cerebral artery occlusion would
more likely manifest as right-sided homonymous hemi-

anopsia.

3 | INITIAL APPROACH

Stroke is a time-sensitive diagnosis potentially result-

ing in a myriad of long-term functional deficits. It is

a leading cause of disability in Canada, affecting over
400,000 individuals. (1) In acute ischemic stroke, “time
is brain”, as treatment options and prognosis are both
time-sensitive. In fact, complete occlusion of blood flow
may lead to the death of vulnerable neurons after only
5 minutes. (2) It is therefore imperative that individu-
als have a practical approach to ischemic stroke, from
recognition to recovery. The following article will de-
scribe such an approach at a level appropriate for those
with basic clinical knowledge.

Basic management consists of timely recognition, di-
agnosis, and treatment, including 1) acute interven-
tion (thrombolytic therapy and/or mechanical thrombec-
tomy), 2) medical management in an acute stroke unit,
and 3) secondary prevention measures and long-term
follow-up. Each of these components will be briefly re-

viewed in the following sections.

3.1 | Recognition

Though this paper will focus primarily on medical inter-
vention, it is important to acknowledge the role of pub-
lic health interventions for greater awareness and timely
recognition. Such interventions depend on the partic-
ipation of the public and medical professionals to suc-
ceed. For example, public health messaging such as the
“FAST signs of stroke” campaign launched by the Heart
and Stroke Foundation have been employed to hasten
treatment and improve health outcomes. (4) The FAS.T.
acronym stands for: Face - is it drooping? Arms - can
you raise both? Speech - is it slurred or jumbled? Time
- time to call 911 right away. (4) Indeed, in a time se-
ries evaluation of the FAST campaign in England, au-
thors noted a significant positive impact on information-
seeking behaviour and emergency admissions. (5)

3.2 | Diagnosis

Initial evaluation of a suspected acute ischemic stroke
consists of both good history taking, including time
of onset and baseline functional status, and a focused
neurological examination, often using the National In-
stitutes of Health Stroke Scale (NIHSS). The NIHSS
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is a quantitative measure of stroke-related neurologi-
cal deficit and is used to predict stroke severity and
long-term outcome. (6) The scale evaluates level of
consciousness, gaze, visual fields, facial palsy, motor
strength, ataxia, sensation, language, dysarthria, and ex-
tinction/inattention in individuals showing signs of is-
chemic stroke. Upon confirmed suspicion of ischemic
stroke, a non-contrast computed tomography (CT) scan
is then ordered to rule out intra-cranial hemorrhage
(ICH). A confirmed suspicion (from history and neuro-
logic exam) along with a non-contrast CT with no evi-
dence of ICH and no other explanation for the neurolog-
ical deficits is sufficient to diagnose an acute ischemic
stroke. Additionally, patients presenting with clinical
suspicion for middle cerebral artery (MCA) stroke should
be assigned an Alberta Stroke Program Early CT Score
(ASPECTS) to quantitatively evaluate the degree of is-
chemic change on CT. (7) The score subtracts a point
from a total score of 10 for each defined cortical re-
gion found to have evidence of early ischemic change.
A score >8 suggests that patients may have a better

chance for independence post stroke. (7)

3.3 | Thrombolytic Therapy

After the diagnosis of an acute ischemic stroke has been
made, patients eligible to receive a tissue plasminogen
activator (TPA) such as alteplase should receive treat-
ment as soon as possible. (3, 8, 9) Intravenous (V) al-
teplase should be dosed at 0.9mg/kg (not to exceed
90mg total dose), 10% given as a bolus and the remain-
der infused over 60 minutes. |V alteplase is adminis-
tered to patients who have a blood pressure of less
than 185/110 mmHg and do not fulfill any of the con-
traindications listed in Table 1, within 4.5 hours of stroke
onset. (3) If blood pressure exceeds 185/110 mmHg,
agents such as labetalol or nicardipine could be consid-
ered prior to TPA therapy. Importantly, obtaining blood
work including troponins and INR should not delay ad-
ministration of TPA, as long as there is no reason to sus-
pect a coagulopathy. (3, 9) Also note that TPA should be
administered even if mechanical thrombectomy is being

considered. (3)

3.4 | Mechanical Thrombectomy

A CT angiogram should be performed at the same time
as the diagnostic non-contrast CT to help determine el-
igibility for mechanical thrombectomy. Indications for

Contraindications for Tissue Plasminogen Activator Therapy

Extensive regions of clear hypoattenuation on CT

Intracranial hemorrhage identified on CT

Prior ischemic stroke within 3 months

Severe head trauma within 3 months

Post-traumatic infarction occurring during acute in-hospital treatment

Intracranial or spinal surgery within 3 months

History of intracranial hemorrhage

Symptoms and signs of subarachnoid hemorrhage

Gastrointestinal malignancy or bleed within 21 days
Platelets <100 000/mm3, INR >1.7, aPTT >40 seconds, PT >15 seconds
Received a full treatment dose of low molecular weight heparin within 24 hours

Infective endocarditis

Aortic arch dissection

Intra-axial neoplasm

Concomitant abciximab or IV aspirin (ASA not administered within 90 minutes)

INR, international normalized ratio; aPTT, activated partial thromboplastin time; PT, prothrombin time; ASA, acetylsalicylic acid

TABLE 1 Contraindications for tissue plasminogen activator therapy
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mechanical thrombectomy include: a large vessel occlu-
sion of the internal carotid or proximal middle cerebral
arteries, less than 6 hours since symptom onset (2), age
over 18, NIHSS score greater than 6, and no baseline
neurological disability. (10) If patients present between
6 and 24 hours of symptom onset with anterior circula-
tion occlusion, they may still be eligible for mechanical
thrombectomy based on the result of a CT perfusion,
diffusion-weighted magnetic resonance image (MRI), or
MR perfusion scan. (10, 11) These studies measure
blood flow to areas of the brain to help identify regions
that have not yet been irreversibly damaged (the penum-
bra) and may benefit from reperfusion. (12) The mis-
match ratio (MMR), which refers to the volume differ-
ence between the penumbra and the ischemic core, may
be applied to predict response to reperfusion therapy;

MMR >1.2 may predict greater response. (13)

3.5 | Medical Management

Patients should then be admitted to the acute stroke
unit, where the focus is on avoiding complications. Dur-
ing this time, blood pressure should be monitored and
kept under 180/105 mmHg in those who received
thrombolytic therapy to minimize the risk of a hem-
orrhagic event. Those ineligible for thrombolytic ther-
apy should not undergo intervention for elevated blood
pressure unless exceeding 210/120 mmHg. (14) Fur-
thermore, all patients should be administered dual anti-
platelet therapy within 24-48 hours (therapy should be
held 24 hours in those who received TPA) to prevent re-
current thrombosis and ischemia. Brain imaging should
also be repeated at 24 hours to assess the risk of hemor-
rhage. (3) Patients should also be kept nil per os (NPO)
until assessed for dysphagia by a certified clinician or
speech language pathologist. (3) Bed rest for only the
first 12 hours after admission is recommended, as re-
cent findings suggest that 12 (as opposed to 24) hours of
bedrest is associated with significant reductions in pneu-
monia rates, discharge NIHSS scores, and length of stay.
(15)

3.6 | Secondary Prevention

As previously mentioned, all patients should be started
on dual antiplatelet therapy and/or anticoagulation. (3)
Patients who have suffered mild to moderate ischemic
stroke who receive a combination of aspirin and clopi-
dogrel have a lower risk of future major ischemic events
over 90 days than those treated with aspirin alone. (16)
As most recurrent ischemic events occur within the first
week, dual antiplatelet therapy is recommended to be
started within 24-48 hours and continued for at least
21-30 days post-ischemic stroke. (12) After this time,
clopidogrel may be removed and while aspirin is con-
tinued indefinitely. (3) Anticoagulation should be re-
served for those with identified atrial fibrillation or car-
dioembolic risk factors. Finally, secondary prevention
should be addressed through the management of hyper-
tension, dyslipidemia, and hyper/hypoglycemia during
admission. Patients should also be given education re-
garding smoking cessation, physical activity, and nutri-

tion before discharge. (3)

4 | BEYOND THE
PROACH

INITIAL AP-

This section will discuss various mechanisms of ischemic
stroke including embolism, decreased perfusion, and
thrombosis. Understanding the major mechanisms by
which ischemic stroke develops may guide secondary
prevention through the reduction of pertinent risk fac-
tors.

41 | Embolism

Embolism to the brain may affect both large and small
cerebral vessels, leading to an acute ischemic stroke.
The source of an embolus to the brain may be cardiac
or arterial in origin, with left ventricular thrombi being
an especially common source. Atrial fibrillation is an in-
dependent risk factor for cardioembolic stroke, regard-
less of its duration. Those with suspected cardioembolic
stroke should therefore receive an echocardiogram for

investigation of atrial fibrillation and subsequently be
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treated with oral anticoagulation to an optimal INR of
2.0to0 3.0. (17, 18) Note that anticoagulation in a patient
with atrial fibrillation and acute cardioembolic stroke car-
ries a risk of hemorrhage. For this reason, anticoagula-
tion should be delayed several days in those with low
risk of recurrence. In those with high risk of recurrence,
especially if the infarct is not large and the patient does
not have uncontrolled hypertension, early anticoagula-
tion is still recommended. (17)

4.2 | Perfusion Deficit

Acute ischemic stroke may also be due to stenosis of
large and small cerebral vessels leading to perfusion
deficits, with atherosclerotic plaques being a major fac-
tor in the development of vessel stenosis and occlusion.
Regarding large artery atherosclerotic plaques, stenoses
resulting in occlusion of more than 70% identified with
angiography predispose individuals for ischemic events,
including thrombo-embolic complications. Medical and
surgical interventions available for these patients in-
clude anticoagulation (as described above) and carotid
endarterectomy, respectively. Hypoperfusion of small
(lacunar) arteries is another important source of acute
ischemic stroke. Lacunar strokes are due to occlusion
of small, deep, perforating arteries in cerebral circula-
tion and often present with isolated motor or sensory
deficits. Etiology may be due to cardiac or arterial em-
bolism, plague embolism, or even large vessel steno-
sis. In fact, lacunar hypoperfusion may be a first in-
dication of large vessel stenosis. Measures to reduce
atherosclerotic risk factors are therefore beneficial for
secondary and primary prevention of vessel stenosis
that causes acute ischemic stroke. (17) Lifestyle modi-
fications including regular exercise, smoking cessation,
and adequate nutrition are particularly pertinent in pre-
venting atherosclerotic plaques that arise from hyper-

tension, dyslipidemia, and hyperglycemia. (18)

4.3 | Thrombosis

Thrombosis (and prothrombotic states) is another impor-

tant mechanism of acute ischemic stroke. Thrombosis

may be secondary to atherosclerotic plaque rupture, or
primary due to hematological abnormality. In the case of
atherosclerotic plaque rupture, medical management of
the atherosclerotic risk factors described above may be
helpful in secondary prevention. Primary prothrombotic
states due to hemostatic abnormalities in antithrombins,
heparin cofactor Il, proteins C and S and fibrinolytic fac-
tors may be associated with stroke at any age, and in
these patients long-term anticoagulation with warfarin
is generally recommended. (17, 18)

5 | CONCLUSION

In acute ischemic stroke, quick and efficient recogni-
tion and activation of the multidisciplinary team are crit-
ical for timely treatment. Upon emergency room arrival,
stroke severity should be estimated based on the NIHSS,
and hemorrhagic stroke should be ruled out based on
non-contrast CT. After the diagnosis of acute ischemic
stroke, TPA should be administered within the first 4.5
hours. If the stroke is identified as a large vessel oc-
clusion, mechanical thrombectomy should be consid-
ered within the first 6-24 hours. Finally, stroke patients
should be started on dual anti-platelet therapy and ad-
mitted to the hospital for additional investigations and
management. Elucidation of the stroke etiology may aid
in guiding additional investigations and secondary pre-

vention.
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6 | TABLES & FIGURES

Recognize thesigns ofa stroke
Face
Arms
Speech
Time to call

v

ER - susp d hyp ischemic stroke
Vitals, cardiac monitor, 2 IV lines, labs
NIHSS evaluation

2

‘ ’——I CTHead (non-contrast) F a

Bleed No Bleed
Hemorrhagicstroke management / CTA \~
TPA Eligible TPA Ineligible
Administer TPA \ Large Vessel Occlusion * Allow BP to rise (210/120)

Clot retrieval / * start antiplatelet therapy

Admit to Neurology |

v
Monitor
*  BPfirst 24 hours (<180/105)
* NPOuntil SLP assessment
* Bedrest 12 hours
* Imaging 24 hours post-TPA

2

Investigate Stroke Etiology |

<
Large artery embolic/occlusive \
*  Anterior circulation: carotid A
imaging Atherosclerosisrisk factors Cardioembolic
*  Posterior circulation: ¢ Glucose/HbALC ¢ Echo —TTE, TEE, consider bubble
vertebral/basilar imaging * Lipids study
*  (MRA/CTA/doppler) - BP *  Telemetry/Holter monitor
Antiplatelet Anticoagulation

(ifeligible) T, __— | (feligible)

Medical Management
* BP<140/90
* Glucose management
Intensive Rehabilitation ¢ Lipid management
PT/OT/SLP *  Physical activitycounselling
* Nutritioncounselling
* Smokingcessation counselling

A

FLOWCHART 1 Approach to Ischemic Stroke
ER, emergency room; NIHSS, national institute of health stroke scale; CT, computed tomography; CTA, computed tomography angiography;
TPA, tissue plasminogen activator; BP, blood pressure; NPO, non-per-oral; MRA, magnetic resonance angiography; TTE, transthoracic

echocardiogram; TEE, transesophageal echocardiogram; PT, physical therapy; OT, occupational therapy; SLP, speech-language pathologist.



