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Stroke accounts for significant morbidity and mortality and is the fifth leading cause of death in the United States, with direct
and indirect costs of more than $100 billion annually. Expedient recognition of acute neurologic deficits with appropriate his-
tory, physical examination, and glucose testing will help diagnose stroke and rule out mimicking presentations. The National
Institutes of Health Stroke Scale should be used to determine stroke severity and to monitor for evolving changes in clinical
presentation. Initial neuroimaging is used to differentiate between ischemic and hemorrhagic stroke or other pathologic pro-
cesses. If a stroke is determined to be ischemic within four and a half hours of last known well or baseline state, determining
the patient'’s eligibility for the administration of intravenous recombinant tissue plasminogen activator is necessary to pro-
ceed with informed decision-making for diagnostic workup and appropriate treatment options. Additional evaluation with
specialized magnetic resonance imaging studies can help determine if patients can receive recombinant tissue plasminogen
activator within nine hours of last known well. Subarachnoid hemorrhage should be considered in the differential diagnosis
if the patient presents with rapid onset of severe headache. If radiographic imaging is negative for hemorrhage when there
is high suspicion for delayed presentation of stroke, a lumbar puncture should be considered for further evaluation. Patients
with cerebellar symptoms should be evaluated with a HINTS (head-impulse, nystagmus, test of skew) examination because
it is more sensitive for cerebellar stroke than early magnetic resonance imaging. Additional cerebrovascular imaging should
be considered in patients with large vessel occlusions presenting within 24 hours of last known well to assess benefits of
endovascular interventions. Once initial interventions have been implemented, poststroke evaluations such as telemetry,
echocardiography, and carotid imaging should be performed as clinically indicated to determine the etiology of the stroke.
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among all causes of death in the
United States, accounting for one out of every 19 deaths,
with costs of more than $100 billion annually. Cumulative
all-cause mortality after a stroke is estimated to be 10.5%
at 30 days and 21.2% at one year. An estimated 7.6 million
Americans are self-reported to have experienced a transient
ischemic attack (TIA) or stroke, with a climbing projection
of an additional 3.4 million by 2030. The incidence of stroke
is approximately 795,000 people per year, and 25% of these
occurrences are recurrent episodes.! Traditionally, stroke
was defined as a focal injury to the central nervous system
(CNS) caused by a vascular etiology lasting more than 24
hours, which primarily made this disease a clinical diagno-
sis. Given advancements in the understanding of cerebro-
vascular disease as a process and the widespread availability
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of rapid imaging, a more universal definition has emerged,
defining stroke broadly as a concept encompassing CNS
infarctions and hemorrhages based on imaging and patho-
logic and clinical findings.”> Clinical symptoms of neuro-
logic dysfunction accompanied by evidence of infarction
on brain imaging are classified as ischemic stroke, whereas
transient symptoms without evidence of infarction are clas-
sified as TIA.

Rapid diagnosis and prompt treatment of stroke with
consideration for use of recombinant tissue plasminogen
activator (rtPA) can significantly reduce mortality and mor-
bidity; risk factor modification can reduce recurrence.

Risk Factors

Numerous risk factors contribute to stroke. Approximately
87% of stroke risk is attributable to modifiable risk factors
such as adiposity, diabetes mellitus, hypertension, and dys-
lipidemia. Behavioral factors such as smoking, sedentary
lifestyle, and unhealthy dietary choices account for about
47% of these modifiable risk factors.! Depending on the type
of stroke, risk factors have variable associations. Diabetes
increases the risk of an ischemic stroke but decreases the risk
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ACUTE STROKE DIAGNOSIS

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Evidence

Clinical recommendation rating Comments

In patients who are eligible for rtPA treatment, it should be initiated as C Practice guidelines based on

soon as possible and not be delayed for further diagnostic workup.® moderate-quality evidence from one
or more well-designed, well-executed,
nonrandomized, observational, or
registry studies

All patients with stroke symptoms should be sent for urgent neuroimag- C Expert opinion and consensus guide-

ing with noncontrast computed tomography of the brain.8*6” line in the absence of clinical trials

Patients eligible for intravenous rtPA should receive treatment, even if C Practice guideline based on

mechanical thrombectomy is being considered.”® moderate-quality evidence from one
or more well-designed, well-executed,
nonrandomized, observational, or
registry studies

In patients who present after six hours with signs or symptoms of C Expert opinion and consensus guide-

subarachnoid hemorrhage, lumbar puncture should be performed if line in the absence of clinical trials

computed tomography or MRI results are negative or equivocal, and

suspicion for subarachnoid hemorrhage is high based on the Ottawa

Subarachnoid Hemorrhage Rule for Headache Evaluation.-2

Patients who present with cerebellar symptoms should be evaluated C Expert opinion and consensus guide-

with a HINTS examination and diffusion-weighted magnetic resonance line in the absence of clinical trials

imaging. Negative early magnetic resonance imaging may need to be

repeated in three to seven days or followed up with a bedside HINTS

examination.>722

Patients who present within 24 hours with severe neurologic deficits (o} Practice guideline and clinical review

possibly caused by large vessel occlusions of the internal carotid arteries
or proximal middle cerebral arteries should have noninvasive cerebro-

based on consistent, good-quiality,
patient-oriented evidence

vascular imaging to assess eligibility for mechanical thrombectomy.®1®

HINTS = head-impulse, nystagmus, test of skew; MRI = magnetic resonance imaging; rtPA = recombinant tissue plasminogen activator.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-
oriented evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to https://www.aafp.

org/afpsort.

of a subarachnoid hemorrhage. Adiposity appears to increase
the risk of ischemic stroke; however, its association with
hemorrhagic stroke is unclear. Hypertension increases the
risk of all types of stroke, but the risk tends to be higher with
hemorrhagic vs. ischemic stroke.> Radiographic findings of
previous stroke are the greatest predictor of future stroke.*

Classification of Strokes

Stroke classification is based on the underlying pathologic
process and vascular distribution. Appropriate classifica-
tion of a stroke assists in formulating definitive treatment
decisions and communicating potential short- and long-
term prognoses. In the United States, approximately 87% of
all strokes are ischemic, 10% are intracerebral hemorrhages,
and 3% are subarachnoid hemorrhages.!
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An ischemic stroke is defined as an episode of neuro-
logic dysfunction secondary to a focal CNS infarction. A
silent ischemic infarction is defined as imaging or neuro-
pathologic evidence of an infarction without neurologic
dysfunction.

Intracerebral and spontaneous subarachnoid hemor-
rhages are defined as rapidly developing neurologic dys-
function secondary to the focal accumulation of blood
in the brain parenchyma and in the subarachnoid space,
respectively, and are not precipitated by trauma. A silent
cerebral hemorrhage is similar to a silent ischemic stroke
in that both are without clinical symptoms. Imaging shows
a focal collection of blood within the brain parenchyma
or ventricular system, often presenting in the form of
microhemorrhages.?
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A stroke caused by cerebral venous
thrombosis is an infarction or hem-
orrhage in the brain, spinal cord, or
retina due to thrombosis of a cerebral
venous structure and represents 0.5%
to 1% of all strokes. A stroke classified
as “not otherwise specified” is defined
as acute neurologic dysfunction pre-
sumed to be caused by ischemia or
hemorrhage that persists for more than
24 hours or until death, but with inde-
terminate evidence to be classified as
any other type of stroke.? Attempting
to localize the vascular distribution of
a stroke based on clinical assessment
has traditionally been used to assist in
diagnosis and treatment and for reha-
bilitation purposes.

Clinical Diagnosis

The history is key in the initial assess-
ment of stroke and should focus on the
symptoms and signs of focal neuro-
logic injury, such as unilateral weak-
ness or sensory deficit, facial droop,
dysarthria, or aphasia (Table I1)°
Patients typically present with a sud-
den and maximal focal neurologic
deficit that is consistent with a vascu-

ACUTE STROKE DIAGNOSIS

TABLE 1

Most Common Symptoms and Signs of Ischemic Stroke

Prevalence  Agreement between examiners
Symptom or sign (%) (kappa)
Symptoms
Acute onset 96 Good (0.63)
Subjective arm weakness* 63 Moderate (0.59)
Subjective leg weakness* 54 Moderate (0.59)
Self-reported speech disturbance 53 Good (0.64)
Subjective facial weakness 23 -
Arm paresthesiat 20 Good (0.62)
Leg paresthesiat 17 Good (0.62)
Headache 14 Good (0.62)
Nonorthostatic dizziness 13 =
Signs
Arm paresis 69 Moderate to excellent (0.42
to 1.00)
Leg paresis 61 Fair to excellent (0.40 to 0.84)
Dysphasia or dysarthria 57 Moderate to excellent (0.54
to 0.84)
Fair to excellent (0.29 to 1.00)
Hemiparetic/ataxic gait 53 Excellent (0.91)
Facial paresis 45 Poor to excellent (0.13 to 1.00)
Eye movement abnormality 27 Fair to excellent (0.33 to 1.00)
Visual field deficit 24 Poor to excellent (0.16 to 0.81)

lar territory.® The timing of events or
symptom onset, specifically the last
known well or baseline state, is crucial
for assessment and determining treat-
ment options.

Standardized stroke scoring sys-
tems should be used to determine
severity of injury and prognosis. The National Institutes
of Health Stroke Scale (NIHSS) is the most widely used
clinical tool” (Table 2%). NIHSS scores generally reflect
the degree of stroke severity: mild (8 or less), moderate (9
to 15), and severe (16 or more).>!° Stroke scales allow for
standardization of communication between clinicians,
hospitals, and health care systems to provide an objec-
tive means of monitoring for evolving changes in clinical
presentation.

Initial Evaluation

An appropriate workup should be done immediately fol-
lowing history and physical examination to rule out cer-
tain conditions that can present similarly to stroke. Stroke
mimics include encephalopathies, infection, electrolyte
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*—Noted as loss of power.
t—Noted as loss of sensation.

Adapted with permission from Yew KS, Cheng EM. Diagnosis of acute stroke. Am Fam Physi-
cian. 2015;91(8):529.

disturbances, psychogenic conditions, and toxicities'
(Table 3%"). The national standard for identifying stroke
mimics is less than 3%; however, they can be identified in
a range as low as 1% to as high as 25% based on hospital
registries, reflecting that mimics may be difficult to differ-
entiate from acute stroke at presentation.’? Pending diag-
nostic studies for stroke mimics should not delay initiation
of rtPA in eligible patients because the risk of symptomatic
intracranial hemorrhage is low.%?

The initial evaluation includes appropriate radiologic
and laboratory evaluation. A glucose test is required before
administration of rtPA. Additional tests may be indicated
by clinical presentation and history.®’ Table 4 outlines the
appropriate initial workup for a patient with suspected
stroke.®!>1°
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TABLE 2

National Institutes of Health Stroke Scale

Clinical assessment/scale definition Score Clinical assessment/scale definition Score
Level of consciousness Motor function (leg)

0 = Alert 0 = No drift

1 = Not alert, but arousable 1 = Drift

2 = Not alert, obtunded, requires 2 = Some effort against gravity

painful stimulation 3 = No effort against gravity

3 = Unresponsive —_— 4 = No movement

Left leg

Level of consciousness questions: patient )
. o . Right leg
is asked what month it is and their age

0 = Answers both ) )

Limb ataxia
1 = Answers one correctly
) 0 = Absent
2 = Answers neither correctly . .
1 = Present in one limb
: 2 = Present in two limbs

Level of consciousness commands:
patient is asked to open and close their
eyes, then squeeze the nonparetic hand Sensory

0 = Performs both tasks correctly 0 = Normal

1 = Performs one task correctly 1 = Mild to moderate sensory loss

2 = Performs neither task correctly 2 = Severe to total sensory loss
Best gaze Best language

0 = Normal 0 = No aphasia

1 = Partial gaze palsy 1 = Mild to moderate aphasia

2 = Forced deviation 2 = Severe aphasia

3 = Mute, global aphasia

Vision

0 = No vision loss Dysarthria

1 = Partial hemianopia 0 = Normal

2 = Complete hemianopia 1 = Mild to moderate dysarthria

3 = Bilateral hemianopia 2 = Severe dysarthria
Facial palsy Extinction or inattention

0 = Normal 0 = No abnormality

1 = Minor paralysis 1 = Visual, tactile, auditory, spatial, or

2 = Partial paralysis personal inattention

2 = Profound hemi-inattention or

3 = Complete paralysis L
extinction to more than one

modality
Motor function (arm)
0 = No drift
1 = Drift

2 = Some effort against gravity
3 = No effort against gravity

4 = No movement
Left arm

Right arm
Note: National Institute of Health Stroke Scale scores generally reflect the degree of stroke severity: mild (8 or less), moderate (9 to 15), and severe
(16 or more).

Adapted from Jauch EC, Saver JL, Adams HP Jr, et al.; American Heart Association Stroke Council; Council on Cardiovascular Nursing; Council

on Peripheral Vascular Disease, Council on Clinical Cardiology. Guidelines for the early management of patients with acute ischemic stroke: a
guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke. 2013,44(3):880.
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While initial laboratory work is being evaluated, noncon-
trast computed tomography (NCCT) of the brain should be
performed promptly for all patients with stroke symptoms
to evaluate for initiation of rtPA therapy.®'” According to
the American Stroke Association, the time from triage to
NCCT interpretation should not exceed 45 minutes.® Mag-
netic resonance imaging (MRI) is an appropriate diagnos-
tic alternative; however, it takes longer to obtain and is not
always available, especially in some small facilities. There-
fore, it is not preferred for initial diagnostic imaging. Rul-
ing out an intracranial hemorrhage is the main purpose of
NCCT; however, subtle evidence of acute stroke may already
be seen in two-thirds of NCCT scans in less than three
hours.? Evidence of acute stroke on NCCT is associated with
increased morbidity and a higher likelihood of hemorrhagic
conversion of ischemic stroke.® An obvious hypodensity
suggesting an intracranial bleed involving more than one-
third of the middle cerebral artery territory is an absolute
contraindication to rtPA therapy. Table 5 shows each type
of radiologic study and indication.®'®

Determining the appropriate use of rtPA should be the
focus of theinitial evaluation because the benefit of treatment

TABLE 3

Stroke Mimics

Mimic Condition

Central nervous
system pathology

Benign cysts, brain metastasis, multi-
ple sclerosis, primary central nervous
system tumor

Encephalopathy Hypertensive encephalopathy, Wer-

nicke encephalopathy

Headache Atypical migraine, migraine with

syndrome aura, ocular migraine, head trauma,
traumatic brain injury

Infection Central nervous system abscess,
encephalitis, meningitis, sepsis

Metabolic Hypermagnesemia, hypoglycemia,

abnormality hypomagnesemia, hyponatremia,

hypothyroidism, uremia

Psychogenic Conversion disorder

Seizures Partial seizure, postictal, status
epilecticus
Toxicities Alcohol, illicit drug use, misuse of

prescribed medications

Information from references 8 and 11.
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is time dependent. Once an NIHSS score has been estab-
lished and an NCCT of the brain has ruled out intracranial
bleeding, it must be determined if the patient has any addi-
tional contraindications to rtPA therapy. This evaluation is
completed by a neurologist in consultation with the emer-
gency department physician, via Telestroke, or in-person
evaluation. If a stroke is determined to be ischemic and the
patient’s last known well is within four and a half hours,
the patient is a candidate for intravenous rtPA. Indications
for rtPA, relative and absolute contraindications, and addi-
tional considerations are shown in eTable A. Patients with
acute ischemic stroke who wake up with stroke symptoms
or have an unclear time of onset (i.e., four and a half to nine
hours from last known well or baseline state) may require

TABLE 4

Initial Workup for a Patient With Suspected
Stroke

Evaluation Tests

Laboratory  Arterial blood gas*
Basic metabolic panel
Blood alcohol level*
Coagulation panel
Complete blood count
p-dimer

Glucoset

Lipid panel

Liver enzymes
Pregnancy test*

Rapid plasma reagin*
Toxicology screen*
Troponin

Procedure  Electrocardiography
Electroencephalography*
Lumbar puncture*

Oxygen saturation

Radiologic  Chest radiography*
Magnetic resonance imaging of the brain

Noncontrast computed tomography of the
braint

Transthoracic echocardiography with bub-
ble study*

*—As clinically indicated.
t—Required before recombinant tissue plasminogen activator
administration.

Information from references 8 and 13-15.
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ACUTE STROKE DIAGNOSIS

a combination of specialized MRI studies to identify those
who will benefit from rtPA administration.*'® Patients eligi-
ble for rtPA should receive it without delay, even if they are
being considered for mechanical thrombectomy.»'
Subarachnoid hemorrhage should be considered in
patients with sudden onset of a severe atraumatic headache

that is described as the worst headache of their life.”” A lum-
bar puncture should be considered for further evaluation,
especially in patients who present six hours after headache
onset, because subarachnoid hemorrhage can be missed
by NCCT and MRI. The Ottawa Subarachnoid Hemor-
rhage Rule for Headache Evaluation can be used to rule out

TABLE 5

Radiologic Studies for the Initial Evaluation of Acute Stroke

Radiologic study

Indication

Purpose

Noncontrast computed
tomography

Diffusion-weighted
magnetic resonance
imaging

Computed tomographic
angiography or magnetic
resonance angiography

Transcranial Doppler
ultrasonography

Carotid Doppler
ultrasonography

Computed tomographic
perfusion

Magnetic resonance
imaging perfusion

Digital subtraction angi-
ography (conventional
angiography)

Preferred imaging at arrival, within
25 minutes

May be used instead of noncontrast
computed tomography if available
at arrival, within 25 minutes

Evaluation for consideration of
mechanical thrombectomy, within
24 hours

Evaluation for consideration of
mechanical thrombectomy for large
vessel occlusion, within 24 hours

Within 24 hours of admission

Evaluation for consideration of
mechanical thrombectomy for large
vessel occlusion, within 24 hours

Evaluation for consideration of
mechanical thrombectomy for large
vessel occlusion, within 24 hours

Evaluation for consideration of
mechanical thrombectomy for large
vessel occlusion, within 24 hours

Rules out intracranial hemorrhage

Two-thirds of noncontrast computed tomography will
reveal evidence of acute stroke

Provides detailed evaluation of the area of injury in the
brain

Can be used as initial evaluation to rule out intracranial
hemorrhage

Evaluates for large vessel occlusion, look for dot sign*
Evaluates for carotid artery stenosis

Determines eligibility criteria for closure of patent fora-
men ovale

Evaluates for large vessel occlusion, but not as sensitive
as computed tomographic angiography or magnetic
resonance angiography

Monitors large vessel occlusion after recombinant tissue
plasminogen activator treatment

Evaluates for carotid artery stenosis, less sensitive than
computed tomographic angiography

Provides information regarding regional perfusion
hemodynamics
Can indicate areas that are irreversibly damaged

Determines eligibility criteria for closure of patent fora-
men ovale

Provides information regarding regional perfusion
hemodynamics

Can indicate areas that are irreversibly damaged

Provides diffusion-weighted images for the detailed eval-
uation of the injured brain tissue

Determines eligibility criteria for closure of patent fora-
men ovale
Evaluates for intracranial large vessel occlusion

Evaluates for carotid artery stenosis

*—Dot sign is relative hyperdensity seen as a dot on axial slices of a middle cerebral artery compared with its contralateral counterpart within the

sylvian fissure.

Information from references 8 and 18.
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subarachnoid hemorrhage with 100% sensitivity in patients
15 years and older who present with new severe atraumatic
headache with maximum intensity within one hour. With
any positive findings (i.e., age 40 years and older; neck pain
or stiffness; witnessed loss of consciousness; onset during
exertion; thunderclap headache [pain peaking within one
second]; and limited neck flexion), subarachnoid hemor-
rhage cannot be ruled out.”**!

In patients with cerebellar symptoms that are concern-
ing for posterior circulation stroke (Table 6°), such as gait
ataxia, limb ataxia, or vertigo, a HINTS (head-impulse,
nystagmus, test of skew) examination
should be performed to determine a
CNS vs. peripheral cause. It is more
sensitive for stroke than early MRI,

accuracy than MRA.%’ Magnetic resonance transcranial
Doppler ultrasonography is less sensitive than angiography
(46% to 60%) but can inform improved treatment outcomes
of rtPA therapy.®’

Digital subtraction angiography (conventional angiogra-
phy) is the diagnostic standard for determining large vessel
involvement.® Neurologic complications, including stroke,
increase with invasive imaging, but based on a large prospec-
tive study the risk is about 1%.% Intra-arterial treatments
include mechanical thrombectomy, which is performed with
a stent retriever or an aspiration catheter, or administration

TABLE 6

Most Common Symptoms and Signs of Posterior Circulation

with a sensitivity of 100% and a speci- Stroke
ficity of 96%.722* A diffusion-weighted . . .
MRI is the preferred imaging study, Symptom Prevalence (%) Sign Prevalence (%)
but a negative early MRI may need to Dizziness 47 Dysarthria 53
be repeated in three to seven days or Unilateral limb 41 Nystagmus 45
followed up with a HINTS examina- weakness
tion>722 (Table 7>%*%°). A video demon- Dysarthria 31 Unilateral limb 38
strating the HINTS examination is weakness
Headache 28 Gait ataxia 31

available at https://www.youtube.com/
watch?v=1q-VTKPweuk.

Nausea or vomiting 27

Unilateral limb ataxia 30

Adapted with permission from Yew KS, Cheng EM. Diagnosis of acute stroke. Am Fam Physi-

Large Vessel Occlusion

Recent data from multiple randomized
trials have shown that patients with
large vessel occlusion have significantly
better outcomes with endovascular
treatment.>'®>*?® Patients presenting
within 24 hours with severe neuro-
logic deficits thought to be caused by
large vessel occlusions of the internal
carotid arteries or proximal middle
cerebral arteries should undergo non-
invasive cerebrovascular imaging with
computed tomographic angiography
(CTA) or magnetic resonance angi-
ography (MRA). This allows for the
evaluation of ischemia and large vessel
occlusion and assessment of the ratio
of potentially reversible ischemic tis-
sue to the volume of infarcted tissue
to determine eligibility for mechanical
thrombectomy.”®# Evaluation with
noninvasive imaging has a sensitivity
of 87% to 100% and specificity of more
than 95% for detecting large vessel
occlusions, with CTA having greater

Head-impulse
test

Nystagmus test

Test of skew

622 American Family Physician

cian. 2015,91(8):530.

TABLE 7

HINTS Examination

www.aafp.org/afp

The patient should focus on a fixed target. Turn patient’s
head laterally 10 to 20 degrees with high acceleration while
observing the eyes. A saccadic eye movement is indicative of
a peripheral cause.

The patient should look with a sustained gaze in a left or right
direction. Do not have the patient fixate on a target. The fast
beat of the nystagmus that changes direction with change in
gaze (refixation), vertical nystagmus, or torsional nystagmus is
consistent with a central nervous system pathology.

The patient should focus on a fixed target, typically the exam-
iner's nose. Perform cover-uncover test on each eye. Any
upward or downward gaze correction is indicative of central
nervous system pathology.

Note: The HINTS examination should be performed to determine a central nervous system or
peripheral cause of cerebellar symptoms. It has a sensitivity of 100%, a specificity of 96%, and
is more sensitive for detecting stroke than early magnetic resonance imaging.

HINTS = head-impulse, nystagmus, test of skew.

Information from references 5 and 22-25.
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of intra-arterial fibrinolysis. Both approaches may be used
in combination. The success of mechanical clot removal
depends on determining the length of the clot.

The Alberta Stroke Program Early CT Score (ASPECTS)
measures the extent of early ischemic changes in the ter-
ritory of the middle cerebral artery, which is divided into
10 regions with points subtracted for areas with ischemic
signs.® The ASPECTS results should be calculated by a
radiologist or neurologist. Patients presenting between six
and 24 hours of symptom onset and with an ASPECTS result
calculated as 6 or more should be considered for additional
imaging with a computed tomographic perfusion scan or
diffusion-weighted MRI to better show potentially viable
brain tissue at risk of ischemic damage. eTable B outlines
indications for mechanical thrombectomy based on initial
cerebrovascular imaging and other criteria for patients who
present within six hours of last known well. The number
needed to benefit from endovascular treatment was 2.8,
from analysis of pooled data of two trials.'®

Poststroke Evaluation

When the initial evaluation is completed, whether or
not the patient received rtPA therapy, a full evaluation is
necessary to determine the etiology of the stroke. If rtPA
was administered, diffusion-weighted MRI should be
performed before starting anticoagulants or antiplatelet
agents. CTA or MRA is an appropriate imaging technique
to evaluate for carotid artery stenosis, but digital subtrac-
tion angiography is the diagnostic standard.® Carotid Dop-
pler ultrasonography has less sensitivity (83% to 86%) than
any radiologic evaluation. CTA has more than 90% sensi-
tivity for carotid artery stenosis. Echocardiography should
be performed to evaluate for a cardiac source of embolic
strokes. In patients 18 to 60 years of age, echocardiography
with bubble study should be used to determine if there is
an anomalous opening between the right and left side of
the heart, such as a patent foramen ovale, for consideration
of closure of the abnormality. The RESPECT trial showed
a significant reduction in recurrent ischemic strokes with
patent foramen ovale closures.*

Transesophageal echocardiography is more sensitive
than transthoracic echocardiography, but it is also more
invasive. Transesophageal echocardiography should be
performed in patients who have a high probability of a car-
diac source of embolism, are younger than 45 years without
cardiac disease, have mechanical valves, or have suspected
aortic pathology.”® All patients with stroke should be placed
on telemetry while in the hospital to evaluate for paroxys-
mal atrial fibrillation. Two studies have shown that 10% to
15% of patients with a diagnosis of stroke, not otherwise
specified without atrial fibrillation who were on 24 hours

June 2022 + Volume 105, Number 6
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of telemetry were diagnosed with paroxysmal atrial fibril-
lation on a 30-day loop recorder in the following six months
after their stroke, further supporting the need for long-term
monitoring for arrhythmia in older, high-risk individuals
following unspecified strokes.***

This article updates previous articles on this topic by Yew and
Cheng.>%¢

Data Sources: A PubMed search was completed in Clinical Que-
ries using the key terms stroke, stroke evaluation, AAN guide-
lines, stroke imaging, post stroke care, stroke subtypes, stroke
differential, and treatment. The search included meta-analyses,
randomized controlled trials, clinical trials, and reviews. We also
used search results from the Cochrane database, Essential Evi-
dence Plus, UpToDate, and Dynamed. Search dates: March 15,
2021 and April 10, 2022.
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BONUS DIGITAL CONTENT

ACUTE STROKE DIAGNOSIS

eTABLE A

Indications and Contraindications of rtPA Treatment

for Acute Ischemic Stroke

Recommended with likely benefit for patients presenting within three hours of
last known well

Age > 18 years

Concurrent acute ischemic stroke and acute myocardial infarction

Extra-axial intracranial neoplasm

Extracranial cervical dissections

History of < 10 cerebral microbleeds on magnetic resonance imaging

History of myocardial infarction in past three months (if not an ST-segment ele-
vation myocardial infarction, right, inferior, or left anterior myocardium)

History of warfarin (Coumadin) use and an international normalized ratio < 1.7 or
a prothrombin time < 15 seconds

Initial glucose levels of 50 to 400 mg per dL (2.77 to 22.20 mmol per L; can be
treated if still indicated after correction)

Known unruptured and unsecured intracranial aneurysm < 10 mm
Mild but disabling stroke symptoms

Noncontrast computed tomography findings of mild to moderate early ischemic
changes

Normal activated partial thromboplastin time and end-stage renal disease being
treated with hemodialysis

Sickle cell disease

Additional considerations if patient presents within three to four and a half
hours of last known well

Severe stroke symptoms (National Institutes of Health Stroke Scale score > 25),
benefit is uncertain

Careful consideration, evaluate risks vs. benefits

Acute pericarditis (recommend consulting cardiology)

History of > 10 cerebral microbleeds on magnetic resonance imaging
History of bleeding diathesis or coagulopathy

History of diabetic hemorrhagic retinopathy or other hemorrhagic ophthalmic
conditions

History of gastrointestinal or genitourinary bleeding

Lumbar puncture in past seven days

Major surgery in past 14 days

Pregnant patients with moderate or severe stroke

Recent major trauma not involving the head in past 14 days

Recent vaginal bleeding causing clinically significant anemia (recommend con-
sulting gynecology)

continues
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ACUTE STROKE DIAGNOSIS

eTABLE A (continued)

Indications and Contraindications of rtPA Treatment
for Acute Ischemic Stroke
Contraindications

Computed tomography of the brain exhibits extensive regions of clear
hypoattenuation

Computed tomography reveals acute intracranial hemorrhage
Gastrointestinal bleeding event in past 21 days

History of intracranial hemorrhage

Intra-axial intracranial neoplasm

Intracranial or spinal surgery within past three months
Ischemic stroke within past three months

Known or suspected aortic arch dissection

Mild nondisabling stroke (National Institutes of Health Stroke Scale score of
0to5)

Patients taking direct thrombin inhibitors or direct factor Xa inhibitors in past
48 hours

Patients who have received a full treatment dose of low-molecular-weight hepa-
rin within the past 24 hours

Platelet count < 100,000 per mm? (100 x 10° per L), international normalized
ratio > 1.7, activated partial thromboplastin time > 40 seconds, or prothrombin
time > 15 seconds

Severe head trauma within past three months
Signs and symptoms concerning for subarachnoid hemorrhage
Symptoms concerning for infective endocarditis

Unknown usefulness and risk
Current malignancy
Known or suspected intracranial arterial dissection

rtPA = recombinant tissue plasminogen activator.
Information from:

Demaerschalk BM, Kleindorfer DO, Adeoye OM, et al., American Heart Association Stroke
Council on Epidemiology and Prevention. Scientific rationale for the inclusion and exclusion
criteria for intravenous alteplase in acute ischemic stroke: a statement for healthcare profes-
sionals from the American Heart Association/American Stroke Association [published correc-
tion appears in Stroke. 2016;47(11):e262]. Stroke. 2016,47(2):581-641.

Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management of patients
with acute ischemic stroke: 2019 update to the 2018 guidelines for the early management
of acute ischemic stroke: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association [published correction appears in Stroke. 2019,50(12):
e440-e441]. Stroke. 2019,;50(12):e344-e418.
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ACUTE STROKE DIAGNOSIS

eTABLE B

Guidelines for Endovascular Treatment of Acute
Ischemic Stroke With Mechanical Thrombectomy
Within Six Hours

Age > 18 years

Alberta Stroke Program Early CT Score > 6

Causative occlusion of the internal carotid artery of proximal middle
cerebral artery (M1)

National Institutes of Health Stroke Scale score > 6

Pre-stroke modified Rankin scale of O to 1*

Treatment can be initiated (groin puncture) within six hours of last
known well

Note: All criteria should be met for endovascular recommendation.

CT = computed tomography.

*—Scores increase with severity of symptoms. O = no symptoms; 1 = no signifi-
cant disability: able to carry out all usual activities despite symptoms.

Information from Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the
early management of patients with acute ischemic stroke: 2019 update to the
2018 guidelines for the early management of acute ischemic stroke: a guide-
line for healthcare professionals from the American Heart Association/Ameri-
can Stroke Association [published correction appears in Stroke. 2019,50(12):
e440-e441]. Stroke. 2019;50(12):e344-e418.
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