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Arterial Ischemic Stroke 
Prevention and Risk Factor 

Management
Stroke is a common problem, affecting nearly 800,000 people annu-

ally in the United States and serving as a leading cause of significant 
long-term disability.1 Annual stroke costs in the United States alone were 
estimated recently at $46 billion, with significant concern that these costs 
are progressively increasing.1,2 Given the extraordinary burden on patients, 
caregivers, and our health system, appropriate stroke prevention measures 
are crucial to minimize the effect of stroke in the future. 

Stroke prevention is complex because of the varied stroke etiologies and 
the multifactorial approach necessary for optimal stroke prevention and 
risk factor management. Additionally, the field of stroke neurology has 
evolved significantly over the years, particularly with the increasing com-
plexity of acute management. Inevitably, primary care providers will be 
part of every aspect of stroke care and, with a thorough understanding of 
key aspects, can greatly assist in the management of these patients. 

This article begins with a brief discussion of stroke epidemiology and 
then provides an overview of the various stroke mechanisms, setting a 
framework for which to consider etiology-specific stroke prevention. Next, 
it reviews secondary stroke prevention in the context of each stroke mech-
anism, followed by a review of the universal modifiable stroke risk factors. 
Finally, it concludes with a brief discussion on transient ischemic attack. 
Throughout the article, there is a focus on current evidence-based practice 
and, when lacking, usual practice and expert consensus. 

Stroke Epidemiology
On average in the United States, someone has a stroke every 40 seconds 

and someone dies from a stroke every four minutes.1,3 Of stroke survivors, 
10% recover nearly completely and, conversely, 10% require care in a long-
term care facility.4 Stroke risk increases with age,1,5 although strokes in 
people ages 18 to 50 years account for roughly 10% to 15% of all strokes.6 
Despite encouraging data about declining stroke incidence, the aging 
population and accumulating risk factors contribute to an increasing life-
time risk of stroke.1 Racial disparities in stroke are significant, with Blacks 
having a 2.4-fold and Hispanics a 2.0-fold increased incidence of stroke 
compared with whites living in the same urban community.7 Females also 
have a higher lifetime risk of stroke than males, particularly in the oldest 
age groups, and are shown to be less likely to undergo standard diagnostic 
testing compared to men.1,8 
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EXECUTIVE SUMMARY
Stroke affects nearly 800,000 people annually in the United States and is a leading cause of long-term disability. Primary care providers 
are an important part of stroke prevention and treatment.

 z Stroke can be divided into five primary etiologies: large-
artery atherosclerosis, cardioembolism, small-vessel 
occlusion, stroke of other determined etiology, and stroke 
of undetermined etiology. Workup of the stroke etiology is 
important, given that some causes of stroke are associated 
with etiology-specific additional secondary stroke prevention 
treatment.

 z Treatment for secondary stroke prevention generally 
is centered on antithrombotic therapy (antiplatelet or 
anticoagulation when indicated), statins, and risk factor 
modification (including management of hypertension, 
hypercholesterolemia, diabetes, and obstructive sleep apnea). 

 z In the management of atrial fibrillation, novel oral 
anticoagulants have been shown to be at least noninferior to 
warfarin for ischemic stroke prevention and better tolerated in 
terms of intracranial bleeding risk.

 z Although symptomatic external carotid artery stenosis 
is amenable to revascularization, stenting of intracranial 
atherosclerosis currently is not recommended in the United 
States.

 z Uses of short-term dual antiplatelet therapy (e.g., aspirin 
plus clopidogrel) include symptomatic severe intracranial 
atherosclerosis as well as minor stroke and high-risk transient 
ischemic attack.

Stroke Mechanisms
Reduced cerebral blood flow that 

causes damage to neuronal tissue is 
known as ischemic stroke. The main 
mechanisms of stroke are thrombosis 
and embolism of a cerebral artery. 
Thrombosis refers to a local occlu-
sive process formed in situ within 
the artery. The site of the obstruc-
tion may occur either within a large 
intra- or extracranial artery (which 
typically is the result of atheroscle-
rosis) or within a small penetrating 
artery (which typically is the result 
of chronic vessel changes from 
hypertension).9,10 Embolism refers 
to a thrombus that travels from the 
site of formation and lodges within 
distal vessels. The source of the 
embolism may be either a proximal 
artery or the heart; paradoxically, 
the source may be from the venous 
system in the case of a patent fora-
men ovale (PFO).9,10 Embolic more 
so than thrombotic strokes tend to 
cause symptoms that are abrupt and 
maximal at onset.11

There have been many attempts to 
further categorize causes of stroke 
for clinical and research purposes. 
A commonly used classification 
schema for defining stroke sub-
types is known as the Trial of Org 
10172 in Acute Stroke Treatment 
(TOAST) system.11 (See Table 1.) 
The TOAST system has inher-
ent limitations, including the high 
number of strokes classified as cryp-
togenic (i.e., having undetermined 

etiology). Nevertheless, it is a useful 
tool for conceptualizing our under-
standing of stroke and for framing 
mechanism-specific treatment. 

Large-Artery Atherosclerosis 
Large-artery atherosclerosis is 

classically defined as significant 
stenosis (> 50%) or occlusion of a 
major brain artery or branch cortical 
artery, presumably as the result of 
atherosclerosis.9,12 This refers to both 
intracranial and extracranial (carotid 
or vertebral) atherosclerosis. 

Intracranial Atherosclerosis  
as a Stroke Risk Factor

Intracranial atherosclerosis is 
common in Hispanic, African-
American, and, particularly, Asian 
patient populations (with esti-
mates as high as 50% in specific 
Asian subpopulations) and likely is 

the most common cause of stroke 
worldwide.13 The rate of stroke with 
cerebral atherosclerotic disease is 
as high as 15% per year in random-
ized trials.14,15 This risk is doubled 
in patients with severe intracranial 
stenosis (70% to 99%).16 Intracranial 
atherosclerosis can cause stroke 
through several mechanisms, primar-
ily in-situ thrombosis with distal 
“artery-to-artery” embolism and pro-
gressive luminal stenosis resulting in 
a hemodynamically low-flow state. 
Computed tomography (CT) angi-
ography with contrast or magnetic 
resonance (MR) angiography with-
out contrast can evaluate noninva-
sively for intracranial atherosclerosis. 

Extracranial Carotid Artery 
Stenosis as a Stroke Risk Factor

Carotid disease is found primar-
ily in the internal carotid artery, 

Table 1. TOAST Classification System of Stroke Subtypes

Stroke Subtype Prevalence of Stroke Subtype42

Large-artery atherosclerosis 15.5%

Cardioembolism 27.8%

Small vessel occlusion 18.1%

Stroke of other determined etiology 4.2% 

Stroke of undetermined etiology
• Two or more identified causes
• Negative evaluation 

34.4%

TOAST: Trial of Org 10172 in Acute Stroke Treatment
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typically distal to its bifurcation 
from the common carotid, and can 
become symptomatic with the rup-
ture of the atherosclerotic plaque 
with subsequent embolism to the 
brain hemisphere or eye (presenting 
as retinal artery occlusion or amau-
rosis fugax).12 Generally, increased 
stenosis > 70% compared to 50% to 
69% is associated with even greater 
risk of stroke. However, in some 
cases, severe stenosis also can lead 
to formation of collateral supply 
and, in this manner, can protect 
against stroke.12,17 There are multiple 
methods to image carotid stenosis, 
including CT and MR angiography, 
as well as ultrasound.

Cardioembolism
Cardioembolism occurs when 

particulate material from a proximal 
source travels through the arterial 
system to lodge within a downstream 
cerebral artery. 

Emboli to the brain most often are 
composed of mural thrombi or plate-
let aggregates and typically travel to 
the anterior circulation (particularly 
the middle cerebral artery territory), 
given that these arteries accept the 
majority of cerebral blood flow.18 

Cerebral emboli from a primary 
cardiac source must be distinguished 
from cerebral emboli from an alter-
nate source, including a proximal 
large artery, the venous circulation 
in the case of a PFO, or unknown 
(cryptogenic).10 A cardiac (cen-
tral) source is implied if the emboli 
result in bilateral infarcts or in both 
anterior and posterior circulation, 
particularly if they are cortical and 
in multiple vascular territories.19 (See 
Figure 1.) For example, a potential 

cardioembolic etiology of stroke 
would be inferred from an MRI 
demonstrating simultaneously occur-
ring left middle cerebral artery and 
right posterior cerebral artery acute 
transcortical infarctions. Frequently, 
these emboli recanalize spontane-
ously and are not always visualized 
on subsequent vessel imaging.19 

There are many potential sources 
of cardioembolism.19 (See Table 2.) 
Whether a stroke can be attributed 
to a cardioembolic source requires 

Table 2. Potential Sources of Cerebral Cardioembolism9

High-Risk Sources Medium-Risk Sources

• Mechanical prosthetic valve
• Atrial fibrillation
• Left atrial appendage thrombus
• Sick sinus syndrome
• Recent myocardial infarction  

(less than four weeks)
• Left ventricular thrombus
• Dilated cardiomyopathy
• Akinetic left ventricular segment
• Infective endocarditis
• Atrial myxoma

• Left atrial turbulence (smoke)
• Atrial septal aneurysm
• Patent foramen ovale
• Atrial flutter
• Bioprosthetic cardiac valve
• Nonbacterial thrombotic 

endocarditis
• Congestive heart failure
• Hypokinetic left ventricular segment
• Mitral valve prolapse, annulus 

calcification, or mitral stenosis 
(without atrial fibrillation)

• Aortic arch atheroma

Figure 1. MRI Displaying Typical Characteristics of an Acute Stroke of Lacunar Etiology

A B C

DWI sequence demonstrating 
hyperintensity in the right thalamus 
consistent with acute/subacute 
lacunar infarct

ADC sequence demonstrating 
hypointensity in the right thalamus 
consistent with acute/subacute lacunar 
infarct

FLAIR sequence demonstrating 
hyperintensity in the right thalamus 
consistent with lacunar infarct; chronic 
microvascular ischemic changes also 
are apparent

MRI: magnetic resonance imaging; DWI: diffusion-weighted imaging; ADC: apparent diffusion coefficient; FLAIR: fluid attenuated inversion recovery
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the identification of a known cardiac 
risk factor for embolic stroke, as well 
as the exclusion of other etiologies, 
such as large artery atherosclerosis 
or lacunar infarct, based on dedi-
cated neuroimaging.9 

The most common high-risk 
sources of cardioembolism include 
valvular heart disease, endocarditis, 
the formation of an intracardiac 
thrombus (e.g., recent myocardial 
infarction or atrial fibrillation), 
ventricular or septal aneurysms, and 
cardiomyopathies. Three specific 
cardiac sources of stroke (atrial 
fibrillation, PFO, and aortic arch 
atheroma) are discussed in depth 
later. PFO is discussed frequently 
within the topic of cryptogenic 
stroke, although for the purposes 
of our understanding here, we 
will review it in the context of 
cardioembolism. 

Atrial Fibrillation as a Stroke Risk 
Factor 

Atrial fibrillation is a critical 
risk factor for stroke. Atrial fibril-
lation can lead to left atrial or 
atrial appendage thrombus forma-
tion, which can serve as a source of 
embolism. The arrhythmia is a very 
strong risk factor for stroke, increas-
ing this risk by four- or five-fold.20 
The prevalence of atrial fibrillation 
has traditionally been described as 
1% to 2% of the U.S. population, 
although, notably, this figure likely 
is an underestimate because of the 
degree of undetected subclinical 
atrial fibrillation, the growing aging 
population who are at most risk for 
the development of atrial fibrillation, 

and the data suggesting widespread 
global increases of atrial fibrillation 
over time.20 

The presence of atrial fibrilla-
tion may be known already at stroke 
diagnosis, may be discovered during 
telemetry monitoring during hospi-
talization, or may be found subclini-
cally on follow-up with outpatient 
cardiac monitoring. Longer moni-
toring increases the yield of atrial 
fibrillation diagnosis. 

In the EMBRACE study, the 
use of an extended cardiac event 
recorder in cryptogenic stroke 
patients significantly increased the 
rate of atrial fibrillation detection 
compared to standard monitoring at 
30 days (16.1% vs. 3.2%).21 

Similarly, the CRYSTAL-AF trial 
demonstrated that the use of an 
implantable loop recorder further 
increases the yield of atrial fibril-
lation detection (8.9% vs. 1.4% at 
six months, 12.4% vs. 2.0% at one 
year, and 30% vs. 3.0% at three 
years).22 The median time from ran-
domization to arrhythmia detection 
in the CRYSTAL-AF study was 84 
days. 

Importantly, the pattern of atrial 
fibrillation (persistent and perma-
nent more so than paroxysmal) has 
been demonstrated to have a greater 
association with ischemic stroke,23,24 
suggesting that the degree of atrial 
fibrillation is relevant. It still is 
unclear to what extent it is clinically 
relevant to have extended monitor-
ing detect brief paroxysmal atrial 
fibrillation long after the stroke. 
This question may be answered in 
the ongoing NOAH and ARTESiA 

trials, with expected study comple-
tions in 2022.19,25,26

Generally, physicians pursue one 
month of cardiac monitoring in 
most patients being evaluated for 
a suspected cardioembolic stroke 
(patients with cryptogenic stroke). 
However, some experts will pursue 
extended monitoring with implant-
able devices. 

Once identified, stroke risk in 
atrial fibrillation patients for both 
primary and secondary stroke pre-
vention can be stratified using scales 
such as the CHA₂DS₂-VASc score. 
(See Tables 3 and 4.) 

PFO as a Stroke Risk Factor
A PFO is a persistent communi-

cation between the two atria of the 
heart, which typically closes after 
birth. However, in 25% of people, 
the foramen ovale remains open and 
could serve as a conduit between 
the venous and arterial systemic 
circulations.19 Such a circulatory 
configuration can lead to the passage 
of venous thrombotic material into 
the arterial circulation, potentially 
resulting in a “paradoxical” embolus 
to the brain.27,28 PFOs also are 
debated to potentially cause stroke 
by other mechanisms, including 
left atrial dysfunction (particularly 
in patients with concomitant atrial 
septal aneurysm), atrial arrhythmia, 

Table 3. The CHA₂DS₂-VASc Score
C Congestive heart failure 1 point

H Hypertension 1 point

A₂ • Age > 75 years
• Age 65-74 years

2 points
1 point

D Diabetes 1 point

S₂ • Stroke, transient ischemic attack, or prior 
embolism

• Female

2 points

1 point

VASc History of vascular disease 1 point

Table 4. Annual Stroke 
Risk Stratified  
by CHA₂DS₂-VASc Score
Score Adjusted 

Stroke Rate137

0 0%

1 1.3%

2 2.2%

3 3.2%

4 4.0%

5 6.7%

6 9.8%

7 9.6%

8 6.7%

9 15.2%
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and clot formation within or on 
the wall of the PFO.19 A PFO may 
be detected on echocardiography 
or transcranial Doppler with the 
injection of agitated saline, known 
as a bubble study. Given how com-
mon PFO is in the general popula-
tion, the provider should consider 
whether the PFO is incidental or 
relevant before considering PFO-
specific treatment, specifically 
PFO closure, for secondary stroke 
prevention.29-32 

Multiple factors can help assess 
the likelihood that the PFO is 
related to the stroke, including the 
remaining detailed comprehensive 
stroke workup (including extended 
cardiac monitoring), the Risk of 
Paradoxical Embolism (RoPE) score 
(see Table 5), the size and dynam-
ics of the PFO itself (e.g., > 30 
microbubbles on echocardiography), 
and the presence of concurrent 
venous thromboembolism (VTE).33 
Evaluating for concomitant deep 
vein thrombosis (DVT) is neces-
sary in this context. One may choose 
to evaluate for a PFO only if it is 
believed that PFO closure may be 
considered, generally in patients 
younger than 60 years of age. 

Aortic Arch Atheroma as a Stroke 
Risk Factor

Aortic arch atheroma is a mani-
festation of systemic atherosclerosis 
and can lead to thromboembolism 
and stroke, particularly in older 
patients.34-38 

Embolism from the aortic arch 
can occur spontaneously or as a 
complication of an invasive cardio-
vascular procedure. Specific aortic 
arch plaque features described as 
“complex” plaque pose a greater 
risk of stroke, including a thickness 
> 4 mm or ulceration or mobility 
of a component of the plaque.33,39 
Transesophageal echocardiogram 
is the optimal test to detect com-
plex aortic arch atheromatous dis-
ease, with a 90% sensitivity and 
specificity.33 Transcranial Doppler 
monitoring can show characteris-
tic high-intensity transient signals 
(HITS) in patients with complex 
plaque (as well as other sources of 
embolism).33 The plaque also can be 
visualized on CT angiography, MR 
angiography, transthoracic echo-
cardiogram, and positron emission 
tomography (PET).11 

Before attributing a stroke to this 
etiology, it is important to rule out 
other sources of thromboembolism, 
such as atrial fibrillation, since this 

finding may necessitate a change in 
medical management.

Small-Vessel Occlusion
Lacunar stroke refers to the 

pathophysiological, clinical, and 
radiographic findings observed in 
small vessel disease. A lacunar stroke 
is the result of arterial obstruction of 
a single deep, penetrating vessel that 
supplies the subcortical structures of 
the brain, such as the capsule, basal 
ganglia, thalamus, and paramedian 
brainstem.11 Such arterial obstruc-
tion is associated with the patho-
logical changes occurring in response 
to chronic hypertension or diabetes, 
including microatheroma or lipohya-
linosis.11 Lipohyalinosis refers to the 
degenerative change in small blood 
vessels caused by the accumulation 
of lipid within the vessel wall.11 

Since the affected arteries 
are small, the resultant strokes 
(known as lacunes) also are small. 
These irregular cavitary lesions 
typically are < 1.5 cm in diam-
eter.11 Radiographically, lacunar 
strokes appear as small infarcts in 
typical subcortical structures, with 
MRI being more sensitive than CT 
for detecting these lesions.11 (See 
Figure 2.) The imaging findings of 
a small, deep infarct in the absence 

Table 5. RoPE Score
Characteristic Points

No history of 
hypertension

1

No history of diabetes 1

No history of ischemic 
stroke or transient 
ischemic attack

1

Nonsmoker 1

Cortical infarct on 
imaging

1

Age (Years)
18-29 5

30-39 4

40-49 3

50-59 2

60-69 1

70+ 0
RoPE: Risk of Paradoxical Embolism

Figure 2. MRI Displaying Typical Characteristics  
of a Stroke of Cardioembolic Etiology

A B

DWI sequence demonstrating hyperintensity in the left hemisphere (A) and 
bilateral cerebellum (B)

MRI: magnetic resonance imaging; DWI: diffusion-weighted imaging
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of other possible stroke etiologies 
is strongly supportive of a lacunar 
etiology. Larger areas of infarction, 
known as giant or super lacunes, 
may imply thrombosis or embolism 
of the proximal branch from which 
the penetrating artery arises; for 
instance, a lenticulostriate territory 
stroke could result from a nonoc-
clusive embolus to the middle cere-
bral artery.11 Therefore, subcortical 
strokes > 1.5 cm in size may necessi-
tate a diagnostic evaluation aimed at 
finding an embolic source of stroke, 
including echocardiography, telem-
etry, and noninvasive angiography of 
the head and neck.

Lacunar infarcts clinically present 
as one of several classic syndromes: 
pure motor weakness, pure sensory 
loss, mixed sensorimotor, ataxia 
hemiparesis, and dysarthria-clumsy 
hand syndromes.10 These clinical 
syndromes have moderate sensitiv-
ity and specificity for small vessel 
disease, although there are more rare 
syndromes still consistent with small 
vessel disease (including brainstem 
syndromes and unilateral movement 
disorders). Additionally, the classic 
lacunar syndromes alternatively can 
be caused by strokes of non-small 
vessel etiology.9 The symptoms of 
lacunar stroke often fluctuate over 
the acute course of the disease, 
hence the name “stuttering lacune.” 
Although lacunar strokes comprise 
roughly one-quarter of strokes, they 
have the lowest in-hospital mortality 
of the subtypes.40,41

Stroke of Other Determined 
Etiology

Strokes of other determined etiolo-
gies comprise < 5% of stroke subtypes 
under the TOAST classification 
system.40,42 There are many specific 
causes of stroke that do not meet 
the criteria to be classified as large 
artery, cardioembolic, or lacunar 
disease. This includes various rarer 
causes of stroke, many of which also 
are more prevalent in younger stroke 
populations.9 In the stroke litera-
ture, “young” typically is defined as 
younger than age 45 (or 50) years.43 
See Table 6 for a list of causes of 
stroke in the young, which include 

Table 6. Specific Causes and Diagnostic Workup for Rare 
Etiologies of Stroke in the Young138

Infectious
Endocarditis: ESR, CBC, TEE, blood cultures 
Tuberculosis: CSF TB PCR, PPD, chest X-ray 
Syphilis: RPR, CSF VDRL or FTA-ABS
Varicella zoster virus: CSF PCR
HIV: Serologic testing
Bacterial meningitis: CSF culture

Autoimmune
Primary CNS angiitis: CSF cells and protein, cerebral angiogram, brain biopsy 
Systemic vasculitis:
• Temporal arteritis: ESR, temporal artery biopsy
• Takayasu disease: ESR, dedicated neurovascular imaging (CTA, MRA), aortic PET
Systemic autoimmune diseases: Focused serum rheumatological panel
• Systemic lupus erythematosus
• Sjögren’s disease
• Behçet’s disease
• Sarcoidosis inflammatory bowel disease

Genetic
Factor V Leiden
Prothrombin gene G20210A mutation 
MTHFR C677T mutation
CADASIL: NOTCH 3 mutation by skin biopsy 
Fabry’s disease: alpha galactosidase activity
MELAS: Serum and CSF lactate, CK, muscle biopsy, mitochrondrial DNA 
sequencing
Neurofibromatosis Sturge-Weber disease

Hematologic
Protein C/S deficiency 
Antithrombin III deficiency
APLS: lupus anticoagulant, anti-cardiolipin, and anti-beta-2 glycoprotein I 
antibodies
Hyperhomocysteinemia
Sickle cell disease: hemoglobin electropheresis DIC
TTP
Acquired hypercoagulable state:
• Cancer: Occult malignancy screening, D-dimer
• Pregnancy and the puerperium
• Exogenous hormonal treatments, including oral contraception

Nonatherosclerotic Angiopathies: Neurovascular Imaging (CTA, 
MRA, Doppler, DSA)
• Arterial dissection 
• Fibromuscular dysplasia 
• Moyamoya syndrome 
• Migrainous infarction
• Reversible cerebral vasoconstriction syndrome
ESR: erythrocyte sedimentation rate; CBC: complete blood count; TEE: transesophageal 
echocardiogram;  CSF: cerebrospinal fluid; TB: tuberculosis; PCR: polymerase chain 
reaction; PPD: purified protein derivative; RPR: rapid plasma reagin; VDRL: venereal 
disease research laboratory test; FTA-ABS: fluorescent treponemal antibody absorption; 
HIV: human immunodeficiency virus; CNS: central nervous system; CTA: computed 
tomography angiography; MRA: magnetic resonance angiography; PET: positron 
emission tomography; MTHFR: methylenetetrahydrofolate reductase; CK: creatine kinase; 
APLS: antiphospholipid syndrome; DIC: disseminated intravascular coagulation; TTP: 
thrombotic thrombocytopenic purpura; DSA: digital subtraction angiography
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various nonatherosclerotic angi-
opathies (e.g., arterial dissection), 
hematological and genetic condi-
tions (e.g., acquired or congenital 
hypercoagulable state), and vascu-
lopathy secondary to inflammatory 
or infectious processes (e.g., primary 
central nervous system [CNS] vas-
culitis).44,45 Even in younger age 
groups, traditional vascular risk fac-
tors and stroke mechanisms still may 
be responsible for an incident stroke, 
and standard neurovascular imag-
ing and cardiac evaluation should 
be pursued in young stroke patients. 
The following section will focus on 
two specific high-yield etiologies: 
cervical artery dissection and cancer-
related hypercoagulability.

Cervical Arterial Dissection  
as a Stroke Risk Factor

A dissection results from an inti-
mal tear of the affected artery, allow-
ing blood to extravasate into a false 
lumen.43,46 This can persist without 
complication or can lead to stroke 
caused by intramural hematoma for-
mation and vessel stenosis or as the 
result of embolization from a throm-
bus formed at the dissection site.43 
Carotid dissection commonly occurs 
slightly distal to the carotid bifurca-
tion, and vertebral artery dissection 
most commonly occurs at the C1 to 

C2 level, where it is most susceptible 
to injury as it leaves the transverse 
foramen.43 Classically, dissections 
are associated with trauma (e.g., 
direct pressure to or hyperextension 
of the neck, intense straining, severe 
coughing) or in patients with con-
nective tissue disorders. However,  
> 50% of patients with cervical 
artery dissection are not corre-
lated with a known prior cervical 
trauma.47 

Despite the larger proportion of 
young patients with stroke from cer-
vical artery dissection, older patients 
have an absolute number of more 
cases of cervical arterial dissection 
strokes, possibly related to increased 
atherosclerosis weakening the vessel 
wall.48 Cervical arterial dissection 
should be considered in patients 
presenting with ipsilateral neck pain, 
headache, or a Horner’s syndrome 
on examination (from disrupted 
sympathetic fibers running along the 
carotid artery). Diagnosis is made 
with cervical neurovascular imaging; 
MR and CT angiography are found 
to have similar sensitivity and speci-
ficity in this setting.49,50 MRI with 
cross-sectional imaging of the vessel 
can detect intramural hematoma, 
and contrast angiography can show 
crescentic enhancement of the vessel 
or a progressive tapering of the visu-
alized arterial lumen.51

Cancer-Related Hypercoagulability  
as a Stroke Risk Factor

Cancer-related hypercoagulabil-
ity is an under-appreciated cause 
of stroke and may be the first sign 
of an occult cancer.49 About one in 
10 hospitalized stroke patients have 
comorbid cancer.52,53 There are sev-
eral proposed mechanisms by which 
cancer is thought to be associated 
with ischemic stroke.45,54 (See Table 
7.) The most common cancers in 
stroke patients include solid tumors 
of the lung, gastrointestinal tract, 
and breast. Clues to occult cancer 
in ischemic stroke patients or sug-
gestion that the stroke may be sec-
ondary to hypercoagulability from 
cancer include strokes in multiple 
vascular territories and elevated 
D-dimer levels.55 

Stroke of Undetermined Etiology
The term cryptogenic refers to 

those strokes of uncertain etiology. 
Approximately one-third of strokes 
are classified as cryptogenic.56 
Before a stroke is classified as defi-
nitely cryptogenic, patients should 
undergo at least routine diagnostic 
evaluation for stroke from large 
artery, cardioembolic, or small ves-
sel disease. The standard workup 
includes dedicated neurovascular 
imaging and cardiac testing. Cervical 
and cranial noninvasive angiogra-
phy can be accomplished through 

Table 7. Ischemic Stroke 
Mechanisms Specific  
to Patients with Cancer
• Direct compression of the arterial 

or venous supply
• Cerebral thrombosis from 

coagulopathy
• Cardioemboli from nonbacterial 

thrombotic endocarditis and 
tumor emboli

• Leukostasis
• Neurotoxicity or 

immunosuppression from 
chemotherapy or bone marrow 
suppression

• Atherosclerosis, particularly in 
patients who receive head or 
neck radiotherapy

• Dural venous sinus thrombosis 
from venous hypercoagulability

Table 8. Potential Etiologies of Cryptogenic Stroke

Covert paroxysmal atrial fibrillation

Cancer-associated hypercoagulable state, including marantic endocarditis

Nonstenosing (< 50%) plaques of large cervical or intracranial arteries

Aortic arch atheroma

Paradoxical embolism from PFO, atrial septal defect, or pulmonary arteriovenous 
fistula

Minor-risk potential cardioembolic sources
• Calcific aortic valve or aortic stenosis
• Mitral prolapse or annular calcification
• Atrial septal aneurysm
• Moderate systolic or diastolic dysfunction
• Atrial asystole or sick-sinus syndrome
• Supraventricular tachycardia

Branch occlusive disease
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the use of either MR or contrast 
CT technologies; transcranial and 
carotid Dopplers can replace these 
studies if patients have contraindica-
tions to MRI or iodinated contrast. 
Cardiac evaluation should include a 
12-lead electrocardiogram (ECG), 
inpatient telemetry for at least 24 
hours (when acute), and echocar-
diography. The yield of standard 
transthoracic echocardiography is 
rather low for detecting high-risk 
stroke mechanisms, so if a patient is 
highly suspected to harbor an occult 
cardiac source of embolism, trans-
esophageal echocardiography can be 
performed.56 

Other workup can include malig-
nancy screening, hypercoagulable 
testing, evaluation for a PFO, and 
occasionally, genetic testing.56 
Patients with recurrent strokes of 
undetermined etiology may benefit 
from evaluation with a neurologist 
or stroke neurologist. 

The prevailing thought is that a 
majority of these cryptogenic strokes 
are from occult embolic sources, 
hence the recently coined term 
“embolic stroke of undetermined 
source” (ESUS). ESUS is defined as 
a stroke that appears non-lacunar on 
neuroimaging, without an obvious 
source after a minimum standard 
evaluation to rule out known stroke 
etiologies such as atrial fibrillation 
and carotid stenosis.55-60 Potential 
nontraditional embolic etiologies of 
cryptogenic stroke include covert 
paroxysmal atrial fibrillation, non-
stenosing (< 50%) atherosclerotic 
disease, and occult hypercoagulable 
states (e.g., hypercoagulability from 
occult cancer).57 (See Table 8.) 

There is increasing emerging 
evidence that links occult embolic 
mechanisms to cryptogenic stroke. 
Cardiac risk factors previously 
thought to be minor now have been 
associated with stroke, indepen-
dent of atrial fibrillation, including 
supraventricular tachycardia, ele-
vated brain natriuretic peptide 
(BNP), abnormal P wave morphol-
ogy, and left atrial dilatation on 
echocardiography.58-62 

Many patients with cryptogenic 
stroke who undergo prolonged 

arrhythmia monitoring even-
tually are discovered to have 
covert paroxysmal atrial fibrilla-
tion.56 Additionally, arterial stenosis 
< 50% has been associated with isch-
emic stroke as a source of atheroem-
bolism.63 Many of these etiologies 
increase the risk for recurrent isch-
emic events.64 

Stroke Prevention 
Methods

Appropriate antithrombotic selec-
tion, statin usage, and aggressive risk 
factor management are key com-
ponents of an effective secondary 
stroke prevention regimen. 

Antithrombotic management for 
secondary stroke prevention usu-
ally is initiated with an antiplatelet, 
unless the patient has an indication 
for anticoagulation, such as in most 
cases of cardioembolic strokes (e.g, 
management of atrial fibrillation). 
(See “Management of Cardioembolic 
Stroke.”) Regarding antiplatelet 
selection, clinicians may choose 
aspirin, clopidogrel, or aspirin with 
extended-release dipyridamole as 
first-line strategies for stroke pre-
vention. Although there are minor 
differences in efficacy, the specific 
choice needs to be individualized 
based on cost, frequency of dos-
ing, and tolerability of side effects. 
Aspirin is dosed once daily and typi-
cally is given in the United States at 
doses of 81 mg or 325 mg. Although 
aspirin with extended-release dipyri-
damole has been found to reduce the 
risk of vascular events compared to 
aspirin alone in randomized trials, 
the modest benefit of the medication 
may be offset in certain patients as 
the result of twice-daily dosing and 
the high rate of headache as a side 
effect.65-67 

Clopidogrel also has been found 
to be superior to aspirin and equiva-
lent to aspirin with extended-release 
dipyridamole for stroke preven-
tion.65,68,69 Clopidogrel may interact 
with commonly prescribed medica-
tions (such as proton pump inhibi-
tors), and genetic variants in hepatic 
metabolism may lead to clopidogrel 
resistance in certain patients.70,71 It 
is common practice to start aspirin 

initially and escalate to clopidogrel 
if a stroke occurs while the patient 
is on aspirin. However, a recent 
meta-analysis, including six random-
ized trials, favors clopidogrel over 
aspirin alone as long-term second-
ary prevention after non-cardioem-
bolic stroke or transient ischemic 
attack (TIA), regardless of patient 
characteristics.72

Short-term dual antiplatelet 
monotherapy followed by long-term 
antiplatelet monotherapy now is 
the mainstay treatment for minor 
strokes (National Institutes of 
Health Stroke Scale [NIHSS] score 
< 4 and high-risk TIAs [ABCD2 
score ≥ 4]). (See “Transient Ischemic 
Attack.”) In the CHANCE trial, 
with patients solely from mainland 
China, the combination of aspirin 75 
mg and clopidogrel 75 mg for three 
weeks reduced the absolute risk of 
recurrent stroke by 3.5% compared 
to aspirin alone, without an increase 
in major bleeding.73 Thereafter, the 
POINT trial was conducted and 
validated the benefit of short-term 
dual antiplatelet agents in an inter-
national population.74 The main net 
clinical benefit from these two tri-
als of short-term dual antiplatelet 
therapy (balancing the increasing 
bleeding risk with the early highest 
risk of recurrent ischemic event) was 
found in the first 21 days.75 Given 
the potential for bleeding harm with 
long-term therapy, the combination 
of aspirin and clopidogrel should not 
be used routinely in chronic stroke 
prevention (past the first 21 days) if 
not indicated for other reasons (e.g., 
cardiac stenting). 

Highly selected patients can be 
considered for concomitant anti-
platelet therapy and anticoagulation. 
The typical need for this is found 
in patients with atrial fibrilla-
tion requiring anticoagulation and 
concomitant cardiac stent requir-
ing antiplatelet agents. However, 
in patients started on antiplatelet 
therapy after stroke and then found 
to have atrial fibrillation, antico-
agulation can be used in place of 
the antiplatelet therapy. Evidence 
for this practice is grounded in the 
WARSS trial, which demonstrated 
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noninferiority of anticoagulation 
and antiplatelet agents in recurrent 
stroke. (This trial also concluded 
that antiplatelet therapy is adequate 
in patients without a specific 
indication for anticoagulation.)76 
Concomitant antiplatelet therapy 
and anticoagulation also is used in 
following the protocol of the recent 
COMPASS trial, which found that 
low-dose rivaroxaban 2.5 mg twice 
daily plus aspirin 100 mg once daily 
(compared to rivaroxaban 5 mg 
twice daily alone or aspirin 100 mg 
once daily alone) among patients 
with stable atherosclerotic vascular 
disease had better cardiovascular 
outcomes (including a lower rate of 
ischemic stroke).33 This trial notably 
excluded patients with recent stroke 
or previous lacunar stroke. Covert 
infarcts were not found to be signifi-
cantly reduced by this COMPASS 
regimen.33 

High-intensity statins are given 
post-stroke for a goal low-density 
lipoprotein (LDL) < 70, as demon-
strated in the TST trial (and dis-
cussed in “Modifiable Risk Factors”). 
Further risk factor management, 
including blood pressure control, is 
additionally a priority, although ini-
tiation of antihypertensives may be 
delayed in the acute period to allow 
for permissive hypertension imme-
diately after stroke as an intrinsic 
compensatory mechanism. Initiating 
hypertension treatment in the first 
48 to 72 hours is not effective to 
prevent death or dependency in 
patients who do not have comorbid 
conditions requiring urgent anti-
hypertensive treatment, and other-
wise the risk in this acute period is 
uncertain.77 Thereafter, antihyper-
tensive treatment can be initiated 
and titrated to goal (as discussed in 
“Modifiable Risk Factors”).

Management of Large 
Artery Atherosclerosis 

Management of Intracranial 
Atherosclerosis

Intracranial atherosclerotic disease 
is managed medically with antiplate-
let agents and aggressive risk factor 

control, including blood pressure 
reduction and statin use.78 The evi-
dence for this recommended practice 
in the United States comes from 
several major clinical trials compar-
ing antiplatelets to anticoagulants, 
and medical therapy to intracranial 
stenting.79-81

Optimal antithrombotic selec-
tion was studied in the WASID 
trial, a randomized trial of warfa-
rin (international normalized ratio 
[INR] 2-3) vs. aspirin 1,300 mg 
for angiographically proven 50% to 
99% stenosis of an intracranial ves-
sel.80 The study was stopped early 
because of an increased incidence 

of bleeding in the warfarin group 
without any added ischemic stroke 
prevention benefit. Interventional 
management of intracranial stenosis 
was studied in the SAMMPRIS trial 
(similarly replicated in VISSIT), 
which showed no benefit of intra-
cranial stenting when compared 
to maximal medical management, 
with a higher rate of stroke and 
death at 30 days in the stenting 
arm (14.7% vs. 5.8%, P = 0.002).81,82 
The most recent American Heart 
Association (AHA)/American 
Stroke Association (ASA) guidelines 
recommend against angioplasty or 
stenting primarily because of this 

Figure 3. Conventional Angiogram Demonstrating  
Revascularization Treatment for Stenosis  
of the Extracranial Internal Carotid Artery

A B

A calcified atheromatous plaque is 
demonstrated 2 cm distal to the origin 
of the left internal carotid artery, 
resulting in > 90% stenosis.

Status after the successful angioplasty 
and stenting of the carotid artery with 
mild residual luminal stenosis.
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study with its high stroke rate in the 
intervention.78 The medical man-
agement group in the SAMMPRIS 
study was treated with dual anti-
platelet therapy with aspirin 325 mg 
daily and clopidogrel 75 mg daily 
for 90 days following enrollment, 
which now continues as support for 
dual antiplatelet treatment for 90 
days in patients with symptomatic 
intracranial atherosclerosis. Patients 
in the study also underwent aggres-
sive risk factor management, includ-
ing strict blood pressure and LDL 
goals as well as a lifestyle modifica-
tion program. Notably, in China, 
conclusions of the SAMMPRIS 
trial are criticized heavily, particu-
larly given the higher than usual 
interventionalist complication error 
prominent with less experienced 
operators, and stenting continues to 
be performed.83 

Management of Extracranial 
Carotid Atherosclerosis

Optimal medical therapy to 
include an antiplatelet, statin, and 
risk factor modification is recom-
mended for all patients with carotid 
stenosis in addition to consider-
ation for revascularization. Carotid 
stenosis can be revascularized with 
either carotid endarterectomy 
(CEA) or carotid artery stenting 
(CAS) when deemed appropriate. 
For symptomatic carotid disease, 
CEA has been shown to be strongly 
beneficial in patients with 70% to 
99% symptomatic stenosis (number 
needed to treat [NNT] = 6) and 
weakly beneficial for 50% to 69% 
symptomatic stenosis in men only 
(NNT = 22) in a pooled analysis of 
early landmark NASCET, ECST, 
and Veterans Affairs trials.78 More 
recently, landmark studies CREST 
and SAPPHIRE examined newer 
carotid artery stenting compared to 
the established carotid endarterec-
tomy in select patients with symp-
tomatic carotid disease 50% to 99%, 
which led to the recommendations 
to consider CAS in patients who are 
younger or with a history of medi-
cal conditions that greatly increase 
the risk for surgery (e.g., radiation-
induced stenosis, restenosis after 

CEA).78 Images before and after 
revascularization can be seen in 
Figure 3.

For asymptomatic carotid disease, 
management currently is controver-
sial. A pooled analysis of the early 
landmark ACAS, ACST, and VA 
studies demonstrated that CEA did 
reduce ipsilateral stroke in asymp-
tomatic patients, but the absolute 
risk reduction was small, with a 3% 
perioperative stroke or death rate.49,84 
Given the improvement in aggres-
sive medical management since these 
early trials, CREST-2 currently is 
ongoing to re-evaluate carotid revas-
cularization vs. intensive medical 
management in asymptomatic high-
grade carotid stenosis.49 

Management of Cardioembolic 
Stroke

Certain cardioembolic mecha-
nisms of stroke may require short- or 
long-term anticoagulation or specific 
surgical treatments. See Table 9 for a 
list of high-risk cardioembolic stroke 
mechanisms that may require dedi-
cated anticoagulation as opposed 
to antiplatelet agents for secondary 
stroke prevention. Given the pos-
sibility for major hemorrhage with 
anticoagulation, each patient’s indi-
vidual risk and benefit profile needs 
to be reviewed prior to initiating 
this therapy. We consider the new 
oral anticoagulants when appropriate 
(discussed further in “Management 
of Atrial Fibrillation”). Certain 
high-risk conditions, such as 
mechanical prosthetic valve, prompt 
use with warfarin over the new oral 
anticoagulants, with higher tar-
geted INR goals (2.5-3.5).78,85 Some 
patients may require only short-term 
anticoagulation (e.g., recent anterior 
wall myocardial infarction or left 
ventricular thrombus).78 Acute and 
subacute strokes pose a particularly 
high risk for hemorrhagic conver-
sion, and anticoagulation usually is 
delayed initially, pending the size of 
the stroke and an assessment of the 
risk of recurrent ischemic event. In 
contrast, patients with septic embo-
lization from infective endocarditis 
have a higher than average risk for 
intracranial hemorrhage with both 

anticoagulants and antiplatelets 
and both usually are avoided unless 
patients have alternate significant 
cardiac indications for antiplate-
lets.86 Some cardioembolic condi-
tions may require specific surgical 
treatments, such as in the case of the 
resection of an atrial myxoma.

Management of Atrial Fibrillation
It is well known that anticoagu-

lation reduces the risk of embolic 
stroke in patients with atrial fibrilla-
tion. Patients with CHA₂DS₂-VASc 
scores of ≥ 2 (and some with a score 
of 1) are deemed to benefit from 
therapeutic anticoagulation, given 
that this is the cutoff at which the 
benefit of stroke reduction usually 
exceeds the average risk of major 
hemorrhage as an adverse event from 
anticoagulant usage. Scoring systems 
such as HAS-BLED may help quan-
tify the risk of intracranial hemor-
rhage on anticoagulation, with a 
score of ≥ 3 prompting caution when 
prescribing oral anticoagulation.87 
(See Tables 10 and 11.) Although 
clinicians commonly withhold anti-
coagulation in the elderly because 
of a high risk of falling, this practice 
frequently does not account for the 
greater ischemic than hemorrhagic 
risk in these patients.

For patients with nonvalvular 
atrial fibrillation, novel oral anti-
coagulants have been shown to be 
at least noninferior to warfarin for 
ischemic stroke prevention and bet-
ter tolerated in terms of intracranial 

Table 9. Cardioembolic 
Stroke Mechanisms  
that May Warrant  
Anticoagulation
• Mechanical prosthetic valve
• Atrial fibrillation
• Atrial flutter
• Left atrial appendage thrombus
• Recent anterior wall myocardial 

infarction (< 3 months)
• Left ventricular thrombus
• Dilated cardiomyopathy
• Congestive heart failure with 

ejection fraction < 35% and  
prior stroke
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bleeding risk in patients with non-
valvular atrial fibrillation.88-92 The 
risk of intracranial hemorrhage was 
lower with every novel oral antico-
agulant than with warfarin. Of these 
newer anticoagulants, dabigatran at a 
dose of 150 mg twice daily and apix-
aban 5 mg twice daily were found to 
be superior to warfarin for ischemic 
stroke prevention.89,90,92 Apart from 
apixaban, the newer agents have 
an increased risk of gastrointesti-
nal bleeding events compared with 
warfarin when given at non-renally 
adjusted dosages. Additionally, 
apixaban was the only novel antico-
agulant to have a significant benefit 
over warfarin for all-cause mortal-
ity.89,90 These newer medications 
all tend to have advantages over 
warfarin in their ease of use, need 
for monitoring, and drug-drug inter-
actions. Dabigitran has the specific 
reversal agent idarucizumab, which 
may lead to a preference in its use 
for select patients.93 Andexanet alfa 
is newly available on limited hospi-
tal formularies for reversal of factor 
Xa agents. However, its evidence at 
this time is controversial, with its 
short half-life and substantial rate 
of thrombosis, and it currently is 
undergoing further post-marketing 
studies, including in patients with 
intracerebral hemorrhage (ICH).94

Management of PFO
PFO closure has been controver-

sial until recently. Previously, results 
from the CLOSURE I, PC, and 
RESPECT trials were not statisti-
cally significant in reducing stroke 
recurrence.95,96 However, later results 

from the 2017 RESPECT extended 
follow-up, REDUCE, and CLOSE 
trials (and the 2018 meta-analysis) 
found that PFO closure was more 
effective than medical therapy for 
reducing recurrent stroke rates for 
select patients, providing evidence 
for percutaneous PFO closure in 
patients age ≤ 60 years with a cryp-
togenic embolic-appearing ischemic 
stroke with a PFO and no evidence 
for alternate causes of stroke.96-100 

At this time, some of the national 
and society guidelines regarding 
PFO management were published 
before these newer studies, but this 
updated paradigm is reflected in 
the 2020 American Academy of 
Neurology practice advisory.101 New 
onset atrial fibrillation is the most 
common adverse effect of PFO 
device closure. As with all patients 
with previous stroke, patients with 
PFO, with or without closure, 
should be treated with an antithrom-
botic medication. 

For patients undergoing PFO 
closure, the significant trials suggest 
short-term dual antiplatelet therapy 
(DAPT) after the procedure, fol-
lowed by antiplatelet monotherapy 
indefinitely (e.g., low-dose aspirin 
daily plus clopidogrel 75 mg daily 
for three months, followed by con-
tinued low-dose aspirin). 

For patients not undergoing PFO 
closure, studies have not shown 
superiority with either antiplatelet or 
anticoagulation treatment.102 Some 
of these patients may have an alter-
nate reason to prefer anticoagulation 
(e.g., concomitant DVT). The indi-
cation for PFO closure in patients 

requiring chronic anticoagulation 
currently is uncertain. 

Management of Aortic Arch 
Atheroma

Although aortic arch atheroma 
is known to be associated with 
embolism, the best treatment to 
reduce this risk has not been defined 
clearly. The only randomized trial to 
directly compare antithrombotic reg-
imens in this population, the ARCH 
trial, randomized patients with non-
disabling stroke or TIA and ≥ 4 mm 
aortic arch plaque to dual antiplate-
lets (low-dose aspirin and clopido-
grel 75 mg) or warfarin (INR target 
range 2-3).103 Although the authors 
reported a non-significant rela-
tive risk reduction with antiplatelet 
therapy, the study was halted because 
of low recruitment rates and was 
underpowered to make any definite 
clinical claims. The low stroke rates 
in this trial may have been a result of 
the improved medical management 
of patients with atherosclerotic cere-
brovascular disease in recent years, 
including aggressive blood pressure 
control and statin use. Since there 
was no antiplatelet monotherapy arm 
in this trial, it is unclear if single- or 
dual-agent antiplatelets are prefer-
able in patients with aortic arch 
atheroma. Treatment with antico-
agulation is speculated to potentially 
destabilize the thrombus and predis-
poses embolism,  although it appears 
indicated in cases of documented 
mobile superimposed thrombus.78,104 
Surgical treatment carries significant 

Table 10. The HAS-BLED Score139

H Hypertension: Systolic blood pressure > 160 mmHg 1 point

A Abnormal renal or liver function 1 point each

S Stroke 1 point

B Prior or predisposition to bleeding 1 point

L Labile international normalized ratios 1 point

E Elderly (age > 65 years) 1 point

D Drug or alcohol use 1 point each

Table 11. Annual Risk  
of Major Hemorrhage 
Stratified by HAS-BLED 
Score139

Score Rate of Major 
Hemorrhage

0 1.1%

1 1.0%

2 1.9%

3 3.7%

4 8.7%

5+ 12.5%
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risk of embolization and should be 
avoided or considered only in highly 
selected patients.105 

Management of Lacunar Stroke
Since lacunar strokes often are the 

result of pathophysiological changes 
from chronic hypertension, aggres-
sive monitoring and control of this 
risk factor is integral to the second-
ary stroke prevention of small vessel 
disease. 

Blood pressure, cholesterol, and 
other vascular risk factors should be 
managed aggressively (discussed in 
“Modifiable Stroke Risk Factors”). 
Blood pressure targets for patients 
with lacunar strokes were studied 
specifically in the SPS3 trial, which 
compared a systolic target of  
130 mmHg to 149 mmHg to a 
target of < 130 mmHg. The study 
found a nonsignificant rate reduc-
tion for all strokes, disabling or fatal 
strokes, and the composite outcome 
of myocardial infarction or vascu-
lar death with the lower target, as 
well as a statistically significant 
rate reduction of intracerebral hem-
orrhage with infrequent serious 
adverse events.106 An antiplatelet 
should be selected for the patient, as 
discussed earlier. Single antiplatelet 
therapy as well as short-term dual 
antiplatelet with POINT/CHANCE 
protocols are appropriate. 

Management of Stroke of Other 
Determined Etiology

The dedicated treatment for a 
stroke mechanism of non-traditional 
etiology varies and is targeted to the 
specific etiology. Such treatments 
range from antimicrobial therapy for 
infectious stroke etiologies to corti-
costeroids or other immunosuppres-
sive agents for autoimmune diseases; 
or from anticoagulation for certain 
congenital or acquired hypercoagu-
lable states to surgical revascular-
ization in patients with moyamoya 
disease. 

Patients on estrogen-containing 
oral contraception should be advised 
to find an alternative contraception 
(e.g., progesterone only or copper-
based intrauterine device) following 
a stroke.

Management of Cervical Arterial 
Dissections

There is no high-level evidence 
demonstrating superiority of either 
anticoagulation or antiplatelets for 
cervical arterial dissection. The only 
randomized trial studying medi-
cal therapy for stroke prevention in 
dissection patients, the CADISS 
trial, was a feasibility study and 
was not powered to be a definitive 
trial.107 This trial randomized 250 
patients with cervical carotid or 
vertebral dissections to treatment 
with antiplatelets or anticoagulation. 
At three months, stroke rates were 
similar and relatively low in both 
arms (2% with antiplatelet treat-
ment vs. 1% with anticoagulation). 
The majority of stroke outcomes 
occurred early within the follow-up 
period. Because of a lack of adequate 
power, no expert consensus has been 
reached on the preferred treatment 
for dissection. Current guidelines 
suggest antithrombotic treatment 
for at least three to six months.108 
Antiplatelet therapy generally is 
preferred, although some experts 
select short-term anticoagulation 
specifically for extracranial cervical 
dissections with high-risk features. 
Endovascular intervention can be 
considered for patients with repeated 
symptomatic ischemia despite 
treatment.109

Management of Cancer-Related 
Hypercoagulability

Because of the limited studies, the 
optimal antithrombotic for stroke 
thought to be related to hypercoagu-
lability from cancer remains unclear. 
Some experts argue for the use of 
anticoagulation as a first-line treat-
ment for cancer-associated stroke.110 
This approach is in part the result 
of extrapolation from VTE trials 
in cancer patients which used low-
molecular weight heparins.106,111,112 
A new study, CARAVAGGIO, 
found apixaban to be noninfe-
rior to dalteparin (low-molecular 
weight heparin) for the treatment of 
cancer-associated VTE without an 
increased risk of major bleeding, and 
showed apixaban to be a reasonable 
choice in these patients, with the 

limited data for cancer patients with 
stroke.113 Antiplatelet therapy may 
be preferred for those with a higher 
bleeding risk, although it generally 
is held when platelets are < 50,000. 
Despite medical management, the 
median survival following stroke 
in patients with active cancer was 
found to be only 84 days, with 34% 
of these patients experiencing recur-
rent thromboembolic events.114-117

Management of Cryptogenic 
Stroke

Given the suspicion that the pre-
dominance of ESUS is believed to 
be cardioembolic, it logically follows 
that ESUS may be treated best with 
anticoagulation over antiplatelet 
therapy to prevent recurrent stroke. 
However, evidence from random-
ized controlled trials thus far do not 
show a clear benefit with this gen-
eral approach. A post-hoc analysis of 
the early WARSS trial compared the 
efficacy of adjusted-dose warfarin 
to aspirin for cryptogenic strokes 
and showed a greater hazard among 
patients with moderate stroke 
severity with anticoagulation.118-120 
NAVIGATE ESUS compared riva-
roxaban 15 mg daily to low-dose 
aspirin daily and was stopped early 
because of futility with no sig-
nificant difference in the primary 
outcome of recurrent stroke and a 
significantly higher risk of major 
bleeding in the rivaroxaban group.121 
RE-SPECT ESUS was similarly 
designed to compare dabigatran  
150 mg twice daily to low-dose ace-
tylsalicylic acid (ASA) daily with a 
nonstatistical trend favoring dabi-
gatran in recurrent strokes and ASA 
in major bleeding.122 There is now 
an effort to further define the sub-
group of patients with a history of 
cryptogenic stroke who may benefit 
from anticoagulation over antiplate-
let therapy. The ongoing ARCADIA 
trial is evaluating apixaban vs. aspi-
rin in patients with cryptogenic 
stroke and atrial cardiopathy. In the 
meantime, it is reasonable to treat 
cryptogenic strokes empirically with 
antiplatelet therapy. Patients with 
minor stroke (and high-risk TIA) 
with cryptogenic etiology would be 
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appropriate for short-term dual anti-
platelet therapy as described in the 
POINT/CHANCE protocols. 

In patients with cryptogenic 
stroke, providers should continue 
to re-evaluate for potential etiolo-
gies during follow-up and review 
the need for further testing. Occult 
malignancy should be consid-
ered; providers can screen with a 
D-dimer52 and/or ensure patients 
are up to date on routine guideline-
recommended cancer screening. 
Recurrent cryptogenic strokes may 
suggest the need for repeat workup 
or more aggressive testing, including 
transesophageal testing, high- 
resolution vascular imaging, or 
extended cardiac monitoring. 

Modifiable Stroke Risk 
Factors

Hypertension
Hypertension is the most impor-

tant modifiable stroke risk factor. 
Multiple trials have shown the bene-
fit of blood pressure control in stroke 
prevention, including many different 
agents, such as angiotensin-convert-
ing enzyme inhibitors, angiotensin 
receptor blockers, calcium chan-
nel blockers, and diuretics.78,123-126 
No class of antihypertensive agents 
has been shown to be significantly 
superior to an alternative class.127 
The risk of stroke generally increases 
progressively with increasing blood 
pressure.128 The target systolic blood 
pressure for treatment of hyperten-
sion has been an issue of controversy 
in the past decade, with numerous 
conflicting randomized controlled 
trials. 

The recommendations of the 
2020 International Society of 
Hypertension Global Hypertension 
Practice Guidelines (which encom-
pass both the 2017 American 
College of Cardiology (ACC)/
AHA Task Force Clinical Practice 
Guidelines and the 2018 European 
guidelines) are appropriate to fol-
low in the context of both primary 
and secondary stroke prevention. 
Blood pressure should be lowered 
if ≥ 140/90 mmHg and treated to a 
target < 130/80 mmHg (< 140/80 

in elderly patients).129 An additional 
lower limit of systolic pressure,  
> 120 mmHg for primary stroke 
prevention (not secondary stroke 
prevention), currently is debated and 
outside the scope of this article. 

Hypercholesterolemia
Hypercholesterolemia is another 

important stroke risk factor. In 2018, 
the ACC and the AHA recom-
mended that patients with clinical 
atherosclerotic cardiovascular dis-
ease, which includes ischemic stroke, 
receive high-dose statin therapy and 
those at very high risk (multiple 
major atherosclerotic cardiovascular 
disease events or one major athero-
sclerotic cardiovascular disease event 
plus additional vascular risk factors) 
should aim for a target LDL < 70 
mg/dL by using increasing dosages 
or additional agents.129 This specific 
LDL goal of < 70 was found notable 
in stroke patients in the recent TST 
trial and is consistent with findings 
of prior pivotal cholesterol agent 
trials (SPARCL, IMPROVE-IT, 
FOURIER).130 Cholesterol treat-
ment for primary stroke prevention 
also can follow the relevant 2018 
ACC and AHA guidelines based on 
cardiovascular risk assessment. 

Diabetes
Diabetes is known to confer 

a roughly twofold excess risk of 
stroke.131 Small vessel ischemic 
strokes are tied specifically to 
poor glucose control.13 Although 
incremental increases of glycated 
hemoglobin A1c (HbA1c) blood 
level are associated with increased 
risk of first-ever ischemic stroke 
in both diabetic and nondiabetic 
patients, evidence for cardiovascular 
improvement with intensive treat-
ments aimed at reducing HbA1c 
levels < 6.5% have been confounded 
by the deleterious effect of hypogly-
cemia, as well as other limitations.13 
Nevertheless, given the multiple 
health risks associated with uncon-
trolled diabetes, it is recommended 
to avoid hyperglycemia and to 
use diabetic management guide-
lines from the American Diabetes 
Association in patients with diabetes 

(and pre-diabetes) with and without 
a history of prior stroke.78

Obstructive Sleep Apnea
Obstructive sleep apnea (OSA) is 

a risk factor for stroke not discussed 
frequently. Notably, in a meta-analy-
sis, among patients with a history of 
stroke, 72% were determined to have 
a sleep-related breathing disorder 
with apnea-hypopnea index (AHI) 
> 5 and 38% had AHI > 20.132 The 
mechanism by which OSA results 
in cerebral embolism is not entirely 
certain and likely is multifactorial; 
however, it is known that sleep-
disordered breathing increases the 
development of atrial fibrillation, 
a potent stroke risk factor.131 It is 
reasonable to screen patients who 
have vascular risk factors or symp-
toms with OSA questionnaires (i.e., 
STOP-BANG), test those who 
screen positive with polysomnogra-
phy, and encourage lifestyle modifi-
cations with initiation of nighttime 
continuous positive airway pressure 
(CPAP) for those whom the diagno-
sis is confirmed.131 More investiga-
tion still is required to recommend 
formally CPAP treatment in OSA 
as a primary prevention of ischemic 
stroke, but the current data do sup-
port ischemic stroke risk reduc-
tion for OSA patients treated with 
CPAP.13 

Transient Ischemic Attack
TIA is an important entity to 

diagnose given that > 20% of strokes 
are thought to be preceded by 
TIAs.13 TIAs currently are defined 
as brief episodes of neurologic dys-
function from focal cerebral isch-
emia not associated with permanent 
infarction.13 This definition is in 
contrast to the previously accepted 
paradigm, which included patients 
with symptoms that lasted < 24 
hours, regardless of evidence of 
ischemia on imaging.133 The major-
ity of patients without evidence of 
ischemia on imaging have symp-
toms that last less than one hour, 
and some experts advocate for this 
criterion to be incorporated in a 
new TIA definition.134 An accepted 
definition of TIA in current practice 
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is an event with focal neurologic 
symptoms lasting less than one hour 
and without evidence of acute infarct 
on imaging.

Patients who have experienced 
a TIA require urgent evaluation. 
When TIA is suspected, it is recom-
mended that the patient be evalu-
ated as soon as possible after the 
event and undergo MR of the brain 
(or CT if MR is unavailable), ideally 
within 24 hours of symptom onset, 
as well as urgent vessel imaging 
(with either carotid ultrasound, MR 
angiography, or CT angiography), 
and cardiac evaluation with at least 
an ECG.134 Further cardiac workup 
with echocardiography (at least 
transthoracic echocardiogram) and 
cardiac monitoring then is indicated 
when the cause of the TIA still is 
unclear.134 

Hospitalization and close observa-
tion following the TIA, particularly 
in the immediate and most high-risk 
period following the event, has the 
potential to allow for more rapid 
and frequent administration of tissue 

plasminogen activator should a 
stroke occur.134 

The ABCD2 score is a commonly 
used scale that can help stratify 
this risk of subsequent stroke. (See 
Table 12.) The 48-hour stroke rates 
for patients with low-risk (0-3), 
moderate-risk (4-5), and high-risk 
(6-7) scores on this TIA prognos-
tication scale are 1%, 4%, and 8%, 
respectively.135 Although not its 
original intent, clinicians use the 
ABCD2 score to aid in the triag-
ing of patients presenting to the 
emergency department with TIA. 
Patients presenting within 72 hours 
of a suspected TIA and with an 
ABCD2 score of 3 or more typi-
cally are admitted to the hospital. 
This system can be used to help tri-
age patients for expedited inpatient 
evaluation, as opposed to outpatient 
follow-up, and reduce hospitaliza-
tions.136 The ABCD2 does not help 
assess for high-risk mechanisms of 
TIA, such as atrial fibrillation or 
carotid stenosis, which may require 
a specific urgent intervention (e.g., 
anticoagulation or a revasculariza-
tion procedure). If a patient under-
goes outpatient workup, the AHA 
and ASA recommend that the basic 
stroke evaluation be completed 
within two days.134 

Stroke prevention strategies in 
TIA patients are identical to those 
with ischemic stroke and include 
management of modifiable risk fac-
tors in addition to etiology-specific 
treatment as reviewed earlier in 
the context of stroke management. 
TIA secondary stroke management 
has the additional caveat that select 
patients with high-risk TIA (in 
addition to mild strokes) may benefit 
from short-term dual antiplatelet 
agents described in the CHANCE 

and POINT trials. (See “Secondary 
Stroke Prevention.”)

Stroke mimics are non-cerebro-
vascular disorders that confound a 
stroke diagnosis by presenting in a 
similar manner. These mimics are 
not uncommon and may represent 
about one-third of stroke admis-
sions, with some evidence that this 
number is increasing with time.134 
Common conditions that mimic 
stroke and TIA include encepha-
lopathy from toxic or metabolic 
disturbances (including hypo- and 
hyperglycemia), hypertensive 
encephalopathy, seizure with postic-
tal deficits, migraine aura, intracra-
nial tumors or infections, Bell’s palsy, 
transient global amnesia, spinal or 
nerve disorders, peripheral vertigo, 
syncope, and conversion disorder. 
Patients with stroke mimic tend 
to be younger, more likely to have 
arrived in the emergency department 
via personal vehicle, and without a 
history of hypertension, atrial fibril-
lation, or hyperlipidemia.134 The dif-
ferentiation between mimic and true 
stroke/TIA may not be as important 
in the hyperacute setting, since it has 
been deemed safe to treat mimics 
with intravenous (IV) tissue plas-
minogen activator.134 However, it is 
important in evaluating the need for 
stroke prevention. 

Conclusion
The field of stroke neurology has 

continued to evolve with increasing 
evidence-based prevention strate-
gies. We are learning more about 
the importance of precise risk factor 
management, the role of statins for 
atherosclerotic disease, and the use 
of targeted antithrombotic therapy 
based on the underlying mecha-
nism of stroke. Whereas large artery 

Table 12. ABCD2 Score

A Age > 60 years: 1 point

B Blood pressure  
> 140/90 mmHg: 1 point

C Clinical features:
• Weakness: 2 points
• Speech disturbance without 

weakness: 1 point
• Other: 0 points

D Diabetes: 1 point

D Duration:
• > 60 minutes: 2 points
• 10- 59 minutes: 1 point
• < 10 minutes: 0 points
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atherosclerotic and small vessel dis-
ease responds to antiplatelet agents, 
anticoagulation has been found to be 
superior in certain high-risk cardiac 
conditions, such as atrial fibrilla-
tion. The recent expansion of oral 
anticoagulants to include factor Xa 
and direct thrombin inhibitors has 
improved significantly the overall 
risk/benefit profile of the medical 
therapy for patients with nonval-
vular atrial fibrillation. Surgical 
options also vary by stroke subtype 
and mechanism. Although symp-
tomatic cervical carotid stenosis is 
amenable to revascularization with 
stenting or endarterectomy, stenting 
of intracranial atherosclerosis is not 
current practice in the United States. 
Patients with unexplained stroke 
after a standard diagnostic evalu-
ation, particularly if young, should 
have advanced testing to evaluate 
for rarer causes of stroke. For cryp-
togenic strokes, anticoagulation has 
not yet been proven superior in all 
patients with suspected embolic 
source, although randomized con-
trolled trials are ongoing regarding 
the best management in subsets of 
these patients.
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CME Questions 
1.  Which of the following is not a 

modifiable stroke risk factor? 
a.  Hypertension 
b.  Age 
c.  Obstructive sleep apnea 
d.  Diabetes 

2.  Calculate the ABCD2 score 
for the following patient: A 
72-year-old male with a past 
medical history of hypertension, 
hyperlipidemia, and diabetes 
presents with right-sided arm 
and leg weakness for 40 minutes. 
On arrival, his blood pressure is 
167/79 mmHg, his heart rate is 
76 beats per minute in normal 
sinus rhythm, and his National 
Institutes of Health Stroke Scale 
(NIHSS) score is 0. 

a.  0
b.  3
c.  5 
d.  6

3.  Which score on the CHA₂DS₂-
VASc scale definitively warrants 
anticoagulation (not antiplatelet) 
therapy for stroke prevention 
in atrial fibrillation patients at 
average bleeding risk? 
a.  0 
b.  1 
c.  2 
d.  3

4.  Current evidence-based 
management for secondary 
stroke prevention in patients 
with intracranial atherosclerosis 
includes all of the following 
except: 
a.  intracranial stenting. 
b.  short-term dual antiplatelet 

therapy. 
c.  strict blood pressure control. 
d.  intensive low-density 

lipoprotein lowering with a 
statin medication.

5.  Which of the following is not 
an evidence-based indication to 
use short-term dual antiplatelet 
therapy following stroke?
a.  Intracranial atherosclerosis
b.  Stroke with low NIHSS score
c.  High-risk transient ischemic 

attack (TIA) (ABCD2 score 
of 4)

d.  Low-risk TIA (ABCD2 score 
of 1) 

6.  Which of the following patients 
would likely be considered for 
patent foramen ovale (PFO) 
closure?

a.  An 80-year-old with stroke 
of suspected cardioembolic 
etiology and newly diagnosed 
atrial fibrillation 

b.  An 85-year-old with 
cryptogenic stroke and a 
newly identified PFO that 
allowed passage of  
< 5 bubbles on transthoracic 
echocardiogram

c.  A 33-year-old with 
cryptogenic stroke, a large 
PFO on transthoracic 
echocardiogram, a deep 
venous thrombosis on lower 
extremity ultrasound, and 
otherwise no significant 
medical history 

d.  A 70-year-old with lacunar 
stroke and history of 
hypertension, hyperlipemia, 
diabetes, tobacco use, obesity, 
and a large PFO

7.  Which of the following best 
constitutes a workup in a patient 
with cryptogenic stroke?
a.  Brain imaging, vessel imaging, 

inpatient telemetry for 24 
hours, outpatient cardiac 
monitor for a month, and 
transthoracic echocardiogram 

b.  Brain imaging, vessel 
imaging, and lower extremity 
ultrasound

c.  Brain imaging, vessel imaging, 
and inpatient telemetry 
monitoring for 24 hours

d.  Vessel imaging and loop 
recorder only
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