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Abstract

The past decade has seen significant advances in stroke prevention. These advances include 

new antithrombotic agents, new options for dyslipidemia treatment, and novel techniques for 

surgical stroke prevention. In addition, there is greater recognition of the benefits of multi-faceted 

interventions, including the role of physical activity and dietary modification. Despite these 

advances, the aging of the population and the high prevalence of key vascular risk factors 

pose challenges to reducing the burden of stroke. Using an etiology-based framework, current 

approaches to prevention of cardioembolic, cryptogenic, atherosclerotic, and small vessel disease 

stroke are outlined in this paper. Special emphasis is given to recent trials of antithrombotic agents, 

including studies that have tested combination treatments and response according to genetic 

factors.
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1. STROKE CLASSIFICATION AND EVALUATION

Classification

Ischemic stroke is defined as an episode of neurological dysfunction caused by focal 

cerebral, spinal, or retinal cell death attributable to ischemia based on supportive clinical, 
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radiographic or pathologic evidence1. Crucially, stroke is not a disease per se but rather 

an endpoint of another process that culminates in ischemia with cell death in the central 

nervous system (CNS). Understanding the risk of subsequent stroke and implementing an 

appropriate secondary prevention strategy relies on identifying the most likely etiology 

and, if that is not possible, determining whether any given patient fits in to a therapeutically-

relevant subgroup for whom clinical trial data can be evoked.

Numerous classification schemes for ischemic stroke have been proposed to capture 

this complexity. These include the Atherosclerosis/Small Vessel/Cardiac/Other/Dissection 

(ASCOD)2 and Causative Classification of Stoke (CCS)3 systems. However, by far the most 

commonly used scheme in clinical practice is the Trial of Org 10172 in Acute Ischemic 

Stroke (TOAST) classification system4. Under this system, ischemic stroke etiology can be 

categorized along 5 major subgroups: 1) Large artery atherosclerosis, 2) Cardioembolism, 

3) Small artery occlusion, 4) Stroke of other determined etiology and 5) Cryptogenic. 

Attribution of stroke etiology to one of these subgroups is based on a history, physical 

examination and structured diagnostic workup including imaging of the cervical and 

intracranial vasculature, echocardiography and an assessment of cardiac rhythm.

A. Large artery atherosclerosis: Stroke arising from large artery atherosclerosis is 

defined by the presence of ≥50% stenosis or occlusion of an extracranial or intracranial large 

artery corresponding to the territory of the stroke.

B. Cardioembolism: Stroke arising from cardioembolism describes an infarct occurring 

in the presence of a high-risk source of cardioembolism such as atrial fibrillation (AF), left 

ventricular thrombus, infective endocarditis or recent myocardial infarction. Such infarcts 

typically bear the hallmarks of remote embolization, i.e., are cortically-based, multifocal and 

with a predilection for the large cerebral arteries. However, emboli from the heart may also 

occlude small perforating arteries supplying the pons, thalamus or basal ganglia and so the 

stroke topography is not a crucial determinant of the etiology. The original system allows 

for the label of “possible cardioembolic stroke” in the presence of a so-called “medium-risk” 

cardioembolic source including congestive cardiac failure, mitral valve prolapse or atrial 

septal aneurysm but this label is not used in clinical practice.

C. Small artery occlusion: This describes a small stroke (<1.5cm in widest dimension) 

that occurs in an area of the brain supplied by small perforating vessels e.g the pons, 

thalamus, or basal ganglia and in a patient with evidence of at least one vascular risk factor. 

Within this category, strokes arise due to lipohyalinosis of small vessels that branch directly 

off larger vessels (pontine perforators emanating from the basilar artery or lenticulostriate 

arteries emanating from the middle cerebral artery).

D. Other determined etiology: This is a category to describe strokes with a defined, 

rarer etiology that does not fit in to one of the above three classifications. It includes stroke 

arising from arterial dissection, exposure to illicit drugs, cerebral vasculitis or an arterial 

hypercoagulable disorder.
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E. Cryptogenic stroke: In cryptogenic stroke, no clear etiology can be determined. 

This arises in three scenarios: 1) A patient has had a thorough diagnostic workup and 

no etiology determined. Patients with lacunar strokes who do not present with classical 

lacunar syndromes or who exhibit cortical symptoms are classified under this category; 2) A 

diagnostic workup has yielded two or more plausible etiologies; or 3) A thorough diagnostic 

workup has not been completed.

Cryptogenic stroke comprises up to 33% of all ischemic strokes5–8. It is a heterogeneous 

group because it includes patients with multiple high-risk causes and those with no cause 

identified. The pitfalls in this classification scheme – coupled with the observation that a 

majority of cryptogenic strokes appear embolic in nature – led to the refined definition 

of embolic stroke of undetermined source (ESUS)9, 10. ESUS is a subset of cryptogenic 

stroke and refers to an embolic-appearing stroke for which no high-risk etiology has been 

determined despite a thorough diagnostic workup (including at least 24 hours of cardiac 

rhythm monitoring). There is increasing evidence that ESUS patients are heterogeneous, 

including some with later atrial fibrillation and some with non-stenotic carotid plaques11–13. 

The ESUS concept and its differentiation from cryptogenic stroke are discussed in more 

detail in the cryptogenic stroke section.

As further evidence emerges identifying stroke associations as therapeutically relevant 

entities, current classification systems are likely to further evolve. For instance, the success 

of recent trials establishing the superiority of percutaneous PFO closure over anti-platelet 

therapy for secondary prevention of stroke, has led to calls for formally classification of 

PFO-associated stroke as a subset of cardioembolic stroke14. Similarly, the recognition of 

atrial dysfunction in the absence of AF as a risk factor for stroke15 and high-risk features of 

cervical atherosclerosis beyond the degree of luminal stenosis16 will likely to lead to further 

changes in this classification system over time.

Evaluation

The evaluation of a patient with stroke typically occurs in three partially overlapping 

phases: 1) Urgent evaluation to determine whether they are a candidate for intravenous 

thrombolysis (IV tPA) or endovascular thrombectomy (EVT), 2) Confirmation of the 

diagnosis of ischemic stroke (not strictly necessary for the administration of IV tPA) 

and 3) Determination of the most likely etiology which, in turn, dictates the optimal 

secondary prevention strategy. At a minimum, the evaluation must include imaging of the 

brain via computed tomography (CT) and/or magnetic resonance imaging (MRI), cervical 

vessel imaging (with cervical vessel ultrasonography, CT angiography or MR angiography), 

intracranial vessel imaging (with CTA or MRA), transthoracic echocardiography (TTE), 

electrocardiography (ECG), 24 hours of cardiac telemetry monitoring and an assay of a 

person’s cholesterol profile and glycated hemoglobin.

If this diagnostic testing has not yielded a high-risk etiology, further evaluation is performed 

based on an individual patient’s history, examination, stroke topography on imaging and any 

possible low or medium risk etiologies identified on their initial workup (such as a PFO). 

Options for further evaluation include:
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A. Extended cardiac monitoring: Two seminal trials examined the use of extended 

cardiac monitoring in patients with cryptogenic stroke or transient ischemic attack (TIA). 

EMBRACE17 enrolled patients ≥ 55 years old with cryptogenic stroke or TIA and no history 

of AF. They were randomized to either usual practice (including an ECG and inpatient 

cardiac telemetry) or a 30-day cardiac event monitor. The primary endpoint was detection 

of 30 seconds of AF and this was achieved in 3.2% of patients with usual care and 16.1% 

of those who wore an extended cardiac monitor. CRYSTAL-AF18 also enrolled patients with 

cryptogenic stroke/TIA and randomized them to usual care or placement of an insertable 

cardiac monitor (ICM). By contrast to EMBRACE, CRYSTAL-AF enrolled younger patients 

(≥ 40 years old) and the primary endpoint was the same. Within the group assigned to usual 

care, 1.4% of patients were found to have AF within 6 months while 8.9% of those in the 

ICM group were found to have AF. At 3 years of follow up, detection of AF exceeded 30%.

B. Transesophageal echocardiography (TEE): TEE provides more detailed 

imaging than TTE especially of the left atrium, left atrial appendage, valvular structures 

and the arch of the aorta. In a person with ESUS and no etiology identified, a TEE may 

be reasonable to examine for the presence of left atrial/ atrial appendage thrombus, atrial 

myxoma, fibroelastoma or vegetation. It may also be used if PFO is suspected or further 

detail required on its morphology. One retrospective series found that in patients with ESUS, 

TEE led to a new finding in 52.5% of cases and effectuated a management change in 16.2% 

of cases19. Typically, TEE is reserved for patients the below the age of 60 as the yield of this 

test is low above that threshold.

C. Hypercoagulability testing: Arterial hypercoagulable disorders can lead to 

ischemic stroke even in the presence of normal cervical and intracranial vasculature and 

normal cardiac structure and rhythm. In general, it is of low yield in patients with 

ischemic stroke20 but should be considered in a person with no other candidate etiology 

identified especially if they have a history of arterial thrombotic events elsewhere or a 

family history of arterial thrombotic events. The major arterial hypercoagulable disorders 

include anti-phospholipid antibody syndrome, disseminated intravascular coagulation, 

metastatic malignancy and hyperhomocysteinemia. Venous hypercoagulable disorders can 

be implicated in stroke in the presence of a PFO or large pulmonary arteriovenous 

fistula (because of paradoxical embolization) and include protein C deficiency, protein 

S deficiency, antithrombin III deficiency, factor V Leiden mutation, prothrombin gene 

mutation and polycythemia rubra vera. This group also includes hyperhomocysteinemia.

D. Other: In specific circumstances, other testing may be pursued including MRI with 

T1 fat suppressed sequences (to examine for arterial dissection not visible on previous 

testing), diagnostic cerebral angiography and cerebrospinal fluid (CSF) testing (if cerebral 

vasculitis or reversible cerebral vasoconstriction are suspected) or genetic testing (if an 

inherited stroke syndrome is suspected). Additional consideration include emerging putative 

associations with ESUS including occult malignancy21, the carotid web22, and non-stenotic 

carotid atherosclerosis16 within the early phases of a patient’s diagnostic workup.
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2. ANTI-THROMBOTIC THERAPY FOR MINOR STROKE/HIGH-RISK TIA

In general, single anti-platelet therapy is indicated to reduce the risk of subsequent stroke 

after ischemic stroke or TIA. There has been considerable research examining the efficacy 

of different individual anti-platelet agents, dual or triple anti-platelet therapy or use of 

anticoagulation as opposed to anti-platelet therapy. A consistent theme in the literature 

to-date is that increased intensity of anti-thrombotic therapy reduces the risk of subsequent 

ischemic stroke but at the cost of an increased risk of hemorrhagic complications. The 

Warfarin-Aspirin Recurrent Stroke Study (WARSS)23 similarly failed to show a benefit 

to warfarin compared with aspirin with respect to the primary endpoint of subsequent 

ischemic stroke or death. However, trials of secondary prevention differed in terms of key 

aspects of the approach including time from symptom onset to randomization, duration 

of anti-thrombotic therapy, permitted stroke etiologies and stroke severity. Therefore, 

considerable interested emerged in identifying a subgroup of patients for whom more 

intense anti-thrombotic therapy would remain effective without an unacceptably high risk 

of hemorrhagic complications.

In considering the optimal anti-thrombotic strategy, the first consideration is to assign the 

most likely underlying etiology for the stroke. In patients with stroke arising from a high-

risk cardioembolic source such as AF, anticoagulation is the optimal strategy. In patients 

with stroke arising from symptomatic ipsilateral extracranial carotid stenosis, the discussion 

of anti-thrombotic therapy occurs in parallel with consideration of revascularization. In 

patients with non-cardioembolic stroke or TIA without an indication for revascularization, 

there is likely a benefit to using a short course of dual anti-platelet therapy provided A) 

There is a sufficiently high-risk of subsequent stroke and B) The risk of hemorrhagic 

complications is acceptably low. The risk of intracranial hemorrhage is primarily driven 

by the volume of infarcted tissue so, in practice, identifying this high recurrence/low 

hemorrhage risk group means selecting patients with a high-risk TIA (as measured by the 

ABCD2 score) or a minor ischemic stroke (as measured by a low score on the National 

Institutes of Health Stroke Scale (NIHSS) at presentation). Two recent clinical trials address 

this population:

1) Clopidogrel with Aspirin in Acute Minor Stroke or Transient Ischemic Attack 
(CHANCE):

In this trial, 5,170 patients with minor ischemic stroke or high-risk TIA were randomized 

to aspirin and clopidogrel (DAPT) for 21 days or aspirin and placebo with treatment with 

aspirin alone thereafter24. The primary outcome was ischemic or hemorrhagic stroke. There 

was a lower hazard of ischemic/hemorrhagic stroke in the DAPT group: hazard ratio (HR) 

0.68 (95% CI: 0.57–0.81). The difference in groups was accounted for by a lower rate of 

ischemic stroke in the DAPT group (HR 0.67 (05% CI: 0.56–0.81) whereas there was no 

difference in the rate of hemorrhagic stroke between the two groups (HR 1.01, 95% CI: 

0.38–2.70).
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2) Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT):

In this trial, 4,881 patients with minor ischemic stroke or high-risk TIA were randomized 

to aspirin and clopidogrel for 90 days or aspirin and placebo for 90 days25. The primary 

outcome was a composite of ischemic stroke, myocardial infarction (MI) or vascular death. 

There was a lower hazard of this primary outcome in those treated with DAPT than those 

treated with aspirin alone (HR 0.75, 95% CI: 0.59–0.95). The largest contributor to this 

composite outcome was ischemic stroke – 267 out of 281 events.

These trials successfully identified a population for whom DAPT was beneficial without an 

accompanying high risk of hemorrhage. Given the enrollment criteria, these trials enrolled 

patients with 3 major classifications of ischemic stroke: A) Stroke of small vessel etiology, 

B) Cryptogenic stroke or C) Stroke associated with large artery atherosclerosis (where the 

patient was not planned for revascularization). Neither trial included patients treated with 

intravenous thrombolysis or mechanical thrombectomy. The loading dose of clopidogrel 

differed between the two trials – 600mg in POINT and 300mg in CHANCE. POINT 

enrolled patients within 12 hours of symptom onset while CHANCE enrolled patients up 

to 24 hours after symptom onset. Each trial adopted the same definition of minor ischemic 

stroke (NIHSS ≤3) and high-risk TIA (ABCD2 score >=4). CHANCE was conducted in 

an exclusively Chinese population while POINT was conducted in a more geographically 

and racially diverse population predominantly from the United States but also Europe and 

Australia.

DAPT with ticagrelor and aspirin was explored in the Acute Stroke or Transient Ischemic 

Attack Treated with Ticagrelor and ASA for Prevention of Stroke and Death (THALES) 

trial26. This study randomized 11,016 patients with high-risk TIA/minor stroke to ticagrelor/

aspirin or aspirin alone for 30 days. There was a lower hazard of the primary outcome in 

those treated with ticagrelor/aspirin versus aspirin alone – HR 0.83 (95% CI: 0.71–0.96). By 

contrast to POINT and CHANCE, there was a high rate of intracranial hemorrhage in the 

DAPT versus aspirin alone group (HR 3.33, 95% CI: 1.34–8.28).

The CHANCE-2 trial established the superiority of ticagrelor/aspirin versus clopidogrel/

aspirin in patients with minor stroke/high-risk TIA and a CRP2C19 (also known as P450 

2C19) loss of function allele27. The study enrolled 11,255 patients in China aged 40 years 

or older with high-risk TIA/minor stroke. All participants had a CRP2C19 loss of function 

allele4 indicating diminished capacity to convert the prodrug clopidogrel into its active 

metabolite. High-risk TIA was defined as an ABCD2 score of greater than or equal to 4 

while minor stroke was defined as a presenting NIHSS score of 3 or lower. Subjects were 

randomized within 24 hours of symptom onset to ticagrelor 90mg twice daily plus aspirin 

75mg daily versus clopidogrel 75mg daily plus aspirin 75mg daily. Each group received a 

loading dose of either ticagrelor or clopidogrel. The primary outcome was new ischemic 

or hemorrhage stroke. 6% of patients randomized to ticagrelor experienced the primary 

outcome while 7.6% of those randomized to clopidogrel experienced the primary outcome. 

The rate of moderate or severe bleeding did not differ between the two groups – 0.3% in 

each while the risk of intracranial hemorrhage was numerically lower in those treated with 

ticagrelor as opposed to clopidogrel (0.1% vs. 0.2% - HR 0.49, 95% CI: 0.12–1.96).
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An alternative combination concept is to combine an anticoagulant with an antiplatelet 

agent. The Cardiovascular Outcomes for People Using Anticoagulation Strategies 

(COMPASS)28 trial enrolled patients with either stable coronary artery disease, stable 

peripheral arterial disease or both. Patients with a stroke within one month prior to screening 

were excluded. A total of 27,395 participants were randomized to low-dose (2.5mg twice 

daily) rivaroxaban plus aspirin (100mg once daily), full-dose (5mg twice daily) rivaroxaban 

alone or aspirin (100mg once daily) alone. The primary efficacy outcome was stroke, 

myocardial infarction or vascular death. There was a lower hazard of this primary outcome 

in patients taking low-dose rivaroxaban/aspirin compared with aspirin alone (HR 0.76, 

95% CI: 0.66–0.86). Ischemic stroke was a secondary outcome in this trial. There was 

a lower hazard of stroke in those taking rivaroxaban/aspirin compared with aspirin alone 

(HR 0.51, 95% CI: 0.38–0.68) and this was the largest contributor to the reduction in the 

composite outcome in those treated with rivaroxaban and aspirin. Only 3.8% of patients 

enrolled in this trial had a history of stroke but a secondary analysis found that a benefit 

to rivaroxaban/aspirin was still evident in this subgroup29. The reduction in subsequent 

stroke was explained by reduced numbers of cardioembolic strokes and embolic strokes 

of undetermined source and not strokes associated with large artery atherosclerosis or 

small vessel disease30. The hypothesis that a low-dose NOAC combined with aspirin is 

superior to aspirin alone for the prevention of subsequent stroke in patients with recent 

non-cardioembolic ischemic stroke remains to be tested.

Current American Heart Association/American Stroke Association Ischemic Stroke 

Secondary Prevention Guidelines endorse the use of DAPT for either 21 or 90 days in 

patients with non-cardioembolic minor ischemic stroke or high-risk TIA without a strict 

restriction on either a) use of IV t-PA, b) thrombectomy or c) time from symptom onset to 

starting DAPT (recommending starting it “ideally within 12–24 hours of symptom onset and 

at least within 7 days of onset”). Only single anti-platelet therapy is recommended beyond 

that time point as the risk of subsequent stroke is highest in the immediate wake of minor 

stroke/TIA and diminishes over time while the risk of hemorrhage is aggregative (Figure 1).

3. CARDIOEMBOLIC STROKE

Cardioembolic stroke accounts for nearly 30% of ischemic strokes31 is associated with 

increased mortality and morbidity.32 Furthermore, cardiac sources are responsible for nearly 

45% of cryptogenic strokes33, making cardioembolism the most common mechanism for 

ischemic stroke.

Cardiac sources of embolism include high-risk sources such as atrial fibrillation (AF), 

valvular heart disease, and endocarditis as well as low-risk sources such as patent foramen 

ovale. Finding a cardiac source of embolism is of paramount importance as it would often 

lead to a change in clinical management and secondary prevention strategies. A detailed 

discussion of these sources is provided below.

Atrial Fibrillation

Background—Atrial fibrillation is the most common cardiac arrythmia and cardioembolic 

source. The prevalence of AF increases with age, reaching nearly 4% in patients 60 years 
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or older and 8% in patients 80 years or older.34 AF prevalence has increased over the past 

decade and is expected to continue to increase35 likely due to the aging population and 

improved detection methods. AF portends an increased risk of ischemic stroke, systemic 

embolism, and death and studies have shown that anticoagulation is associated with a 

reduction in these risks.

Secondary prevention in acute ischemic stroke and AF—In patients with acute 

ischemic stroke in the setting of AF, studies have demonstrated the benefit of anticoagulation 

therapy for long term secondary prevention and clinical trials comparing direct oral 

anticoagulants to warfarin showed similar overall efficacy with DOACs with respect to 

ischemic stroke but lower risk of intracranial hemorrhage with DOACs. The specific 

anticoagulant and timing of initiation have also been studied. Recent studies including 

patients treated with oral direct oral anticoagulant showed a similar risk of combined 

ischemic/hemorrhagic stroke outcome in those whose anticoagulation was started 0–3 days 

vs. >3 days from the ischemic stroke. These studies are observational and subject to 

treatment by indication bias and thus ongoing randomized trials will help determine the 

optimal timing of anticoagulation initiation in patients with acute ischemic stroke and AF.

Other treatments such as left atrial appendage occlusion have not been investigated for 

secondary prevention but studies of patients with AF comparing LAA occlusion devices 

such as WATCHMAN to oral anticoagulation showed a similar risk of recurrent stroke or 

death. Thus, LAA occlusion is another treatment option for secondary prevention in AF, 

particularly in patients where long term anticoagulation is contraindicated.

Acute Ischemic Stroke in Anticoagulated Patients—While anticoagulation reduces 

the risk of ischemic stroke in patients with AF, there remains a subgroup of patients 

who suffer a breakthrough ischemic stroke while on anticoagulation therapy. Studies have 

shown that this subgroup of patients are at increased recurrence risk and that changing 

anticoagulation treatment is not associated with a reduction in recurrence risk. In such 

patients, important strategies include investigating an alternative non-AF related stroke 

mechanism, determining medication compliance, optimization of secondary prevention 

strategies are important measures. Furthermore, there is data to suggest a potential benefit 

of the combination of LAA closure and anticoagulation when compared to anticoagulation 

alone in patients with AF undergoing cardiac surgery. This approach needs further study in 

patients with a breakthrough cardioembolic stroke while on oral anticoagulation.

Valvular Heart Disease

Valvular heart disorders, more specifically those affecting the mitral valve are associated 

with increased ischemic stroke risk. For instance, the Framingham study showed an 

association between mitral annular calcification and ischemic stroke risk.40 Moreover, 

the risk of ischemic stroke in patients with rheumatic mitral stenosis has been has been 

suggested to be due to underlying AF.41

In patients with ischemic stroke in the setting of a mechanical heart valve, diagnostic 

evaluation to exclude alternative causes as well as valve dysfunction or infection should 

be considered. Anticoagulation with warfarin is recommended with a target INR of 2–3 
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for an aortic mechanical valve and 2.5–3.5 for a mitral mechanical valve.42 The addition 

of low dose aspirin should also be considered in patients with mechanical heart valve and 

low bleeding risk.42 In such patients, DOACs should be avoided.43 Moreover, in patients 

with ischemic stroke in the setting of mitral stenosis with or without AF, anticoagulation 

should be considered.44 Observational studies suggests a potential benefit of DOACs in 

patients with valvular AF.45 Since patients with valvular AF were excluded from DOAC 

trials, warfarin remains the preferred treatment in such patients and studies comparing the 

safety and efficacy of DOACs with warfarin are needed.

Infective Endocarditis

Infective endocarditis of the aortic or mitral valves is an established caused of stroke, 

where the risk of ischemic stroke starts 4 months before the diagnosis and persists for 

up to 5 months after the diagnosis.46 Endocarditis is clinically suspected in patients 

with ischemic stroke and clinical or laboratory concern for a concomitant systemic 

infection and the diagnosis is confirmed on echocardiography, particularly transesophageal 

echocardiography.47 The workup in patients with ischemic stroke and endocarditis should 

also include non-invasive intracranial vascular imaging to screen for mycotic aneurysms and 

consideration of a diagnostic angiogram in select patients.47

The treatment of endocarditis entails intravenous antimicrobial treatment for at least 6 weeks 

as well as consideration for surgery in a subgroup of patients. Anticoagulation is avoided 

in the acute setting but may considered long term if there is an indication after resolution 

of endocarditis. In addition, measures to reduce the risk of transient bacteremia should be 

instated.47

Left ventricular dysfunction

Studies have shown an increased ischemic stroke risk in patients with lower ejection fraction 

in patients with systolic congestive heart failure48, 49 and the stroke risk is particularly 

higher in those with a prior history of stroke.50 This risk is thought to be mediated by 

increased occurrence of left ventricular thrombus which is best detected by a cardiac MRI51 

or a transthoracic echocardiogram using contrast.52

In patients with low ejection fraction and evidence of LV thrombus, at least 3 months of 

treatment with warfarin is recommended.53 In patients without LV thrombus, however, there 

remains equipoise on the best antithrombotic regimen: antiplatelet vs. anticoagulation. The 

WARCEF trial compared warfarin to aspirin in patients with ejection fraction <35% and 

showed lower ischemic stroke risk in patients treated with warfarin (HR 0.52 95% CI 0.33–

0.82) but higher risk of intracerebral hemorrhage (HR 2.22 95% CI 0.43–11.66), without 

any significant net benefit (HR 0.93 95% CI 0.79–1.10). This was also the case in patients 

enrolled in WARCEF who have a history of prior stroke.50 Another post-hoc analysis of 

the NAVIGATE-ESUS trial showed that in patients with moderate to severe LV dysfunction 

and ESUS, rivaroxaban was superior to aspirin in reducing the risk of primary outcome (HR 

0.36; 95% CI, 0.14–0.93).
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Therefore, the best antithrombotic regimen for patients with ischemic stroke and LV 

dysfunction remains unknown and randomized trials are needed to test direct oral 

anticoagulants versus aspirin in such patients.

Recent myocardial infarction

Patients with a myocardial infarction (MI) (ST elevation, non-ST elevation, or silent MI) are 

at increased risk of ischemic stroke, particularly in the first few months after the myocardial 

infarct.54, 55

In the presence of an LV thrombus, current guidelines recommend anticoagulation with 

warfarin for at least 3 months.53 In the absence of an LV thrombus, some experts 

recommend consideration of short-term anticoagulation with warfarin in patients with 

ischemic stroke and acute anterior ST elevation MI and apical akinesis.44 High quality 

evidence to support this recommendation, however, is lacking and clinical trials are needed 

to compare anticoagulation to aspirin in patients with ischemic stroke in the setting of 

myocardial infarction.

Patent Foramen Ovale

Patent foramen ovale is an intra-septal defect that is present in about 25% of the 

population.56 Some studies suggested an association between PFO and cryptogenic ischemic 

stroke57 likely mediated either by paradoxical embolism or via thrombogenesis and clot 

formation at the PFO site but there remains no high quality data to support this association.

Given the high prevalence of PFO, investigators have proposed the Risk of Paradoxical 

Embolism (ROPE) score to help determine whether a certain PFO is likely pathogenic or 

incidental.58 Furthermore, the presence of an atrial septal aneurysm has been shown to 

portend a higher recurrent stroke risk in patients with PFO.59

Initial PFO trials showed no benefit of PFO closure over medical therapy in patients with 

ischemic stroke and PFO. These trials however did not select patients based on whether the 

PFO is pathogenic and some included patients with TIA.59 Analysis of these trials, however, 

showed a potential benefit of closure in patients with ROPE score ≥ 7, in which the PFO 

is likely pathogenic.60 More recently, two randomized controlled trials showed a significant 

benefit in patients with patients with cryptogenic ischemic stroke and a PFO with moderate 

to severe shunting or atrial septal aneurysm. PFO closure however was associated with 

increased risk of complications, more commonly atrial fibrillation in 6–7% of patients.59

Controversies on PFO treatment include whether PFO closure is beneficial in a select 

subset of patients >60 years old with a PFO and no other identifiable stroke mechanism. 

In addition, it remains unknown whether PFO closure is effective in young patients with 

clinically covert brain infarcts.

Cardiac tumors

Left sided cardiac tumors are a very rare cause of ischemic stroke.61 The most common ones 

are atrial myxomas and papillary fibroelastomas.62 Left atrial myxomas are associated with 

increased stroke risk via embolization of thrombus and/or tumor.63 Papillary fibroelastomas, 
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particularly those that are mobile or that adhere to the aortic valve, are associated with 

increased thromboembolic risk. 61, 64

Due to the lack of high-quality data, the best treatment strategy for patients with ischemic 

stroke and left sided cardiac tumors remains unknown. In an observational study, surgical 

excision has been shown to reduce the risk of recurrent risk.65 Antithrombotic treatment and 

consideration of tumor resection for left sided tumors are reasonable secondary prevention 

strategies.53 Tables 1 and 2 provide an overview of cardiac sources of emboli and key AF 

trials.

4. CRYPTOGENIC STROKE

Based on current worldwide annual ischemic stroke incidence rates66 and considering that a 

specific cause is not identified in up to 33% of stroke cases5–8, it is estimated that over 2.5 

million cryptogenic strokes occur globally per year. As for other types of strokes, the overall 

management of vascular risk factors and encouragement of a healthier lifestyle are crucial 

for an effective secondary prevention strategy.

The diagnosis of cryptogenic stroke entails ruling out medium and high-risk cardioembolic 

sources, >50% stenosis of major extracranial or intracranial arteries, small vessel occlusion, 

and other less common causes (Figure 2). Based on the distribution and number of brain 

infarcts on neuroimaging studies, cryptogenic strokes can be further categorized into ESUS 

(non-lacunar) and lacunar. ESUS accounts for 16% of all ischemic strokes.67 Lacunar 

cryptogenic strokes are those showing small infarcts involving subcortical brain or brainstem 

regions in patients who do not present with classical lacunar syndromes or who have 

cortical symptoms, thus not fulfilling the TOAST criteria for small vessel occlusion.4 The 

distinction between ESUS and lacunar cryptogenic stroke is sometimes challenging. The 

criteria used in the AtRial Cardiopathy and Antithrombotic Drugs In prevention After 

cryptogenic stroke (ARCADIA) randomized clinical trial provides a simple and clinically 

sound approach.39 According to the ARCADIA criteria, lacunar cryptogenic strokes are 

those involving subcortical cerebral territories of small penetrating arteries, including the 

pons and midbrain. The established size of lacunar infarcts is <1.5 cm on CT or T2-MRI, 

or <2.0 cm on diffusion-weighted imaging (DWI) MRI. Embolic infarcts are those involving 

the cerebral cortex, multiple small subcortical infarcts occurring simultaneously in the same 

or different vascular territories, lateral medullary infarcts, or cerebellar infarcts.39

Historically, secondary stroke prevention strategies for patients with cryptogenic stroke were 

mainly focused on the use of antiplatelet therapy and the management of risk factors. More 

recently, a series of emerging stroke mechanisms have been proposed as the cause of ESUS, 

expanding secondary prevention options. The identification of these underlying embolic 

sources requires a tailored and thorough diagnostic approach (Figure 2).

Atrial Fibrillation Detected After Stroke.

The definition of ESUS requires only 24 hours of Holter monitoring. However, it is well 

established that both AF detection yields and the proportion of patients started on oral 

anticoagulants increase with longer durations of cardiac monitoring.68 Indeed, AF can 
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be newly diagnosed in 25% of ESUS patients undergoing implantable loop recording.69 

However, evidence supporting an association between very prolonged cardiac monitoring 

(e.g., implantable loop recorders) and lower risk of stroke recurrence is lacking and 

constitutes an open matter of debate.68 In the meantime and until data from ongoing 

randomized clinical trials (e.g., FIND-AF2, clinicaltrials.gov, NCT04371055) become 

available, patients with ESUS and a new diagnosis of AF should be started on DOACs 

based on their proven efficacy and safety for secondary stroke prevention in the overall AF 

population.53

Atrial Cardiopathy.

Antiplatelet therapy is the present antithrombotic standard of care for secondary stroke 

prevention in ESUS patients.70, 71 In the Rivaroxaban for Stroke Prevention after Embolic 

Stroke of Undetermined Source (NAVIGATE-ESUS) trial, rivaroxaban was not superior 

to aspirin in reducing the risk of recurrent ischemic stroke and resulted in a greater 

number of major hemorrhages.70 In the Dabigatran for Prevention of Stroke after 

Embolic Stroke of Undetermined Source (RE-SPECT ESUS) trial, dabigatran was not 

more effective than aspirin in preventing recurrent ischemic stroke, with no significant 

differences in major bleeding rates between groups.71 The lack of superiority of direct oral 

anticoagulants (DOACs) relative to aspirin in ESUS trials highlights the need for a better 

selection of ESUS patients with higher chances of benefiting from oral anticoagulants. 

This is the rationale behind ARCADIA, a randomized clinical trial comparing apixaban 

vs. aspirin for preventing recurrent strokes in ESUS patients with atrial cardiopathy 

(clinicaltrials.gov, NCT03192215).39 The concept of atrial cardiopathy, also known as atrial 

substrate, failure, or vulnerability, involves several mechanisms leading to increased risk 

of embolism, including endothelial dysfunction, local hypercoagulability, and fibrosis.72 

Atrial cardiopathy can be diagnosed in at least 26% of ESUS patients when using the 

ARCADIA criteria.73 This definition entails the presence of at least one of three factors 

associated with increased risk of stroke independently of AF: P wave terminal force in V1 

>5000 mV/ms, serum NT-proBNP >250 pg/mL, or a left atrial diameter index of 3 cm/m2 

on echocardiography.39, 72 Apixaban for Treatment of Embolic Stroke of Undetermined 

Source (ATTICUS) is another ongoing randomized clinical trial comparing apixaban and 

aspirin (clinicaltrials.gov, NCT02427126).74 The primary outcome is the occurrence of ≥1 

ischemic lesions at 12 months after study drug initiation relative to the baseline MRI. 

If these trials show that apixaban is effective and safe in preventing recurrent strokes in 

patients with ESUS and atrial cardiopathy, it will result in a paradigm shift in secondary 

stroke prevention. Meanwhile, patients with criteria for atrial cardiopathy may benefit from 

more intense cardiac monitoring (beyond the 24 hours required for the ESUS definition), 

considering that the presence of atrial substrate is associated with higher AF detection and 

stroke recurrence rates.68

Patent Foramen Ovale.

A PFO can be diagnosed in over 25% of patients with ESUS. Despite the availability of PFO 

closure as a treatment with proven efficacy and safety for secondary stroke prevention in this 

population, randomized controlled trials of ESUS have not excluded patients with PFO. As 
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discussed previously, patients in whom a PFO is deemed to have a causal role and who do 

not have a competing stroke mechanism should undergo closure.

Complex aortic plaque.

Atherosclerotic plaques involving the aortic arch constitute a well-recognized embolic 

source and are associated with 4-fold increased risk of stroke recurrence at 2.4 years, with 

annual rates ranging between 7% and 12%.75, 76 The prevalence of complex aortic plaques 

(ulcerated, with a thickness ≥4 mm, a mobile component or a thrombus) in ESUS patients is 

approximately 8%.76 To date, there is no evidence that oral anticoagulants are superior 

to antiplatelet agents in preventing recurrent ischemic strokes in this population. The 

mainstay of secondary stroke prevention in patients with ESUS and complex aortic plaques 

is antiplatelet therapy in combination with high-dose statins (goal of LDL cholesterol of <70 

mg/dL).53

Nonstenotic Internal Carotid Artery Plaque.

Ipsilateral nonstenotic (<50% stenosis) internal carotid artery plaques have been reported 

in 39% of ESUS patients77 and are associated with increased risk of progression to severe 

stenosis and recurrent stroke risk.78 The current standard of care for these patients is the 

combination of antiplatelet agents and high-dose statins.53 The presence of intraplaque 

hemorrhage, ulceration, a large necrotic or lipid core are associated with higher embolic 

risk. The presence of high-intensity transient signals on prolonged transcranial Doppler 

ultrasound may also help to identify patients with higher odds of stoke recurrence, although 

more research is needed.79

Carotid Web.

Carotid webs constitute an increasingly recognized stroke mechanism associated with 

up to 40% recurrence rates.22 The most reliable series reported a prevalence of carotid 

webs ipsilateral to a large vessel occlusion in up to 2.5% of unselected patients 

undergoing mechanical thrombectomy.80 Given the lack of data from randomized controlled 

trials, antiplatelet agents are recommended for secondary stroke prevention.53 In patients 

with breakthrough strokes on antiplatelet therapy and no competing causes, carotid 

endarterectomy or stenting may be considered.53

Occult or Active Neoplasms.

Cancer is a well-established cause of stroke and can be diagnosed in up to 10% of patients 

with ESUS within the year after the stroke.21 Occult cancer should be suspected in ESUS 

patients with multifocal, embolic appearing strokes and elevated D-Dimer.21 To date, there 

are no randomized data to guide secondary stroke prevention decisions in patients with 

ESUS and cancer. Based on the likelihood of hypercoagulability as the main mechanism, 

anticoagulants are used in clinical practice, but randomized clinical trials are needed.

Other potential stroke mechanisms reported in patients with ESUS include but are not 

limited to unruptured intracranial aneurysms, left ventricular wall motion abnormalities, 

decreased left ventricular ejection fraction, cardiac tumors (e.g., papillary fibroelastoma, 

myxoma), and hypercoagulability in young patients.
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Non-ESUS (Lacunar) Cryptogenic Stroke.

A proportion of patients with cryptogenic strokes present with subcortical or brainstem 

small infarcts, but do not fulfill the TOAST criteria for small vessel occlusion (e.g., a 

traditional clinical lacunar syndrome and absence of cortical neurological deficits).4 Despite 

this, the most likely culprit mechanism is small vessel disease. It must be noted that the 

absence of classical risk factors for small vessel disease such as hypertension, diabetes, 

and age, does not rule out this diagnosis.81 Alternatively, it has been well documented 

that a considerable proportion of patients with single, deep, acute brain infarcts have an 

underlying cardioembolic source, mostly among the elderly population.82 Therefore, highly 

selected patients with lacunar cryptogenic strokes may still benefit from additional cardiac 

monitoring. Possible candidates for prolonged cardiac monitoring are those with evidence 

of concurrent systemic embolism (e.g., renal or splenic infarcts), increased left atrial size, 

elevated NT-proBNP, and low burden of white matter disease, chronic lacunar infarcts, 

perivascular spaces, or microhemorrhages. In support of this concept, in the Stroke of 

Known Cause and Underlying Atrial Fibrillation (STROKE-AF) trial, a new diagnosis of 

AF was made in 12.6% of patients with a presumed diagnosis of small vessel disease 

undergoing 12 months of prolonged cardiac monitoring.83 It remains unknown if patients 

with lacunar cryptogenic strokes benefit from anticoagulation if low-burden AF is detected. 

As such, the decision to pursue prolonged cardiac monitoring in this population should be 

weighted on a careful and personalized basis.

5. Secondary Stroke Prevention in Intracranial Atherosclerotic Disease

Intracranial atherosclerotic disease (ICAD)(Figure 3) is the most common cause of ischemic 

stroke worldwide, causing up to 50% of ischemic strokes in Asia and a substantial 

proportion of strokes in the United States where minorities are affected disproportionately84.

Stroke Recurrence

Seminal clinical trials have demonstrated that ICAD is the stroke subtype with a high 

risk of recurrence. The Warfarin-Aspirin Symptomatic Intracranial Disease (WASID) study 

evaluated patients with a stroke or transient ischemic attack (TIA) in the previous 90 days 

due to intracranial stenosis of 50–99% and found a 19% risk of recurrent ischemic stroke 

at 2 years, with 75% occurring in the distribution of the stenotic artery85. The risk of 

silent infarcts is much higher; in a prospective observational study of patients with recently 

symptomatic ICAD, 25% had a new infarct at 6–8 weeks, five times higher than clinical 

events in that early period86.

Markers of higher risk

Certain clinical features are associated with greater risk of stroke recurrence, including 

women and the early period after the index event87,88. Imaging biomarkers of higher risk 

have also been identified. After an incident stroke, the risk of recurrent stroke was 25% 

in those with severe (70–99%) stenosis, compared to only 11% in moderate (50–69%) 

stenosis89. Multiple infarcts and a border zone pattern are associated with greater risk90,91, 

suggesting that plaque instability and failure of collaterals may play a role in stroke 
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recurrence. Quantitative flow imaging has described Impaired flow as a risk marker risk 

in certain patients92.

Antithrombotic treatment

Antithrombotic treatment is a mainstay of management for secondary prevention in ICAD. 

Anticoagulants were tested in the WASID trial and found not effective; patients treated with 

warfarin to a goal INR 2–3 had a similar rate of stroke recurrence than those on aspirin 1300 

mg/day but a higher rate of major hemorrhagic events and death85. Another trial enrolled 

ICAD patients within 10 days from onset and randomized them to a low molecular weight 

heparin or aspirin for 10 days, followed by aspirin alone for 6 months, and found no benefit 

of anticoagulation in early or delayed stroke recurrence93.

DAPT has become standard of care for the initial three months after an index event. 

Although the combination of aspirin and clopidogrel vs. aspirin alone have not been tested 

in an ICAD clinical trial, indirect comparisons of the Stenting versus Aggressive Medical 

Therapy for Intracranial Arterial Stenosis (SAMMPRIS) trial, which enrolled a higher risk 

population with 70–99% stenosis within 30 days on stroke onset treated with aspirin and 

clopidogrel, and a similar high-risk cohort from WASID94, suggested that DAPT for 90 

days was superior to aspirin in preventing recurrence in this earlier period. Two trials 

evaluated patients with minor stroke or TIA within 24 hours from onset randomized to 

DAPT or aspirin and both included subgroups with large vessel disease. The THALES trial 

evaluated ticagrelor plus aspirin vs. aspirin alone for 30 days in the subgroup with large 

artery disease. Including those with ICAD, DAPT reduced the risk of recurrent stroke95. 

However, a subgroup analysis of Chinese patients with ICAD enrolled in the Clopidogrel in 

High-Risk Patients with Acute Nondisabling Cerebrovascular Events (CHANCE) trial did 

not find a difference between aspirin and clopidogrel vs. aspirin alone in stroke recurrence at 

90 days96.

Cilostazol-based regimens of DAPT for ICAD have been tested in Asian populations. The 

Cilostazol-Aspirin Therapy against Recurrent Stroke with Intracranial Artery Stenosis study 

(CATHARSIS)97 did not find a benefit of cilostazol plus aspirin vs. aspirin alone. However, 

the open-label Cilostazol Stroke Prevention Study for Antiplatelet Combination (CSPS) trial, 

which compared cilostazol plus aspirin or clopidogrel vs. aspirin or clopidogrel alone in 

patients 8 to 180 days after symptom onset did find a lower risk of recurrent ischemic 

stroke (HR 0.49 95%CI 0.31–0.76), but that study had limitations, including the fact that 

only 29% of the population had ICAD and that the trial was ended prematurely due to slow 

enrollment98. DAPT with cilostazol plus aspirin vs. clopidogrel plus aspirin was tested in 

the Trial of Cilostazol in Symptomatic Intracranial Arterial Stenosis II (TOSS-2) trial which 

enrolled patients with ICAD within 2 weeks; there was no difference in stroke recurrence 

in the territory of the symptomatic vessel at 7 months with either regimen99. DAPT did not 

increase hemorrhagic complications in ICAD studies.

Vascular risk factor control

Poorly controlled cholesterol and low-density lipoprotein100, elevated blood pressure101 and 

inadequate physical activity102 are associated with greater stroke and major cardiovascular 
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event recurrence. Therefore, it is recommended to utilize high-dose statins, engage in at 

least moderate regular physical activity, and achieve a systolic blood pressure of <130 

mmHg53. However, the early post-stroke management of blood pressure after an ICAD-

related stroke has not been well studied, and smaller trials have suggested potential higher 

risk of aggressive blood pressure control in the early window103, particularly in those with 

hemodynamic impairment104.

Revascularization

Endovascular approaches to ICAD have been tested in two randomized clinical trials 

with negative results. The Stenting and Aggressive Medical Management for Preventing 

Recurrent Stroke in Intracranial Stenosis (SAMMPRIS) trial evaluated high-risk patients 

with symptoms within 30 days (median 7 days) with high-grade stenosis and randomized 

patients to intensive medical therapy with or without angioplasty and stenting with a 

self-expanding stent. It found a greater rate of stroke and death at 30 days of 14.7% 

in the intervention arm vs. 5.3 in the medical treatment arm105, with no delayed benefit 

was observed in long-term outcomes106. Similarly, the Vitesse Stent Ischemic Therapy 

(VISSIT) trial utilizing a balloon-mounted stent found a higher peri-procedural risk with 

endovascular therapy107. Therefore, angioplasty and stenting should not be recommended as 

initial treatment of symptomatic ICAD. Although an observational post-market surveillance 

study of highly selected patients with 70–99% and at least two strokes in the territory of 

the stenotic vessel treated at least 8 days after symptoms had a lower complication rate than 

in randomized controlled trials108 the efficacy of this intervention after a second stroke on 

medical therapy is currently unknown.

Areas of future research

Given the high risk of recurrence in symptomatic ICAD and the failure of recent 

endovascular trials, there is active research evaluating novel treatment modalities. More 

intensive antilipidemic treatment with PCSK9 inhibitors (NCT04573777) and testing other 

antithrombotic regimens, including ticagrelor and low dose direct oral anticoagulants plus 

aspirin are being evaluated in ongoing studies (NCT05047172). Initial studies of indirect 

flow bypass with encephaloduroarteriosynangiosis appear to be safe with indications of 

efficacy109. These interventions need to be tested in larger controlled trials.

6. Stroke prevention in Extracranial atherosclerotic disease

Atherosclerotic carotid artery disease is one of the major causes of ischemic stroke and 

transient ischemic attack (TIA), accounting for about 10% of cases. Atherosclerotic carotid 

stenosis occurs primarily at the carotid bifurcation, involving the distal common and the 

proximal internal carotid artery (ICA). Increasing age, male sex, and diabetes are associated 

with an increased incidence of carotid stenosis. In a combined analysis of four population-

based studies, >50% carotid stenosis was found in 2.3% of men between the ages of 60–69 

years, rising to 7.5% above age 80 years110. The corresponding figures for women were 

2.0% and 5.0%.

Grory et al. Page 16

Circ Res. Author manuscript; available in PMC 2023 April 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT04573777
https://clinicaltrials.gov/ct2/show/NCT05047172


For patients with evidence of extracranial internal carotid artery stenosis who have a recent 

stroke or TIA in the territory of the stenotic ICA (“symptomatic carotid stenosis”), previous 

trials showed robust benefit of carotid endarterectomy for severe (70–99%) stenosis111. 

For patients with moderate stenosis (50–69%), there was modest benefit and there was no 

demonstrable benefit below 50% stenosis. A major issue with application of these results to 

contemporary patients is that the trials were initiated more than 30 years ago, during a time 

when intensity of medical therapy was very different. An example of treatment differences 

between the first-generation CEA trials and modern practice is found in Table 3.

For symptomatic patients, a combined analysis of the first-generation trials found several 

features that were associated with increase benefit from CEA. These included surgery 

within two weeks of randomization in the trial, male sex, and older age112. Early surgery, 

with revascularization performed within 2 weeks of the last symptomatic event, is now 

recommended in guidelines53. For patients who are fit for even earlier surgery, typically 

reserved for minor strokes, a combined analysis of several trials found a lower complication 

rate with CEA (1.3% rate of stroke/death) compared to CAS (8.3%)113.

Regarding choice of revascularization procedure, CEA is currently performed much more 

often than CAS, with CEA accounting for >80% of procedures in a previous national 

study114. CAS has been associated with a higher complication rate above age 70 years. 

CEA has been associated with a lower rate of periprocedural stroke but a higher rate of 

periprocedural myocardial infarction in relation to CAS115.

A newer revascularization option is Transcarotid Artery Revascularization (TCAR). In this 

procedure, there is direct access achieved in the common carotid artery and flow reversal is 

instituted. Analysis of a large registry found a lower stroke/death rate with TCAR compared 

to transfemoral CAS116. In the single arm ROADSTER 2 registry, the 30-day stroke/death 

rate was 5.0% in symptomatic patients and 1.4% in asymptomatic patients117. However, 

there has not been a randomized trial comparing TCAR with either CEA or CAS118. Despite 

growing enthusiasm for TCAR, the AHA/ASA secondary prevention guidelines felt that the 

efficacy of TCAR for symptomatic patients is not well established53.

Areas for future investigation include assessment of intensive medical therapy for 

symptomatic patients119. In addition, the role of combination therapy with a direct oral 

anticoagulant plus antiplatelet therapy for symptomatic carotid stenosis deserves to be 

tested120. Finally, high quality trials of TCAR are needed to establish whether it is as safe as 

CEA.

7. Small Vessel Disease (SVD)

SVD causes one fourth of ischemic strokes, most of intracerebral hemorrhages (ICH), 

and contribute to up to 45% of dementias121. The full spectrum of cerebral SVD 

includes covert cerebral SVD detected incidentally on brain neuroimaging, and SVD-related 

clinical presentations with lacunar stroke, cognitive decline or dementia, mood or physical 

dysfunction. The most prevalent markers of SVD on brain imaging are: white-matter 

hyperintensities, cerebral microbleeds (CMBs), lacunes and enlarged perivascular spaces.
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Management of antithrombotic agents in the context of ischemic stroke related to SVD

Prevention of future ischemic events—In the Secondary Prevention of Small 

Subcortical Stroke (SPS3) trial of 3020 patients with lacunar ischemic stroke (mean age 

63 years), long-term dual versus single antiplatelet therapy increased bleeding and death 

without reducing recurrent stroke27. Indeed, the pathogenesis of SVD is more complex 

than just an arteriolar occlusion leading to infarct81. The pathological findings in SVD are 

arteriolosclerosis, lipohyalinosis, fibrinoid necrosis in which thrombi may not be relevant. 

So, the usefulness of antiplatelet agent such as aspirin may be challenged. However, since 

most of the secondary prevention trials lumped together non cardioembolic strokes, it is 

difficult to build specific recommendation for SVD. Therefore, the general guidance for 

non-cardioembolic secondary stroke prevention and the use of antiplatelet therapy also 

applies for stroke caused by SVD53.

As an alternative to aspirin, cilostazol is a phosphodiesterase 3′ inhibitor with 

mild antiplatelet effects, and several actions targeting processes involved in 

SVD pathophysiology: endothelial dysfunction, myelin repair, neuroprotection, and 

inflammation121. In patients with SVD, the balance between the prevention of a recurrent 

occlusive event versus the risk of ICH is a major concern. In a systematic review, cilostazol 

decreased recurrent ischemic stroke (17 trials, n=10225, OR=0.68 [95% CI, 0.57–0.81]), 

hemorrhagic stroke (16 trials, n=9736, OR=0.43 [95% CI, 0.29–0.64]), deaths (OR=0.64 

[95% CI, 0.49–0.83]), systemic bleeding (n=8387, OR=0.73 [95% CI, 0.54–0.99])122. To 

date, the usefulness of cilostazol in non-Asian population in ischemic stroke related to SVD 

remains uncertain53.

In the context of covert cerebral SVD, one small RCT focused on patients older than 45 

years who had at least one silent brain infarct on imaging. They were randomized to either 

aspirin 100mg (n=36) or placebo (n=47). After four years, the primary endpoint (ischemic 

stroke, TIA or new silent brain infarction on MRI) occurred in nine controls versus two 

patients in the aspirin group (p=0.10)123. Data on covert cerebral SVD progression can also 

be extracted from secondary prevention trials such as SPS3 or primary prevention such as 

ASPREE124. The 2021 ESO guidelines on covert cerebral SVD reviewed available evidence 

and concluded that in patients with covert SVD (i.e., who did not have any clinical stroke) 

antiplatelet agents cannot be recommended to reduce the risk of future stroke, major adverse 

cardiovascular events (MACE) or cognitive decline125.

SVD is both an ischemic and a hemorrhagic disease—CMBs are markers of 

the nature and severity of the underlying SVD126 and patients with multiple CMBs 

may be at increased risk of bleeding, potentially jeopardizing the benefits of antiplatelet 

treatment after ischemic stroke. Observational data have consistently reported greater 

rates of future symptomatic ICH in antithrombotic users with CMBs compared to 

those without CMBs. However, there are inconsistencies in the literature that reflect 

methodological limitations due to the observational design of these studies, and to the 

heterogeneity in study populations127. Several MRI subgroup analyses of RCTs (which 

did not specifically included SVD patients) have reported estimated annualized incident 

CMB rates of 3–7%, without any apparent differences when comparing between differing 
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antiplatelet monotherapy agents, dual antiplatelet therapy vs. monotherapy, or NOAC 

treatment vs. aspirin monotherapy127. Four RCTs have assessed interactions between 

differing antithrombotic regimens and baseline CMBs for clinical outcomes. In patients 

with recent lacunar stroke participating in the SPS3 trial (n=1278, 30% with CMBs) 

there were no significant interactions noted between baseline CMB presence and random 

assignment to combined aspirin/clopidogrel treatment compared with aspirin monotherapy 

for the outcomes of recurrent stroke and mortality over 3.3 years of follow-up128. In the 

RESTART trial (ICH patients with concomitant thrombo-embolic/occlusive disease were 

randomized either to aspirin or to avoid antiplatelet agents), the subgroup analyses of 

the 235 ICH participants with CMBs showed that, neither the presence, burden, or the 

location of CMBs influenced the effects of antiplatelet therapy on recurrent sICH129. In 

the PICASSO trial, the risk of symptomatic ICH was lower with cilostazol than aspirin 

(0.12%/year vs. 1.49%/year; HR, 0.08; 95%CI 0.01–0.60) in participants with ischemic 

stroke and baseline CMBs but was not different between the two treatment arms (1.26%/

year vs. 0.79%/year; HR 1.60; 95%CI 0.52–4.90) in participants with prior symptomatic 

ICH (p interaction = 0.011)130. Concerning oral anticoagulation, there were no interaction 

identified between baseline presence, severity or location of CMBs and rivaroxaban 15 mg 

daily compared with aspirin for the outcomes of ischemic stroke, ICH or mortality over 

11 months of follow-up in NAVIGATE ESUS participants (n=3699, 11% with CMBs)131. 

Current evidence does not justify withholding these evidence-based treatments from stroke 

patients solely on the basis of CMBs on MRI.

Other pharmacological interventions

Blood pressure management—BP recommendations for secondary stroke prevention 

also applies for patients who had a lacunar stroke53. In patients with SVD, intensive 

management of BP is probably the most effective way to prevent both ischemic and 

hemorrhagic events as well as cognitive decline. However, in normotensive patients with 

covert cerebral SVD, systematic BP lowering is currently not recommended125.

Statins—While hyperlipidemia does not play an important role in the development of 

SVD compared with atheroma, the effect of lipid-lowering therapy on SVD remains unclear. 

Statins are recommended in secondary prevention guidelines53 with no evidence of different 

effects in lacunar ischemic stroke.

Lifestyle—As in other types of stroke, long-term prevention of recurrent lacunar stroke 

includes the control of vascular risk factors. In people with SVD, physical activity may play 

an important role in secondary stroke prevention125. Few observational data (but no RCTs) 

focused on the effect of physical activity in SVD patients. An observational analysis of 503 

Dutch participants with SVD on neuroimaging without dementia (some participants with 

history of TIA or minor stroke) suggested that higher baseline physical activity is related 

to lower incidence of cerebrovascular events (composite endpoint of TIAs, ischemic and 

hemorrhagic strokes and vascular dementia) (adjusted HR: 0.58, 95%CI: 0.36–0.96) over 

9-year follow-up132.
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Non-Standard Abbreviations and Acronyms

AF Atrial fibrillation

ARCADIA AtRial Cardiopathy and Antithrombotic Drugs In 

prevention After cryptogenic stroke

ARISTOTLE Apixaban for Reduction in Stroke and Other 

Thromboembolic Events in Atrial Fibrillation

AVERROES Apixaban Versus Acetylsalicylic Acid [ASA] to Prevent 

Stroke in Atrial Fibrillation Patients Who Have Failed or 

Are Unsuitable for Vitamin K Antagonist Treatment

ASCOD Atherosclerosis/Small Vessel/Cardiac/Other/Dissection

ATTICUS Apixaban for Treatment of Embolic Stroke of 

Undetermined Source

CAS Carotid artery stenting

CATHARSIS Cilostazol-Aspirin Therapy against Recurrent Stroke with 

Intracranial Artery Stenosis

CCS Causative Classification of Stroke

CEA Carotid endarterectomy

CHANCE Clopidogrel with Aspirin in Acute Minor Stroke or 

Transient Ischemic Attack

COMPASS Cardiovascular Outcomes for People Using 

Anticoagulation Strategies

CRYSTAL AF Cryptogenic stroke and underlying AF
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DAPT Dual antiplatelet therapy

DOAC Direct oral anticoagulant

DWI Diffusion weighted imaging

EMBRACE Event monitor belt for recording atrial fibrillation after a 

cerebral ischemic event

ENGAGE AF Global Study to Assess the Safety and Effectiveness of 

Edoxaban (DU-176b) vs Standard Practice of Dosing With 

Warfarin in Patients With Atrial Fibrillation

ESO European Stroke Organization

ESUS Embolic stroke of undetermined source

EVT Endovascular thrombectomy

ICAD Intracranial atherosclerotic disease

ICH Intracerebral hemorrhage

LAA Left atrial appendage

LV Left ventricle

NAVIGATE ESUS Rivaroxaban for Stroke Prevention after Embolic Stroke of 

Undetermined Source

NOAC Novel oral anticoagulant

POINT Platelet-Oriented Inhibition in New TIA and Minor 

Ischemic Stroke

PFO Patent foramen ovale

PREVAIL Prospective Randomised Evaluation of the Watchman LAA 

Closure Device in Patients With Atrial Fibrillation Versus 

Long Term Warfarin Therapy

PROTECT AF Watchman Left Atrial Appendage System for Embolic 

Protection in Patients With Atrial Fibrillation

RCT Randomized controlled trial

RE-LY Randomized Evaluation of Long-Term Anticoagulant 

Therapy

RESPECT ESUS Dabigatran for Prevention of Stroke after Embolic Stroke 

of Undetermined Source

RESTART Restart or stop antithrombotics Randomized Trial
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ROADSTER Safety and Efficacy Study for Reverse Flow Used During 

Carotid Artery Stenting Procedure

ROCKET AF Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition 

Compared With Vitamin K Antagonism for Prevention of 

Stroke and Embolism Trial in Atrial Fibrillation

ROPE Risk of paradoxical embolism

SAMMPRIS Stenting versus Aggressive Medical Therapy for 

Intracranial Arterial Stenosis

SPS Secondary Prevention of Small Subcortical Stroke

STROKE-AF Stroke of Known Cause and Underlying Atrial Fibrillation

SVD Small vessel disease

TCAR Transcarotid artery revascularization

TEE Transesophageal echocardiography

THALES Acute Stroke or Transient Ischemic Attack Treated with 

Ticagrelor and ASA for Prevention of Stroke and Death

TOAST Trial of Org 10172 in Acute Ischemic Stroke

TOSS Trial of Cilostazol in Symptomatic Intracranial Arterial 

Stenosis

tPA Tissue plasminogen activator

TTE Transthoracic echocardiogram

VISSIT Vitesse Intracranial Stent Study for Ischemic Stroke 

Therapy

WARCEF Warfarin vs Aspirin for reduced cardiac ejection fraction

WARSS Warfarin aspirin recurrent stroke study

WASID Warfarin-Aspirin Symptomatic Intracranial Disease
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Figure 1. 
Schematic diagram for approach to acute antithrombotic therapy

Reproduced with permission from Wolters Kluwer
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Figure 2. Proposed Algorithm for the Diagnosis and Treatment of Cryptogenic Stroke
Panel A. Classical embolic stroke involving the cerebral cortex. Panel B. Bilateral small 

subcortical infarcts. Panel C. Small simultaneous subcortical infarcts involving the same 

vascular territory. Panel D. Single, large (>20 mm) deep infarct. Panel E. Embolic 

cerebellar infarct. Panel E. Lateral medullary infarct.

ARCADIA, AtRial Cardiopathy and Antithrombotic Drugs In prevention After cryptogenic 

stroke. ESUS, embolic stroke of undetermined source. CT, computed tomography. MRI, 
magnetic resonance imaging. DWI, diffusion-weighted imaging. PFO, patent foramen 

ovale. HITS, high-intensity transient signals. TCD, transcranial Doppler ultrasound.

No small vessel occlusion*, clinical TOAST criteria for small occlusion are a traditional 

lacunar syndrome and the absence of cortical deficits.
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Figure 3. 
Intracranial atherosclerosis involving the distal vertebral artery
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Table 1.

Short-term and long-term secondary prevention strategies with cardioembolic stroke causes

Short term management Long term management Areas of Controversy

Atrial 
fibrillation

 - Oral anticoagulation (prefer DOACs over 
warfarin)
- Optimal initiation timing is unknown, but 
reasonable to start 2–14 days from stroke
- Avoid bridging with heparin or low 
molecular weight heparin

 - Oral anticoagulation (prefer 
DOACs over warfarin)
- Left atrial Appendage Occlusion 
as an alternative to oral 
anticoagulation
- Avoid concomitant antiplatelet 
therapy unless strong indication

 - Optimal timing of 
anticoagulation initiation
- Treatment of ischemic stroke 
despite anticoagulation therapy

Atrial 
cardiopathy

 - Antiplatelet therapy
- Cardiac monitoring to look for AF

 - Antiplatelet therapy
- Anticoagulation if AF is found 
on cardiac monitoring

 - Whether apixaban is 
superior to aspirin in patients 
with atrial cardiopathy without 
AF

Patent 
Foramen 
Ovale

 - Antithrombotic therapy
- Thorough investigation including cardiac 
monitoring to look for competing stroke 
mechanisms

 - PFO closure in patients 
meeting criteria for positive PFO 
trials
- Antithrombotic therapy in 
patients not meeting criteria for 
positive PFO trials

 - The benefit of PFO closure 
in young patients with clinically 
covert brain infarcts
- The benefit of PFO closure 
in patients over 60 years 
without another identifiable 
stroke mechanism

Infective 
endocarditis

 - Intravenous antibiotics
- Avoid anticoagulation
- Consideration of surgery

 - Warfarin for mechanical heart 
valve
- Anticoagulation for concomitant 
AF
- Preventative measures to reduce 
the risk of transient bacteremia

 - Timing of surgery in 
patients with endocarditis and 
ischemic stroke

Recent 
myocardial 
infarction

 - Antiplatelet therapy
- Cardiac monitoring to look for AF
- TTE with Definity and/or Cardiac MRI to 
look for LV thrombus
- Warfarin for at least 3 months for LV 
thrombus
- Warfarin for at least 3 months for anterior 
STEMI with apical hypokinesis

 - Antiplatelet therapy
- Warfarin for persistent LV 
thrombus

 - DOACs vs. warfarin for 
LV thrombus
- DOACs vs. aspirin in patients 
with ischemic stroke and recent 
myocardial infarction

Left 
ventricular 
dysfunction

 - Antiplatelet therapy
- Cardiac monitoring to look for AF
- TTE with Definity and/or Cardiac MRI to 
look for LV thrombus
- Warfarin for at least 3 months for LV 
thrombus (reasonable to start 4–14 days from 
stroke)
- Consider anticoagulation with warfarin or 
DOAC patients with EF ≤15%

 - Antiplatelet therapy
- Warfarin for persistent LV 
thrombus
- Anticoagulation treatment if AF 
is found
- Consider anticoagulation with 
warfarin or DOAC patients with EF 
≤15%

 - DOAC vs. aspirin in 
patients with ischemic stroke 
and EF ≤30%

Rheumatic 
valvular 
disease

 - Anticoagulation, preferably with warfarin, 
particularly if concomitant AF
- Cardiac monitoring to look for AF if not 
present on initial assessment
- Consider initiation at 4–14 days from 
ischemic stroke
- Avoid bridging with heparin or low 
molecular weight heparin

 - Anticoagulation, preferably 
with warfarin, particularly if 
concomitant AF
- Consider valve surgery

 - Antiplatelet vs. 
Anticoagulation in patients 
without evidence of AF
- DOAC vs. warfarin in 
patients with AF

Cardiac 
tumors

 - Antithrombotic therapy
- Cardiac monitoring to look for AF if not 
present on initial assessment
- Consider surgical resection when safe from 
stroke standpoint

 - Antithrombotic therapy
- Anticoagulation with DOAC or 
warfarin if concomitant AF

 - Antiplatelet vs. 
Anticoagulation therapy for non-
surgical patients
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Table 2

Major atrial fibrillation stroke prevention trials

Study Patient population Comparator groups Stroke or systemic 
embolism Major hemorrhage

RE-LY (open 
label)

Mean age 71 years
Mean CHADS2 2.1

Mean TTR 64%
History of Stroke or TIA 20%

Dabigatran 150 mg
Dabigatran 110 mg

Warfarin

Dabigatran 150 vs. 
warfarin:

RR 0.66 95% CI 0.53–
0.82

Dabigatran 110 vs. 
warfarin: RR 0.91 95% 

CI 0.74–1.11

Dabigatran 150 vs. warfarin:
RR 0.93 95% CI 0.81–1.07

Dabigatran 110 vs. warfarin: 
RR 0.80 95% CI 0.69–0.93

ROCKET-AF 
(Randomized 
controlled)

Mean age 73 years
Mean CHADS2 3.5

Mean TTR 55%
History of Stroke, systemic 

embolism or TIA 55%

Rivaroxaban 20 mg
Warfarin

HR 0.88 95% CI 0.75–
1.03

HR 0.69 95% CI 0.90–1.20

ARISTOTLE 
(Randomized 
controlled)

Mean age 70 years
Mean CHADS2 2.1

Mean TTR 62%
History of Stroke

Apixaban 5 mg
Warfarin

HR 0.79 95% CI 0.66–
0.95

HR 0.69 95% CI 0.60–0.80

ENGAGE 
(Randomized 
controlled)

Median age 72 years
Mean CHADS2 2.8
Median TTR 68%

History of Stroke or TIA 28%

Edoxaban 60 mg
Edoxaban 30 mg

Warfarin

Edoxaban 60 vs. 
warfarin: HR 0.79 95% 

CI 0.63–0.99
Edoxaban 30 vs. 

warfarin:
HR 1.07 95% CI 0.87–

1.31

Edoxaban 60 vs. warfarin: 
HR 0.80 95% CI 0.71–0.91
Edoxaban 30 vs. warfarin:
HR 0.47 95% CI 0.41–0.55

AVEROES 
(Randomized 
controlled)

Mean age 70 years
Mean CHADS2 2.0

History of Stroke or TIA 14%

Apixaban 5 mg
Aspirin 81–324 mg

HR 0.45 95% CI 032–
0.62

HR 1.13 95% CI 0.74–1.75

PREVAIL-AF and 
PROTECT-AF – 5 

year follow up

Mean age 73 years
Mean CHADS2 2.3

Mean TTR 62%
History of Stroke or TIA 23%

WATCHMAN
Warfarin

HR 0.96 95% 0CI 0.60–
1.54

HR 0.91 95% CI 0.64–
1.29 (Including procedural 

bleeding)
HR 0.48 95% CI 0.32–

0.71 (Excluding procedural 
bleeding)
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Table 3

Developments in medical therapy for carotid stenosis

Condition Treatment in first generation carotid stenosis 
trials

Modern treatment

Antithrombotic therapy Aspirin alone Aspirin + clopidogrel

Lipids Little statin use High potency statins

Blood pressure No specific target Systolic blood pressure <130 mm Hg

Smoking cessation No pharmacologic therapy New pharmacologic treatments

Physical activity No specific target Benefits understood for regular physical activity (3–4 sessions 
of aerobic exercise per week)

Diabetes No specific medications for CV risk Pharmacologic treatments that reduce CV risk, hemoglobin A1C 
target of <7

High triglyceride levels No specific treatment Icosapent ethyl
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