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Abstract

Purpose of review Ischemic stroke describes a condition in which inadequate blood flow
leads to lack of oxygenation to the brain tissue and ensuing neuronal death. There are
multiple causes of ischemic stroke, each of which may indicate different antithrombotic
management strategies. The goal of this review is to provide information about anti-
thrombotic therapies for secondary stroke prevention based on etiology of stroke.
Recent findings New studies of existing antiplatelet and antithrombotic therapies have
demonstrated varied efficacies of treatments based on the underlying risk factor of
ischemic stroke.

Summary Understanding the optimal therapies for secondary stroke prevention can en-
hance care of stroke patients and lower the incidence of recurrent cerebrovascular
ischemia.

Introduction

Definition of ischemic stroke

Ischemic stroke is the result of lack of blood flow to the
brain parenchyma, as opposed to hemorrhagic stroke
which is due to bleeding into the brain tissue. The
disruption of blood flow in ischemic stroke is usually
due to thrombosis (in situ obstruction of the artery),
embolism (thrombus originating from another site),
hypoperfusion (systemic or focal low blood flow), or a

combination thereof. The lack of blood flow to the brain
in ischemic stroke culminates with tissue necrosis and
subsequent neurological impairment.

Stroke subtypes

The outcome and recurrence of ischemic stroke differ
distinctly by stroke subtype [1]. The Trial of Org 10172
in Acute Stroke Treatment (TOAST) trial criteria catego-
rize ischemic stroke based on etiology into five


http://crossmark.crossref.org/dialog/?doi=10.1007/s11936-019-0778-4&domain=pdf

78 Page 2 of 15

Curr Treat Options Cardio Med (2019) 21: 78

categories: (1) large-artery atherosclerosis, (2)
cardioembolism, (3) small-vessel occlusion, (4) stroke
of other determined etiology, and (5) stroke of undeter-
mined etiology (Table 1) [2].

“Large-artery atherosclerosis” accounts for 15-20%
of ischemic strokes [2, 3]. This refers to occlusion or
stenosis of greater than 50% due to atheromatous
plaque formation in a large artery intracranially (i.e.,
middle cerebral, anterior cerebral, vertebral, or basilar
arteries) or extracranially (i.e., carotid or vertebral arter-
ies). Risk factors include modifiable (e.g., hypertension,
diabetes, dyslipidemia, smoking, alcohol misuse) and
non-modifiable causes (e.g., age, sex, race). An often
overlooked cause for cerebral ischemia in this category
is aortic arch atheroma, especially when there is a com-
plex protruding atherosclerotic plaque >4 mm [4].

“Cardioembolism” accounts for up to 30% of ische-
mic strokes [3, 5]. This subtype describes ischemic stroke
from an embolus that originates in the heart. The cardiac
source can be due to valvular conditions (e.g., mitral
stenosis, bioprosthetic or mechanical valve, thrombotic
or non-thrombotic endocarditis, or cardiac tumors such
as myxoma or fibroelastoma), thrombus formation
(e.g., left atrial or ventricular thrombus), arrhythmia
(atrial fibrillation, sick sinus syndrome, atrial flutter),
or paradoxical embolism through a patent foramen
ovale (PFO), with or without atrial septal aneurysm.

“Small-vessel occlusions” are also referred to as lacu-
nar strokes with size of infarct <20 mm on brain MRI

diffusion-weighted imaging. These occlusions occur in
the penetrating arteries supplying the deep structures of
the brain and account for 25% of ischemic strokes [3, 6,
7]. Arteries become occluded because of chronic
microatheroma formation or secondary to
lipohyalinosis. Smoking, hypertension, and diabetes
all contribute to microatheroma formation [8].

“Stroke of other determined etiology” refers to
strokes caused by non-atherosclerotic vasculopathies
(e.g., arterial dissections, reversible cerebral vasocon-
striction syndromes, inflammatory vasculopathies,
drug-induced vasculopathies), hematological disorders,
or hypercoagulable states, and account for about 10% of
ischemic strokes [2, 3]. Inherited thrombophilias (pro-
tein C deficiency, protein S deficiency, antithrombin III
deficiency, factor V Leiden, prothrombin G20210A mu-
tation, and methylenetetrahydrofolate reductase
[MTHFR] C677T mutation) are rare in adults with ische-
mic stroke. More common hypercoagulable states lead-
ing to ischemic strokes in adults are acquired conditions,
such as hypercoagulability of malignancy and
antiphospholipid antibody syndrome.

“Strokes of undetermined etiology” are otherwise
known as cryptogenic strokes and account for about 6-
15% of strokes [6, 7]. The work-up of these non-lacunar
ischemic strokes demonstrates lack of extracranial or
intracranial atherosclerosis causing > 50% luminal ste-
nosis, major-risk cardioembolic source of embolism or
other causes of vasculopathy [9]. Embolic stroke of

Table 1. Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification of subtypes of ischemic stroke

Subtype
Large-artery atherosclerosis

Examples

Carotid artery stenosis
Vertebral artery stenosis

Intracranial atherosclerosis of a large artery (e.g., basilar artery, middle cerebral artery)

Cardioembolism
Atrial fibrillation

Left ventricular thrombus

Prosthetic mechanical valve

Mitral stenosis

Congestive heart failure (EF <40%)

Microvascular disease
Lacunar stroke

Small-vessel occlusions

Stroke of other determined etiology
Hypercoagulability

Stroke of undetermined etiology

Non-atherosclerotic vasculopathies

Two or more causes identified

Negative or incomplete work-up
Embolic stroke of undetermined source



Curr Treat Options Cardio Med (2019) 21: 78 Page30f 15 78

undetermined source (ESUS) represents a recently de- this type of stroke is the subject of active clinical trials in
fined construct within the category of cryptogenic order to investigate the efficacy of systemic
strokes and is defined as non-lacunar brain infarcts anticoagulation [9].

without proximal cardioembolic or thrombotic sources;

Antithrombotic strategy by stroke subtype (Table 2)

Management of large-vessel atherosclerosis depends on whether or not the
patient is symptomatic. In patients with asymptomatic extracranial internal
carotid artery (ICA) = 50% stenosis, population-based studies have demonstrat-
ed exceptionally low risk (< 1% per year) of transient ischemic attack (TIA) or
ischemic stroke with optimal medical therapy [10]. These rates approximate the
risk of periprocedural stroke seen in carotid interventional procedures [11].

To determine the therapeutic strategy that can best prevent stroke or death,
the Carotid Revascularization and Medical Management for Asymptomatic
Carotid Stenosis Study (CREST 2) is a NIH-sponsored study that is currently
enrolling asymptomatic patients with 70 to 99% cervical ICA stenosis. This
study consists of two parallel trials: carotid artery stenting with intensive med-
ical management, versus intensive medical management alone; or carotid
endarterectomy (CEA) with intensive medical management, versus intensive
medical management alone [12].

For symptomatic extracranial ICA stenosis, the North American Symptom-
atic Carotid Endarterectomy trial (NASCET) in 1991 demonstrated that CEA
was beneficial for patients with severe (70 to 99%) extracranial ICA stenosis
after ipsilateral stroke or ocular and hemispheric TIA compared with medical
therapy alone, with rate of stroke 9% versus 26% at 2 years, respectively [13].

Table 2. Suggested antithrombotic therapy based on ischemic stroke etiology

Therapy
Single antiplatelet agent

Dual antiplatelet therapy

Warfarin

Direct oral anticoagulants

Condition treated

Lacunar stroke

Embolic stroke of undetermined etiology
Patent foramen ovale

Extracranial carotid stenosis

Intracranial atherosclerosis (3 months)
Minor stroke/TIA (3-4 weeks)

Valvular atrial fibrillation
Non-valvular atrial fibrillation
Hypercoagulable states

Prosthetic mechanical valve
Congestive heart failure (EF <40%)

Non-valvular atrial fibrillation

Hypercoagulability (except antiphospholipid antibody syndrome)
Congestive heart failure (EF <40%)
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Pooled analyses of clinical trials of management of patients with symptomatic
extracranial ICA stenosis of 50 to 99% showed that the number needed to treat
(NNT) to prevent one stroke was five for patients operated on within 2 weeks of
ischemic stroke or TIA [14].

There is still uncertainty as to the optimal dose and type of antithrombotic to
use in the setting of symptomatic extracranial ICA stenosis prior to surgical
revascularization. A subsequent analysis of the NASCET trial, which focused on
patients with moderate extracranial ICA stenosis (< 70%), showed higher rates
of periprocedural stroke and death (8.3%) in patients receiving < 650 mg of
aspirin daily, as opposed to 3.7% in those taking> 650 mg daily [15, 16]. In the
Aspirin and Carotid Endarterectomy (ACE) trial of patients undergoing CEA
with moderate to severe extracranial ICA stenosis (50-99%), doses of aspirin
were studied in patients undergoing CEA: low dose (81 or 325 mg daily) and
high dose (650 or 1300 mg daily). The combined rate of stroke, myocardial
infarction, and death was significantly lower in the low-dose aspirin group than
in the high-dose group at 3 months (6.2% vs. 8.4%, p=0.03). Hemorrhagic
stroke was more frequent in the high-dose group than in the low-dose group,
but the difference was not statistically significant. Additionally, there was a
trend towards improved secondary stroke prevention and reduced death with
aspirin 325 mg versus 81 mg daily, with identical bleeding rates [16]. Dual
antiplatelet therapy (DAPT) with aspirin 75 mg daily and clopidogrel 75 mg
daily (after a 300 mg clopidogrel loading dose) has been shown to be beneficial
over aspirin 75 mg daily in patients with symptomatic ICA stenosis > 50% for
the reduction of microembolic events detected on transcranial doppler ultra-
sound and recurrent ipsilateral TIA and ischemic stroke over 7 days [17].

Practice patterns differ in terms of choice of antithrombotic therapy while
awaiting endovascular intervention. Subgroup analysis of patients in the TOAST
study who had hemispheric ischemic stroke secondary to occlusion or > 50%
stenosis of the extracranial ICA showed that patients treated with danaparoid
within 24 h of ischemic stroke had more favorable 3-month outcomes than
those treated with placebo (68.3% vs. 53.2%, p=0.02) [18]. A separate study
also suggested that anticoagulation of an extracranial ICA occlusion decreases
the incidence of recurrent stroke in the first week (6.7% vs. 38.9%, p = 0.03) and
of recurrent stroke and death in the first month (13.3% vs. 47.1%, p = 0.04). In
that study, ICA recanalization was significantly more frequent in patients who
were anticoagulated compared with the patients that did not receive
anticoagulation [19]. Of note, patients with ICA occlusions are not candidates
for carotid endartectomy because of lack of benefit of CEA in this subgroup. It is
our practice to initiate a short course of intravenous anticoagulation after
complete extracranial ICA occlusion when safe, aiming to avoid intracranial
propagation of fresh clot. We usually perform cerebrovascular scanning, either
with CT angiography or carotid duplex ultrasound, after 3 months of
anticoagulation in order to assess for recanalization. Neurology: Clinical Prac-
tice conducted a survey of practice patterns among neurologists regarding pre-
operative medical management of patients with symptomatic carotid stenosis
awaiting intervention and found that antiplatelet monotherapy was used most
frequently (44% of time). Survey responders noted that they would use heparin
infusion as bridge to surgery if intraluminal thrombus (59%), ulcerated plaque
(54%), and microembolic signals on Doppler (48%) were present [20].
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Intracranial atherosclerotic disease (ICAD) is a significant contributor to
ischemic stroke with marked racial and ethnic differences: the rate of stroke
from ICAD is 33-54% in Asians, 9% in Caucasians, 12% in African Americans,
and 15% in Hispanics [21, 22]. In patients with ischemic stroke or TIA caused
by angiographically verified 50 to 99% stenosis of a major intracranial artery,
the Warfarin and Aspirin for Symptomatic Intracranial Disease (WASID) trial
compared high-dose aspirin (1300 mg daily) plus risk factor control with
therapeutic warfarin for prevention of a combined endpoint of ischemic stroke,
hemorrhagic stroke, or vascular death. The study showed no benefit with
warfarin compared with aspirin for the primary endpoint; furthermore, the
study was stopped early because of more complications in the anticoagulation
arm, including death [23]. The Stenting and Aggressive Medical Management
for Preventing Stroke in Intracranial Stenosis (SAMMPRIS) trial studied patients
who had a TIA or stroke attributed to 70-99% stenosis of a major intracranial
artery. The study demonstrated that DAPT (daily aspirin 325 mg plus
clopidogrel 75 mg) for 3 months followed by daily aspirin 325 mg, and optimal
medical management (systolic blood pressure target <140 mmHg for non-
diabetics and <130 mmHg for diabetics; lipid lowering for goal LDL-C<
70 mg/dL; and lifestyle modifications), was superior to stenting plus the same
antiplatelet regimen and optimal medical management for the prevention of
stroke or death within 30 days, or stroke in the territory of the diseased artery
after 30 days [24]. At 1 year, this regimen of DAPT plus aggressive medical
management resulted in significantly lower risk of the SAMMPRIS primary
endpoint in SAMMPRIS medical patients (12.6%) compared with WASID
patients (21.9%) meeting the same qualifying criteria. After adjustment for
confounding baseline characteristics of the medical management groups in
WASID and SAMMPRIS, there was still a 1.9-fold higher risk of the SAMMPRIS
primary endpoint in the WASID medical arm, supporting the hypothesis that
aggressive medical management in SAMMPRIS led to a lower risk of stroke in
that study’s medical management group [25]. Similarly, the Vertebral Artery
Stenting trial found superiority of medical management over arterial stenting
for patients with symptomatic posterior circulation ischemia due to >50%
stenosis of an intracranial or extracranial vertebral artery [26, 27].

Cardioembolism

Atrial fibrillation

Atrial fibrillation is a disorder of heart rhythm that affects 33 million people
worldwide and can yield an annual stroke risk as high as 12% [28]. The
CHA,DS,-VASc risk stratification tool aids in determining the benefit of
anticoagulation for individual patients with atrial fibrillation [29]. In the ab-
sence of other risk factors for embolism such as congestive heart failure, hyper-
tension, diabetes, prior stroke/TIA/systemic embolism, vascular disease, age >
65 years, and female sex, aspirin may be sufficient for the prevention of stroke
and systemic embolism. However, the majority of patients with atrial fibrilla-
tion will require systemic anticoagulation. In non-valvular atrial fibrillation,
direct oral anticoagulants (DOACs) were found to be equivalent to warfarin for
reduction of the risk of stroke and systemic embolism and yield fewer hemor-
rhagic complications than warfarin [30, 31]. Patients with valvular atrial



78 Page 6 of 15

Curr Treat Options Cardio Med (2019) 21: 78

fibrillation are often excluded from trials of DOACs versus warfarin. Therefore,
the American Heart Association (AHA)/American College of Cardiology (ACC)
still recommends anticoagulation with warfarin in patients with mitral stenosis
and atrial fibrillation [32].

Congestive heart failure

Low ejection fraction and left ventricular dysfunction contribute to slow flow
and blood stasis, likely contributing to the risk of intracardiac thrombus for-
mation. The Warfarin versus Aspirin in Reduced Cardiac Ejection Fraction
(WARCEF) trial enrolled patients with sinus thythm and cardiac ejection frac-
tion of <35%. It demonstrated reduction of stroke risk in the warfarin group
compared with the aspirin group at the 4th year of the trial. However, this
benefit was offset by an increased risk of major hemorrhage in the warfarin arm
[33]. More recently, the COMMANDER HF (A Study to Assess the Effectiveness
and Safety of Rivaroxaban in Reducing the Risk of Death, Myocardial Infarction,
or Stroke in Participants with Heart Failure and Coronary Artery Disease Fol-
lowing an Episode of Decompensated Heart Failure) trial examined
rivaroxaban versus aspirin in patients with sinus rhythm and low cardiac
ejection fraction of <40% and found no benefit of rivaroxaban over aspirin
for the primary efficacy endpoint, including all-cause mortality, myocardial
infarction, and stroke. However, post hoc analysis demonstrated lower rates
of thromboembolic events in those on rivaroxaban [34se].

Prosthetic mechanical valve

The presence of prosthetic material in the heart presents an opportunity for
thrombus formation and major cerebral or systemic embolism. Without anti-
thrombotic therapy, the incidence rate of embolism is 8.6 per 100 patient-years
[35]. Warfarin reduced this rate to 1.8 per 100 patient-years. The optimal
international normalized ratio (INR) goal varies based on the location of the
valve replacement: 2.0-3.0 for aortic valve and 2.5-3.5 for mitral valve. The RE-
ALIGN trial (Randomized, Phase II Study to Evaluate the Safety and Pharma-
cokinetics of Oral Dabigatran Etexilate in Patients after Heart Valve Replace-
ment) revealed higher incidence of thromboembolic events and bleeding in
patients with mechanical valves receiving dabigatran compared with those
receiving warfarin [36]. There is limited data on the use of DOACs in patients
with bioprosthetic valves and atrial fibrillation, but the current data suggest
similar rates of stroke in edoxaban compared with warfarin [37]. Because of the
bleeding risk, antiplatelet therapy in addition to warfarin is not generally
recommended by the vascular neurology community, especially if there is atrial
fibrillation [38-40]. However, it is still recommended in the American College
of Chest Physicians (ACCP) and the ACC/AHA guidelines [41].

Patent foramen ovale

PFO remains a controversial topic in ischemic stroke management. PFO is
present in 25% of the population. Although no clear causal relationship
has been demonstrated, the presence of PFO is more common in patients
with cryptogenic ischemic stroke [42]. Initial trials (CLOSURE I, RESPECT)
showed no benefit of closure of PFO over medical therapy for secondary
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stroke prevention [43, 44]. In these trials, patients in the procedural arm
were given clopidogrel 75 mg daily for 6 months and aspirin, 81 or
325 mg daily for 2 years. Patients in the medical arm were treated with
warfarin (with a target INR of 2.0 to 3.0), aspirin (325 mg daily), or both,
at the discretion of the principal investigator at each site. Recent studies
(CLOSE, REDUCE, DEFENSE-PFO, Long Term Outcomes for RESPECT)
have demonstrated lower rates of ischemic stroke in patients with crypto-
genic strokes and PFO who undergo percutaneous PFO closure, compared
with medical therapy alone. These studies included PFOs with or without
high-risk characteristics such as atrial septal aneurysm, atrial septal hyper-
mobility (septal excursion > 10 mm), or PFO size (maximum separation of
the septum primum from the secundum) >2 mm on transesophageal
echocardiography [45e, 46, 47, 48]. A meta-analysis of databases of med-
ically treated patients with cryptogenic stroke and PFO comparing anti-
platelet and oral anticoagulant therapies demonstrated no difference be-
tween the two therapies in the prevention of a composite endpoint of
stroke/TIA/death, or of stroke. Thus, unless there is another indication for
systemic anticoagulation (e.g., venous thromboembolism, hypercoagula-
ble state), antiplatelet therapy is usually recommended for patients with
stroke or TIA and PFO treated medically or surgically [49].

Small-vessel occlusion

Lacunar strokes occur in small perforating (lenticulostriate) arteries supplying
deep structures of the brain such as the basal ganglia, thalamus, internal
capsule, and pons. Treatment of lacunar strokes is focused on optimization of
vascular risk factors in addition to antiplatelet therapies. The Secondary Preven-
tion of Small Subcortical Strokes (SPS3) study compared DAPT (aspirin 325 mg
plus clopidogrel 75 mg daily) with aspirin 325 mg daily for secondary stroke
prevention after lacunar infarction for the duration of the study (mean follow-
up of 3.4 years). DAPT was not superior to aspirin monotherapy for prevention
of recurrent stroke. Furthermore, DAPT nearly doubled the risk of major hem-
orrhage when compared with aspirin alone [50].

Stroke of other determined cause

Malignancy-related stroke

Up to 10% of ischemic stroke patients also have an underlying cancer [51].
Autopsy studies indicate that 15% of individuals with cancer were also found to
have pathological evidence of stroke [52]. The most common etiologies of
stroke in the cancer patient population are traditional cerebrovascular risk
factors, but additional mechanisms of stroke in these patients include
angioinvasive, hyperviscosity, tumor embolism, direct compression of tumor,
and treatment-related effects [53, 54]. Although anticoagulation is generally
used for secondary prevention of stroke, the data is largely based on trials of
venous thromboembolism in cancer. Earlier studies have shown the benefit of
low molecular weight heparin over vitamin K antagonists with similar rates of
bleeding complications [55]. Recent studies of DOACs, including edoxaban
and rivaroxaban, have shown non-inferiority and non-superiority, respectively,
of these therapies over low molecular weight heparin [56ee, 57].
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L
Antiphospholipid antibody syndrome

Among women younger than 50 years of age, lupus anticoagulant antibodies
were associated with ischemic stroke, especially in those who were taking oral
contraceptives and those who were smokers [58]. To meet criteria for
antiphospholipid antibody syndrome, any of the laboratory tests for APLAS
(lupus anticoagulant, anticardiolipin IgG or IgM antibodies, or beta-2 glyco-
protein IgG or IgM antibodies) must be positive at two time points at least
12 weeks apart in the presence of an arterial or venous thrombotic event and/or
pregnancy morbidity, including fetal loss. Given the studies of non-inferiority
of DOACs compared with warfarin in the cardioembolic stroke population,
rivaroxaban 20 mg daily was compared with warfarin (goal INR 2.5) in high-
risk patients with antiphospholipid antibody syndrome; the study was stopped
prematurely due to an increased risk of arterial thrombosis and major bleeding
in the rivaroxaban group [59].

Arterial dissection

Arterial dissection occurs when there is separation of the layers of an arterial
wall and is more common in the cervical arteries. Dissection can occur sponta-
neously or secondary to minor or major cervical trauma or neck manipulation
in 40% of cases [60]. Connective tissue disorders, most commonly
fibromuscular dysplasia, have also been associated with increased incidence
of arterial dissection of the cervical arteries [61]. In this setting many studies,
including the Cervical Artery Dissection in Stroke Study (CADISS), have not
shown overall differences in ischemic outcomes for patients treated with
antiplatelets versus anticoagulation [61, 62, 63e]. A short course of heparin
infusion followed by antiplatelet therapy can be considered for the first 3 to
4 days after an ischemic stroke due to an extradural arterial dissection if the
infarct is small to moderate sized. This distinction is because the mean time to
enrollment in the CADISS trial was 3.65 days, and patients who suffered an
ischemic stroke or TIA before then were not included in the study. In patients
with intradural extension of arterial dissection, the safety of anticoagulation is
uncertain because a subset of these patients may have a higher risk of dissecting
aneurysms with subarachnoid hemorrhage [64, 65]. The duration of antiplate-
let use is unclear and provider-dependent. Some advocate discontinuation of
antithrombotics after 3-6 months. It is our opinion that in cases of persistent
arterial stenosis after dissection, recurrent or multiple dissections, or dissection
associated with an underlying vasculopathy (e.g., fibromuscular dysplasia,
Ehlers-Danlos syndrome or other connective tissue diseases), indefinite anti-
platelet therapy should be considered.

Stroke of other undetermined cause or “cryptogenic”

Embolic stroke of undetermined source

The frequency of embolic stroke of undetermined source is uncertain but
estimated to be between 6 and 15% of ischemic stroke cases [6, 7]. Because of
the concern for possible cardiac origin of these emboli, anticoagulation with
warfarin or DOACs has been postulated as a potential empiric therapy for
stroke prevention. The Warfarin-Aspirin Recurrent Stroke Study (WARSS) trial
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evaluated aspirin versus warfarin in patients with any etiology of ischemic
stroke except those with a known cardioembolic source and found no signifi-
cant difference between aspirin and warfarin groups in terms of risk of recurrent
ischemic stroke, death, or major hemorrhage [66]. However, in subgroup
analysis, a benefit of warfarin over aspirin for secondary stroke prevention
was noted in patients with elevated pro-B-type natriuretic peptide (> 750 pg/
mL) without known atrial fibrillation [67]. The “New Approach Rivaroxaban
Inhibition of Factor Xa in a Global Trial versus ASA to Prevent Embolism in
Embolic Stroke of Undetermined Source” (NAVIGATE ESUS) trial and the
“Randomized, double-blind, Evaluation in secondary Stroke Prevention com-
paring the EfficaCy and safety of the oral Thrombin inhibitor dabigatran
etexilate vs. acetylsalicylic acid in patients with Embolic Stroke of Undeter-
mined Source” (RE-SPECT ESUS) trial both demonstrated non-superiority of
systemic anticoagulation, rivaroxaban, or dabigatran respectively, over aspirin
in this patient population for prevention of stroke [68ee, 69].

Special considerations in antithrombotic therapy

Several trials of secondary ischemic stroke prevention have demonstrated the
efficacy of antiplatelet agents with slight variation in efficacy rates.

Antiplatelet monotherapy

Despite the widespread use of aspirin for prevention of stroke as well as other
vascular diseases, there is still uncertainty as to the optimal dose. Meta-analyses
of antiplatelet trials have demonstrated that low-dose aspirin (50-150 mg
daily) is effective for long-term use in stroke prevention; in acute myocardial
infarction or acute ischemic stroke, an initial loading dose may be required to
reach the rapid antithrombotic effect [70-72]. The large CAPRIE trial
(Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events) compared
clopidogrel 75 mg daily with aspirin 325 mg daily for the prevention of a
composite endpoint of vascular events. While there was an 8.7% relative risk
reduction (p =0.043) favoring clopidogrel, most of the benefit of clopidogrel
over aspirin was due to its reduction in the risk of peripheral vascular disease
[73]. The Acute Stroke or Transient Ischemic Attack Treated with Aspirin or
Ticagrelor and Patient Outcomes (SOCRATES) trial showed no difference in the
risk of stroke, myocardial infarction, or death within 90 days for patients with
ischemic stroke or TIA receiving aspirin 100 mg daily, compared with those
receiving ticagrelor 90 mg twice daily [74].

Dual antiplatelet therapy

The European/Australasian Stroke Prevention in Reversible Ischaemia Trial
(ESPRIT) compared aspirin plus dipyridamole with aspirin alone in the sec-
ondary prevention of minor ischemic stroke and TIA. The study found that
combination aspirin/ dipyridamole was associated with an absolute risk reduc-
tion of 1% per year for the composite primary outcome of vascular mortality,
non-fatal stroke, non-fatal myocardial infarction, or major bleeding (NNT 33)
without significantly increasing the risk of hemorrhage, when compared with
aspirin monotherapy [75]. Of note, 8.8% of the dipyridamole group
discontinued the medication because of severe headaches. The Prevention
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Regimen for Effectively Avoiding Second Strokes (PROFESS) trial found no
difference in the primary outcome of any recurrent stroke (9.0% vs. 8.8%) or
the composite secondary outcome of stroke, myocardial infarction, or cardio-
vascular death after ischemic stroke in patients receiving aspirin/extended-
release dipyridamole versus clopidogrel, respectively [76].

Recent studies in stroke prevention have altered the landscape of DAPT for
acute ischemic stroke. As noted above, a 3-month course of DAPT (aspirin
325 mg and clopidogrel 75 mg) has been described for intracranial atheroscle-
rosis in the SAMMPRIS trial [24]. Additionally, several trials have assessed the
value of DAPT immediately after ischemic stroke. The recent international
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT)
trial involved a clopidogrel load of 600 mg with aspirin (50-325 mg) followed
by clopidogrel 75 mg and aspirin (50-325 mg) daily versus the same daily dose
of aspirin. The study demonstrated reduction of stroke, myocardial infarction,
orvascular death from 6.5% in the aspirin only group, to 5% in the DAPT group
(HR 0.75) with the most benefit seen in the first 21 to 30 days [77ee]. In the
Clopidogrel in High-risk patients with Acute Nondisabling Cerebrovascular
Events (CHANCE) trial which also assessed clopidogrel load (300 mg load +
aspirin 75-300 mg) followed by aspirin 75 mg plus clopidogrel 75 mg daily for
a total of 21 days of therapy versus aspirin 75 mg daily, there was stroke risk
reduction with a short course of dual antiplatelet therapy that was not offset by
the risk of intracranial hemorrhage in the first 21 days [78]. Additionally, a
recent study looked at long-term DAPT for secondary prevention of stroke in
patients with over 50% stenosis of a major intracranial or extracranial artery or
two or more vascular risk factors. The study found that the combination of
cilostazol 100 mg twice daily, plus aspirin (81 or 100 mg daily) or clopidogrel
(50-75 mg daily) reduces ischemic stroke recurrence, compared with antiplate-
let monotherapy with aspirin or clopidogrel. The risk of severe bleeding was
similar in the monotherapy and DAPT groups [79ee].

Combined therapies

Patients with atrial fibrillation can also have underlying cardiovascular disease
that may require combined antiplatelet and anticoagulant therapies. COMPASS
(Cardiovascular Outcomes for People Using Anticoagulation Strategies) exam-
ined low-dose rivaroxaban (2.5 mg twice daily) plus aspirin 100 mg daily,
versus rivaroxaban 5 mg twice daily, versus aspirin 100 mg daily for the
secondary prevention of cardiovascular outcomes in patients with stable ath-
erosclerotic disease. This trial found that patients on low-dose rivaroxaban plus
aspirin had lower rates of ischemic stroke and other vascular endpoints at
23 months when compared with the other two groups [80e, 81]. PIONEER
AF-PCI (Open-Label, Randomized, Controlled, Multicenter Study Exploring
Two Treatment Strategies of Rivaroxaban and a Dose-Adjusted Oral Vitamin K
Antagonist Treatment Strategy in Subjects with Atrial Fibrillation who Undergo
Percutaneous Coronary Intervention) had previously demonstrated that in
patients with atrial fibrillation undergoing percutaneous coronary intervention,
the rates of in-stent thrombosis and stroke were equal among treatment groups
with low-dose rivaroxaban plus single antiplatelet or DAPT, but that low-dose
rivaroxaban plus monotherapy yielded significantly less hemorrhagic compli-
cations than warfarin plus DAPT [82]. WOEST (What is the Optimal
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antiplatElet and anticoagulant therapy in patients with oral anticoagulation and
coronary StenTing trial) also revealed no benefit in patients on oral
anticoagulation undergoing percutaneous coronary intervention treated with
triple therapy (aspirin, clopidogrel, and anticoagulation) versus dual therapy
(clopidogrel plus anticoagulation) [83].

Conclusion

Understanding ischemic stroke etiology can help guide antiplatelet and anti-
thrombotic therapies in the secondary prevention of ischemic stroke. New
studies are emerging to determine the optimal combination of therapies for
stroke risk reduction without increased hemorrhagic side effects.
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