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Background and purpose: Current pieces of evidence support the short-term

use of dual antiplatelet (DAPT) in minor ischemic stroke or transient ischemic

attack (TIA) based on the studies performed in patients with a broad range of

non-cardioembolic stroke mechanisms. However, the e�cacy and safety of

DAPT use in ischemic stroke patients with large artery atherosclerosis (LAA)

are still uncertain. We undertook a systemic search and formalmeta-analysis to

compare DAPT vs. mono-antiplatelet therapy (MAPT) in patients with etiology

specifically presumed to be symptomatic LAA.

Methods: We conducted a systemic online search for completed randomized

controlled trials that (1) compared DAPT vs. MAPT in patients with acute

ischemic stroke or TIA, and (2) were confined to or had available subgroup data

regarding population with symptomatic extra- or intracranial artery stenosis.

Study-level meta-analysis was performed for outcomes, including ischemic

stroke (IS) recurrence, intracranial hemorrhage (ICH), and major bleeding with

the Mantel-Haenszel method and random e�ect models, and was described

as risk di�erence (RD) and 95% CI.

Results: A total of 10 trials including 5,004 patients were pooled. Comparing

to MAPT, DAPT significantly reduced IS recurrence (5.99 vs. 9.55%, RD: −3%,

95% CI: −5–0%). Across all agents, out of 100 treated patients, 3 fewer had a

recurrent ischemic stroke with DAPT. The safety endpoints including ICH (0.28

vs. 0.32%, RD: 0%, 95% CI: −0–0%) and major bleeding (0.73 vs. 0.51%, RD: 0%,

95% CI: −0–0%) did not di�er significantly.

Conclusion: In patients with symptomatic large artery extracranial or

intracranial atherosclerosis, DAPT was superior to MAPT in preventing IS

recurrence without increasing bleeding risks. The optimal DAPT regimens and

duration of treatment in this population need to be clarified in further studies.

KEYWORDS

dual antiplatelet therapy, large artery atherosclerosis (LAA), ischemic stroke, meta-

analysis, clopidogrel, cilostazol, ticagrelor
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Introduction

Large artery atherosclerosis (LAA) accounts for 15–40% of

ischemic strokes (1, 2). The best strategy for antiplatelet therapy

to prevent recurrent stroke in patients with symptomatic LAA is

uncertain. Compared with mono-antiplatelet therapy (MAPT),

intensive, double antiplatelet agent therapy (dual antiplatelet

therapy, DAPT) is physiologically expected to better avert

recurrent plaque-site thrombosis and recurrent ischemic stroke

but also to increase the risk of cerebral and systemic bleeding.

Several clinical trials and meta-analyses have compared

MAPT vs. DAPT for the prevention of recurrent ischemic stroke,

and shown heterogeneous results in efficacy and increased

bleeding risks (3–6). However, their topline results have typically

focused upon a broad overall trial population consisting of

both patients with small vessel disease, as well as patients with

FIGURE 1

Flowchart of article selection. The literature search strategy identified 53 records initially. After the detailed screening, ten trials, enrolling 5,004

individuals, fulfilled all selection criteria and were included in the meta-analysis.

LAA. This mixed population may mask the distinctive effects

of intensive antiplatelet therapy in patients with LAA. LAA

patients have greater plaque surface area and so potentially

greater proneness to platelet activation and aggregation, possibly

increasing the efficacy of DAPT. Further, small vessel disease

patients often have more extensive cerebral microbleeds and

bleeding prone to microangiopathy, potentially magnifying the

risk of DAPT (3, 7).

Given these considerations, it is desirable to pool available

data specifically in symptomatic LAA patients from completed

randomized trials of MAPT vs. DAPT to delineate the

specific benefits and risks in this patient population.

Accordingly, we undertook a systematic meta-analysis of

MAPT vs. DAPT in transient ischemic attack (TIA) or

ischemic stroke patients with evidence of cervico-cerebral

artery atherosclerosis.
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TABLE 1 Design and population characteristics of included trials.

Study CARESS TOSS CLAIR Yi et al. CATHARSIS CHANCE COMPRESS Zuo et al. THALES CSPS.COM

Year 2005 2005 2010 2014 2015 2015 2016 2017 2020 2021

No. of Participants 107 135 98 570 163 481 352 200 2,351 547

Age 66.4 vs. 62.8 62.2 vs. 62.5 59.2 vs. 56.4 69.2 vs. 70.1 68.3 vs. 68.3 65.9 vs. 65.8 68 vs. 67 61.6 vs. 62.3 67.1 vs. 67.6 70 vs. 70

Male 68.6 vs. 69.6% 61.2 vs. 60.3% 78 vs. 77% 54.9 vs. 54.9% 77.1 vs. 53.8% 64.5 vs. 60.8% 65.5 vs. 61.7% 60.6 vs. 59.7% 67.5 vs. 68.1% 63.3 vs. 71.0%

Race-Ethnicity Europeans Asians Asians Asians Asians Asians Asians Asians Global Asians

Definition of LAA E-ICA

stenosis

50–99/100%

M1 or BA

stenosis

E-ICA, I-ICA,

or M1

stenosis

50–99/100%

LAA per

TOAST

I-ICA, M1,

BA

50–99/100%

I-ICA, M1/2,

I-VA, BA

50–99/100%

E-ICA

stenosis

30–99/100%

or ICAD

E-ICA, I-ICA,

MCA, I-VA,

BA, PCA

50–99/100%

Ipsilateral

vessel

30–99/100%

I-ICA, MCA,

ACA, PCA

50–99/100%

TIA as Qualifying

Event

62.7 vs. 60.7% 0% Proportion

NR

0% 0% 23.8 vs. 22.8% 0% 50 vs. 47% 13.9 vs. 14.4% 0%

Proportion of ICAD

among LAA

0% 100% 98 vs. 92% NR 100% 100% 70.1 vs. 75.4% NR 45.4 vs. 45.9% 100%

NIHSS allowed for

randomization

≤22 ≤15 ≤8 ≤12 Any ≤3 Any Any ≤5 Any

Mean/Median NIHSS NR NR 1 vs. 1 11.2 vs. 11.5 NR NR 3 vs. 3 NR 56% 1–3 NR

Time Window for

Randomization

≤3 months ≤2 weeks ≤7 days ≤2 days 2 weeks to 6

months

≤24 h ≤48 h ≤7 days ≤24 h 8–180 days

Mean Time Onset to

Randomization

77.1% within

1 month

NR 2.5 vs. 3.2 d 26 vs. 24 h NR 10.5 vs. 13h 35.2 vs. 33.5h NR NR NR

Medications ASA+ CLOP

vs. ASA

ASA+ CILO

vs. ASA

ASA+ CLOP

vs. ASA

ASA+ CLOP

vs. ASA

ASA+ CILO

vs. ASA

ASA+ CLOP

vs. ASA

ASA+ CLOP

vs. ASA

ASA+ CLOP

vs. ASA

ASA+ TICA

vs. ASA

ASA+ CILO

vs. ASA

Duration of DAPT

treatment

7 days 6 months 7 days 30 days 2 years 3 weeks 30 days 90 days 30 days 1.4 years

Duration of Follow-up 7 days 6 months 7 days 30 days 2 years 90 days 30 days 90 days 30 days 1.4 years

ASA indicates aspirin; BA, basilar artery; CLOP, clopidogrel; CILO, cilostazol; E-ICA, extracranial internal carotid artery; I-ICA, intracranial internal carotid artery; ICAD, intracranial atherosclerotic disease; I-VA, intracranial vertebral artery; M1/M2,

M1/M2 segment of the middle cerebral artery; MCA, middle cerebral artery; NIHSS, National Institutes of Health Stroke Scale; NR, not reported; PCA, posterior cerebral artery; RCT, randomized controlled trial; TIA, transient ischemic attack; TICA,

ticagrelor; TOAST, Trial of ORG 10172 in the Acute Stroke Treatment classification system.
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TABLE 2 Outcomes of included studies.

Study CARESS TOSS CLAIR Yi et

al.

CATHARSIS CHANCE COMPRESS Zuo

et al.

THALES CSPS.

COM

Recurrent IS - events 0/51 vs.

4/56

0/67 vs.

0/68

0/46 vs.

2/52

5/284

vs.

18/286

5/83 vs. 6/80 26/231 vs.

34/250

2/167 vs.

5/166

12/132

vs.

19/68

87/1,136

vs.

127/1,215

11/275 vs.

25/272

Recurrent IS - rate (%

per week)

0 vs. 7.1% 0 vs. 0% 0 vs. 3.9% 0.4 vs.

1.5%

0.1 vs. 0.1% 0.9 vs.

1.1%

0.3 vs. 0.7% 0.7 vs.

2.2%

1.9 vs.

2.6%

0.1 vs.

0.1%

ICH - events 0/51 vs.

0/56

0/67 vs.

0/68

0/46 vs.

0/52

1/284

vs.

1/286

0/83 vs. 2/80 0/231 vs.

0/250

1/167 vs.

0/166

0/132

vs. 0/68

4/1,136

vs.

3/1,215

1/275 vs.

2/272

ICH - rate (% per

week)

0 vs. 0% 0 vs. 0% 0 vs. 0% 0.1 vs.

0.1%

0 vs. 0% 0 vs. 0% 0.14 vs. 0% 0 vs. 0% 0.08 vs.

0.06%

0 vs. 0%

Major bleeding -

events

0/51 vs.

0/56

0/67 vs.

0/68

0/46 vs.

0/52

1/284

vs.

1/286

4/83 vs. 3/80 0/231 vs.

1/250

7/174 vs.

2/178

0/132

vs. 0/68

6/1,136

vs.

3/1,215

2/274 vs.

3/272

Major bleeding - rate

(% per week)

0 vs. 0% 0 vs. 0% 0 vs. 0% 0.1 vs.

0.1%

0.1 vs. 0% 0 vs.

0.03%

0.94 vs.

0.26%

0 vs. 0% 0.13 vs.

0.06%

0 vs. 0%

ICH, indicates intracranial hemorrhage; IS, ischemic stroke.

Materials and methods

The meta-analysis was performed according to the

recommendations of the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) statement

(8). We searched PubMed, EMBASE, Web of Science,

Cochrane Collaboration Central Register of Controlled

Clinical Trials, and the clinical trial registry maintained at

https://www.clinicaltrials.gov from January 2004 to December

2021 using the search strategy of “dual antiplatelet” or

“aspirin plus clopidogrel” or “aspirin plus cilostazol” or

“aspirin plus ticlopidine” or “aspirin plus dipyridamole”

or “aspirin plus ticagrelor” AND “compare” or “vs.” AND

“aspirin” AND “large artery atherosclerosis” or “carotid artery

stenosis” or “intracranial artery stenosis” or “intracranial

atherosclerotic diseases” AND “stroke” or “transient ischemic

attack.” We restricted the results to studies performed on

human beings and those published in English. Additional

studies were identified in the texts and reference lists in

retrieved articles.

Criteria for study inclusion in the meta-analyses were: (1)

randomized controlled trial comparing recurrent vascular event

rates with DAPT vs. MAPT; and (2) separately reported data

for patients with stroke or TIA and with evidence of cervico-

cerebral artery atherosclerosis. Studies with patients receiving

either anticoagulants or thrombolysis would be excluded. All

data were extracted independently by 2 investigators (C-J.L.

and J.L.S.), with discrepancies resolved by consensus discussion.

Study quality was assessed with the Cochrane Risk of Bias 2 (RoB

2) tool.

We performed the meta-analysis with Review Manager

(RevMan), Version 5.4.1 (Cochrane Collaboration, 2020). The

efficacy endpoint was a recurrent ischemic stroke. The safety

endpoints were intracranial hemorrhage (ICH) and major

bleeding according to the definition of the original studies.

We compared the outcomes between DAPT vs. MAPT by

calculating the risk difference (RD) and 95% confident interval

(CI) using the Mantel-Haenszel method and a random-effects

model. Publication bias was estimated visually by funnel plots

displaying standard errors as the measure of sample size and RD

as the measure of treatment effect. Statistical significance was

generally set at p <0.05. For heterogeneity testing, p = 0.05–0.1

was considered as evidence of possible heterogeneity.

Results

The literature search strategy identified 56 records initially.

After the detailed screening, ten trials, enrolling 5,004

individuals, fulfilled all selection criteria and were included in

the meta-analysis (Figure 1).

Table 1 shows the key characteristics of included studies.

All studies were designed as randomized controlled trials (9–

14), including seven studies solely enrolling patients with LAA

and three studies reporting LAA subgroup analyses of the

original randomized controlled trials (15, 16). Among the

trials, six compared aspirin plus clopidogrel vs. aspirin alone,

three compared cilostazol plus aspirin vs. aspirin alone, and

one compared ticagrelor plus aspirin vs. aspirin alone. Steno-

occlusive sites included: any extracranial internal carotid artery
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FIGURE 2

Forest plot for outcome of ischemic stroke. Compared to MAPT, DAPT significantly reduced ischemic stroke recurrence in patients with

symptomatic large artery atherosclerosis. ASA, aspirin; CILO, cilostazol; CLOP, clopidogrel; DAPT, dual antiplatelet therapy; MAPT, mono

antiplatelet therapy, M-H, Mantel-Haenszel method; TICA, ticagrelor.

(E-ICA), anterior circulation intracranial atherosclerotic disease

(ICAD), or posterior ICAD in five trials; solely ICAD in four

trials, and solely E-ICA in one trial. Qualifying events were

TIA or mild ischemic stroke in three trials; TIA or mild-major

ischemic stroke in two trials; and mild-major ischemic stroke

without TIA in five trials. Across all studies, the permitted

onset to randomization time ranged from within 2 days to

within 3 months, and among trials reporting actual time to

randomization, the great preponderance of enrollments within

the first 24–48 h. The duration of DAPT treatment ranged from

7 to 90 days for aspirin plus clopidogrel or ticagrelor and was 6

months to more than 1 year for aspirin plus cilostazol.

The quality assessment of the retrieved trials on the RoB 2

is shown in Supplementary Figure 1. Six out of ten trials were

double-blind in study design and had a low risk of bias in

all five domains. Four trials using open-label design showed a

moderate risk of bias in the domain of deviations from intended

interventions in all trials and the domain of measurement of

the outcome in one trial, with a low risk of bias in the other

three domains. The funnel plots showed no major distribution

deviation of publications (Supplementary Figures 2–4).

Table 2 shows the rates of ischemic stroke recurrence, ICH,

and major bleeding in each of the included studies. The pooled

analysis showed that overall DAPT compared with MAPT was

associated with a significant reduction in recurrent ischemic

stroke, 5.99 vs. 9.55%, RD: −3%, 95% CI: −5–0%, p = 0.002

(Figure 2). There was no significant heterogeneity by agent

subgroups (p= 0.62, I2 = 0%).

Safety endpoint rates did not differ significantly between the

DAPT and MAPT groups: ICH, 0.28 vs. 0.32%, RD: 0%, 95% CI:

−0–0% (Figure 3); major bleeding,0.73 vs. 0.51%, RD: 0%, 95%

CI:−0–0% (Figure 4).

Discussion

The present systemic review and meta-analysis compared

the efficacy and safety of DAPT vs. MAPT in patients

with ischemic stroke or TIA with evidence of large artery
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FIGURE 3

Forest plot for outcome of intracranial hemorrhage. The risk of intracranial hemorrhage was not significantly di�erent between MAPT and DAPT

in patients with symptomatic large artery atherosclerosis. ASA, aspirin; CILO, cilostazol; CLOP, clopidogrel; DAPT, dual antiplatelet therapy;

MAPT, mono antiplatelet therapy, M-H, Mantel-Haenszel method; TICA, ticagrelor.

atherosclerosis. The pooled results showed that compared to

MAPT, DAPT significantly reduced ischemic stroke recurrence,

without increasing the risk of ICH or major bleeding. Across

all agents, out of 100 treated patients, 3 fewer had a recurrent

ischemic stroke with DAPT.

This study is consonant with and extends prior

investigations. Several trials and meta-analyses have

demonstrated an advantage of short courses of DAPT

over MAPT early after index event among patients with a broad

range of non-cardioembolic stroke mechanisms, including large

artery atherosclerosis, small vessel disease, and cryptogenic

stroke (4, 6, 17). However, to our knowledge, this is the first

meta-analysis elucidating the role of DAPT specifically in

patients with symptomatic LAA. The findings of the benefit of

early DAPT for symptomatic LAA in the cerebral circulation

accords with the established benefit of early DAPT in patients

with symptomatic LAA in the cardiac circulation (18, 19).

Ischemic strokes due to LAA have been reported to have higher

early recurrence rates than other stroke mechanisms (20, 21),

making patients with LAA especially likely to benefit from an

initial course of DAPT.

Distinctive aspects of the study populations and study

regimens in this meta-analysis should be borne in mind when

applying findings to clinical practice. First, the treatment

regimen was administered in the preponderance of patients

for an abbreviated period after index TIA or ischemic stroke,

including 21 days in the Clopidogrel in High-Risk Patients

with Acute Nondisabling Cerebrovascular Events (CHANCE)

trial and 30 days in the Acute Stroke or Transient Ischemic

Attack Treated with Ticagrelor and ASA for Prevention of

Stroke and Death (THALES) trial. Compared with the heart, the

brain is more vulnerable to hemorrhage on DAPT therapy, and

with long-term DAPT therapy increased hemorrhagic stroke

rates offset reduced recurrent ischemic stroke rates. But the

risk of recurrent ischemic stroke is especially high in the

first weeks after an index LAA ischemic event, so in this

time period, the benefit of DAPT outweighs the risk (21–

23). The time of the start of antithrombotic therapy was
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FIGURE 4

Forest plot for outcome of major bleeding. The risk of major bleeding wa not significantly di�erent between MAPT and DAPT in patients with

symptomatic large artery atherosclerosis. ASA, aspirin; CILO, cilostazol; CLOP, clopidogrel; DAPT, dual antiplatelet therapy; MAPT, mono

antiplatelet therapy, M-H, Mantel-Haenszel method; TICA, ticagrelor.

within the first 24 h of the index event in two of the analyzed

trials but the remainder had a longer enrollment window.

The benefit magnitude in trials with later enrollment was

similar to those confined to the first 24 h. Accordingly, the

results of the current study suggest that if evidence of LAA

is identified, DAPT may still be considered even if treatment

would be initiated beyond the first 24 h after the index cerebral

ischemic event.

The preponderance of patients enrolled in the analyzed trials

had a transient ischemic attack or minor ischemic stroke as their

presenting event, with few evidencing major ischemic stroke.

The risks of hemorrhagic transformation on antithrombotic

therapy increase with infarct volume, so risk-benefit ratios may

differ between minor and major cerebral ischemic events (24).

Accordingly, the current findings provide support for the use

of early DAPT in LAA patients with TIA or minor ischemic

stroke. Among four included trials reporting information about

the mean/median NIHSS of enrolled patients (CLAIR, (12),

COMPRESS, THALES), only one trial (12) randomized patients

with moderate stroke (NIHSS 11.2 and 11.5 in DAPT and

MAPT group, respectively). The potential advantages of early

DAPT vs. MAPT in LAA patients with moderate to major

ischemic stroke require clarification in further randomized

clinical trials.

Though there was no significant agent heterogeneity in the

current meta-analysis, cilostazol added to aspirin did not confer

the advantages of clopidogrel or ticagrelor added to aspirin.

However, the three trials comparing cilostazol plus aspirin

vs. aspirin alone have two distinct features compared to the

trials of clopidogrel or ticagrelor: (1) having a longer duration

of DAPT, (2) enrolling ICAD subjects only. While previous

studies indicated that long-term DAPT with clopidogrel added

to aspirin provided limited benefit but increased bleeding risk

(5), the current study showed that the safety of long-term DAPT

with cilostazol added to aspirin was comparable to aspirin alone

in patients with symptoms of ICAD.

In addition to DAPT, other combinations of antithrombotic

agents including direct oral anticoagulants are being tested
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for stroke prevention in individuals of high ischemic risk.

An ongoing phase 3 prospective multicenter double-blinded

randomized controlled trial, a comparison of anti-coagulation

vs. antiplatelet therapies for intracranial vascular atherosclerosis

(CAPTIVA), was designed to compare low-dose rivaroxaban

plus aspirin to the best DAPT (clopidogrel + aspirin or

ticagrelor+ aspirin according to the CYP2C19 genotype testing)

in symptomatic 70–99% intracranial stenosis (ICAD) for

preventing one-year recurrent ischemic stroke. The results may

clarify the effectiveness and safety of an alternative therapeutic

option if a P2Y12 inhibitor is not tolerated or for a CYP2C19

LOF allele carrier (25).

There are limitations to this study. First, the definition of

LAA was variable based on different criteria. According to the

original TOAST classification, LAA was defined as the stenosis

of the attributed vessel being 50% or more (26). However,

several new classification systems consider not only the degree

of stenosis, but also the presence of plaque ulceration, thrombus,

or the involvement of penetrating arteries (2, 27). Several recent

studies have adopted 30% or greater stenosis to define LAA, or

even no limitation for stenotic degree (14, 16, 28). The current

meta-analysis included trials with different criteria to define the

presence of atherosclerosis. Second, two of the analyzed studies

(CARESS and CLAIR) were designed primarily to evaluate a

short-term, surrogate outcome (transcranial Doppler embolic

signals at day 7), instead of vascular events accrued over a

longer time period. Their short follow-up duration may have

resulted in underestimates of differential treatment effects. To

mitigate this issue, we performed an analysis of the rate of events

per week across all studies for comparison. Third, the majority

of patients in the included studies were Asian. Especially, the

significant benefit of aspirin plus clopidogrel was mainly driven

by two Chinese studies (12, 13). The generalizability of the

result of this study to non-Asians needs to be confirmed in

further investigations.

Conclusion

In this meta-analysis, we demonstrated that, compared to

MAPT with aspirin alone, DAPT early after index cerebral

ischemic events in patients with symptomatic LAA provided

better ischemic stroke prevention, without increasing ICH or

major bleeding risk. The number needed to treat to prevent 1

recurrent stroke was 33. Further studies to clarify the optimal

DAPT regimens and duration of treatment in this population

are warranted.

Data availability statement

The original contributions presented in the study

are included in the article/Supplementary material,

further inquiries can be directed to the

corresponding author.

Author contributions

C-JL: data acquisition, data analysis, and manuscript

drafting and revision. T-YT: data analysis, figure making, and

manuscript writing. JS: conception and design of the study and

revision of the submitted version. All authors contributed to the

article and approved the submitted version.

Funding

This work was funded by the Taiwan Ministry of Science

and Technology (MOST 110-2314-B-075-043) and the Taipei

Veterans General Hospital (V110B-026).

Conflict of interest

Author JS is an employee of the University of California.

The University of California has patent rights in retrieval

devices for stroke. He has served as an unpaid site investigator

in multicenter trials sponsored by Medtronic, Stryker, and

Neuravia, for which the UC Regents received payments

on the basis of clinical trial contracts for the number

of subjects enrolled; has received funding for services as

a scientific consultant regarding trial design and conduct

to Medtronic, Stryker, Neuravi/Cerenovus and Boehringer

Ingelheim (prevention only), and stock options for services as

a scientific consultant regarding trial design and conduct to

Rapid Medical.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fneur.2022.923142/full#supplementary-material

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2022.923142
https://www.frontiersin.org/articles/10.3389/fneur.2022.923142/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Lin et al. 10.3389/fneur.2022.923142

References

1. White H, Boden-Albala B, Wang C, Elkind MS, Rundek T, Wright
CB, et al. Ischemic stroke subtype incidence among whites, blacks, and
Hispanics: the Northern Manhattan Study. Circulation. (2005) 111:1327–
31. doi: 10.1161/01.CIR.0000157736.19739.D0

2. Kim BJ, Kim JS. Ischemic stroke subtype classification: an asian viewpoint. J
Stroke. (2014) 16:8–17. doi: 10.5853/jos.2014.16.1.8

3. Diener HC, Bogousslavsky J, Brass LM, Cimminiello C, Csiba L, Kaste
M, et al. Aspirin and clopidogrel compared with clopidogrel alone after recent
ischaemic stroke or transient ischaemic attack in high-risk patients (MATCH):
randomised, double-blind, placebo-controlled trial. Lancet. (2004) 364:331–
7. doi: 10.1016/S0140-6736(04)16721-4

4. Geeganage CM, Diener HC, Algra A, Chen C, Topol EJ, Dengler R,
et al. Acute Antiplatelet Stroke Trialists Dual or mono antiplatelet therapy
for patients with acute ischemic stroke or transient ischemic attack: systematic
review and meta-analysis of randomized controlled trials. Stroke. (2012) 43:1058–
66. doi: 10.1161/STROKEAHA.111.637686

5. Lee M, Saver JL, Hong KS, Rao NM, Wu YL, Ovbiagele B. Risk-benefit
profile of long-term dual- versus single-antiplatelet therapy among patients with
ischemic stroke: a systematic review and meta-analysis. Ann Intern Med. (2013)
159:463–70. doi: 10.7326/0003-4819-159-7-201310010-00006

6. Yang Y, Zhou M, Zhong X, Wang Y, Zhao X, Liu L, et al. Dual versus mono
antiplatelet therapy for acute non-cardioembolic ischaemic stroke or transient
ischaemic attack: a systematic review andmeta-analysis. Stroke Vasc Neurol. (2018)
3:107–16. doi: 10.1136/svn-2018-000168

7. Investigators SPS, Benavente OR, Hart RG, McClure LA, Szychowski JM,
Coffey CS, et al. Effects of clopidogrel added to aspirin in patients with recent
lacunar stroke. N Engl J Med. (2012) 367:817–25. doi: 10.1056/NEJMoa1204133

8. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement.
BMJ. (2009) 339:b2535. doi: 10.1136/bmj.b2535

9. Markus HS, Droste DW, Kaps M, Larrue V, Lees KR, Siebler M, et al. Dual
antiplatelet therapy with clopidogrel and aspirin in symptomatic carotid stenosis
evaluated using doppler embolic signal detection: the Clopidogrel and Aspirin for
Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial. Circulation.
(2005) 111:2233–40. doi: 10.1161/01.CIR.0000163561.90680.1C

10. Kwon SU, Cho YJ, Koo JS, Bae HJ, Lee YS, Hong KS, et al.
Cilostazol prevents the progression of the symptomatic intracranial
arterial stenosis: the multicenter double-blind placebo-controlled trial
of cilostazol in symptomatic intracranial arterial stenosis. Stroke. (2005)
36:782–6. doi: 10.1161/01.STR.0000157667.06542.b7

11. Wong KS, Chen C, Fu J, Chang HM, Suwanwela NC, Huang YN, et al.
Clopidogrel plus aspirin versus aspirin alone for reducing embolisation in patients
with acute symptomatic cerebral or carotid artery stenosis (CLAIR study): a
randomised, open-label, blinded-endpoint trial. Lancet Neurol. (2010) 9:489–
97. doi: 10.1016/S1474-4422(10)70060-0

12. Yi X, Lin J, Wang C, Zhang B, Chi W. A comparative study
of dual versus monoantiplatelet therapy in patients with acute
large-artery atherosclerosis stroke. J Stroke Cerebrovasc Dis. (2014)
23:1975–81. doi: 10.1016/j.jstrokecerebrovasdis.2014.01.022

13. Zuo FT, Liu H, Wu HJ, Su N, Liu JQ, Dong AQ. The effectiveness and safety
of dual antiplatelet therapy in ischemic cerebrovascular disease with intracranial
and extracranial arteriostenosis in Chinese patients: a randomized and controlled
trail. Medicine. (2017) 96:e5497. doi: 10.1097/MD.0000000000005497

14. Hong KS, Lee SH, Kim EG, Cho KH, Chang DI, Rha JH, et al. Recurrent
ischemic lesions after acute atherothrombotic stroke: clopidogrel plus aspirin vs.
aspirin alone. Stroke. (2016) 47:2323–30. doi: 10.1161/STROKEAHA.115.012293

15. Liu L, Wong KS, Leng X, Pu Y, Wang Y, Jing J, et al. Dual antiplatelet
therapy in stroke and ICAS: Subgroup analysis of CHANCE. Neurology. (2015)
85:1154–62. doi: 10.1212/WNL.0000000000001972

16. Amarenco P, Denison H, Evans SR, Himmelmann A, James S, Knutsson
M, et al. Ticagrelor added to aspirin in acute nonsevere ischemic stroke
or transient ischemic attack of atherosclerotic origin. Stroke. (2020) 51:3504–
13. doi: 10.1161/STROKEAHA.120.032239

17. Bhatia K, Jain V, Aggarwal D, Vaduganathan M, Arora S, Hussain Z,
et al. Dual antiplatelet therapy versus aspirin in patients with stroke or transient
ischemic attack: meta-analysis of randomized controlled trials. Stroke. (2021)
52:e217–23. doi: 10.1161/STROKEAHA.120.033033

18. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK.
Effects of clopidogrel in addition to aspirin in patients with acute coronary
syndromes without ST-segment elevation. N Engl J Med. (2001) 345:494–
502. doi: 10.1056/NEJMoa010746

19. Chen ZM, Jiang LX, Chen YP, Xie JX, Pan HC, Peto R, et al.
Addition of clopidogrel to aspirin in 45,852 patients with acute myocardial
infarction: randomised placebo-controlled trial. Lancet. (2005) 366:1607–
21. doi: 10.1016/S0140-6736(05)67660-X

20. Khanevski AN, Bjerkreim AT, Novotny V, Naess H, Thomassen L, Logallo
N, et al. Thirty-day recurrence after ischemic stroke or TIA. Brain Behav. (2018)
8:e01108. doi: 10.1002/brb3.1108

21. Lovett JK, Coull AJ, Rothwell PM. Early risk of recurrence by subtype of
ischemic stroke in population-based incidence studies. Neurology. (2004) 62:569–
73. doi: 10.1212/01.WNL.0000110311.09970.83

22. Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, et al. Clopidogrel with
aspirin in acute minor stroke or transient ischemic attack. N Engl J Med. (2013)
369:11–9. doi: 10.1056/NEJMoa1215340

23. Johnston SC, Easton JD, Farrant M, Barsan W, Conwit RA, Elm JJ, et al.
Clopidogrel and aspirin in acute ischemic stroke and high-risk TIA. N Engl J Med.
(2018) 379:215–25. doi: 10.1056/NEJMoa1800410

24. Paciaroni M, Bandini F, Agnelli G, Tsivgoulis G, Yaghi S, Furie KL, et al.
Hemorrhagic transformation in patients with acute ischemic stroke and atrial
fibrillation: time to initiation of oral anticoagulant therapy and outcomes. J Am
Heart Assoc. (2018) 7:e010133. doi: 10.1161/JAHA.118.010133

25. Hoh B, Chimowitz M, Yeatts S, Cavallari L. Comparison of Anti-coagulation
vs. Antplatelet Therapies for Intracranial Vascular Atherostenosis. (2021). Available
online at: https://nihstrokenet.org/captiva/home (accessed February 10, 2022).

26. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL,
et al. Classification of subtype of acute ischemic stroke. Definitions for use in a
multicenter clinical trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment.
Stroke. (1993) 24:35–41. doi: 10.1161/01.STR.24.1.35

27. Amarenco P, Bogousslavsky J, Caplan LR, Donnan GA, Wolf ME,
Hennerici MG. The ASCOD phenotyping of ischemic stroke (Updated
ASCO Phenotyping). Cerebrovasc Dis. (2013) 36:1–5. doi: 10.1159/0003
52050

28. Amarenco P, Kim JS, Labreuche J, Charles H, Abtan J, Béjot Y, et al. A
comparison of two LDL cholesterol targets after ischemic stroke. N Engl J Med.
(2020) 382:9. doi: 10.1056/NEJMoa1910355

Frontiers inNeurology 09 frontiersin.org

https://doi.org/10.3389/fneur.2022.923142
https://doi.org/10.1161/01.CIR.0000157736.19739.D0
https://doi.org/10.5853/jos.2014.16.1.8
https://doi.org/10.1016/S0140-6736(04)16721-4
https://doi.org/10.1161/STROKEAHA.111.637686
https://doi.org/10.7326/0003-4819-159-7-201310010-00006
https://doi.org/10.1136/svn-2018-000168
https://doi.org/10.1056/NEJMoa1204133
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1161/01.CIR.0000163561.90680.1C
https://doi.org/10.1161/01.STR.0000157667.06542.b7
https://doi.org/10.1016/S1474-4422(10)70060-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.01.022
https://doi.org/10.1097/MD.0000000000005497
https://doi.org/10.1161/STROKEAHA.115.012293
https://doi.org/10.1212/WNL.0000000000001972
https://doi.org/10.1161/STROKEAHA.120.032239
https://doi.org/10.1161/STROKEAHA.120.033033
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1016/S0140-6736(05)67660-X
https://doi.org/10.1002/brb3.1108
https://doi.org/10.1212/01.WNL.0000110311.09970.83
https://doi.org/10.1056/NEJMoa1215340
https://doi.org/10.1056/NEJMoa1800410
https://doi.org/10.1161/JAHA.118.010133
https://nihstrokenet.org/captiva/home
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1159/000352050
https://doi.org/10.1056/NEJMoa1910355~
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Dual vs. mono antiplatelet therapy for acute ischemic stroke or transient ischemic attack with evidence of large artery atherosclerosis
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


