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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 efficacy and safety of
DAPT use in ischemic stroke patients with large artery atherosclerosis (LAA)
are still uncertain. We undertook a systemic search and formal meta-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 effect models, and was described
as risk difference (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% Cl: —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% Cl: —0—0%) and major bleeding (0.73 vs. 0.51%, RD: 0%,
95% Cl: —0—-0%) did not differ 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.

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

10.3389/fneur.2022.923142

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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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.
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TABLE 1 Design and population characteristics of included trials.

Study CARESS TOSS CLAIR Yi et al. CATHARSIS CHANCE COMPRESS  Zuoetal. 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 62.2vs. 62.5 59.2vs. 56.4 69.2vs. 70.1 68.3vs. 68.3 65.9 vs. 65.8 68 vs. 67 61.6vs. 62.3 67.1vs. 67.6 70 vs. 70

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

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

Definition of LAA E-ICA M1 or BA E-ICA, I-ICA, LAA per I-ICA, M1, I-ICA, M1/2, E-ICA E-ICA, I-ICA, Ipsilateral I-ICA, MCA,

stenosis stenosis or M1 TOAST BA I-VA, BA stenosis MCA, I-VA, vessel ACA, PCA
50-99/100% stenosis 50-99/100% 50-99/100% 30-99/100% BA, PCA 30-99/100% 50-99/100%
50-99/100% or ICAD 50-99/100%

TIA as Qualifying 62.7 vs. 60.7% 0% Proportion 0% 0% 23.8 vs. 22.8% 0% 50 vs. 47% 13.9 vs. 14.4% 0%

Event NR

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

among LAA

NIHSS allowed for <22 <15 <8 <12 Any <3 Any Any <5 Any

randomization

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

Time Window for <3 months <2 weeks <7 days <2 days 2 weeks to 6 <24h <48h <7 days <24h 8-180 days

Randomization months

Mean Time Onset to 77.1% within NR 25vs.3.2d 26vs.24h NR 10.5 vs. 13h 35.2'vs. 33.5h NR NR NR

Randomization 1 month

Medications ASA + CLOP ASA + CILO ASA + CLOP ASA + CLOP ASA + CILO ASA + CLOP ASA + CLOP ASA + CLOP ASA + TICA ASA + CILO

vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA vs. ASA

Duration of DAPT 7 days 6 months 7 days 30 days 2 years 3 weeks 30 days 90 days 30 days 1.4 years

treatment

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 Yiet
al.
Recurrent IS - events 0/51 vs. 0/67 vs. 0/46 vs. 5/284
4/56 0/68 2/52 vs.
18/286
Recurrent IS - rate (% 0vs.7.1% 0vs. 0% 0vs. 3.9% 0.4 vs.
per week) 1.5%
ICH - events 0/51 vs. 0/67 vs. 0/46 vs. 1/284
0/56 0/68 0/52 vs.
1/286
ICH - rate (% per 0vs. 0% 0vs. 0% 0vs. 0% 0.1 vs.
week) 0.1%
Major bleeding - 0/51 vs. 0/67 vs. 0/46 vs. 1/284
events 0/56 0/68 0/52 vs.
1/286
Major bleeding - rate 0vs. 0% 0vs. 0% 0vs. 0% 0.1vs.
(% per week) 0.1%

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,
of Controlled
Clinical Trials, and the clinical trial registry maintained at

Cochrane Collaboration Central Register
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.
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CATHARSIS CHANCE COMPRESS Zuo THALES CSPS.
etal. COM
5/83 vs. 6/80 26/231 vs. 2/167 vs. 12/132 87/1,136 11/275 vs.
34/250 5/166 vs. vs. 25/272
19/68 127/1,215
0.1vs.0.1% 0.9 vs. 0.3vs.0.7% 0.7 vs. 1.9 vs. 0.1vs.
1.1% 2.2% 2.6% 0.1%
0/83 vs. 2/80 0/231 vs. 1/167 vs. 0/132 4/1,136 1/275 vs.
0/250 0/166 vs. 0/68 vs. 2/272
3/1,215
0vs. 0% 0vs. 0% 0.14 vs. 0% 0vs. 0% 0.08 vs. 0vs. 0%
0.06%
4/83 vs. 3/80 0/231 vs. 7/174 vs. 0/132 6/1,136 2/274 vs.
1/250 2/178 vs. 0/68 Vs, 3/272
3/1,215
0.1vs. 0% 0vs. 0.94 vs. 0vs. 0% 0.13 vs. 0vs. 0%
0.03% 0.26% 0.06%

04

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

frontiersin.org
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DAPT MAPT Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M.H, Random, 95% ClI
1.1.1 ASA+CLOP vs ASA
CARESS 2005 0 51 4 56 51% -0.07 [-0.15, 0.00]
CHANCE 2015 26 2N 34 250 7.3% -0.02 [-0.08, 0.04) -1
CLAIR 2010 0 46 2 52 6.4% -0.04 [-0.10, 0.03] -
COMPRESS 2016 2 167 5 166 14.8% -0.02 [-0.05, 0.01] ==
Yi2014 5 284 18 286 14.4% -0.05-0.08,-0.01) ===
Zuo 2017 12 132 19 68 2.4% -0.19[-0.31,-0.07)
Subtotal (95% CI) 911 878 50.3% -0.05[-0.08, -0.01] <&
Total events 45 82
Heterogeneity: Tau®= 0.00; Chi*=10.76, df= 5 (P = 0.06); = 54%
Test for overall effect: Z= 2.82 (P = 0.005)
1.1.2 ASA+CILO vs ASA
CATHARSIS 2015 5 83 6 80 4.8% -0.01 [-0.08, 0.06) -1
CSPS.COM 2021 11 275 25 272 11.3% -0.05 [-0.09,-0.01) ==
TOSS 2005 0 67 0 68 15.7% 0.00 [-0.03, 0.03] =
Subtotal (95% CI) 425 420 31.8%  -0.02[-0.07,0.03] >
Total events 16 31
Heterogeneity: Tau®*= 0.00; Chif=7.12,df= 2 (P=0.03); F=72%
Test for overall effect: Z=0.88 (P = 0.38)
1.1.3 ASA+TICA vs ASA
THALES 2020 87 1136 127 1215 17.9% -0.03 [-0.05,-0.00) S
Subtotal (95% CI) 1136 1215 17.9% -0.03[-0.05, -0.00] L 2
Total events 87 127
Heterogeneity: Not applicahle
Test for overall effect: Z= 2.37 (P = 0.02)
Total (95% CI) 2472 2513 100.0% -0.03 [-0.05, -0.01] *
Total events 148 240
Heterogeneity: Tau?= 0.00; Chi*= 17.10, df= 8 (P = 0.05); F= 47% 5% 01 & 11 b2
Test for overall effect: Z= 3.41 (P = 0.0006) Favo'urs [D'APTI Favoi:rs IMAPT]
Test for subarnun differences Chifr=NAa7 dfi= 2P =NAEN F=N%
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 TTA 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
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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, 12 = 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%
CIL: —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

frontiersin.org
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DAPT MAPT Risk Difference Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H, Random. 95% CI M-H. Random, 95% CI

1.3.1 ASA_CLOP vs ASA

CARESS 2005 0 51 0 56 0.8% 0.00 [-0.04, 0.04] ]

CHANCE 2015 0 23 0 250 16.5% 0.00 [-0.01, 0.01) =1=

CLAIR 2010 0 46 0 52 0.7% 0.00 [-0.04, 0.04]

COMPRESS 2016 1 167 0 166 4.0% 0.01 [-0.01, 0.02] =

Yi2014 1 284 1 286 11.5% 0.00 [-0.01, 0.01] 1

Zuo 2017 0 132 0 68 21% 0.00 [-0.02,0.02] - I

Subtotal (95% CI) 911 878 35.7% 0.00[-0.00, 0.01] 2

Total events 2 1

Heterogeneity. Tau®= 0.00; Chi*=0.48, df=5 (P =0.99), F= 0%

Test for overall effect. Z=0.24 (P=0.81)

1.3.2 ASA+CILO vs ASA

CATHARSIS 2015 0 83 2 80 0.6% -0.03 [-0.07,0.02] I

CSPS.COM 2021 1 275 2 272 71% -0.00 [-0.02, 0.01] ==Ir

TOSS 2005 0 67 0 68 1.3% 0.00 -0.03,0.03) =

Subtotal (95% CI) 425 420 9.0% -0.00[-0.02, 0.01] ‘

Total events 1 4

Heterogeneity: Tau®*= 0.00; Chi*=1.27, df=2 (P=053), F=0%

Test for overall effect. Z=0.84 (P = 0.40)

1.3.3 ASA+TICAvs ASA

THALES 2020 4 1136 3 1215 553% 0.00 [-0.00, 0.01]

Subtotal (95% CI) 1136 1215 55.3% 0.00[-0.00, 0.01]

Total events 4 3

Heterogeneity: Not applicahle

Test for overall effect. Z=0.47 (P = 0.64)

Total (95% Cl) 2472 2513 100.0% 0.00 [-0.00, 0.00]

Total events 7 8 : . ’ :

Heterogeneity: Tau®= 0.00; Chi*= 2.62, df=98 (P =0.98), F= 0% 4 v ’ T T

Test for overall effect Z=0.24 (P = 0.81) s Fav;)?"?ss[mpﬂ UFavourg'[Uw?APﬂ o

Test far aubharnun differences’ Chif=N 42 df= 2P =NA F=N%
FIGURE 3
Forest plot for outcome of intracranial hemorrhage. The risk of intracranial hemorrhage was not significantly different 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
investigations.

study is consonant with and extends prior

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),
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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 TTA 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

frontiersin.org
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DAPT MAPT

1.2.1 ASA+CLOP vs ASA

CARESS 2005 0 51 0 56 1.0%
CHANCE 2015 0 23 1 250 10.0%
CLAIR 2010 0 46 0 52 0.8%
COMPRESS 2016 7174 2 178 1.2%
Yi2014 1 284 1 286 13.4%
Zuo 2017 0 132 0 68  2.5%
Subtotal (95% Cl) 918 890 28.8%
Total events g 4

Heterogeneity: Tau®= 0.00; Chi*=5.51, df=5 (P = 0.36); F= 9%
Test for overall effect: Z=0.01 (P = 0.99)

1.2.2 ASA+CILO vs ASA

CATHARSIS 2015 4 33 3 80 0.3%
CSPS.COM 2021 2 274 3 272 49%
TOSS 2005 0 67 0 68  1.6%
Subtotal (95% CI) 424 420 6.8%
Total events 6 6

Heterogeneity: Tau®= 0.00; Chi*= 0.29, df= 2 (P = 0.86); F=0%
Test for overall effect: Z=0.32 (P =0.75)

1.2.3 ASA+TICAvs ASA
THALES 2020 4 1136 3 1215 64.3%
Subtotal (95% ClI) 1136 1215  64.3%

Total events 4 3
Heterogeneity. Not applicable
Testfor overall effect. Z=0.47 (P = 0.64)

Total (95% ClI) 2478 2525 100.0%
Total events 18 13
Heterogeneity: Tau®= 0.00; Chi*= 4.73, df=9 (P = 0.86); F= 0%

Test for overall effect. Z=0.26 (P = 0.80)

FIGURE 4

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

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI

Test far subarnun differences Chir=N22 df=2 P =0N9M F=N%

Risk Difference Risk Difference
M-H, Random, 95% CI

0.00 [-0.04, 0.04) —_——

-0.00 [-0.02, 0.01] -

0.00 [-0.04, 0.04)

0.03 [-0.00, 0.06) .

0.00 [-0.01, 0.01) -

0.00 [-0.02, 0.02) .

0.00 [-0.01, 0.01] <

0.01 [-0.05, 0.07)

-0.00 [-0.02, 0.01] ——

0.00 [-0.03, 0.03) =1
-0.00 [-0.02, 0.01] -

0.00 (-0.00, 0.01)

0.00 [-0.00, 0.01]

0.00 [-0.00, 0.00]

.01 -0.05 0 0.05 01
Favours [DAPT] Favours [MAPT]

Forest plot for outcome of major bleeding. The risk of major bleeding wa not significantly different between MAPT and DAPT in patients with
symptomatic large artery atherosclerosis. ASA, aspirin; CILO, cilostazol; CLOP, clopidogrel; DAPT, dual antiplatelet therapy; MAPT, mono

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 24h. 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 TTA 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
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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.
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