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Background: It is still uncertain which antiplatelet regimen had the greatest net clinical benefit in patients
who have suffered a transient ischemic attack or non-cardioembolic ischemic stroke, and it is necessary to
choose the optimal regimen according to the clinical situation.

Methods: We utilized 3 databases of Medline, Embase, and the Cochrane Central Register of Controlled
Trials to find randomized controlled trials that met our criteria, and performed network meta-analyses in
recurrent stroke, composite outcomes, major bleeding events, recurrent ischemic stroke, and all bleeding
events. Three-dimensional clustered rank plots were used to obtain the net clinical benefit. Subgroup
analyses were performed according to the symptom-onset-to-treatment time (<72 and >72 h), stroke subtypes
(large artery atherosclerosis and small vessel occlusion), and dual antiplatelet agent treatment duration.
Results: A total of 69 trials were enrolled. Cilostazol was associated with a lower risk of recurrent stroke,
major bleeding events, composite outcomes, recurrent ischemic stroke, and all bleeding events compared
to low to medium dose aspirin. The three-dimensional rank plot showed that cilostazol had the highest net
clinical benefit. The combination of aspirin plus clopidogrel had greater efficacy in the <72 h after stroke
onset and large artery atherosclerosis subgroups, and when it was restricted tol month of use major bleeding
risk was not higher than aspirin. The combination of aspirin plus dipyridamole had greater efficacy and
safety comparable to aspirin in terms of small vessel occlusion.

Conclusions: The efficacy and safety profiles among antiplatelet regimens may differ according to clinical
situation, although cilostazol, aspirin plus clopidogrel, and aspirin plus dipyridamole may be considered as
preferable options.
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Introduction

Non-cardioembolic ischemic stroke is an episode of
neurologic dysfunction due to the permanent cerebral,
retinal, or spinal infarction, caused by other than
cardioembolism (1). Approximately 75% of ischemic stroke
(IS) was attributed to the non-cardioembolism (2). Unlike
IS, transient ischemic attack (TTA) is a brief and non-lasting
focal neurological dysfunction, not result in the permanent
infarction (3). Global prevalence of IS was 77.2 million
people in 2019 (4), and the overall prevalence of TIA was
about 2% (4,5). Patients with IS or TIA have a higher risk
of recurrent stroke, with about 10-20% having a recurrent
stroke within 3 months, most of which occur during the
first few days (6-9).

The cornerstone for secondary non-cardioembolic
ischemic stroke prevention is antiplatelet therapy, which
includes aspirin (10-12). Although antiplatelet therapy
reduces the incidence of atherosclerotic cardiovascular
disease (10,13), it also increases the risk of major bleeding
such as intracranial hemorrhage and gastrointestinal
bleeding requiring blood transfusions (13). Therefore,
various antiplatelet agents and combinations of agents have
been investigated to find regimens that demonstrate the
best net clinical benefit regarding both potency and risk.
However, as the number of available antiplatelet agents
increase, it is becoming difficult to assess the effectiveness
and safety of various treatment regimens directly. In the
absence of direct comparisons, a network meta-analysis
(NMA) can be a useful alternative to compare various
antiplatelet treatment regimens (14-18). However, NMAs
have historically had low clinical application for real-
world clinicians since they have not considered several
complicated conditions that patients may face.

The risk of stroke recurrence is fairly high during the
first few days after an initial stroke or TIA (6,9). Several
trials (19-22) have suggested that intensive antiplatelet
therapy should be administered as early as possible to
reduce the high recurrence rate of acute stroke in that
critical period. However, long-term intensive antiplatelet
therapy failed to show benefit regarding the increased risk
of bleeding. Therefore, the most appropriate antiplatelet
regimen may differ depending on the time interval between
symptom onset and treatment initiation. Moreover, since
there are several studies (21,23) that have demonstrated that
limiting the duration of dual antiplatelet therapy (DAPT)
is necessary to reduce the risk of major bleeding, DAPT
treatment duration is an important safety consideration.
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In addition, the most appropriate antiplatelet therapy
may depend on the subtype of ischemic stroke (2). Lastly,
the degree of thrombotic and bleeding tendency differs
according to race and should also be considered (24,25).

In this study, we performed an updated NMA, which
included recently published randomized controlled trials
(RCTs), to determine which antiplatelet regimen had the
greatest net clinical benefit in terms of both efficacy and
safety. This was determined through diverse subgroup
analyses, which included the duration of DAPT treatment,
the time interval between symptom onset and treatment
initiation, and stroke subtypes [large artery atherosclerosis
(LAA) and small vessel occlusion (SVO)].

We present the following article in accordance with the
PRISMA NMA reporting checklist (26) (available at https://
atm.amegroups.com/article/view/10.21037/atm-21-3748/rc).

Methods

We registered this NMA to the International Prospective
Register of Systematic Reviews (PROSPERO) in July 2020
(CRD42020186926).

Search strategy

We searched multiple comprehensive databases (Medline,
Embase, and the Cochrane Central Register of Controlled
Trials) for relevant studies from inception until November
9, 2020. The search terms were “ischemic stroke”, “TTA”,
and “antiplatelet agents”. Neither language nor the year
of publication were restricted. A detailed search strategy,
which was identical to that from a study of NMA (25), was
presented in Table S1. The systematic search was performed
by an independent collaborator (EJK). An additional manual
search was conducted by two independent reviewers (SJJ and
JMJ) to prevent the omission of any relevant study. When
necessary, the authors were contacted to obtain more data.

Study selection

We included all eligible studies that were randomized
controlled trials that assessed the effectiveness or safety
of antiplatelet regimens in TIA or non-cardioembolic
ischemic stroke patients for the secondary prevention.
Studies that involved cardiovascular or peripheral arterial
diseases other than IS or TTIA were excluded. However,
for the CAPRIE (27) and CHARISMA (28) trials, we were
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able to extract the relevant outcomes from the IS or TIA
patients through the subgroup analyses. While several
trials had extended follow-up periods, only the results
from the follow-up period included in the original study
were analyzed. All disagreements concerning inclusion and
exclusion were discussed until a consensus was reached.

Data extraction and processing

Data was extracted from the selected studies by two
reviewers independently. A predefined data extraction
template was used for the data extraction, and the following
data were retrieved: baseline characteristics [age, sex,
race, stroke subtypes, percentage of prior TIA, initial
modified Rankin Scale (mRS) or National Institutes of
Health Stroke Scale (NITHSS) score, and comorbidities
including hypertension, diabetes, peripheral arterial disease,
and myocardial infarction], study design (interventions,
medication dosage, sample size, time interval between
onset of symptoms and treatment initiation, treatment
duration, and period of follow-up), and treatment outcome
indicators, including the number of recurrent IS, recurrent
stroke (ischemic + hemorrhagic stroke), recurrent TIA,
recurrent myocardial infarction, vascular death, all-cause
death, composite outcome (stroke, myocardial infarction,
and vascular death), major bleeding event, and all bleeding
events.

Primary efficacy and safety outcomes were recurrent
stroke and major bleeding event respectively, and secondary
outcomes were recurrent IS, composite outcomes, and all
bleeding events. Major bleeding was defined as intracranial
hemorrhage and extracranial bleeding requiring blood
transfusions, which corresponds severe (life threatening) or
moderate bleeding criteria in GUSTO classification (29).
For trials that did not report outcomes, but whose outcomes
could be obtained manually by adding or subtracting others,
the value obtained manually was used as the number of
outcomes. When we performed subgroup analyses using
trials that did not include the relevant information, we
obtained outcome data from the original study, from other
sub-analyses (30-32) or from meta-analyses (33,34). In
case of multi-arm trials, we took out only comparison arms
that met inclusion criteria. The primary principle used to
group antiplatelet regimens was the active ingredient of a
specific drug. Different doses of the same active ingredient
were grouped as the same antiplatelet regimen. However,
since the purpose of a NMA was to assess the effectiveness
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and safety of the current standard antiplatelet therapy (low
to medium dose aspirin) with other antiplatelet regimens,
aspirin was grouped into three categories according to
dosage [very low (<50 mg), low to medium (50-330 mg),
and high dose (>330 mg)]. Low to medium dose aspirin was
used as the common comparator.

Quality assessment

We assessed risks of bias of enrolled studies and the entire
NMA using the Cochrane risk of bias assessment tool (35).
Two reviewers evaluated seven domains of the risk of bias
independently, and each domain was expressed as low
risk, unclear risk, or high risk. Disagreement was resolved
through discussion or adjudicated by a third reviewer when
necessary.

Statistical analysis

We performed the NMA through the Bayesian method,
using the R software “gemtc” package (36), and the
relative risk ratio and 95% credible interval (Crl) were
estimated. The counted number of patients in each study
was subtracted based on the intention-to-treat population.
Based on the outcomes mentioned previously, the efficacy
and safety of different antiplatelet therapies were estimated.
After a network setup, we performed Markov chain Monte
Carlo simulation under the random effects model and
performed a convergence diagnosis to choose the optimized
network model (37). For the consistency test (37), we
performed node-splitting methods to confirm that there is
no statistical difference between direct and indirect evidence
for a certain comparison. We also measured I’ values to
consider the degree of inconsistency in the network as a
whole (38). Publication bias was examined using funnel
plots (39). We obtained the forest plot, league table, and the
surface under the cumulative ranking curve (SUCRA) (40).
The ranking of antiplatelet therapy regimens was presented
using ranking probabilities. For assessing the efficacy
and safety simultaneously, we made a three-dimensional
clustered rank plot, which was obtained using SUCRA
ranking probabilities in recurrent stroke, composite
outcome, and major bleeding events.

We performed subgroup analyses for the time interval
between onset of symptoms and treatment initiation (<72
and >72 h), the duration of DAPT treatment, and stroke
subtypes (LAA and SVO).
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Figure 1 PRISMA flow chart.

Results
Literature search

Total 5,818 relevant studies (1,851 from Medline, 3,194
from Embase, and 773 from Cochrane Central Register
of Controlled Trials) were initially detected. According to
our inclusion and exclusion criteria, total 69 eligible articles
published between March 1969 and November 2020 were
incorporated into the NMA (Figure 1).

Characteristics of the included studies

The 69 included trials assessed 16 antiplatelet regimens
including very low dose of aspirin (41), low to medium
dose of aspirin [low dose (19-21,28,42-60); medium dose
(27,41,61-72); low to medium dose (22,73-75)], high
dose of aspirin (61,76-86), cilostazol (48,50,52,59,68,87),
clopidogrel (63,88-93), dipyridamole (94), prasugrel (93),
sarpogrelate (49), ticagrelor (57), ticlopidine
(81,84,86,91,95-98), triflusal (62,65,66,92), aspirin plus
cilostazol (47,54,55,69,75,99), aspirin plus clopidogrel
(19,21,22,28,45,46,51,56,58,70-72,74,90,99-101), aspirin
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plus dipyridamole (20,43,53,67,73,79,82,85,89,90,102,103),
aspirin plus ticagrelor (60,101), and aspirin plus
ticlopidine (98). Detailed characteristics of these 69 studies
are exhibited in Table S2. Sixty-five trials were two-arm
studies, and three trials (58,79,90) had three intervention
arms. One three-arm trial (58) compared two dosages
of clopidogrel (50 vs. 75 mg) in aspirin plus clopidogrel
combination, and we merged the two intervention arms
into an aspirin plus clopidogrel regimen and analyzed.
Additionally, one trial (43) had four intervention arms.

At baseline, the patients were 65 years old on average. The
mean prevalence of diabetes, hyperlipidemia, hypertension,
and smoking was 28%, 40%, 64%, and 38% respectively. The
average period of follow-up was 15 months, while 14 trials
had a duration of follow-up of one month (44,46,56,60,71,90)
or less (27,45,51,64,72,85,95,102).

Risk of bias

The assessments of biases for all enrolled studies and
the entire NMA were performed using the Cochrane
Collaboration tool and we showed them in Figures S1,52.
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Figure 2 Network plots of the antiplatelet regimens. Antiplatelet treatment regimens are represented by nodes, and direct comparison

trials between treatment regimens are linked with a line. The width of the line corresponds the sample size for each treatment regimen. (A)

Recurrent stroke; (B) recurrent ischemic stroke; (C) composite outcomes; (D) major bleeding event; (E) all bleeding events. A_1, aspirin

very low dose; A_2, aspirin low to medium dose; A_3, aspirin high dose; A_C, combination of aspirin plus clopidogrel; A_Ci, combination of

aspirin plus cilostazol; A_D, combination of aspirin plus dipyridamole; A_T, combination of aspirin plus ticlopidine; A_Ti, combination of

aspirin plus ticagrelor.

Most of the 69 studies were found to have a low risk
of bias in the six domains. However, seven studies
(58,67,69,81,85,90,98) did not describe the randomization
methods in detail. The CAPRIE (27) and the CHARISMA
studies (28) were subgroup analyses. The procedures,
utilized to blind the participants and staffs or the outcome
assessments, were not described in ten studies (46,50,55,58,
69,71,74,85,90,98). Five studies (20,72,73,75,92) were open-
label trials. And five studies (27,51,64,67,101) were assessor-
masked open-label trials.

Outcomes of interest

Figure 2 depicts the network plots for each outcome.
We displayed the main results of the NMA in Figure 3,
Tables S3-S8, and Figure S3.

Recurrent stroke

Sixty-three trials reported recurrent stroke events with
a total sample size of 159,461. Cilostazol, aspirin plus

© Annals of Translational Medicine. All rights reserved.

clopidogrel, aspirin plus ticagrelor, clopidogrel, and aspirin
plus dipyridamole had a decreased risk of recurrent stroke
to aspirin alone. Cilostazol has the highest SUCRA value,
the combination of aspirin plus clopidogrel had the second
highest, and the combination of aspirin plus ticagrelor had
the third highest value.

Recurrent IS

Sixty-two trials with a sample size of 160,772 reported
recurrent IS. Aspirin plus clopidogrel, cilostazol, aspirin
plus ticagrelor, aspirin plus dipyridamole, and clopidogrel
alone had a decreased risk of recurrent IS to aspirin alone.
The combination of aspirin plus clopidogrel had the highest
SUCRA value, cilostazol had the second highest, and the
combination of aspirin plus ticagrelor had the third highest
value.

Composite outcomes
Sixty-six trials reported composite outcomes with a sample
size of 160,344. Aspirin plus ticagrelor, cilostazol, aspirin

Ann Transl Med 2022;10(5):245 | https://dx.doi.org/10.21037/atm-21-3748


https://cdn.amegroups.cn/static/public/ATM-21-3748-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-3748-Supplementary.pdf

Page 6 of 14

Jung et al. Comparison of antiplatelet regimens

Compared with Aspirin Mean Difference (95% Crl)  ComPared with Aspirin Mean Difference (95% Crl) Gompared with Aspirin Mean Difference (95% Cr)
(low to medium dose) (low to medium dose) (low to medium dose)
Aspirin (high dose) - 0.94 (0.79, 1.10) Aspirin (high dose) + 1.04 (0.87, 1.23) Aspirin (low dose) -4 0.96 (0.79, 1.16)
Aspirin + Clopidogrel o 0.73 (0.64, 0.81) Aspirin + Clopidogrel ° 0.72 (0.64, 0.79) Aspirin (high dose) - 0.90 (0.80, 1.01)
Aspirin + Cilostazol ~ ——o—— 0.75 (0.42, 1.25) Aspirin + Cilostazol —of— 0.86 (0.45, 1.55) Aspirin + Clopidogrel o 0.78 (0.71, 0.85)
Aspirin + Dipyridamole o 0.80 (0.71, 0.91) Aspirin + Dipyridamole of 0.84 (0.75, 0.97) Aspirin + Cilostazol —o— 0.88 (0.59, 1.31)
Aspirin + Ticlopidine =~ ———fo——— 1.13 (0.4, 3.42) Aspirin + Ticlopidine —o—— 0.86 (0.32, 2.53) Aspirin + Dipyridamole ° 0.83 (0.76, 0.90)
Aspirin + Ticagrelor —o- 0.77 (0.61, 0.93) Aspirin + Ticagrelor - 0.76 (0.62, 0.89) Aspirin + Ticlopidine ——o+—— 0.87(0.34,2.10)
Cilostazol —-— 0.65 (0.53, 0.80) Cilostazol #i- 0.74 (0.61, 0.92) Aspirin + Ticagrelor —_—o— 0.53 (0.30, 0.89)
Clopidogrel - 0.78 (0.67, 0.92) Clopidogrel of 0.85 (0.76, 0.96) Cilostazol o 0.72 (0.61, 0.87)
Dipyridamole - 1.04 (0.84, 1.31) Dipyridamole o 1.45(0.77, 2.80) Clopidogrel ° 0.85(0.77, 0.92)
Placebo o 1.17 (1.06, 1.29) Placebo o 1.30 (1.16, 1.44) Dipyridamole ' 1.06 (0.90, 1.26)
Prasugrel —o 0.77 (0.52, 1.16) Prasugrel —q— 0.93 (0.64, 1.32) Placebo o 1.14 (1.07,1.22)
Sarpogrelate —o— 1.13 (0.80, 1.60) Sarpogrelate +o— 1.28(0.88, 1.80) Prasugrel —ot 0.82(0.59, 1.16)
Ticagrelor —of 0.86 (0.70, 1.07) Ticagrelor -of 0.87 (0.73, 1.04) Sarpogrelate —o— 1.06 (0.78, 1.43)
Ticlopidine —of 0.84 (0.68, 1.03) Ticlopidine —of 0.83 (0.63, 1.04) Ticagrelor ol 0.89 (0.76, 1.04)
Triflusal —4— 0.98 (0.77, 1.25) Triflusal - 1.05 (0.84, 1.35) Ticlopidine - 0.85(0.73, 0.98)
Triflusal - 1.04 (0.87, 1.26)
0. 1 7.38 0.13 1 7.38 [ ——
0.13 1 222
Compared with Aspirin Mean Difference (95% Crl) Compared with Aspirin Mean Difference (95% Crl)
(low to medium dose) (low to medium dose)
Aspirin (low dose) —o 0.76 (0.46, 1.24) Aspirin (low dose) —— 0.65 (0.37, 1.15)
Aspirin (high dose) - 1.09 (0.74, 1.66) Aspirin (high dose) o— 1.37 (0.96, 2.10)
Aspirin + Clopidogrel 1.77 (1.40, 2.19) Aspirin + Clopidogrel - 1.92 (1.52, 2.44)
Aspirin + Cilostazol —— 1.08 (0.46, 2.63) Aspirin + Cilostazol —1o——  1.55(0.49,4.57)
Aspirin + Dipyridamole - 0.90(0.71, 1.15) Aspirin + Dipyridamole - 1.01(0.80, 1.37)
Aspirin + Ticlopidine ~———o0—1— 0.51(0.17, 1.80) Aspirin + Ticagrelor —o— 3.03(1.62, 5.69)
Aspirin + Ticagrelor —o— 3.03(1.62, 5.87) Cilostazol —— 0.63 (0.46, 0.84)
Cilostazol —o— 0.39 (0.23, 0.63) Clopidogrel —ot 0.82 (0.56, 1.18)
Clopidogrel —o 0.78 (0.58, 1.04) Dipyridamole —o— 0.58 (0.36, 1.00)
Dipyridamole —— 0.45 (0.26, 0.76) Placebo — 0.67 (0.50, 0.91)
Placebo —o- 0.62(0.47, 0.75) Prasugrel —or— 0.84 (0.43, 1.65)
Prasugrel —o— 0.58 (0.28, 1.18) Sarpogrelate —o— 0.68 (0.39, 1.17)
Ticagrelor —o— 0.81(0.47, 1.40) Ticagrelor —o— 1.29(0.74,2.27)
Ticlopidine —— 0.51(0.30, 0.85) Ticlopidine —to— 1.18(0.72, 1.97)
Triflusal —— 0.43 (0.24, 0.76) Triflusal —o— 0.59 (0.38, 0.87)
1 1
0.13 1 7.38 0.13 1 7.38

Figure 3 Forrest plots of the antiplatelet regimens compared to aspirin (low to medium dose). (A) Recurrent stroke; (B) recurrent ischemic

stroke; (C) composite outcomes; (D) major bleeding event; (E) all bleeding events.

plus clopidogrel, aspirin plus dipyridamole, and clopidogrel
had a decreased risk of composite outcomes to aspirin
alone. The combination of aspirin plus ticagrelor had the
highest SUCRA value, cilostazol had the second highest,
and the combination of aspirin plus clopidogrel had the
third highest value.

Major bleeding event

Fifty-seven trials reported major bleeding with a sample
size of 156,436. Compared to aspirin, cilostazol, triflusal,
dipyridamole, and ticlopidine were associated with a lower
risk of major bleeding. However, aspirin plus ticagrelor
and aspirin plus clopidogrel had an increased risk of major
bleeding events to aspirin alone. Cilostazol had the highest
SUCRA value and aspirin plus ticagrelor had the lowest

value.

All bleeding events

Forty-three trials reported bleeding with a sample size of
102,102. Triflusal and cilostazol had a decreased risk of
all bleeding events to aspirin alone. However, aspirin plus
ticagrelor and aspirin plus clopidogrel had an increased risk
of all bleeding events to aspirin. Triflusal had the highest
SUCRA value, cilostazol had the third highest, and aspirin

plus ticagrelor had the lowest value.

© Annals of Translational Medicine. All rights reserved.

Net clinical benefit

We supposed that the antiplatelet regimen, which had the
high probabilities of first ranking in efficacy (recurrent
stroke and composite outcomes) and safety (major bleeding
events) simultaneously, had the greatest net clinical benefit.
As shown at Figure 4, cilostazol had the greatest net clinical
benefit.

Consistency assessment and publication bias

Figure 5S4 shows the results of node-splitting assessments.
There were no loop inconsistencies when comparing
effect estimates for all outcomes measured based on direct
vs. indirect evidence (all P>0.05). In addition, very low
heterogeneity was noticed when assessing inconsistency
across trials (all ’<5%). The symmetry of the comparison-
adjusted funnel plots indicated that there was no evidence
of publication bias (Figure S5).

Subgroup analyses

Time interval from stroke onset to treatment initiation
<72 hours

Twenty-six studies (19-22,27,31,33,44,51,56,57,60,64,67-
69,71,72,74,75,85,101) were included in this subgroup
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Figure 4 Three-dimensional clustered rank plot. Values of each
axis are the probabilities which antiplatelet regimens had the first
ranking for recurrent stroke, composite outcomes, and major
bleeding event using values of surface under the cumulative
ranking curve. The point (1, 1, 1) is the hypothetical point with
100% probability of first ranking for all interesting events. Since
cilostazol is the closest antiplatelet therapy regimen to the point (1,

1, 1), it was considered to have the greatest net clinical benefit.

analysis. The total sample size was 83,306 and the mean
follow-up period was 2.3 months. Among included studies,
outcome data from one subgroup or post hoc analysis (31)
and one meta-analysis (33) were used. The overall
heterogeneity was low (all ’'<5%), and no inconsistency was
noticed except at composite outcomes. The node-splitting
assessment was not evaluated in the analysis of composite
outcomes because of a lack of outcome data. Four DAPT
treatments (aspirin plus clopidogrel, aspirin plus ticagrelor,
aspirin plus cilostazol, and aspirin plus dipyridamole) and
four monotherapies (low to medium dose aspirin, high
dose aspirin, cilostazol, and ticagrelor) were compared
(Figure S6). The combination of aspirin plus clopidogrel
had decreased risks of recurrent stroke, recurrent IS, and
composite outcomes to aspirin alone. The combination
of aspirin plus ticagrelor had decreased risks of recurrent
IS and composite outcomes to aspirin alone. Although
cilostazol ranked high, it was not associated with better
efficacy than aspirin. Safety in terms of all bleeding events
was not obtained due to a lack of outcome data. Two DAPT
combinations (aspirin plus ticagrelor and aspirin plus
clopidogrel) had an increased risk of major bleeding events
to aspirin alone. Other regimens did not have a higher risk
of major bleeding than aspirin.
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Time interval from stroke onset to treatment initiation
>72 hours
Forty-nine studies were included with a sample size of
90,665 (‘Table S2). None of the included studies limited
or included only patients who received treatment after 72
h of symptom onset. However, majority of index events
for enrollment occurred 72 h following the beginning of
symptoms, and most trials included a three-month or longer
follow-up period, which could reflect the chronic and stable
stage after the index event. No inconsistency was observed
in node-splitting assessments (all P>0.05), and an overall
heterogeneity in the network was low (all I'<8%).
Cilostazol, aspirin plus clopidogrel, clopidogrel, and
aspirin plus dipyridamole had decreased risks of recurrent
stroke, recurrent IS, and composite outcomes to aspirin
alone (Figure S7). Cilostazol had the highest SUCRA values
for recurrent stroke and composite outcomes. Cilostazol
had also decreased risks of major bleeding event and all
bleeding events compared to aspirin alone, and it had the
second highest SUCRA value for major and all bleeding
events. Although aspirin plus clopidogrel had the highest
SUCRA value for recurrent IS, it was the only regimen
that had a higher risk of major and all bleeding events than
aspirin, and its SUCRA ranks were the lowest.

Stroke subtype—LAA

Ten studies (30,32,45,47,51,55,56,58,71,99) were included
with a sample size of 3,092. The outcome data from two
sub-analyses (30,32), which had analyzed only patients
with LAA in the original trials, were used. There was no
inconsistency in node-splitting assessments (all P>0.05),
and no heterogeneity in the network (all I’'=0%). The
antiplatelet regimens included two DAPTs (aspirin plus
clopidogrel and aspirin plus cilostazol), low to medium
dose aspirin, and cilostazol (Figure S8). The combination
of aspirin plus clopidogrel had decreased risks of recurrent
stroke, recurrent IS, and composite outcomes to aspirin
alone. In terms of safety, the combination of aspirin plus
clopidogrel had increased risks of major bleeding event and
all bleeding events compared to aspirin alone. Cilostazol
was analyzed only in terms of recurrent stroke and ischemic
stroke due to a lack of other outcome data.

Stroke subtype—SVO

Five studies (30,32,34,54,70) with the total sample size
of 32,690 were used as outcome extraction sources of 13
included trials (43,44,52,54,70,73,79,86,87,89,91,97,100).
Two trials investigated the comparative effects of antiplatelet
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regimens in only patients with SVO (54,70). Outcome data
of 2 trials from subgroup or post hoc analyses (30,32) and 9
trials from one meta-analysis (34) which had been extracted
and pooled in only patients with SVO of the original trial
population, were included. The overall heterogeneity was
low (all I’<8%), and no inconsistency was observed in the
analyses of IS and composite outcomes (all P>0.05). The
node-splitting assessment was not performed in the analysis
of recurrent stroke because of a lack of outcome data. Three
DAPTs (aspirin plus cilostazol, aspirin plus clopidogrel,
and aspirin plus dipyridamole) as well as ticlopidine,
clopidogrel, cilostazol, low to medium dose aspirin, and
dipyridamole were included (Figure S9). Bleeding outcomes
were not analyzed due to the absence of data. All included
antiplatelet regimens were comparable to aspirin in terms
of recurrent stroke, recurrent IS, and composite outcomes.
However, the combination of aspirin plus dipyridamole
was associated with the highest SUCRA value for recurrent
IS and composite outcomes, and the second highest for
recurrent stroke.

Treatment duration of DAPT

All 69 trials were included with the total sample size of
171,595. The overall heterogeneity was low (all '<5%), and
there was no inconsistency in node-splitting assessments
except at aspirin vs. aspirin plus clopidogrel (P=0.02) and
aspirin plus clopidogrel vs. aspirin plus ticagrelor (P=0.02).
Combination regimens including aspirin plus cilostazol,
aspirin plus clopidogrel, and aspirin plus dipyridamole
were divided according to DAPT treatment duration (< or
>1 month). As shown in Figure S10, aspirin plus clopidogrel
(<1 month) had greater efficacy with preserved safety
compared to both aspirin plus clopidogrel (>1 month) and
aspirin alone. However, the major bleeding risk associated
with aspirin plus clopidogrel (>1 month) was higher than
that with aspirin. The combination of aspirin plus cilostazol
had comparable efficacy and safety to aspirin regardless
of the duration of therapy. For the combination of aspirin
plus dipyridamole, however, only a duration >1 month
had greater efficacy for recurrent stroke, recurrent IS, and
composite outcomes, and safety similar to aspirin.

Discussion

Our Bayesian NMA showed that cilostazol had the highest
net clinical benefit and decreased risks of recurrent stroke,
recurrent IS, composite outcomes, major bleeding event,
and all bleeding events to aspirin alone. This finding was
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similar with conclusions of previous NMAs, but we revealed
additionally that several regimens have different efficacy
and safety profiles according to the treatment initiation,
stroke subtype, and DAPT treatment duration. Most of
all, cilostazol was found to have the highest net clinical
benefit especially in the >72 hours from stroke onset
subgroup analysis. And the combination of aspirin plus
clopidogrel had a higher efficacy than aspirin and a high
SUCRA value in the <72 hours from stroke onset subgroup
analysis, and in the DAPT duration subgroup analysis, the
major bleeding risk of the <1 month group was not higher
than that of aspirin. Also, it had higher efficacy without
increasing major bleeding risk compared to aspirin in the
LAA subgroup analysis. In the case of SVO, there was no
antiplatelet regimen with higher efficacy than aspirin, but
in the SUCRA ranking, the combination of aspirin plus
dipyridamole had the highest value. Therefore, efficacy
and safety profiles among antiplatelet regimens may differ
according to the clinical situation, stroke subtypes, and
treatment duration of dual antiplatelet agents.

Cilostazol was found to have the potential to be a first
option for the secondary prevention of subacute and chronic
stroke. The high efficacy and safety of cilostazol were due
to the lower risk of bleeding and pleiotropic mechanisms in
the vascular endothelium associated with phosphodiesterase
type-3 (PDE3) inhibitors (104). However, cilostazol has
been studied mainly in Asian populations, and evidence has
shown a higher bleeding tendency (105) and a difference in
the mechanism of stroke (106) in Asians compared to non-
Asians. Therefore, the high net clinical benefit may be more
prominent in Asians (25), and it is necessary to evaluate the
efficacy and safety of cilostazol in non-Asian populations.
In other hands, although cilostazol did not have a higher
efficacy than aspirin in the subgroup analysis of stroke
onset to treatment initiation time interval <72 h, there is a
need for further evaluation of the role of cilostazol in the
acute phase of stroke since its SUCRA value was ranked
highly. In addition, more clinical evidence concerning the
combination of aspirin and cilostazol is needed because a
recent study (107), which reported that cilostazol-based
DAPT was beneficial and safe, was excluded from this
NMA for its unique study design which cannot be analyzed
in this NMA. There is some evidence for the clinical
applicability of aspirin plus cilostazol since superior efficacy
and safety was seen with aspirin plus dipyridamole, which
has a similar mechanism of action to that of cilostazol after
longer treatment compared to aspirin alone.

The combination of aspirin plus clopidogrel was found
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to be the optimal antiplatelet regimen in patients within
the acute period of stroke because it had a higher efficacy
than aspirin and a high SUCRA value in the <72 hours
from stroke onset subgroup analysis. Although aspirin plus
clopidogrel had a higher bleeding risk, if the increased
bleeding risk was not higher than the high recurrence
rate in the acute period of stroke, it may have a positive
net benefit. In addition, in the DAPT duration subgroup
analysis, the major bleeding risk of the <1 month group
was not higher than that of aspirin; therefore, the use of
aspirin plus clopidogrel for <1 month is thought to have a
clear positive net clinical benefit. However, since patients
with a minor stroke or TTA were mainly included in the
RCTs using DAPT during the acute phase, the low risk for
intracerebral hemorrhage should be carefully interpreted.

The combination of aspirin plus ticagrelor showed
almost similar efficacy and safety profiles to the
combination of aspirin plus clopidogrel, but unlike aspirin
plus clopidogrel, the risk of major bleeding with aspirin plus
ticagrelor was higher than that with aspirin, even though
it was administered for <1 month. However, it is worth
noting that aspirin plus ticagrelor had the highest SUCRA
value in composite outcomes, although it ranked third in
recurrent stroke. This finding suggests that the prevention
of cardiovascular events with the combination of aspirin
plus ticagrelor is considerably greater in patients with IS.
Therefore, we recommend the combination of aspirin plus
ticagrelor in patients with a high risk of cardiovascular
events after IS.

In case of SVO, the combination of aspirin plus
dipyridamole had the highest SUCRA value. It is thought
that dipyridamole played a role in SVO prevention as a
vasodilator. It is important to note that cilostazol, which had
high SUCRA values throughout this NMA, did not rank
high in the SVO subgroup analysis. However, of the RCTs
included, only a few were conducted on SVO. Therefore, in
this subgroup analysis, a lot of data were from sub-analyses
and meta-analyses, which may have increased the likelihood
of a bias. More clinical trials regarding SVO are needed for
a definite conclusion.

This study has several limitations. Although there was
no evidence of inconsistency in the entire NMA, some
node-splitting assessments were not evaluated in the
subgroup analyses because of a lack of outcome data. And
there was an inconsistency in two loops (aspirin vs. aspirin
plus clopidogrel, and aspirin plus clopidogrel vs. aspirin
plus ticagrelor) in recurrent IS of the DAPT duration
subgroup analysis. However, it is possible that one or a
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few may show inconsistency by chance when multiple
loops are tested for inconsistency (26), and since this is not
related to differences according to the DAPT duration,
we determined it would not affect the overall conclusion.
Likewise, though inconsistency tests were not conducted
in some subgroup analyses, these were largely irrelevant to
our main conclusions. Second, in subgroup analyses, some
among outcome data were extracted from post hoc analyses
or meta-analyses due to the difficulty of data assess. Thus,
there is a possibility of randomization error and bias in
selective reporting. Third, there is a possibility of design
inconsistency. We included 69 trials and the total 171,595
patients. Although the overall heterogeneity in the whole
network was very low, the conclusions of each subgroup
analysis were somewhat different from that of the entire
NMA. So, there may be another unexpected variable that
could affect the NMA conclusions. For example, some
studies focused patients with minor stroke or high-risk TTA.

In conclusion, efficacy and safety profiles among
antiplatelet regimens may differ according to the clinical
situation, stroke subtypes, and treatment duration of
dual antiplatelet agents although cilostazol, aspirin plus
clopidogrel, and aspirin plus dipyridamole were considered
as preferable options in patients with non-cardioembolic
stroke or TIA. More randomized investigations are
therefore needed to identify the most suitable antiplatelet
therapy regimens for different clinical conditions and stroke
subtypes, particularly SVO.
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