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Abstract

Purpose To comprehensively compare the efficacy of different antiplatelet therapies for secondary prevention of lacunar
stroke (LS).

Methods The relevant studies were identified by searching PubMed, EMBASE, Web of Science, and Cochrane Collaboration
Database up to May 2022. Cardiovascular and cerebrovascular events were chosen to evaluate the efficacy of antiplatelet
therapy for secondary prevention. Loop-specific approach and node-splitting analysis were used to evaluate consistency and
inconsistency, respectively. The value of the surface under the cumulative ranking (SUCRA) was calculated and ranked.
Funnel-plot symmetry was used to evaluate publication bias. The meta-analysis was performed by using STATA 16.0.
Results Thirteen studies with a total of 33,011 subjects were included in this network meta-analysis. Compared with pla-
cebo, aspirin, clopidogrel, cilostazol, ticlopidine, aspirin plus dipyridamole, and aspirin plus clopidogrel were associated
with reducing cardiovascular and cerebrovascular events. The SUCRA estimated relative ranking of treatments showed that
cilostazol may be the most effective (RR 0.56, 95% CI 0.42-0.74, SUCRA 95.8). No significant inconsistency or publication
bias was found in the study.

Conclusions This meta-analysis suggests that cilostazol may be a priority option for secondary prevention of patients with

LS. These findings still need further study in the future.
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Introduction

Lacunar stroke (LS) is characterized by the ability to occlude
the lumen of deep penetrating arteries, forming small lumens
of 2 to 15 mm in the deep gray, subcortical white matte, and
brainstem. LS is considered the most common type of cere-
bral small vessel disease, accounting for 25% of acute ischae-
mic stroke [1, 2]. The recurrence rate of LS over 3 years is
about 20% [3]. A recent cohort study has shown that recur-
rent stroke, myocardial infarction, and all-cause mortality in
patients with LS are similar to other ischaemic stroke types
[4]. Therefore, physicians and patients should be as alert to
secondary prevention of LS as other stroke types.
Antiplatelet therapy is one of the most common options
for secondary prevention of patients with ischaemic stroke,
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including LS [5]. Researchers in the Accidents Ischemiques
Cerebraux Lies a I’ Atherosclerose (AICLA) trial reported
that in patients with LS, the risk of recurrent stroke was
significantly reduced in aspirin monotherapy group and
clopidogrel plus aspirin group compared with placebo group
[6]. The Secondary Prevention of Small Subcortical Strokes
(SPS3) trial reported that clopidogrel plus aspirin did not
significantly reduce the risk of recurrent stroke in patients
with LS, but significantly increased the risk of bleeding and
death compared with aspirin monotherapy [7]. Therefore,
clopidogrel plus aspirin was not recommended for patients
with LS unless there were specific indications. The Euro-
pean Stroke Prevention Study-2 (ESPS-2) showed that
dipyridamole plus aspirin had a lower risk of stroke recur-
rence than either agent alone [8]. Furthermore, the second
Cilostazol Stroke Prevention Study (CSPS 2) reported that
cilostazol may be superior to aspirin for stroke prevention
of patients with LS [9].

Although studies have investigated the efficacy of
antiplatelet therapy for secondary prevention of patients
with LS, it is difficult to compare the efficacy of different
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antiplatelet therapies in one study at the same time. More
importantly, it is not clear which antiplatelet therapy is the
most suitable for secondary prevention of patients with LS.
Therefore, a network meta-analysis was conducted in this
study to simultaneously synthesize direct or indirect evi-
dence from individual pairwise studies.

Methods

The study was performed in accordance with the guidelines
recommended by the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) [10].

Search strategy

Relevant studies were identified by searching databases up to
May 2022, including PubMed, EMBASE, Web of Science,
and Cochrane Collaboration Database. The following terms
were used during the searching: (lacunar stroke OR LS OR
lacunar infarct OR lacune OR cerebral small vessel disease
OR SVD) AND (antiplatelet OR aspirin OR clopidogrel OR
dipyridamole OR ticlopidine OR cilostazol). No language or
other restrictions were used. Meanwhile, the references used
in the eligible articles were carefully reviewed to identify
potential studies.

Inclusion and exclusion criteria

Studies were included if they met the following criteria: (1)
the study should be a clinical trial; (2) all patients or sub-
population of the study had been diagnosed with LS; (3)
eligible patients had received antiplatelet therapy given at
any dosage or placebo or blank control; (4) the study should
provide the efficacy of secondary prevention for each group,
respectively. Cardiovascular and cerebrovascular events
were chosen to evaluate the efficacy of antiplatelet therapy
for secondary prevention, including stroke recurrence, myo-
cardial infarction, vascular death, and other vascular events.
Studies were excluded when they were (1) reviews, letters,
case reports, protocols, or animal studies; (2) duplicate pub-
lications of data from the same study; and (3) the study pro-
viding insufficient information to conduct the meta-analysis.

Data extraction

Information was extracted independently by two experi-
enced investigators and discrepancy was resolved by the
third investigator. The authors whose studies did not provide
adequate information should be contacted. The following
data were collected: first author’s name, publication year,
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age, male ratio, follow-up time, antiplatelet drug type, and
number of cardiovascular and cerebrovascular events in each

group.

Quality assessment

Because most of the included studies were randomized
controlled trials (RCTs), the Cochrane’s quality evaluation
assessment scale for RCTs was utilized to assess the quality
of studies [11]. All studies were evaluated by two research-
ers and disagreement was resolved by consulting the third
author. The assessment scale included sequence generation,
allocation concealment, blinding, incomplete outcome data,
non-selective outcome report, and other sources of bias. The
study with best quality can be scored six points. A study was
considered of high quality if it scored > 4.

Statistical analysis

The pooled estimation of included studies was conducted
based on the Frequentist theorem. Relative risk (RR) with
95% confidence interval (CI) were presented in the results
for each possible network comparison. Consistency was
evaluated by comparing direct and indirect treatment effects
in all closed loops. Loop-specific approach was used for
loop-specific heterogeneity examination [12, 13]. To evalu-
ate inconsistency of antiplatelet therapy in the network,
node-splitting analysis was used [14, 15]. The value of the
surface under the cumulative ranking (SUCRA) was used
to represent the ranking of the efficacy of each antiplatelet
therapy [16]. Funnel-plot symmetry was used to evaluate
publication bias. A value of P <0.05 indicated that there
was significant publication bias. The network meta-analysis
for each result was performed using the network package in
STATA software (version 16.0).

Results
Study and data included in the meta-analysis

The process of study selection is shown in Fig. 1. According to
our searching strategy, thirteen trials involving a total of 33,011
participants were included. The efficacy between placebo,
blank control, and 7 antiplatelet therapies, including aspirin,
clopidogrel, cilostazol, ticlopidine, dipyridamole, aspirin plus
dipyridamole, and aspirin plus clopidogrel, was compared. The
characteristics of the included studies are shown in Table 1. No
study was excluded on grounds of quality.
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Fig.1 Flow diagram of the
process of selecting studies
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Inconsistency evaluation

The loop-specific approach showed no significant heteroge-
neity existed between closed loops (Table 2). Furthermore,
statistical inconsistency was not found by side-splitting
analysis (Table 3).

Efficacy of antiplatelet therapy for secondary
prevention

The network plots for comparing efficacy of antiplatelet
therapy for secondary prevention are shown in Fig. 2. Com-
pared with placebo, aspirin (RR: 0.83, 95% CI: 0.70-0.98),
clopidogrel (RR: 0.72, 95% CI: 0.58-0.89), cilostazol (RR:
0.56, 95% CI: 0.42-0.74), ticlopidine (RR: 0.71, 95% CI:
0.51-0.98), aspirin plus dipyridamole (RR: 0.69, 95% CI:
0.57-0.84), aspirin plus clopidogrel (RR: 0.71, 95% CI:
0.57-0.89) were associated with reducing cardiovascular and
cerebrovascular events (Fig. 3). Furthermore, cilostazol had
the highest SUCRA value (95.8) and the highest probability
of being ranked the best (81.0%) on the prevention of car-
diovascular and cerebrovascular events (Table 4 and Fig. 4).

A 4

Records excluded
(n=1334)

Records screened
(n=1423)

A

Full-text articles excluded
(n=76)

Not relevant to antiplatelet: 57
Insufficient information: 7
Duplicate publication: 12

Full-text articles
assessed for eligibility
(n=289)

A

Studies included in
qualitative synthesis
(n=13)

A

Studies included in
guantitative synthesis
(meta-analysis)
(n=13)

Publication bias

Funnel plots were performed to evaluate publication bias.
The shape of funnel plots did not show any strong evidence
of asymmetry (Fig. 5). Therefore, no significant publication
bias was found in the network meta-analysis.

Discussion

Although the use of antiplatelet therapy for secondary pre-
vention of patients with LS has been evaluated by review
and meta-analysis [28, 29], the present study is the first
network meta-analysis to evaluate the efficacy of different
antiplatelet therapies at the same time in patients with LS.
In this study, thirteen trials were included with a total of
33,011 subjects. The results indicated that cilostazol may be
the most effective antiplatelet drug to reduce cardiovascular
and cerebrovascular events.

The pathophysiology of LS may mainly involve two
main methods of pathogenesis: endothelial dysfunction and
blood-brain-barrier (BBB) disruption [30]. Endothelium is
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Table 1 Characteristics of all studies included in the meta-analysis

First author, published Mean/ Male ratio  Follow-up time  Study comparison Cardiovascular and RCT  Quality
year median age (%) (years) cerebrovascular events scores
(years) (n/total)
Kong, 2019 [17] 61 63 4.1 Aspirin alone (100 mg/d)  (68/342) vs. (57/202) No 4
vs. blank control
SPS3 investigators, 2012 63 63 34 Aspirin (325 mg/d) vs. (174/1503) vs. Yes 5
[7] aspirin (325 mg/d) plus (153/1517)
clopidogrel (75 mg/d)
Shinohara, 2010 [9] 63 72 24 Aspirin alone (81 mg/d) (85/874) vs. (59/869) Yes 5
vs. cilostazol alone
(200 mg/d)
Uchiyama, 2009 [18] 65 71 1.0 Ticlopidine alone (22/664) vs. (19/677) Yes 5
(200 mg/d) vs. clopi-
dogrel alone (75 mg/d)
Sacco, 2008 [19] 66 64 2.5 Aspirin (50 mg/d) plus (418/5292) vs. Yes 5
dipyridamole (400 mg/d)  (437/5286)
vs. clopidogrel (75 mg/d)
Ariesen, 2006 [20] 66 61 1.7 Aspirin alone (50 mg/d) (101/609) vs. (108/651) Yes 5
vs. dipyridamole alone vs. (82/659) vs.
(400 mg/d) vs. aspirin (128/681)
(50 mg/d) plus dipy-
ridamole (400 mg/d) vs.
placebo
ESPRIT Study Group, 63 65 35 Aspirin alone (30— (106/690) vs. (96/687)  Yes 5
2006 [21] 325 mg/d) vs. aspirin
(30-325 mg/d) plus
dipyridamole (400 mg/d)
Matsumoto, 2005 [22] 65 66 2.0 Cilostazol alone (24/400) vs. (46/394) Yes 5
(200 mg/d) vs. placebo
Diener, 2004 [23] 66 63 1.5 Aspirin (75 mg/d) plus (160/1590) vs. Yes 5
clopidogrel (75 mg/g) vs.  (161/1558)
clopidogrel (75 mg/d)
Gorelick, 2003 [24] 61 47 2.0 Aspirin alone (650 mg/d)  (40/621) vs. (38/600) Yes 5
vs. ticlopidine alone
(500 mg/d)
CAST Collaborative 63 63 0.1 Aspirin alone (160 mg/d)  (78/3117) vs. (88/3146) Yes 5
Group, 1997 [25] vs. placebo
Weisberg, 1995 [26] 59 69 1.0 Aspirin alone (80— (13/73) vs. (1/25) vs. No 4
1300 mg/d) vs. ticlopi- (4/10)
dine alone (500 mg/d)
vs. blank control
Gent, 1989 [27] 65 62 2.0 Ticlopidine alone (14/137) vs. (27/137) Yes 5

(500 mg/d) vs. placebo

RCT randomized controlled trial

essential for fibrinolysis/coagulation, inflammation, regula-
tion of vessel tone, and angiogenesis. Endothelial dysfunc-
tion may lead to impaired autoregulation, procoagulant,
proinflammation, and proliferation, which is related to
thrombosis and vascular occlusion [31]. Disruption of BBB
is also crucial in the vascular pathology of LS. A proposed
cause of degradation of the BBB is high arterial pressure.
This leads to local edema and plasma protein deposition in
the vascular wall, deteriorating the structure of vascular wall
and damaging smooth muscle cells, which is closely related
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to LS [32]. At present, the effect of platelet aggregation
on LS formation is still unclear. Lavallée et al. found that
there was no significant difference in the markers of platelet
activation (activated glycoprotein IIb/IIla, P-selectin, and
platelet microparticles) between LS patients and healthy
controls [33].

Based on the results of this study, we considered cilosta-
zol as a priority choice of antiplatelet drugs for secondary
prevention of patients with LS. This may be related to the
multiple pharmacological effects of cilostazol. On one hand,
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Table 2 Consistency tests based on loop-specific approach clopidogrel
cilostazol

Loop IF 95% CI P Loop-specific

heterogeneity aspirin

o)
B-E-G 189 (0.00,4.02) 0082  <0.001 Helapidine
A-C-E-H 0.46 (0.00, 1.35) 0.320 <0.001
A-B-E 0.45 (0.00, 1.22) 0.247 0.001 placebo
A-B-H 0.20 (0.00, 0.60) 0.604 <0.001
B-F-H 0.19 (0.00, 0.64) 0.395 <0.001 diovri

ipyridamole

A-B-D 0.19 (0.00, 0.79) 0.543 <0.001
B-C-E-1 0.14 (0.00, 0.93) 0.733 <0.001
B-C-E-H 0.13 (0.00, 1.15) 0.804 0.019 aspirin + clopidogrel
B-C-H-I 0.03 (0.00, 0.40) 0.878 <0.001 blank control
A-B-F 0.01 (0.00, 0.47) 0.952 <0.001

A placebo, B aspirin, C clopidogrel, D cilostazol, E ticlopidine, F
dipyridamole, G blank control, H aspirin+dipyridamole, / aspi-
rin+ clopidogel

cilostazol is a phosphodiesterase inhibitor, which can protect
cyclic adenosine from degradation and thus inhibit throm-
bosis. In addition, cilostazol can also inhibit the prolifera-
tion of vascular smooth muscle, protect vascular wall and
endothelium, scavenge free radicals, inhibit the release of
inflammatory factors, and reduce cell apoptosis [34]. Since

Table 3 Inconsistency tests based on side-splitting approach

Side Coefficient P
Direct Indirect Difference

A-B* -0.12 -0.43 0.31 0.135
A-D -0.67 —0.54 -0.13 0.669
A-E —0.66 —-0.22 —-0.44 0.224
A-F* —0.12 -0.21 0.09 0.796
A-H* —0.40 -0.33 -0.07 0.742
B-D -0.36 —0.49 0.13 0.669
B-E -0.05 —0.28 0.23 0.436
B-F* 0.00 0.24 —0.24 0.384
B-G* 0.40 3.39 -2.99 0.141
B-H* -0.19 —0.18 —0.01 0.970
B-1 -0.14 —0.18 0.05 0.803
C-E 0.17 —0.09 0.25 0.487
C-H —0.05 -0.03 -0.02 0.923
C-1 -0.03 0.02 —0.05 0.803
E-G 1.78 0.47 1.31 0.116
F-H* -0.29 —0.04 -0.25 0.441

A placebo, B aspirin, C clopidogrel, D cilostazol, E ticlopidine, F
dipyridamole, G blank control, H aspirin+dipyridamole, I aspi-
rin+ clopidogel

“All the evidence about these contrasts comes from the trials which
directly compare them

aspirin + dipyridamole

Fig.2 Network plots of antiplatelet therapy for secondary prevention
of lacunar stroke (network diagrams showing how antiplatelet drugs
were compared in trials with respect to number of studies and sam-
ple sizes. The width of the lines is proportional to the number of tri-
als directly comparing every pair of treatments, and the size of every
node is proportional to the sample size)

the effect of cilostazol is closely related to the mechanism
of LS, it is plausible that cilostazol shows better effect than
other antiplatelet drugs for the secondary prevention of LS.
Other antiplatelet drugs act through a series of mechanisms,
including platelet inhibition of thromboxane A2 production,
inhibition of cyclic adenosine 3’, 5'-monophosphate produc-
tion, and inhibition of P2Y 12 receptors, thereby irrevers-
ibly inhibiting platelet aggregation [35, 36]. Although other
antiplatelet drugs may also help prevent stroke recurrence,
there is insufficient evidence that they can directly affect the
mechanism of LS. This may be the reason why they are not
as effective as cilostazol.

In this study, there was no significant difference in the
efficacy between mono and dual antiplatelet therapy, which
was consistent with the results of some large sample stud-
ies. The SPS3 trial reported that the efficacy of aspirin plus
clopidogrel in the treatment of LS patients was similar to
that of aspirin monotherapy, while dual antiplatelet therapy
was associated with increased bleeding and mortality [7].
The CSPS 2 trial also showed that dual antiplatelet therapy
was associated with higher hemorrhage and mortality rates
than mono antiplatelet therapy [9]. The recent Acute Aspirin
Plus Cilostazol Dual Therapy for Non-Cardiogenic Stroke
Patients Within 48 Hours of Symptom Onset (ADS) trial
reported that although the dual antiplatelet therapy using
cilostazol plus aspirin was safe, it did not reduce the inci-
dence of short-term neurological deterioration [37]. There-
fore, dual antiplatelet therapy may be not superior to mono
antiplatelet therapy for secondary prevention of patients with
LS.
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Fig.3 Forest plot of antiplatelet
therapy for secondary preven-
tion of lacunar stroke (each
horizontal line represents the
95% CI for estimating the result
of two antiplatelet therapies
(therapy A vs. therapy B) on
secondary prevention. When the
horizontal line crosses the verti-
cal line through 1, it indicates
that no statistically significant
difference between the two
therapies. When the upper and
lower limits of 95% CI are< 1,
it indicates that patients receiv-
ing therapy A have a lower
incidence of cardiovascular and
cerebrovascular events than
receiving therapy B. When

the upper and lower limits of
95% CI are> 1, it indicates that
patients receiving therapy A
have a higher incidence of car-
diovascular and cerebrovascular
events than therapy B)

Treatment Effect

Mean with 95%ClI

Table 4 SUCRA of the antiplatelet therapies

aspirin vs placebo —— 0.83 (0.70,0.98)
clopidogrel vs placebo —— 0.72 (0.58,0.89)
cilostazol vs placebo —— 0.56 (0.42,0.74)
ticlopidine vs placebo —e— 0.71 (0.51,0.98)
dipyridamole vs placebo —— 0.87 (0.70,1.09)
blank control vs placebo L 1.25 (0.89,1.74)
aspirin+dipyridamole vs placebo ——i 0.69 (0.57,0.84)
aspirin+clopidogrel vs placebo —— 0.71 (0.57,0.89)
clopidogrel vs aspirin —— 0.87 (0.73,1.03)
cilostazol vs aspirin —— 0.67 (0.51,0.88)
ticlopidine vs aspirin —— 0.86 (0.63,1.16)
dipyridamole vs aspirin —— 1.05 (0.85,1.31)
blank control vs aspirin —e— 1.50 (1.12,2.01)
aspirin+dipyridamole vs aspirin —o— 0.83 (0.71,0.97)
aspirin+clopidogrel vs aspirin —o— 0.86 (0.73,1.02)
cilostazol vs clopidogrel —— 0.77 (0.57,1.06)
ticlopidine vs clopidogrel —e— 0.99 (0.71,1.36)
dipyridamole vs clopidogrel —— 1.21 (0.95,1.56)
blank control vs clopidogrel —e— 1.73 (1.24,2.42)
aspirin+dipyridamole vs clopidogrel o 0.96 (0.85,1.08)
aspirin+clopidogrel vs clopidogrel —— 0.99 (0.83,1.17)
ticlopidine vs cilostazol ——— 1.27 (0.85,1.90)
dipyridamole vs cilostazol —— 1.57 (1.12,2.19)
blank control vs cilostazol ——— 2.23(1.50,3.32)
aspirin+dipyridamole vs cilostazol H—— 1.24 (0.91,1.67)
aspirin+clopidogrel vs cilostazol —— 1.28 (0.93,1.75)
dipyridamole vs ticlopidine ——— 1.23 (0.86,1.77)
blank control vs ticlopidine —— 1.76 (1.15,2.67)
aspirin+dipyridamole vs ticlopidine —— 0.97 (0.70,1.34)
aspirin+clopidogrel vs ticlopidine —— 1.00 (0.72,1.41)
blank control vs dipyridamole —e— 1.43 (0.99,2.05)
aspirin+dipyridamole vs dipyridamole —— 0.79 (0.63,1.00)
aspirin+clopidogrel vs dipyridamole —— 0.81 (0.63,1.06)
aspirin+dipyridamole vs blank control —— 0.55 (0.40,0.77)
aspirin+clopidogrel vs blank control —e— 0.57 (0.41,0.80)
aspirin+clopidogrel vs aspirin+dipyridamole ——i 1.03 (0.86,1.24)
T T T
4 1 2 33

Some limitations of the study should be pointed out. First,

insufficient data from the eligible studies hinders the effi-

Rank Treatments SUCRA PrBest (%)

cacy evaluation of specific events, such as stroke recurrence
1 Cilostazol 95.8 81.0 and myocardial infarction. Second, all studies on cilostazol
2 Aspirin +dipyridamole 75.2 43 were conducted in Asian countries, so it is not clear whether
3 Aspirin + clopidogrel 67.3 3.0 the findings apply to other populations. Third, the sample
4 Ticlopidine 66.2 10.6 size of the meta-analysis is still relatively small, so more
5 Clopidogrel 63.4 1.0 large sample studies are needed in the future. Despite the
6 Aspirin 36.6 0.0 limitations, the study is robust because most of the studies
7 Dipyridamole 30.6 0.0 included in the network meta-analysis are RCTs, which are
8 Placebo 13.1 0.0 the most ideal type of evidence. In addition, the publication
9 Blank control L7 0.0 bias outcomes reflect that our results are statistically stable
SUCRA surface under the cumulative ranking, PrBest probability of and reliable.
being ranked the best
@ Springer
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Fig.4 Values of the surface
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Fig.5 Funnel plots of publication bias (A, placebo; B, aspirin; C,
clopidogrel; D, cilostazol; E, ticlopidine; F, dipyridamole; G, blank
control; H, aspirin +dipyridamole; and I, aspirin 4 clopidogrel)

Conclusions

The network meta-analysis shows that cilostazol may be a
priority choice for secondary prevention of patients with
LS, which deserves further research in the future. The find-
ings provide important evidence for antiplatelet therapy for
secondary prevention of patients with LS.

Acknowledgements We really appreciate all the participants in this study.
Author contribution XW Hou designed the study and wrote the paper.

KW Cen, Y Cui, and YH Zhang screened the literatures and extracted
the data. X Feng analyzed the data.

Consent for publication There are no individual’s data or image in
our study.

Competing interests The authors declare no competing interests.

References

1. Mok V, Kim JS (2015) Prevention and management of cerebral
small vessel disease. J Stroke 17:111-122

2. Schulz UG, Rothwell PM (2003) Differences in vascular risk fac-
tors between etiological subtypes of ischemic stroke: importance
of population-based studies. Stroke 34:2050-2059

3. Samuelsson M, Soderfeldt B, Olsson GB (1996) Functional out-
come in patients with lacunar infarction. Stroke 27:842-846

4. Portegijs S, Ong AY, Halbesma N, Hutchison A, Sudlow CL,
Jackson CA (2022) Long-term mortality and recurrent vascular
events in lacunar versus non-lacunar ischaemic stroke: a cohort
study. Eur Stroke J 7:57-65

5. Markus H (2020) Personalising secondary prevention: different
treatments for different strokes. Pract Neurol 20:34-38

6. Bousser MG, Eschwege E, Haguenau M, Lefaucconnier JM,
Thibult N, Touboul D, Touboul PJ (1983) “ALCLA” controlled
trial of aspirin and dipyridamole in the secondary prevention of
athero-thrombotic cerebral ischemia. Stroke 14:5-14

@ Springer

26



70

European Journal of Clinical Pharmacology (2023) 79:63-70

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

SPS3 Investigators, Benavente OR, Hart RG, McClure LA,
Szychowski JM, Coffey CS, Pearce LA (2012) Effects of clopi-
dogrel added to aspirin in patients with recent lacunar stroke.
N Engl J Med 367:817-825

Diener HC, Cunha L, Forbes C, Sivenius J, Smets P, Lowenthal A (1996)
European Stroke Prevention Study 2. Dipyridamole and acetylsalicylic
acid in the secondary prevention of stroke. J Neuro Sci 143:1-13
Shinohara Y, Katayama Y, Uchiyama S, Yamaguchi T, Handa S,
Matsuoka K, Ohashi Y, Tanahashi N, Yamamoto H, Genka C,
Kitagawa Y, Kusuoka H, Nishimaru K, Tsushima M, Koretsune
Y, Sawada T, Hamada C; CSPS 2 group (2010) Cilostazol for
prevention of secondary stroke (CSPS 2): an aspirin-controlled,
double-blind, randomised non-inferiority trial. Lancet Neurol
9:959-968

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 6:¢1000097
Higgins JP, Green S (2011) Conchrane handbook for systematic
reviews of interventions 5.1.0. The Cochrane Collaboration
Bucher HC, Guyatt GH, Griffith LE, Walter SD (1997) The results
of direct and indirect treatment comparisons in meta-analysis of
randomized controlled trials. J Clin Epidemiol 50:683-691

Dias S, Welton NJ, Caldwell DM, Ades AE (2010) Checking con-
sistency in mixed treatment comparison meta-analysis. Stat Med
29:932-944

van Valkenhoef G, Dias S, Ades AE, Welton NJ (2016) Automated
generation of node-splitting models for assessment of inconsist-
ency in network meta-analysis. Res Synth Methods 7:80-93
Tonin FS, Rotta I, Mendes AM, Pontarolo R (2017) Network
meta-analysis: a technique to gather evidence from direct and
indirect comparisons. Pharm Pract (Granada) 15:943

Riicker G, Schwarzer G (2015) Ranking treatments in frequentist
network meta-analysis works without resampling methods. BMC
Med Res Methdol 15:58

Kong T, Chen J, Sun K, Zhang W, Wang J, Song L, Wang D, Hui
R (2019) Aspirin reduced recurrent stroke risk in patients with
lacunar stroke. Acta Neurol Scand 140:78-83

Uchiyama S, Fukuuchi Y, Yamaguchi T (2009) The safety and effi-
cacy of clopidogrel versus ticlopidine in Japanese stroke patients:
combined results of two phase I1I, multicenter, randomized clini-
cal trials. J Neurol 256:888-897

Sacco RL, Diener HC, Yusuf S, Cotton D, Ounpuu S, Lawton WA,
Palesch Y, Martin RH, Albers GW, Bath P, Bornstein N, Chan BP,
Chen ST, Cunha L, Dahlof B, De Keyser J, Donnan GA, Estol
C, Gorelick P, Gu V, Hermansson K, Hilbrich L, Kaste M, Lu
C, Machnig T, Pais P, Roberts R, Skvortsova V, Teal P, Toni D,
Vandermaelen C, Voigt T, Weber M, Yoon BW, PRoFESS Study
Group (2008) Aspirin and extended-release dipyridamole versus
clopidogrel for recurrent stroke. N Engl ] Med 359:1238-1251
Ariesen MJ, Algra A, Kappelle LJ (2006) Antiplatelet drugs in
the secondary prevention after stroke: differential efficacy in large
versus small vessel disease? A subgroup analysis from ESPS-2.
Stroke 37:134-138

ESPRIT Study Group, Halkes PH, van Gijn J, Kappelle LJ, Koudstaal
PJ, Algra A (2006) Aspirin plus dipyridamole versus aspirin alone
after cerebral ischaemia of arterial origin (ESPRIT): randomised
controlled trial. Lancet 367:1665-1673

Matsumoto M (2005) Cilostazol in secondary prevention of
stroke: impact of the Cilostazol Stroke Prevention Study. Athero-
scler Suppl 6:33-40

Diener HC, Bogousslavsky J, Brass LM, Cimminiello C, Csiba L,
Kaste M, Leys D, Matias-Guiu J, Rupprecht HJ, MATCH investi-
gators (2004) Aspirin and clopidogrel compare with clopidogrel
alone after recent ischaemic stroke or transient ischaemic attack in
high-risk patients (MATCH): randomised, double-blind, placebo-
controlled trial. Lancet 364:331-337

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

Gorelick PB, Richardson D, Kelly M, Ruland S, Hung E, Harris
Y, Kittner S, Leurgans S, African American Antiplatelet Stroke
Prevention Study Investigators (2003) Aspirin and ticlopidine for
prevention of recurrent stroke in black patients: a randomized
trial. JAMA 289:2947-2957

CAST (Chinese Acute Stroke Trial) Collaborative Group (1997)
CAST: randomised placebo-controlled trial of early aspirin use in
20,000 patients with acute ischaemic stroke. Lancet 349:1641-1649
Wersberg LA (1995) Retrospective analysis of aspirin and ticlo-
pidine in preventing recurrent stroke following an initial lacunar
infarct. J Stroke Cerebrovasc Dis 5:44-48

Gent M, Blakely JA, Easton JD, Ellis DJ, Hachinski VC, Harbison
JW, Panak E, Roberts RS, Sicurella J, Turpie AG (1989) The Cana-
dian American Ticlopidine Study (CATS) in thromboembolic stroke.
Lancet 1:1215-1220

Bouasquevisque DS, Benavente OR, Shoamanesh A (2019) Anti-
platelet therapy in cerebral small vessel disease. Curr Neurol Neu-
rosci Rep 19:61

Kwok CS, Shoamanesh A, Copley HC, Myint PK, Loke YK,
Benavente OR (2015) Efficacy of antiplatelet therapy in second-
ary prevention following lacunar stroke: pooled analysis of rand-
omized trials. Stroke 46:1014-1023

Caplan LR (2015) Lacunar infarction and small vessel disease:
pathology and pathophysiology. J Stroke 17:2-6

Poggesi A, Pasi M, Pescini F, Pantoni L, Inzitari D (2016) Circulat-
ing biologic markers of endothelial dysfunction in cerebral small
vessel disease: a review. J Cereb Blood Flow Metab 36:72-94
Fredriksson K, Nordborg C, Kalimo H, Olsson Y, Johansson BB
(1988) Cerebral microangiopathy in stroke-prone spontaneously
hypertensive rats. An immunohistochemical and ultrastructural
study. Acta Neuropathol 75:241-252

Lavallée PC, Labreuche J, Faille D, Huisse MG, Nicaise-Roland P,
Dehoux M, Gongora-Rivera F, Jaramillo A, Brenner D, Deplanque D,
Klein IF, Touboul PJ, Vicaut E, Ajzenberg N, Lacunar-B.L.C.H.A.T.
Investigators (2013) Circulating markers of endothelial dysfunction
and platelet activation in patients with severe symptomatic cerebral
small vessel disease. Cerebrovasc Dis 36:131-138

Sudo T, Ito H, Kimura Y (2003) Phosphorylation of the vasodilator-
stimulated phosphoprotein (VASP) by the anti-platelet drug, cilosta-
zol, in platelets. Platelets 14:381-390

Schafer AI (1996) Antiplatelet therapy. AM J Med 101:199-209
Toyoda K, Uchiyama S, Yamaguchi T, Easton JD, Kimura K,
Hoshino H, Sakai N, Okada Y, Tanaka K, Origasa H, Naritomi H,
Houkin K, Yamaguchi K, Isobe M, Minematsu K, CSPS.com Trial
Investigators (2019) Dual antiplatelet therapy using cilostazol
for secondary prevention in patients with high-risk is ischaemic
stroke in Japan: a multicentre, open-label, randomized controlled
trial. Lancet Neurol 18:539-548

Aoki J, Iguchi Y, Urabe T, Yamagami H, Todo K, Fujimoto S,
Idomari K, Kaneko N, Iwanaga T, Terasaki T, Tanaka R, Yamamoto
N, Tsujino A, Nomura K, Abe K, Uno M, Okada Y, Matsuoka H,
Yamagata S, Yamamoto Y, Yonehara T, Inoue T, Yagita Y, Kimura
K, Investigators ADS (2019) Acute aspirin plus cilostazol dual
therapy for noncardioembolic stroke patients within 48 hours of
symptom onset. ] Am Heart Assoc 8:¢012652

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



