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Abstract
Antiplatelet therapy (AT) may serve to reduce the effects of aneurysmal subarachnoid hemorrhage (aSAH)-induced pro-
coagulant state in the cerebral circulation. Several studies, however, have delivered conflicting conclusions on the efficacy of 
AT post aSAH. Systematic searches of Medline, Embase, and Cochrane Central were undertaken on 27th March 2023. The 
primary outcome was delayed cerebral ischaemia (DCI). Secondary outcomes were symptomatic and angiographic vasos-
pasm, good functional outcome (modified Rankin Scale [mRS] with scores 0–2), hemorrhagic events, and in-hospital mortal-
ity. Twenty-two studies reporting 4378 patients with aSAH were included in the meta-analysis. AT was associated with lower 
rates of DCI (RR=0.62, 95% CI: 0.43; 0.89), symptomatic vasospasm (RR=0.63, 95% CI: 0.46; 0.86), and moderate/severe 
angiographic vasospasm (RR=0.74, 95% CI: 0.65; 0.84), with no effect on hemorrhagic complications (RR=1.36, 95% CI: 
0.77; 2.41). When analyzing only post-ictal use of AT, AT additionally favored rates of good functional outcomes (RR=1.18, 
95% CI: 1.10; 1.26) and in-hospital mortality (RR=0.56, 95% CI: 0.39; 0.80). In the subgroup treated with cilostazol, AT 
was associated with lower rates of DCI (RR=0.40, 95% CI: 0.32), symptomatic vasospasm (RR=0.47, 95% CI: 0.33; 0.65), 
moderate/severe angiographic vasospasm (RR=0.75, 95% CI: 0.57; 0.98) and good functional outcome (RR=1.24, 95% CI: 
1.08; 1.43). In the surgically treated aSAH subgroup, AT favored rates of symptomatic vasospasm (RR=0.55, 95% CI: 0.30; 
0.98), moderate/severe angiographic vasospasm (RR=0.70, 95% CI: 0.54; 0.90) and good functional outcome (RR=1.23, 
95% CI: 1.09; 1.41). In the endovascularly treated aSAH subgroup, AT was associated with lower rates of in-hospital mor-
tality (RR=0.60, 95% CI: 0.41; 0.88). In aSAH patients, post-ictal AT is associated with benefits in terms of rates of DCI, 
vasospasm, good functional outcomes, and in-hospital mortality without an increased risk of hemorrhagic events.
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Introduction

Delayed cerebral ischemia (DCI) occurs in approximately 
30% aneurysmal subarachnoid hemorrhage (aSAH) 
patients and is associated with significant morbidity and 
mortality [1, 2]. Early recognition and prompt treatment 
of post aSAH cerebral vasospasm with cardiac output 
optimization are the mainstays of DCI prophylactic 
strategies [3, 4]. However, it was recently shown that 
induced hypertension was associated with increased rates 
of complications [5].

Although vasospasm with reduced cerebral blood flow 
and subsequent DCI were historically considered the 
cause of delayed neurological deterioration after aSAH, 
the pathogenesis of DCI remains to be fully elucidated. 
The absence of a convincing association between large ves-
sel vasospasm and DCI has led to a search for alternative 
etiologies of DCI [6]. Several mechanisms have been pro-
posed, which encompass endothelial dysfunction, inflam-
matory activation, microcirculatory dysfunction with loss 
of autoregulation, cortical spreading depolarization, and 
microthrombosis [7]. Alongside the above, an increased 
platelet aggregation and related release of thromboxane 
B2 post aSAH, create a prothrombotic environment in the 
cerebral vasculature with vasoconstriction, which have 
been suggested to lead to the development of DCI [8–11]. 
There is an ongoing pursuit to identify novel therapies for 
DCI post aSAH. Antiplatelet therapy (AT) may serve to 
reduce the effects of an aSAH-induced pro-coagulant state, 
thereby limiting microthrombotic and microembolic events 
in the cerebral circulation. Several studies have delivered 
conflicting conclusions on the efficacy of AT post aSAH; 
some have shown that AT can ameliorate the risk of DCI 
[12, 13], while others report no benefit. No consensus has 
been reached.

To arrive at an optimal clinical management protocol, 
this study aims to investigate the efficacy and safety of AT in 
patients with aSAH, through a systematic review and meta-
analysis of the current literature. In addition, we explored 
the effect of the timing of AT and various AT types in rela-
tion to the treatment modality (i.e., surgical or endovascular 
treatment).

Methods

The review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [14]. The protocol was regis-
tered on the PROSPERO international prospective regis-
ter of systematic reviews (registration number CRD42023 
413704).

Outcomes

The primary outcome was DCI. The definition of DCI 
among the studies was heterogenous but in general based 
on radiological and clinical criteria as defined by Vergouwen 
et al. [15]. Radiological DCI was defined as the presence of 
cerebral infarction on CT (new hypodensities) or MR (or 
new diffusion-restricted areas) scan of the brain within 6 
weeks after SAH, or on the latest CT or MR scan made 
before death within 6 weeks, or proven at autopsy, and not 
attributable to other causes. Clinical deterioration caused 
by DCI was defined by the occurrence of focal neurological 
impairment (such as hemiparesis, aphasia, apraxia, hemia-
nopia, or neglect), or a decrease of at least 2 points on the 
Glasgow Coma Scale, which cannot be attributed to other 
causes by means of clinical assessment, CT or MRI scanning 
of the brain, and appropriate laboratory studies.

Secondary outcomes were symptomatic and angiographic 
vasospasm, good functional outcome, any hemorrhagic events 
(intracranial and extracranial), and in-hospital mortality. Clini-
cal vasospasm was defined as a significant decline in neuro-
logical examination findings, accompanied by impaired flow 
changes noted on CT perfusion study or radiological evidence 
on diagnostic cerebral catheter angiography. The degree of 
angiographic vasospasm was rated as “mild” when narrow-
ing of the arterial diameter was <30%, “moderate” when 30 
to 49%, and “severe” when ≥50%, with the vessel diameter on 
the initial angiography used as a reference. Good functional 
outcome was defined on the modified Rankin Scale (mRS) with 
scores of 0–2, at last follow-up. In studies where other outcome 
measures were reported, these outcomes were used if they were 
translatable into a good or poor outcome as defined above.

Search strategy

Searches of the following three electronic databases were 
undertaken: Ovid Medline, Ovid Embase, and Cochrane 
Central Register of Controlled Trials (CENTRAL). Searches 
were performed in each database from its inception until 27 
March 2023. The concepts of “subarachnoid hemorrhage,” 
“delayed cerebral ischemia,” “vasospasm,” and “antiplatelet” 
were used in addition to synonyms and related terms. The 
full search strategy used for the databases is presented in 
Supplementary Table 1.

Study selection

All titles and abstracts were screened against the pre-defined 
eligibility criteria developed independently by two reviewers 
(KSL and CL). A full list of inclusion and exclusion criteria 
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can be found in Supplementary Table 2. Disagreements were 
resolved by discussion, and where agreement could not be 
reached, the senior reviewer assisted with decision making 
(PB). Agreement among the reviewers on study inclusion 
was evaluated using Cohen’s kappa statistic [16].

In the event of multiple publications analyzing the same 
cohort, the publication that reported the largest patient data 
was used for evaluation. This was to avoid multiple counting 
which overstates sample size, leading to an artificially exag-
gerated precision in the pooled estimate [17]. The reference 
lists of included studies were also scrutinized to identify 
relevant studies fitting the inclusion criteria that may have 
been inadvertently overlooked in our search strategy [18].

Data extraction

A pro forma was developed and piloted to extract data on 
the following variables to ensure standardization and con-
sistency in this process: (1) study details, (2) study design, 
(3) participant demographics (Fisher grades, Hunt and 
Hess grades, World Federation of Neurosurgical Societies 
[WFNS] grades, aneurysm location), (4) country and dataset, 
(5) selection criteria, (6) type of antiplatelet and control, (7) 
indication for treatment, (8) results (DCI, vasospasm, func-
tional outcome, in-hospital mortality, and complications).

Risk of bias assessment

The quality of included studies was assessed using the 
Joanna Briggs Institute (JBI) checklist for non-randomized 
experimental studies and version 2 of the Cochrane risk-
of-bias assessment for randomized trials (RoB 2) for rand-
omized controlled trials (RCTs).

Statistical analysis

Meta-analyses were performed assuming the random effects 
model to account for heterogeneity within and between indi-
vidual studies [16].

To obtain risk ratios (RRs) from reported binary out-
comes, pairwise meta-analysis was conducted using the 
Mantel–Haenszel method without continuity correction, 
using the Paule-Mandel estimator. Overall pooled propor-
tions of demographic comorbidities of included patients 
were computed using the generalized linear mixed model 
(GLMM) method using a random intercept logistic regres-
sion model via logit transformation [16, 19]. Knapp–Hartung 
adjustments were used to reduce the chance of false positive 
and to control the estimate uncertainties of the between-
study heterogeneity. GLMM instead of Freeman–Tukey 
double arcsine transformation was employed as GLMM has 
been shown to provide the most accurate estimate for meta-
analysis of single proportions in simulation studies [16, 19].

The  I2 statistic was used to present inter-study heteroge-
neity, where  I2 ≤ 30%, between 30 and 50%, between 50 and 
75%, and ≥ 75% were considered to indicate low, moderate, 
substantial, and considerable heterogeneity, respectively 
[20]. P values for the  I2 statistic were derived from the chi-
squared distribution of Cochran’s Q test. Prediction intervals 
were reported for all outcome measures. A prediction inter-
val provides estimates of what the effect size might be for 
similar studies conducted in the future.

For pooling of means of numerical variables, we com-
puted missing means and standard deviations (SDs) from 
medians, ranges (minimum to maximum) and interquartile 
ranges (IQRs) using the methods proposed by Hozo et al. 
and Wan et al. [21, 22].

In order to delineate the individual effects of the timing 
of antiplatelet administration, individual antiplatelet agents 
and treatment modality, subgroup analyses were performed 
for post-ictal and pre-ictal AT, various AT, surgically treated 
ruptured aneurysms, and endovascularly treated ruptured 
aneurysms. Importantly, the controls defined in our study 
were limited to only patients not administered AT post SAH 
in our post-ictal analysis, and patients previously unexposed 
to AT prior to SAH, in our pre-ictal analysis.

Summary-level meta-regression was performed using 
mixed-effect meta-analysis model by GLMM method, to 
identify predictors of DCI including older age, higher clini-
cal and radiographic grades of aSAH, and acute hydrocepha-
lus, in accordance with literature [7].

Publication bias of studies was assessed using funnel 
plots, where an asymmetrical distribution of studies was 
suggestive of bias. Quantitative analysis of funnel plot asym-
metry was done using Egger’s regression test. The GRADE 
approach was used to evaluate the quality of evidence for 
each outcome [23].

All statistical analyses were performed using R software 
version 4.2.1 (R Foundation for Statistical Computing, 
2022), with the package meta. P-values less than 0.05 were 
considered statistically significant.

Results

Overview of included studies

The systematic search yielded 1726 unique publications. 
After screening of titles and abstracts, 54 publications were 
reviewed in full text. A total of 22 studies, of 4378 patients 
with aSAH met the eligibility criteria for inclusion in our 
meta-analysis (Supplementary Figure 1) [8, 12, 13, 24–40]. 
The study by Shimamura et al. was excluded from analysis 
as AT use occurred pre-ictal which continued during proce-
dures [41]. Reliability of study selection between observers 
was substantial at both the title and abstract screening stage 
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(Cohen’s κ=0.92) and the full-text review stage (Cohen’s 
κ=1.00) [42].

Eight randomized controlled trials and 14 non-rand-
omized cohort studies were included. Data were collected 
across seven countries — one from Finland, three from 
Germany, 10 from Japan, one from Korea, two from the 
Netherlands, one from Switzerland, and four from the USA. 
Details of included studies, including types and doses of AT 
administered, are reported in Supplementary Table 3. On 
assessing the risk of bias using the JBI checklist, 12 studies 
attained a full score of 11, while one each attained a score 
of 10 and 9 (Supplementary Table 4). On assessing the risk 
of bias using the RoB-2 checklist, four RCTs had low risk of 
bias, two had some concerns, and two had high risk of bias 
(see Supplementary Table 4, 5).

Patient baseline characteristics and workflow

Of the 4378 patients, 1645 were treated with AT, 
whereas 2733 patients did not receive antiplatelet agents. 
The antiplatelet agent was cilostazol in seven studies, 
thromboxane A2 synthetase inhibitors (OKY-046) in 
three, aspirin monotherapy in seven, and aspirin with 
clopidogrel in five. Post-ictal AT administration ranged 
between one to greater than 6 weeks, with most regimens 
lasting 2 weeks.

Gender of the patients was reported in 19 of 22 stud-
ies — 28.1% and 32.7% were male in the AT and non-AT 
groups, respectively. The mean and SD of their age were 
reported or imputable in 16 of 22 studies. Overall pooled 
mean age across the AT and non-AT groups were 57.0 
years (95% CI: 54.1; 60.0, I2=93.6% [p<0.001]) and 56.8 
(95% CI: 53.5; 60.1, I2=94.9% [p<0.001]), respectively. 

Type of treatment modality of aneurysms was reported 
in 21 of 22 studies — 52.0% and 53.0% were treated by 
microsurgical clipping in the AT and non-AT groups, 
respectively.

Pooled prevalence of baseline characteristics, includ-
ing SAH grades, stratified according to treatment arm, is 
summarized in Table 1. There were no baseline differences 
between the groups. Clinical follow-up ranged from dis-
charge to 1 year.

Primary outcome — delayed cerebral ischemia

DCI was reported across 20 studies, including 3817 patients. 
Compared with the non-AT group, lower rates of DCI were 
reported in the AT group (RR=0.62, 95% CI: 0.43; 0.89, 
prediction interval: 0.16; 2.45, I2=66%, p<0.001) (Fig. 1). 
On meta-regression, age (p=0.662) and proportions of 
Fisher grade 3 and 4 (p=0.928), Hunt and Hess III and IV 
(p=0.340), WFNS IV and V (p=0.707), posterior circulation 
aneurysms (p=0.738), and acute hydrocephalus (p=0.324) 
were not statistically significant predictors of DCI post 
aSAH.

Secondary outcomes

Compared with non-AT, AT was associated with lower rates 
of symptomatic vasospasm (RR=0.63, 95% CI: 0.46; 0.86, 
prediction interval: 0.25; 1.59, I2=62%, p=0.001), moderate/
severe angiographic vasospasm (RR=0.74, 95% CI: 0.65; 
0.84, prediction interval: 0.64; 0.86, I2=0, p=0.550) and 
severe angiographic vasospasm (RR=0.66, 95% CI: 0.51; 
0.84, prediction interval: 0.50; 0.87, I2=71.7, p<0.001).

The effect of AT on rates of good functional out-
come (RR=1.12, 95% CI: 0.99; 1.28, prediction interval: 

Table 1  Pooled baseline characteristics of included patients

Characteristic Antiplatelet No antiplatelet

No. of studies Pooled effect size 
(95% CI)

I2 (%) P value of  I2 
(from χ2 test)

No. of studies Pooled effect size 
(95% CI)

I2 (%) P value of 
 I2 (from χ2 
test)

Mean age (SD), year 16 57.0 [54.1; 60.0] 93.6 <0.001 16 56.8 [53.5; 60.1] 94.9 <0.001
Hypertension 6 47.00 [36.20; 58.08] 67.9 0.008 6 38.71 [29.80; 48.45] 82.9 <0.001
Diabetes mellitus 3 9.96 [4.20; 21.82] 0.0 0.405 3 5.72 [0.79; 31.61] 86.3 <0.001
Fisher 3 and 4 12 80.63 [70.53; 87.86] 82.5 <0.001 12 83.63 74.52; 89.93] 90.0 <0.001
Hunt and Hess III 

and IV
10 44.49 [35.65; 53.69] 64.6 0.003 10 52.16 [38.16; 65.83] 84.8 <0.001

WFNS IV and V 9 32.35 [26.52; 38.78] 55.1 0.023 9 32.63 [24.37; 42.14] 79.4 <0.001
MCA 13 25.33 [18.50; 33.64] 63.8 <0.001 13 18.97 [14.17; 24.92] 58.6 0.004
ICA 14 25.00 [22.04; 28.22] 0.0 0.665 14 24.65 [16.97; 34.37] 79.5 <0.001
Vertebrobasilar 11 7.96 [3.60; 16.67] 88.4 <0.001 11 10.52 [4.82; 21.43] 91.5 <0.001
Acute hydrocephalus 9 49.04 [29.51; 68.86] 89.3 <0.001 9 54.45 [36.91; 70.96] 89.3 <0.001
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0.74; 1.71, I2=72%, p<0.001), in-hospital mortality 
(RR=0.77, 95% CI: 0.43; 1.37, prediction interval: 0.23; 
2.63, I2=74%, p<0.001), and hemorrhagic complica-
tions (RR=1.36 95% CI: 0.77; 2.41, prediction interval: 
0.73; 2.54, I2=0, p=0.476) was not significant (Fig. 2) 
(Table 2).

Subgroup analyses by timing of antiplatelet 
administered

Only outcomes with more than one included study in the 
subgroup analysis are reported (Supplementary Table 6).

When specifically looking at post-ictal use of AT, AT was 
associated with improved rates of DCI (RR=0.50, 95% CI: 

0.32; 0.82, I2=0), symptomatic vasospasm (RR=0.56, 95% 
CI: 0.42; 0.75, I2=0), and moderate/severe angiographic 
vasospasm (RR=0.74, 95% CI: 0.64; 0.86, I2=0) (Fig. 3). In 
addition, the use of AT was associated with increased rates 
of good functional outcomes (RR=1.18, 95% CI: 1.10; 1.26 
I2=0) and lowered rates of in-hospital mortality (RR=0.56, 
95% CI: 0.39; 0.80, I2=0) (Fig. 4).

When specifically looking at pre-ictal use of AT, AT 
was not associated with any benefits, in terms of rates of 
DCI (RR=0.96, 95% CI: 0.76; 1.23, I2=62.3), symptomatic 
vasospasm (RR=1.24, 95% CI: 0.67; 2.30, I2=0), good 
functional outcomes (RR=0.84, 95% CI: 0.49; 1.43, 
I2=74.7), and in-hospital mortality (RR=1.20, 95% CI: 0.01; 
96.78, I2=75.9).
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Fig. 1  Forest plots with random-effects model, stratified by individual antiplatelets, of A delayed cerebral ischemia, B symptomatic vasospasm, 
C moderate/severe angiographic vasospasm, and D good functional outcome (mRS0-2)
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Subgroup analyses by type of antiplatelet 
administered

In the subgroup treated with cilostazol, AT was associated 
with lower rates of DCI (RR=0.40, 95% CI: 0.32; 0.49, 
I2=0), symptomatic vasospasm (RR=0.47, 95% CI: 0.33; 
0.65, I2=0), moderate/severe angiographic vasospasm 
(RR=0.75, 95% CI: 0.57; 0.98, I2=20.3), and good func-
tional outcome (RR =1.24, 95% CI: 1.08; 1.43, I2=24). The 
effect of AT on rates of severe angiographic vasospasm 
(RR=0.59, 95% CI: 0.28; 1.27, I2=28), in-hospital mortal-
ity (RR=0.23, 95% CI: 0.00; 34.81, I2=0), and hemorrhagic 
complications (RR=0.64, 95% CI: 0.00; 1306991.97, I2=46) 
was not significant (Supplementary Table 7).

In the subgroup treated with dual therapy of aspirin and 
clopidogrel, AT favored rates of moderate/severe angio-
graphic vasospasm (RR=0.76, 95% CI: 0.59; 0.97, I2=0) 
and in-hospital mortality (RR=0.60, 95% CI: 0.41; 0.88, 
I2=0). The effect of AT on rates of DCI (RR=0.40, 95% CI: 
0.10; 1.53, I2=71), symptomatic vasospasm (RR=0.59, 95% 
CI: 0.26; 1.36, I2=57), good function outcome (RR=1.15, 
95% CI: 0.80; 1.65, I2=0), and hemorrhagic complications 
(RR=1.46, 95% CI: 0.61; 3.46, I2=4.3) was not significant.

In the subgroup treated with monotherapy of aspirin, AT 
was associated with greater rates of symptomatic vasospasm 
(RR=1.27, 95% CI: 1.11; 1.45, I2=0). It is to be noted that 
the two studies included for this outcome in aspirin mono-
therapy, however, were pre-ictal uses of AT (Fig. 1) [37, 43]. 
The effect of AT on rates of DCI (RR=0.91, 95% CI: 0.64; 
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Fig. 2  Forest plots with random-effects model, stratified by individual antiplatelets, of A in-hospital mortality, and B hemorrhagic complications

Table 2  Pooled outcomes of included patients

mRS modified Rankin Scale. No antiplatelet group used as control

Outcome No. of studies 
reporting vari-
able

No. of 
patients 
analyzed

Pooled effect size (95% con-
fidence interval) [prediction 
interval]

I2 (%) P value of  I2 
(from χ2 test)

Quality of 
evidence 
(GRADE)

Delayed cerebral ischemia 20 3817 RR0.62 (0.43; 0.89)
[0.16; 2.45]

65.8 <0.001 Low

Symptomatic vasospasm 14 2333 RR0.63 (0.46; 0.86)
[0.25; 1.59]

62.1 0.001 Low

Angiographic vasospasm (moder-
ate and severe)

8 1017 RR0.74 (0.65; 0.84)
[0.64; 0.86]

0.0 0.550 Low

Angiographic vasospasm (severe) 7 989 RR0.66 (0.51; 0.84)
[0.50; 0.87]

0.0 0.546 Low

mRS score 0–2 14 3113 RR1.12 (0.99; 1.28)
[0.74; 1.71]

71.7 <0.001 Low

In-hospital mortality 7 2392 RR0.77 (0.43; 1.37)
[0.23; 2.63]

74.1 <0.001 Low

Hemorrhagic complications 7 1445 RR1.36 (0.77; 2.41)
[0.73; 2.54]

0.0 0.476 Low
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Fig. 3  Forest plots with random-effects model, stratified by timing of antiplatelet use, of A delayed cerebral ischemia, B symptomatic vasos-
pasm, C moderate/severe angiographic vasospasm, and D good functional outcome (mRS0-2)
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1.30, I2=64), good functional outcome (RR=0.90, 95% CI: 
0.61; 1.34, I2=75), and in-hospital mortality (RR=1.20, 95% 
CI: 0.01; 3.47, I2=76) was not significant.

Subgroup analyses by treatment modality

In the surgically treated aSAH subgroup, AT was associ-
ated with lower rates of symptomatic vasospasm (RR=0.55, 
95% CI: 0.30; 0.98, I2=71), moderate/severe angiographic 
vasospasm (RR=0.70, 95% CI: 0.54; 0.90, I2=0), and good 
functional outcome (RR=1.23, 95% CI: 1.09; 1.41, I2=13) 
(Supplementary Figure 2). The effect of AT on rates of 
DCI (RR=0.58, 95% CI: 0.26; 1.31, I2=73), severe angio-
graphic vasospasm (RR=0.61, 95% CI: 0.21; 1.81, I2=24), 
in-hospital mortality (RR=0.65, 95% CI: 0.28; 1.52, I2=0), 
and hemorrhagic complications (RR=1.30, 95% CI: 0.15; 
11.50, I2=0) was not significant in the surgically treated 
aSAH subgroup.

In the endovascularly treated aSAH subgroup, AT 
was associated with lower rates of in-hospital mortality 
(RR=0.60, 95% CI: 0.41; 0.88, I2=0). The effect of AT on 
rates of DCI (RR=0.37, 95% CI: 0.11; 1.21, I2=66), symp-
tomatic vasospasm (RR=0.60, 95% CI: 0.20; 1.80, I2=65), 
good functional outcome (RR=1.15, 95% CI: 0.80; 1.65, 
I2=0), and hemorrhagic complications (RR=1.46, 95% CI: 
0.61; 3.46, I2=4) was not significant in the endovascularly 
treated aSAH subgroup (Supplementary Table 8). A sensi-
tivity analysis of only post-ictal studies conferred the same 
results suggesting robust findings (Supplementary Table 9).

Discussion

Summary of findings

This updated meta-analysis including data on 4378 patients 
with aSAH found that compared with non-AT treatment, 
AT was associated with reduced occurrence of DCI and 
both symptomatic and angiographic vasospasm, with no 
increased risk of hemorrhagic complications. Specifically in 
the post-ictal AT group, these benefits translated to improved 
functional outcomes and reduced in-hospital mortality rates. 
In the subgroup analyses for each individual antiplatelet 
agent, outcomes of cilostazol treatment echoed those of the 
overall analysis. Dual therapy of aspirin and clopidogrel 
conferred benefits in terms of rates of angiographic vasos-
pasm, good functional outcomes, and in-hospital mortality. 
The lack of benefit to DCI in this subgroup is likely due to a 
type 2 error. These benefits were not replicated in the aspirin 
monotherapy cohort. Subgroup analysis by treatment modal-
ity revealed that surgically treated aSAH was associated with 
lower rates of symptomatic and angiographic vasospasm and 
greater rates of good functional outcomes, in the AT group. 

Another subgroup analysis of endovascularly treated aSAH 
found a lower rate of in-hospital mortality in the AT cohort. 
Overall, our findings suggest that the use of AT in aSAH is 
safe and may confer neuroprotection.

Comparison with literature

Data within the literature about the influence of AT on the 
occurrence of DCI after aSAH are heterogeneous and contra-
dictory [44–47]. Close to two decades ago, Mees et al. found 
a trend towards improved functional outcomes in patients 
with aSAH treated with AT, possibly due to a reduction in 
DCI. However, these results were not statistically significant, 
thus no definite conclusions could be drawn [47]. Studies 
included in those older reviews reported mainly surgically 
treated patients, which is not as representative of the mod-
ern treatment management of aSAH, especially after results 
of the International Subarachnoid Aneurysm Trial (ISAT) 
which suggested that in patients with aSAH suitable for both 
clipping and endovascular treatment, those with endovascu-
lar treatment were more likely to survive independently [48]. 
In our study, only half of the patients underwent clipping 
which is closer to modern reflection of the neurovascular 
practice. It has been demonstrated that clipping is associated 
with increased risk of DCI compared with coiling [49, 50]. 
Manipulation of the brain and vessel wall during surgery 
is purported to drive vasospasm and DCI [49, 50]. In addi-
tion, patients were administered mainly aspirin monother-
apy which might not have been the optimal antiplatelet [38, 
46, 47]. However, our secondary analysis on the surgically 
treated cohort showed AT was associated with lower rates 
of symptomatic and angiographic vasospasm, which cor-
roborates those of Snyder and colleagues, although they had 
found the added benefit of functional independence in this 
specific cohort of patients [45]. Although endovascular treat-
ment avoids the complications of neurosurgical clipping, it is 
associated with thromboembolic events. Thrombotic events 
after aSAH include cerebral infarction and microthrombus, 
both of which are included in the definition of DCI. It is con-
sidered standard practice during endovascular procedures 
to use heparin and monitor the activated clotting time in 
order to minimize any thromboembolic complications. With 
the advent of dedicated neurovascular stents, neck bridg-
ing devices, and flow diversion, there has been a greater 
use of these devices in the acute setting. The use of such 
devices necessitates the appropriate use anti-platelets and 
typically early on this revolved around the use of aspirin and 
clopidogrel. More recently, however, there has been a shift 
towards newer P2Y12 agents such as ticagrelor and prasugrel 
given the high non-response rate for clopidogrel [51]. Our 
subgroup analysis of endovascularly treated aSAH showed 
AT conferred lower rates of in-hospital mortality in the AT 
cohort; however, these findings were not consistent in the 
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dual antiplatelet cohort, and this could be due to the fact that 
a large number of patients are clopidogrel non-responders.

More recent meta-analyses with DCI as their primary out-
come report different effect estimates. The study by Cag-
nazzo et al., overall, failed to show a significant beneficial 
effect of AT on the occurrence of DCI and vasospasm; how-
ever, it conferred better functional outcomes and lower rates 
of mortality [44]. In the subgroup of patients with endovas-
cular treatment, AT tended to be associated with a reduction 
of DCI. Despite the overall reduction of DCI not reaching 
statistical significance, neurologic functional outcome in 
patients who received platelet inhibitors was significantly 
better, and mortality was significantly lower. A caveat of 
their study involves including a study with pre-ictal aspirin 
use [43] and multiple counting from the same MASH and 
ISAT studies, which could have exaggerated the precision 
of the estimate in the wrong direction [38, 52, 53]. Our find-
ings in post-ictal use of AT hence do not support those of 
Cagnazzo et al. as AT was indeed associated with reduced 
occurrence of DCI and both symptomatic and angiographic 
vasospasm in patients with aSAH, which also translated 
to improved functional outcomes and reduced in-hospital 
mortality rates. Our findings are similar to that of Snyder 
et al. [45] who focused only on the use of AT after aSAH, 
although had included a pre-ictal study [41]. These findings 
were also replicated in the subgroup analysis of cilostazol 
monotherapy. Notably, our subgroup analyses revealed that 
cilostazol monotherapy contributed most to the significant 
effect estimates of AT found in the primary analysis. Cilosta-
zol is a unique antiplatelet agent that has been commercially 
available and can be readily repurposed for aSAH [54]. As a 
phosphodiesterase III inhibitor, it reversibly inhibits plate-
let aggregation and additionally possesses vasodilatory and 
antiproliferative properties on smooth muscles [55, 56]. The 
therapeutic response of cilostazol on DCI may hence be due 
to its multiple effects, in tandem, on the various pathways 
involved in DCI [55, 56].

Limitations

Limitations of our meta-analysis are a result of including 
retrospective and observational studies with notable hetero-
geneity between them. There was no standard time frame 
with different lengths of clinical follow-up in each study. In 
an effort to address inherent heterogeneity, subgroup analy-
ses were performed, which allowed us to delineate the effect 
of individual antiplatelets and treatment modality. However, 
most of the ruptured aneurysms in our study were treated 
with cilostazol, so our subgroup analysis by types of AT in 
aSAH was limited by a small number of studies with con-
siderable missing data. The influence of the dose of various 
AT could not be investigated because the available data did 
not allow further subgroup analysis. The lack of significant 

findings within the subgroups may be a function of a type 2 
error, however. Finally, the majority of included studies were 
performed in Japan, and hence, the results of our findings 
could have been partly confounded by differences in genetic 
and environmental risk factors, limiting its external validity. 
Studies in non-Japanese populations are therefore warranted 
to further evaluate the role of AT, in particular cilostazol, 
as a potential neuroprotective agent for aSAH. Nonetheless, 
this updated work is the largest to date analyzing the use of 
AT among patients with aSAH, and its strength includes 
avoiding undue emphasis on individual studies, thus yielding 
risk estimates that are more reliable.

Conclusion

This updated meta-analysis reveals that in aSAH patients, 
post-ictal AT is associated with benefits in terms of rates of 
DCI, vasospasm, good functional outcomes, and in-hospital 
mortality without an increased risk of hemorrhagic events. 
Specifically, cilostazol monotherapy, an inhibitor of platelet 
aggregation, and cerebral vasodilator, contributed most con-
sistently to the observed effect size. Future RCTs are needed 
to validate the role of AT.
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