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Abstract
To review the literature for randomized control trials (RCTs) and prospective cohort studies investigating the safety and 
efficacy of tirofiban and eptifibatide in patients with acute ischemic stroke (AIS). PubMed, Embase, and the Cochrane library 
were searched for available papers published up to September 2021. The efficacy was evaluated based on the 3-month favora-
ble outcome [modified Rankin scale (mRS) = 0–1], functional outcome (mRS = 0–2), and the last available National Institutes 
of Health Stroke Scale (NIHSS) score measured in each study. Twelve studies (two RCTs and 10 prospective cohorts) and 
2926 patients were included. Treatment with tirofiban or eptifibatide had no effects on the favorable outcome (RR = 1.09, 
95% CI 0.89–1.35, P = 0.411), functional outcome (RR = 1.12, 95% CI 0.98–1.28, P = 0.010), and last available NIHSS 
(WMD = − 2.32, 95% CI − 5.14 to 0.50, P = 0.106), but might increase mortality (RR = 0.84, 95% CI 0.71–0.99, P = 0.121). 
The sensitivity analyses showed that the meta-analyses were robust. There was no significant publication bias. Tirofiban 
did not increase the risk of ICH (P = 0. 423) and sICH (P = 0. 990) but increased the risk of fatal ICH (RR = 3.59, 95% CI 
1.62–7.96, P = 0.002). Thrombolysis/thrombectomy did not influence any of the outcomes. Adding tirofiban or eptifibatide to 
thrombolysis/thrombectomy was not significantly associated with a favorable outcome (mRS = 0–1) nor functional outcome 
(mRS = 0–2) in patients with AIS at 3 months, but might be associated with mortality, possibly due to fatal ICH. The NIHSS 
was also not significantly different between the intervention and control groups after treatments.

Keywords  Stroke · Tirofiban · Eptifibatide · Modified Rankin Scale · National Institutes of Health Stroke Scale · Meta-
analysis

Highlights

•	 This meta-analysis assessed whether adding an anti-IIb/
IIIA to the standard of care thrombolysis/thrombectomy 
(intervention group) had any benefit over thrombolysis/
thrombectomy alone (control group).

•	 Adding tirofiban or eptifibatide to thrombolysis/
thrombectomy was not significantly associated with a 

favorable outcome (mRS = 0–1) nor functional outcome 
(mRS = 0–2) in patients with AIS at 3 months

•	 Adding tirofiban or eptifibatide to thrombolysis/
thrombectomy might be associated with mortality, pos-
sibly due to fatal ICH.

•	 The NIHSS was also not significantly different between 
the intervention and control groups after treatments.

Introduction

Comprehensive treatments of acute ischemic stroke (AIS), 
including endovascular thrombectomy (ET), fibrinolytic 
drugs, and antiplatelet (AP) drugs, can improve clinical 
outcomes or recanalization rate [1]. Such treatments are 
rarely used alone but rather in combinations in selected 
and appropriate patients. ET can be used to revascular-
ize occluded large arteries, thereby improving patients' 
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functional outcomes with AIS [2]. Still, during ET, the plate-
lets are already activated by the thrombus and can be further 
activated by the endothelial injuries caused by ET, possibly 
leading to platelet-mediated thromboembolic complica-
tions and early reocclusion [3–5]. Aggregation of platelets 
and activation of the coagulation cascade will lead to fibrin 
and thrombus formation in the AIS setting [6, 7]. The fibrin 
component of the thrombus will be sensitive to thromboly-
sis (e.g., using tissue plasminogen activators (t-pa)), but the 
aggregated platelets might limit the thrombolytic effect and 
complicate management [8]. Hence, AP drugs can be used 
to prevent platelet activation and aggregation. The most used 
AP drugs are aspirin and clopidogrel, but their action is slow 
[9]. Thus, in contrast with oral AP, early intravenous AP 
agents such as tirofiban or eptifibatide can be used to prevent 
new thrombus formation.

Tirofiban and eptifibatide are fast-acting non-peptide 
antagonists of the glycoprotein IIb/IIIa (GPIIb/IIIa) recep-
tor located on thrombocytes. Tirofiban is administered via 
intravenous infusion and is indicated to reduce the rate of 
thrombotic cardiovascular events in patients with acute coro-
nary syndrome [10, 11]. An important feature of tirofiban 
and eptifibatide is their short half-life, leading to a reversal 
of the effect to normal coagulation within 4 h after discon-
tinuation [9, 12]. Several studies investigated the effect of 
the combination therapy of either tirofiban or eptifibatide 
with t-pa and recombinant human t-pa (rt-pa), including sev-
eral meta-analyses [13–15]. Dubey et al. [13] reported that 
the functional outcomes at 90 days were not better with the 
combined therapy (t-pa and GP11b/IIIa inhibitors) compared 
with the control. Ciccone et al. [14] concluded that the use of 
GP11b/IIIa inhibitors (abciximab or tirofiban) in AIS did not 
reduce death or disability. Furthermore, they even revealed 
a significantly increased risk of symptomatic intracerebral 
hemorrhage (ICH) with abciximab but not with tirofiban 
[14]. Guo et al. [15] concluded that GP11b/IIIa inhibitors 
combined with endovascular treatment were not associated 
with the functional outcome or recanalization rate. Of note, 
two meta-analyses included several retrospective studies [13, 
15]. Another meta-analysis was performed using only ran-
domized control trials (RCTs), but it was published some 
years ago [14], and since then, new RCTs have been pub-
lished. Three other meta-analyses were published after the 
present one was planned [16–18]. Zhou et al. [16] included 
all types of studies and examined the safety and efficacy of 
tirofiban without endovascular treatment. Gong et al. [17] 
included RCTs and two-arm cohort studies that compared 
treatment with and without tirofiban. Fu et al. [18] included 
only cohort studies and examined tirofiban in patients who 
underwent endovascular treatment.

Nevertheless, tirofiban and eptifibatide are still used in 
clinical practice to avoid potential thromboembolism dur-
ing ET in patients with AIS. The 2018 American Heart 

Association (AHA)/American Stroke Association (ASA) 
guidelines stated that "further research testing the safety 
and efficacy of these medications in patients with AIS is 
required", and that the "The efficacy of IV tirofiban and epti-
fibatide is not well established. Further clinical trials are 
needed" [1]. Therefore, there is a need for additional updated 
data on the use of those drugs in AIS.

Therefore, this meta-analysis aimed to review the litera-
ture for RCTs and prospective cohort studies investigating 
the safety and efficacy of tirofiban and eptifibatide in patients 
with AIS. A subgroup analysis was carried out to examine 
the combined effect of thrombolysis and thrombectomy.

Methods

Literature search

This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [19]. The search strategy 
was based on the PICO principle [20]. PubMed, Embase, 
and the Cochrane library were searched for available papers 
published up to September 2021 using the MeSH terms 
‘Ischemia’ and ‘Stroke’ as well as relevant key words such 
as “eptifibatide OR tirofiban”.

Eligibility criteria

The eligibility criteria were (1) population: patients with 
a definitive diagnosis of AIS, for whom treatment with 
intravenous thrombolysis (IVT) within 4.5 h or ET < 6 h of 
symptom onset, (2) intervention: tirofiban or eptifibatide, (3) 
control: rt-pa thrombolysis and/or ET, (4) outcome: modi-
fied Rankin scale (mRS) and National Institutes of Health 
Stroke Scale (NIHSS), (5) study type: RCTs or prospective 
cohort studies, and (6) English language. The experimen-
tal group included the patients who underwent thromboly-
sis/thrombectomy with eptifibatide or tirofiban, while the 
control group included the patients who underwent throm-
bolysis/thrombectomy without eptifibatide or tirofiban. All 
included studies included patients treated with thrombolysis/
thrombectomy or who underwent thrombectomy after the 
failure of thrombolysis. There is no study in which the con-
trol arm did not receive any treatment or placebo.

Data extraction

The study characteristics (authors, year of publication, 
country, study design, and sample size), patient character-
istics (age of the patients and NIHSS score at admission), 
treatment parameters (number of cases with permanent 
stenting, thrombectomy, thrombolysis, time from onset to 
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treatment, and GP11b/IIIa inhibitor intervention strategy, 
including doses and routes of administration), and mRS, 
last-recorded NIHSS, ICH, symptomatic ICH, and fatal ICH 
were extracted by two authors independently (Jingting Liu 
and Yihong Yang). Any discrepancy was solved by a discus-
sion with a third author (Hongbo Liu). A favorable outcome 
was defined as mRS of 0 or 1. A functional outcome was 
defined as mRS of 0–2. Only the last-recorded NIHSS were 
extracted and analyzed.

Outcomes

The efficacy was evaluated based on the 3-month favorable 
outcome (mRS = 0–1), functional outcome (mRS = 0–2), and 
the last available NIHSS score measured in each study. The 
safety measures were ICH, symptomatic ICH (sICH), and 
fatal ICH. The definition of ICH varied among the studies. 
ICH was defined based on a 24-h safety computed tomog-
raphy (CT) scan [21], European Cooperative Acute Stroke 
Study (ECASS)-1 [22], ECASS-2 [23], or ECASS-3 [24] 
definition or a ≥ 4-point increase in NIHSS [25].

Data synthesis

For continuous results, we recorded the number of cases 
and the means ± standard deviations. For the studies that did 
not present their results as means ± standard deviations, we 
estimated the results with the reported parameters (medians 
and interquartile ranges) [26].

Quality of the evidence

Ultimately, two RCTs and eight prospective cohort studies 
were included in the meta-analysis. The level of evidence of 
the RCTs was assessed according to the Cochrane Handbook 
[27]. The Newcastle–Ottawa scale (NOS) was used to assess 
the prospective cohort studies [28]. The quality assessments 
were completed independently by two authors (Jingting Liu 
and Yihong Yang). The discrepancies in the assessment were 
resolved through discussion until a consensus was reached.

Among the two RCTs, one had a high risk of bias for one 
item [21], and the other one had an unclear risk of bias for 
one item [29] (Supplementary Table S1a). Among the cohort 
studies, one scored 7 points [30] on the NOS, six scored 8 
points [25, 31–35], and one scored 9 points [36] (Supple-
mentary Table S1b).

Statistical analysis

All analyses were performed using STATA SE 14.0 (Stata-
Corp, College Station, Texas, USA). Relative risk (RR) 
and weighted mean difference (WMD) and their corre-
sponding 95% confidence intervals (CIs) were used to 

compare the outcomes. Statistical heterogeneity among 
the studies was evaluated using Cochran’s Q-test and the 
I2 index. An I2 > 50% and Q-test P < 0.10 indicated high 
heterogeneity, and the random-effects model was used; 
otherwise, the fixed-effects model was used. Meta-regres-
sion analyses were performed to examine the influence 
of age and NIHSS score at admission on the outcomes. 
P-values < 0.05 were considered statistically significant. 
Potential publication biases were evaluated using funnel 
plots and Egger’s and Begg’s tests.

Results

Characteristics of the included studies

Figure 1 presents the study selection process. The ini-
tial search yielded 319 records, but 67 duplicates were 
removed. After screening the 252 records, 83 were 
excluded. Then, 169 papers were assessed for eligibility, 
and 157 were excluded: no full-text accessible (n = 29), 
study aim/design (n = 11), population (n = 68), interven-
tion (n = 24), outcome (n = 16), meta-analysis (n = 7), and 
non-English (n = 2). Therefore, 12 studies were included.

Table  1 presents the 12 included studies [21, 25, 
29–38]. There were two RCTs [21, 29] and ten prospec-
tive cohorts [25, 30–38]. A total of 2926 patients were 
included (n = 82–662/study). One study evaluated eptifi-
batide [21], and 11 evaluated tirofiban [25, 29–38]. Sup-
plementary Table S1 presents the quality assessment of 
the included studies.

Favorable outcome

Nine studies reported favorable outcome data (mRS = 0–1) 
[21, 25, 29, 30, 32, 33, 35–37] (1917 patients). The 
study with eptifibatide was not included. Treatment with 
tirofiban had no effect on the favorable outcome of patients 
with AIS (RR = 1.09, 95% CI 0.89–1.35, P = 0.411; 
I2 = 58.0%, Pheterogeneity = 0.015) (Fig. 2A; Table 2).

Functional outcome

Nine studies presented functional outcome data 
(mRS = 0–2) [29–32, 34–38] (2532 patients). The study 
with eptifitabide was not included. Treatment with tirofiban 
had no effect on the functional outcome in patients with 
AIS (RR = 1.12, 95% CI 0.98–1.28, P = 0.010; I2 = 46.1%, 
Pheterogeneity = 0.063) (Fig. 2B; Table 2).
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Last‑recorded NIHSS

The admission NIHSS was not significantly different 
between the intervention and control groups. Three stud-
ies presented the last-recorded NIHSS [25, 29, 31] (443 

patients). The study with eptifibatide was not included. 
Treatment with tirofiban had no effect on the last-recorded 
NIHSS in patients with AIS (WMD =  − 2.32, 95% CI − 5.14 
to 0.50, P = 0.106; I2 = 73.7%, Pheterogeneity = 0.022) (Fig. 3; 
Table 2).

Fig. 1   PRISMA 2009 flow diagram
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Safety measures

Eleven studies presented death data [21, 25, 29, 30, 
32–38] (2926 patients). Treatment with tirofiban or epti-
fibatide appeared to increase the risk of death in patients 
with AIS (RR = 0.84, 95% CI 0.71–0.99, P = 0.121; 
I2 = 16.8%, Pheterogeneity = 0.283) (Fig. 2C; Table 2). The 
results showed that tirofiban did not increase the risk of 
ICH (RR = 0.96, 95% CI 0.78–1.11, P = 0.423; I2 = 76.5%, 
Pheterogeneity < 0.001) (2115 patients) (Fig. 4A; Table 2) 
and symptomatic ICH (RR = 1.00, 95% CI 0.75–1.33, 
P = 0.990; I2 = 41.0%, Pheterogeneity = 0.084) (2776 patients) 
(Fig. 4B; Table 2), but increased the risk of fatal ICH 
(RR = 3.59, 95% CI 1.62–7.96, P = 0.002; I2 = 0%, 
Pheterogeneity = 0.575) (560 patients) (Fig. 4C; Table 2). Fig-
ure 4D suggests that tirofiban increased the risk of PH1/
PH2 (RR = 0.15, 95% CI 0.04–0.67, P = 0.013; I2 = 0.0%, 
Pheterogeneity = 0.590) [29, 38], but without impact on PH2, 
IVH, and systemic bleeding (all P > 0.05).

Sensitivity analyses

The sensitivity analyses showed that all meta-analyses were 
robust, without studies being outliers to the calculated RRs 
and WMD (Supplementary Figure S1). Of note, when exclud-
ing the CLEAR trial [21] (i.e., the only included study that 
examined eptifibatide), similar conclusions were still reached 
for all analyses.

Subgroup analyses based on thrombolysis/
thrombectomy

Supplementary Figure S2 shows that thrombolysis/thrombec-
tomy did not influence any of the study outcomes.

Fig. 2   A Forest plot of mRS (0–1) comparing tirofiban vs. controls. B Forest plot of mRS (0–2) comparing tirofiban vs. controls. C Forest plot 
of death comparing tirofiban vs. controls
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Publication bias

The funnel plots (Supplementary Figure S3) and Begg's and 
Egger's tests (Supplementary Table S2) showed no signifi-
cant publication bias for all four meta-analyses.

Meta‑regression analysis

Supplementary Table S3 presents the meta-regression analy-
ses for the influence of age and admission NIHSS scores 
on the outcomes. Age only influenced the relation of the 

Table 2   Treatment versus control

RR relative risk, CI confidence interval, mRS modified Rankin scale, NIHSS National Institutes of Health Stroke Scale, ICH intracranial hemor-
rhage, sICH symptomatic ICH, PH1 hematoma not exceeding 30% of the infarct area, mild space-occupying effect, PH2 hematoma exceeding 
30% of the infarct area, significant space-occupying effect

Outcomes N RR (95%CI) P I2, % P (heterogeneity)

mRS (0–1) 9 1.092 (0.885, 1.346) 0.411 58.0 0.015
With thrombolysis 4 1.103 (0.708, 1.719) 0.664 76.3 0.005
With thrombolysis/thrombectomy 5 1.069 (0.854, 1.337) 0.562 37.6 0.177
mRS (0–2) 9 1.118 (0.978, 1.278) 0.101 46.1 0.063
With thrombolysis 2 1.107 (0.656, 1.869) 0.702 79.9 0.026
With thrombolysis/thrombectomy 7 1.118 (0.974, 1.283) 0.112 39.2 0.131

N WMD (95%CI) P I2, % P (heterogeneity)

NIHSS (last recorded) 3 − 2.321 (− 5.137, 0.495) 0.106 73.7 0.022
With thrombolysis 2 − 2.365 (−7.258, 2.528) 0.343 86.1 0.007
With thrombolysis/thrombectomy 1 − 2.500 (− 5.022, 0.022) 0.052

Safety measures N RR (95%CI) P I2, % P (heterogeneity)

Death 11 0.843 (0.695, 1.024) 0.085 16.8 0.283
With thrombolysis 4 0.883 (0.491, 1.588) 0.678 8.4 0.351
With thrombolysis/thrombectomy 7 0.838 (0.672, 1.044) 0.115 31.5 0.188
ICH 10 0.929 (0.775, 1.113) 0.423 76.5  < 0.001
With thrombolysis 4 0.923 (0.520, 1.639) 0.786 0 0.744
With thrombolysis/thrombectomy 6 0.926 (0.765, 1.12) 0.927 86.5  < 0.001
sICH 10 0.998 (0.752, 1.326) 0.990 41.0 0.084
With thrombolysis 2 0.459 (0.100, 2.104) 0.316 9.6 0.293
With thrombolysis/thrombectomy 8 1.026 (0.768, 1.370) 0.864 46.6 0.069
Fatal ICH 3 3.594 (1.624, 7.956) 0.002 0 0.575
PH1, PH2 2 0.154 (0.035, 0.669) 0.013 0 0.59
PH2 3 1.176 (0.946, 3.300) 0.074 53.6 0.116

Fig. 3   Forest plot of NIHSS 
comparing tirofiban vs. controls
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treatment with mortality (coefficient: 0.087, 95% CI 0.021, 
0.152, P = 0.009). The admission NIHSS score was not asso-
ciated with the outcomes.

Discussion

Previous studies and meta-analyses reported conflicting 
results about tirofiban or eptifibatide combined therapy and 
the favorable outcomes of AIS [13–18]. Therefore, the pre-
sent meta-analysis aimed to review the literature for RCTs 
and prospective cohort studies investigating the safety and 
efficacy of tirofiban and eptifibatide in patients with AIS. 
The difference between the two groups is that the patients 
included in the experimental arm were those who received 
eptifibatide or tirofiban. The experimental group included the 
patients who underwent thrombolysis/thrombectomy with 
eptifibatide or tirofiban, while the control group included the 

patients who underwent thrombolysis/thrombectomy with-
out eptifibatide or tirofiban. Therefore, all patients under-
went thrombolysis/thrombectomy. The present meta-analysis 
indicates that adding tirofiban or eptifibatide to thromboly-
sis/thrombectomy was not significantly associated with a 
favorable outcome (mRS = 0–1) nor functional outcome 
(mRS = 0–2) in patients with AIS at 3 months, but might 
be associated with mortality, possibly due to fatal ICH. The 
NIHSS was also not significantly different between the inter-
vention and control groups after treatments.

GPIIb/IIIa receptor antagonists are used in patients 
with AIS undergoing ET because they are, theoretically, 
faster than aspirin and clopidogrel to dissociate the throm-
bus' platelet component [9, 12]. Tirofiban or eptifibatide 
are usually used in combination with t-pa or rt-pa. Initial 
studies and small trials suggested that they were effec-
tive and safe in selected populations [25, 39–42]. Still, the 
meta-analyses reported no apparent benefit from the use of 

Fig. 4   A Forest plot of total ICH comparing tirofiban vs. controls. B Forest plot of symptomatic ICH comparing tirofiban vs. controls. C Forest 
plot of fatal ICH comparing tirofiban vs. controls. D Forest plot of bleeding complications comparing tirofiban vs. controls
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tirofiban or eptifibatide [13–15], and a previous study even 
reported an increased risk of symptomatic ICH [36]. Wu 
et al. [33] showed that the risk of bleeding was dependent 
upon the dose of tirofiban. Nevertheless, those three previ-
ous meta-analyses included studies with a wide variety of 
study designs, which could decrease the results' reliability. 
Hence, the 2018 AHA/ASA guidelines specifically stated 
the need for additional high-quality evidence for the use 
of tirofiban and eptifibatide in patients with AIS [1]. The 
present meta-analysis included only RCTs and prospec-
tive cohort studies. Despite a higher level of evidence, this 
updated meta-analysis reached conclusions similar to those 
of the three previous meta-analyses [13–15]. Although the 
present study showed no increase in death with tirofiban 
and eptifibatide, the results indicate a higher risk of fatal 
ICH. Nevertheless, the present meta-analysis supports the 
statement of the 2018 AHA/ASA guidelines that "The effi-
cacy of IV tirofiban and eptifibatide is not well established. 
Further clinical trials are needed" [1]. Still, three other meta-
analyses were published after the present one was planned 
[16–18]. The meta-analysis by Fu et al. [18] did not select 
specific study types and only evaluated tirofiban combined 
with ET; the results showed that tirofiban combined with ET 
improved mortality, recanalization rates, and functional out-
come. The meta-analysis by Gong et al. [17] included RCTs, 
and two-arm comparative studies showed that tirofiban did 
not improve the functional outcome; the risk of fatal ICH 
was increased, but the subgroup analysis showed that this 
was only observed with intra-arterial and not intravenous 
injections of tirofiban. Zhou et al. [16] also showed that 
the intravenous use of tirofiban as monotherapy was safe. 
Therefore, the available meta-analyses report conflicting 
results and suggest that the tirofiban administration strategy 
and methods might affect the efficacy and safety. Additional 
studies are necessary to determine the most optimal strate-
gies for patients with AIS. Nonetheless, the ongoing MOST 
trial (ClinicalTrial.gov NCT03735979) of alteplase ± arga-
troban or eptifibatide could also provide additional insights 
into the use of GPIIb/IIIa receptor antagonists in patients 
with AIS.

The results of the present meta-analysis must be con-
sidered along with their limitations. Only two RCTs were 
included. Nevertheless, we were able to include a larger 
number of prospective cohort studies with larger numbers 
of patients. Second, among the 12 included studies, nine 
were conducted in China. This might introduce a potential 
bias since over 80% of the cases were from Chinese studies. 
This could limit the generalizability of the results because 
of differences in genetics and lifestyle habits. Third, only 
one study used eptifibatide, and it might underestimate the 
effect of eptifibatide in the analysis. Nevertheless, a study 
showed that both eptifibatide and tirofiban were non-infe-
rior to abciximab in patients with myocardial infarction, but 

no direct comparison was made between eptifibatide and 
tirofiban [43]. Another study showed a non-significant dif-
ference of 26% in efficacy between eptifibatide and tirofiban 
[44]. Therefore, it is unlikely that the study about eptifibatide 
influenced the results, as suggested by the sensitivity analy-
ses. Fourth, several studies did not report their results as 
means ± standard deviations. We had to estimate the means 
and standard deviations based on the medians and ranges 
[26], introducing some bias. Fifth, we could not add the 
results about extracranial hemorrhage because of a lack of 
consistency in reporting among the included studies. Finally, 
the quality of the included studies was not always high, 
which could introduce bias. The heterogeneity was high, 
and the differences in dosing strategies among the studies 
probably played a role. Indeed, as shown in Table 1, all stud-
ies included in the present meta-analysis used tirofiban or 
eptifibatide in different manners. Some studies used a bolus 
followed by infusion [21, 25, 32, 34], while others used 
only a continuous infusion [29–31, 33, 35] or only specified 
adapted to patients’ weight and creatinine clearance [36]. 
The infusion duration varies from 30 min to 24 h. The doses 
also varied widely among studies. In addition, some studies 
used tirofiban or eptifibatide in an upfront manner, while 
other studies used it as a bail-out strategy. Furthermore, as 
shown in Table 1, the definitions of symptomatic ICH varied 
among studies, probably participating in the heterogeneity 
of the safety measure analyses.

In conclusion, adding tirofiban or eptifibatide to throm-
bolysis/thrombectomy was not significantly associated with 
a favorable outcome (mRS = 0–1) nor functional outcome 
(mRS = 0–2) in patients with AIS at 3 months, but might 
be associated with mortality, possibly due to fatal ICH. 
The NIHSS was also not significantly different between 
the intervention and control groups after treatments. ICH 
and symptomatic ICH's occurrence were similar between 
the two groups, but the risk of fatal ICH was higher with 
tirofiban. Compared with previous meta-analyses [13, 15], 
we were able to limit the study types to RCTs and prospec-
tive cohorts, yet with a larger total number of patients. 
Although the present meta-analysis results are consistent 
with the previous meta-analyses [13–15], we only assessed 
the overall safety and efficacy based on the mRS, ICH, and 
last recorded NIHSS. Considering that tirofiban and eptifiba-
tide are still used sometimes in the current clinical practice, 
future studies should investigate the specific adverse effects 
in patients with AIS undergoing treatment. Still, it should be 
used with caution and in highly selected patients.
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