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Abstract
Objectives: Tirofiban is widely used in clinical practice for 
acute ischemic stroke (AIS). However, whether tirofiban in-
creases the bleeding risk or improves the outcome of AIS 
patients with endovascular treatment (ET) is unknown. The 
aim of this meta-analysis is to evaluate the safety and effi-
cacy of tirofiban compared with those without tirofiban in 
AIS patients receiving ET. Methods: Systematic literature 
search was done in PubMed and EMBASE databases without 
language or time limitation. Safety outcomes were symp-
tomatic intracranial hemorrhage (sICH) and mortality. Effi-
cacy outcomes were recanalization rate and favorable func-
tional outcome. Review Manager 5.3 and Stata Software 
Package 15.0 were used to perform the meta-analysis. Re-
sults: Eleven studies with a total of 2,028 patients were in-
cluded. A total of 704 (34.7%) patients were administrated 
tirofiban combined with ET. Meta-analysis suggested that 
tirofiban did not increase the risk of sICH (odds ratio (OR) 
1.08; 95% confidence interval (CI) 0.81–1.46; p = 0.59) but 
significantly decreased mortality (OR 0.68; 95% CI 0.52–0.89; 
p = 0.005). There was no association between tirofiban and 

recanalization rate (OR 1.26; 95% CI 0.86–1.82; p = 0.23) or 
favorable functional outcome (OR 1.21; 95% CI 0.88–1.68;  
p = 0.24). Subgroup analyses indicated that preoperative ti-
rofiban significantly increase recanalization rate (OR 3.89; 
95% CI 1.70–8.93; p = 0.001) and improve favorable function-
al outcome (OR 2.30; 95% CI 1.15–4.60; p = 0.02). Conclu-
sions: Tirofiban is safe in AIS patients with ET and can signifi-
cantly reduce mortality; preoperative tirofiban may be effec-
tive, but further studies are needed to confirm the efficacy.

© 2020 S. Karger AG, Basel

Introduction

Endovascular treatment (ET) has been proved to be an 
effective therapy to improve functional outcomes in se-
lected patients with acute ischemic stroke (AIS) [1–6]. 
However, platelet activation caused by endothelial inju-
ries may lead to thromboembolic complications and give 
rise to early reocclusion during the operative procedure, 
[7, 8]. Tirofiban, a highly selective glycoprotein (GP) IIb/
IIIa receptor antagonist, which potently inhibits the final 
pathway of platelet activation, has already been widely 
used in recent clinical practice to prevent early thrombo-
sis in ET for AIS [9]. However, as an off-label usage, 
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whether tirofiban increases the bleeding risk or improves 
the outcome of ET in AIS is unknown. There were sev-
eral studies that evaluated the feasibility of tirofiban in 
AIS patients receiving ET, and the results were conflicting 
[10–20]. Thus, we aimed to perform a meta-analysis to 
evaluate the safety and efficacy of tirofiban in combina-
tion with ET for AIS patients.

Methods

Search Strategy
An electronic database search was conducted by using subject 

term (stroke, tirofiban) combined with its free term in the following 
databases: MEDLINE via PubMed and EMBASE (without language 
or time limitation). The systematic literature search was ultimately 
performed in October 2019. Detailed electronic search strategy for 
PubMed was exemplified in suppl. Table 2 (for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000509054). The database 
searches were accompanied by hand searches of the reference list of 
included articles, as well as contacting authors for all included and 
potentially included studies. The gray literature and ongoing studies 
were searched in the following databases: OpenGrey, WHO Inter-
national Clinical Trials Registry Platform, and ClinicalTrials.Gov. 
Two reviewers who blind to each other independently screened the 
titles and abstracts to access their eligibility. Full texts of potentially 
eligible citations were retrieved for detailed examination.

Study Selection
Studies were screened and extracted by 2 reviewers (ZhiYong 

Fu and ChuanLi Xu) independently according to inclusion and 
exclusion criteria, and then cross-checked. Disagreements regard-
ing extracted data were resolved by discussion among the authors. 

If necessary, a third author was required to assess the remaining 
disagreements. Inclusion criteria: (1) observational studies or ran-
domized controlled trials (RCTs); (2) studies of tirofiban on AIS 
patients receiving ET compared to patients without tirofiban. Ex-
clusion criteria: (1) studies of single-arm trial or cases report; (2) 
reviews and studies from which abstracts or data could not be ex-
tracted; (3) duplicate reporting came from a same trail.

Data Extraction and Quality Assessment
Data extraction: (1) baseline of the included studies: age, male, 

hypertention, diabetes mellitus, atrial fibrillation, coronary heart 
disease, and previous stroke; (2) studies’ characteristics: author, 
year, country, trial design, sample size, heparin usage, administra-
tion route of tirofiban, safety outcomes, and efficacy outcomes. We 
contacted corresponding authors via e-mail to request further in-
formation when necessary. As all included studies were observa-
tional studies, the risk of bias was assessed by the Newcastle-Otta-
wa Scale (NOS). High-quality study was defined as having an NOS 
ranking of 7–9 [21].

Outcome Measure
There were 2 primary safety outcome end points: symptomatic 

intracranial hemorrhage (sICH) and mortality. sICH was defined 
according to the definition of the European Cooperative Acute 
Stroke Study III [22]. Mortality was 3-month follow-up mortality. 
There were also 2 primary efficacy outcome end points: recanaliza-
tion rate and favorable functional outcome. Recanalization was 
defined as a thrombolysis in cerebral infarction score of 2b-3 [23]. 
Favorable functional outcome was defined as a modified Rankin 
Scale (mRS) of 0–2 at 3-month follow up [24].

Statistical Analysis
Data were entered and analyzed by using the Cochrane Col-

laboration Review Manager software (version 5.3) and Stata Soft-
ware Package (version 15.0). The data of end points were analyzed 

Records identified
through database searching

(n = 1,213)

Records after duplicates removed (n = 1,001)

Full-text articles assessed
for eligibility (n = 32)

Studies included in
quantitative synthesis

(meta-analysis) (n = 11)

Additional records identified
through other sources

(n = 10)

Records excluded (n = 969)
Reviews and cases report
Not AIS patients receiving ET
No tirofiban treatment

Full-text articles excluded (n = 21)
1) Data unavalible (n = 1)
2) Unsuitable control group (n = 7)
3) Single-arm studies (n = 12)
4) Duplicate data (n = 1)

Fig. 1. Flow chart of the screening process.
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separately by indications (sICH, mortality, recanalization rate, and 
favorable functional outcome). Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were calculated by using the Mantel-Haenszel 
method with random-effects model if I2 > 50% or p ≤ 0.10, with 
fixed-effects model if I2 < 50% and p > 0.10. In case of heterogene-
ity (I2 > 50% or p ≤ 0.10), we attempted to identify and explain it 
by using subgroup analysis [25]. Sensitivity analysis was performed 
separately by excluding the study with the largest sample size [19], 
excluding the study with the smallest sample size [10], then exclud-
ing the only one study indicating significant difference in sICH 
[17], and excluding one study indicating significant difference in 
recanalization rate between the tirofiban group and without the 
tirofiban group [14]. Funnel plots and Begg’s linear regression test 
were used to evaluate publication bias. p values were considered 
statistically significant for p < 0.05.

Results

Search Results
The systematic review and meta-analysis were prepared 

following the PRISMA. We retrieved 1,213 articles that 
were potentially pertinent. After removing duplicates and 

reviewing titles and abstracts to exclude irrelevant studies, 
case reports, and reviews, 11 cohort trials [10–20] fulfilled 
all the inclusion criteria and included 2,028 patients (Fig. 1).

Study Characteristics
Baseline of the included studies (age, male, hyperten-

tion, diabetes mellitus, atrial fibrillation, coronary heart 
disease, and previous stroke) is summarized in online 
suppl. Table 1. The enrolled studies’ characteristics and 
analyzed NOS score are presented in Table 1. According 
to the administration route of tirofiban [9], the 11 studies 
can be divided into 2 subgroups: (1) rescue tirofiban: 9 
studies used tirofiban during or after endovascular pro-
cedures; (2) preoperative tirofiban: 2 [11, 15] studies used 
tirofiban before endovascular procedures.

Quantitative Data Synthesis
Safety Outcomes
sICH
The overall sICH occurrence was 232 (11.4%), of 

which 81 (11.5%) pertain to the tirofiban group and 151 

Table 1. Characteristics of included studies

Author,  
year

Coun-
try

Design Patients  
(T/C)

Occlusion  
location

Heparin, IU Administration route Safety  
outcome

Efficacy outcome NOS  
score

IA, mg IV (duration)

Gruber et al. 
[10]

SUI Retrospective 
cohort

32 (18/14) Anterior Act at 90– 
100 s

10 μg/kg 9 μg/kg/h
60 h

①②④ Recanalization rate; 
90 mRS (0–2)

8

Huang et al. 
[11]

CHN Retrospective 
cohort

38 (19/19) Anterior + 
posterior

200–4,000 No 1 μg/kg/h
Before ET

② Recanalization rate; 
90 mRS (0–2)

8

Huo et al. 
[12]

CHN Prospective 
cohort

207 (55/152) Anterior + 
posterior

2,000–3,000 0.25–1.0 0.1 μg/kg/min
12–24 h

①②④ Recanalization rate; 
90 mRS (0–2)

8

Keller et al. 
[13]

GER Prospective 
cohort

162 (50/112) Anterior + 
posterior

a No 0.1 μg/kg/min
12 h

②③④ Recanalization rate; 
90 mRS (0–2)

8

Lee and 
Gliem [14]

GER Retrospective 
cohort

195 (60/135) Anterior a 0.125 0.1 μg/kg/min
12–24 h

①②⑤ Recanalization rate; 
90 mRS (0–3)

7

Luo et al.  
[15]

CHN Retrospective 
cohort

99 (56/43) Anterior + 
posterior

Catheter 
flushing

No 1 μg/kg/h
Before ET

②④ Recanalization rate; 
7-day NIHSS;  
90 mRS (0–2)

8

Pan et al.  
[16]

CHN Prospective 
cohort

211 (82/39) Anterior + 
posterior

a 0.25–1.0 0.15 μg/kg/
min
16–24 h

②④ Recanalization rate; 
24-h NIHSS;  
90 mRS (0–2)

9

Wu et al.  
[17]

CHN Prospective 
cohort

218 (94/124) Anterior + 
posterior

a 10 μg/kg No ①②③⑤ Recanalization rate; 
90 mRS (0–1)

7

Yu et al.  
[18]

CHN Retrospective 
cohort

54 (26/28) Anterior + 
posterior

a 0.2–0.5 No ②④ Recanalization rate; 
24-h NIHSS;  
90 mRS (0–2)

9

Zhang et al. 
[19]

CHN Prospective 
cohort

632 (154/478) Anterior a 0.25–1.0 No ①②④ Recanalization rate; 
90 mRS (0–2)

9

Zhao et al. 
[20]

CHN Prospective 
cohort

180 (90/90) Anterior + 
posterior

Act at 250– 
300 s

0.25–0.5 0.2–0.25 mg/h
12–24 h

①②④ Recanalization rate; 
90 mRS (0–2)

9

High-quality study was defined as having an NOS ranking of 7–9. T, tirofiban group; C, control group; IA, intra-arterial; IV, intravenous; ET, endovascular 
treatment; ACT, activated clotting time; a, detailed information was not reported; ①, any ICH; ②, sICH; ③, fatal ICH; ④, 3-month mortality; ⑤, hospital 
death; NOS, Newcastle-Ottawa Scale; mRS, modified Rankin Scale.
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(11.4%) pertain to the without tirofiban group. Only one 
study [17] demonstrated a significantly increased risk of 
sICH in the tirofiban group compared with the without 
tirofiban (p = 0.027). When estimating the relationship 
between tirofiban and sICH, pooled analysis showed that 
tirofiban did not increase the risk of sICH in patients with 
ET (OR 1.08; 95% CI 0.81–1.46; p = 0.59). The heteroge-
neity (p = 0.36; I2 = 9%) between these studies was low 
(Fig. 2).

Mortality
Eight studies investigated the 3-month follow-up mor-

tality after ET. The overall mortality occurrence was 364 
(23.1%), of which 99 (18.6%) relate to the tirofiban group 
and 265 (23.3%) relate to the without tirofiban group. 
There were 2 studies [12, 20] that indicated significant 
relationship between tirofiban and mortality. Pooled 
analysis demonstrated that tirofiban can significantly re-

duce mortality (OR 0.68; 95% CI 0.52–0.89; p = 0.005). 
The heterogeneity (p = 0.23; I2 = 24%) between these 
studies was low (Fig. 2).

Efficacy Outcomes
Recanalization Rate
A total of 11 studies reported early recanalization rate 

after ET. The overall recanalization occurrence was 1,670 
(82.3%), of which 591 (83.9%) connected with the tirofi-
ban group and 1,079 (81.5%) pertain to the without tiro-
fiban group. One study [14] showed a significantly in-
creased recanalization rate in the tirofiban group com-
pared with the without tirofiban group (p = 0.026). There 
was also 1 study [11] that illuminated preoperative tirofi-
ban can increase the recanalization rate (p = 0.004). An-
other 7 studies showed no significant relationship be-
tween tirofiban and recanalization. Pooled analysis found 
tirofiban was not associated with early recanalization in 

Study or subgroup

Tirofiban

events total total
Weight,
%

Odds ratio
M-H, fixed, 95% Cl

Odds ratio
M-H, fixed, 95% Cl

without Tirofiban

events

1.2.1 sICH
Gruber et al., 2018
Huang et al., 2018
Huo et al., 2019
Keller et al., 2013
Lee et al., 2017
Luo et al., 2019
Pan et al., 2019
Wu et al., 2018
Yu et al., 2018
Zhang et al., 2019
Zhao et al., 2017

Total (95% Cl)
Total events 
Heterogeneity: χ2 = 10.95, df = 10 (p = 0.36); I2 = 9%
Test for overall effect: Z = 0.54 (p = 0.59)

1.2.2 Mortality
Gruber et al., 2018
Huo et al., 2019
Keller et al., 2013
Luo et al., 2019
Pan et al., 2019
Yu et al., 2018
Zhang et al., 2019
Zhao et al., 2017

Total (95% Cl)
Total events 
Heterogeneity: χ2 = 9.26, df = 7 (p = 0.23); I2 = 24%
Test for overall effect: Z = 2.78 (p = 0.005)

4
1
6
8
5
5
5

13
3

21
10

81

3
4

15
8

13
1

34
21

99

18
19
55
50
60
56
82
94
26

154
90

704

18
55
50
56
82
26

154
90

531

4
1

11
9
8
2

16
7
4

80
9

151

3
30
30
5

22
3

132
40

265

14
19

152
112
135
43

129
124
28

478
90

1,324

14
152
112
43

129
28

478
90

1,046

4.2
1.1
6.3
5.6
5.4
2.5

14.1
6.3
4.1

40.6
9.7

100.0

2.1
11.1
9.7
3.6

10.8
2.1

37.6
23.0

100.0

0.71 [0.14, 3.56]
1.00 [0.06, 17.25]
1.57 [0.55, 4.47]
2.18 [0.79, 6.03]
1.44 [0.45, 4.61]
2.01 [0.37, 10.90]
0.46 [0.16, 1.30]
2.68 [1.03, 7.02]
0.78 [0.16, 3.89]
0.79 [0.47, 1.32] 
1.13 [0.43, 2.91]

1.08 [0.81, 1.46]

0.73 [0.12, 4.35]
0.32 [0.11, 0.95]
1.17 [0.56, 2.44]
1.27 [0.38, 4.19]
0.92 [0.43, 1.94]
0.33 [0.03, 3.43]
0.74 [0.48, 1.14]
0.38 [0.20, 0.72]

0.68 [0.52, 0.89]

0.05 0.2 1 5 20
Tirofiban without Tirofiban

Fig. 2. Forest plot of safety outcomes in patients with and without tirofiban.Safety outcomes include sICH and 
mortality. M–H fixed: Mantel–Haenszel method with fixed-effects model.
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patients with ET (OR 1.26; 95% CI 0.86–1.82; p = 0.23). 
The I2 value was 45%, while p value <0.1 (Fig. 3).

Favorable Functional Outcome
Nine studies reported favorable functional outcome 

defined as an mRS of 0–2 at 3-month follow up, while one 
study [17] defined as an mRS of 0–1 and also one study 
[14] defined as an mRS of 0–3. The overall favorable func-
tional outcome (mRS 0–2) occurrence following ET was 
690 (42.7%), of which 250 (45.5%) associated with the ti-
rofiban group and 440 (41.3%) pertain to the without ti-
rofiban group. There was only 1 study [11] that indicated 
preoperative tirofiban was associated with favorable 
functional outcome in patients who received ET (p = 
0.02). Pooled analysis indicated that tirofiban was not as-
sociated with favorable functional outcome (OR 1.21; 
95% CI 0.88–1.68; p = 0.24).The I2 value was 43%, while 
p value <0.1 (Fig. 3).

Subgroup Analysis of Efficacy Outcome
In consideration of the heterogeneity (recanalization 

rate: I2 = 45%, p < 0.1; favorable functional outcome: I2 = 
43%, p < 0.1), we performed subgroup analysis. 11 studies 
were divided into 2 subgroups according to the adminis-
tration route of tirofiban: preoperative tirofiban sub-
group (2 studies) and rescue tirofiban subgroup (9 stud-
ies). Pooled analysis suggested that preoperative tirofiban 
can significantly increase the recanalization rate (OR 
3.89; 95% CI 1.70–8.93; p = 0.001; I2 = 27%; online suppl. 
Fig. 1) and can also significantly improve favorable func-
tional outcome (OR 2.3; 95% CI 1.15–4.60; p = 0.02; I2 = 
39%; online suppl. Fig. 2).

Sensitivity Analysis
Following the method described in the Statistical 

Analysis section, the influence analysis consistently omit-
ted one study at a time. None of the studies influenced the 

Study or subgroup

Tirofiban

events total total
Weight,
% M-H, random, 95% Cl M-H, random, 95% Cl

without Tirofiban

events

2.2.1 Recanalization rate
Gruber et al., 2018
Huang et al., 2018
Huo et al., 2019
Keller et al., 2013
Lee et al., 2017
Luo et al., 2019
Pan et al., 2019
Wu et al., 2018
Yu et al., 2018
Zhang et al., 2019
Zhao et al., 2017

Total (95% Cl)
Total events 
Heterogeneity: χ2 = 0.16, df = 10 (p = 0.05); I2 = 45%
Test for overall effect: Z = 1.20 (p = 0.23)

2.2.2 Favorable functional outcome
Gruber et al., 2018
Huang et al., 2018
Huo et al., 2019
Keller et al., 2013
Luo et al., 2019
Pan et al., 2019
Yu et al., 2018
Zhang et al., 2019
Zhao et al., 2017

Total (95% Cl)
Total events 
Heterogeneity: τ2 = 0.09, χ2 = 13.94, df = 8 (p = 0.08); I2 = 43%
Test for overall effect: Z = 1.17 (p = 0.24)

13
14
46
31
54
49
70
87
23

133
71

591

8
15
27
7

30
39
9

74
41

250

18
19
55
50
60
56
82
94
26

154
90

704

18
19
55
50
56
82
26

154
90

550

11
5

135
68

103
31

110
113
24

401
78

107

6
8

84
30
17
44
11

207
33

440

14
19

152
112
135
43

129
124
28

478
90

1,324

14
19

152
112
43

129
28

478
90

1,065

4.2
5.1

10.0
12.6
9.3
8.2

11.2
8.7
4.4

15.4
11.1

100.0

4.5
4.3

14.1
8.9

10.4
15.4
6.6

21.2
14.6

100.0

0.71 [0.14, 3.66]
7.84 [1.85, 33.23]
0.64 [0.27, 1.54]
1.06 [0.53, 2.10]
2.80 [1.10, 7.10]
2.71 [0.96, 7.63]
1.01 [0.46, 2.20]
1.21 [0.45, 3.25]
1.28 [0.26, 6.34]
1.22 [0.72, 2.05]
0.57 [0.26, 1.27]

1.26 [0.86, 1.82]

1.07 [0.26, 4.36]
5.16 [1.23, 21.55]
0.78 [0.42, 1.45]
0.44 [0.18, 1.10]
1.76 [0.79, 3.95]
1.75 [0.99, 3.09]
0.82 [0.27, 2.48]
1.21 [0.84, 1.74]
1.45 [0.80, 2.62]

1.21 [0.88, 1.68]

0.01 0.1 1 10 100
Tirofiban without Tirofiban

Fig. 3. Forest plot of efficacy outcomes in patients with and without tirofiban.Efficacy outcomes include recana-
lization and favorable functional outcome. M–H random: Mantel–Haenszel method with random-effects model.
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results for any end points such that the results would have 
changed significantly. The results of sensitivity analysis 
are shown in Tables 2 and 3 and online suppl. Figure 3.

Publication Bias
The funnel plot was performed to assess the publica-

tion bias (online suppl. Figs. 1–7). Visual inspection of the 
funnel plot and Begg’s test indicated no evidence of pub-
lication bias.

Discussion

In this meta-analysis, we found that tirofiban did not in-
crease the risk of sICH but can significantly reduce mortal-
ity in AIS patients undergoing ET, and it did not improve 
the recanalization rate and favorable functional outcome. 
However, subgroup analyses indicated that preoperative ti-
rofiban may be effective as it was associated with an increase 
in recanalization rate and favorable functional outcome.

Tirofiban has been extensively used as monotherapy 
in progressive stroke, combining intravenous thromboly-
sis and ET in both preclinical and clinical studies. Prom-
ising data from the SaTIS [26] and SETIS [27] trials 
showed that monotherapy of tirofiban was safe and had 
potential efficacy in AIS patients. However, whether tiro-
fiban is safe or effective in AIS patients treated with ET is 
unclear. In this meta-analysis, we found that the mortal-
ity at 3 months was significantly lower in patients treated 
with tirofiban than in the control subjects. We speculate 
that this may be based on positive effects on existing co-
morbidity such as cardiovascular disease [26, 28]. Al-
though we cannot conclude that tirofiban can improve 
artery recanalization or favorable functional outcomes, it 
is worth noting that preoperative tirofiban may be effec-
tive. The heterogeneity between the included studies may 
be attributed to several reasons. First, differences in 
screening criteria for patients suitable to ET: (1) Changes 
of screening criteria in guidelines: In 2015, the clinical 
guideline of ET for AIS updated after the publication of 5 

Table 2. Sensitivity analysis for sICH and mortality

sICH Mortality

OR (95%) I2, % p value OR (95%) I2, % p value

Zhang et al. [19] 1.29 (0.89–1.86) 0 0.18 0.65 (0.46–0.91) 34 0.01
Gruber et al. [10] 1.10 (0.81–1.49) 16 0.53 0.68 (0.52–0.90) 35 0.006
Wu et al. [17] 0.98 (0.71–1.34) 0 0.89 0.68 (0.52–0.89) 24 0.005
Lee and Gliem [14] 1.06 (0.78–1.45) 16 0.69 0.68 (0.52–0.89) 24 0.005

Zhang et al. [19], excluding the study with largest sample size; Gruber et al. [10], excluding the study with 
smallest sample size; Wu et al. [17], excluding the only one study indicated significant difference in sICH; Lee 
and Gliem [14], excluding one study indicated significant difference in recanalization rate. OR, odds ratio; I2,  
I2 value; sICH, symptomatic intracerebral hemorrhage.

Table 3. Sensitivity analysis for recanalization rate and favorable outcome

Recanalization rate Favorable functional outcome

OR (95%) I2, % p value OR (95%) I2, % p value

Zhang et al. [19] 1.28 (0.82–2.00) 50 0.28 1.21 (0.80–1.84) 50 0.36
Gruber et al. [10] 1.29 (0.87–1.91) 49 0.20 1.22 (0.86–1.73) 50 0.26
Wu et al. [17] 1.27 (0.84–1.92) 50 0.26 1.21 (0.88–1.68) 43 0.24
Lee and Gliem [14] 1.15 (0.79–1.66) 38 0.46 1.21 (0.88–1.68) 43 0.24

Favorable functional outcome, defined as a modified Rankin Scale of 0–2 at 3-month follow-up; Zhang et al. 
[19], excluding the study with largest sample size; Gruber et al. [10], excluding the study with smallest sample 
size; Wu et al. [17], excluding the only one study indicated significant difference in sICH; Lee and Gliem [14], 
excluding one study indicated significant difference in recanalization ate. OR, odds ratio; I2, I2 value.
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stent retriever trials which confirmed the effect of ET in 
selected patients with AIS [1–6], whereas Kellert et al. 
[13] conducted the study before 2015 and concluded that 
tirofiban was associated with increased risk of fatal ICH 
and poor outcome. However, the results of Zhao et al. 
[20] and Pan et al. [16], conducted after 2015, were quite 
the contrary. (2) Discretion of interventionists: the use of 
tirofiban was at the discretion of interventionists who 
may be prone to use tirofiban in subjects with heavier ath-
erosclerotic burden and high possibility of reocclusion af-
ter the occluded arteries were partially recanaliazed or ul-
timately achieved good reperfusion. It may explain why 
rescue tirofiban, indeed effective, cannot be demonstrat-
ed to be able to improve recanalization rate and favorable 
functional outcomes. Second, update of technical materi-
als: all subjects in Zhao et al. [20] and Pan et al. [16] were 
treated with second-generation stent retriever device us-
ing improved thrombectomy technique, whereas almost 
20% of subjects of Kellert et al. [13] used others (e.g., bal-
loon expansion technique, merci retriever, and stent im-
plantation) which may have led to lower recanalization 
rate and poor outcome [29]. Third, the dose of tirofiban 
(Zhang et al. [19] and Yu et al. [18]) indicated that a low 
dose of tirofiban with an intra-arterial bolus followed by 
continuous intravenous administration may lower the in-
cidence of sICH. Zhao et al. [20] concluded that a low-
dose tirofiban can improve long-term functional out-
come. More importantly, the administration route of ti-
rofiban (Huang et al. [11] and Luo et al. [15]) showed that 
preoperative tirofiban may be effective as it was associ-
ated with an increase in recanalization rate and favorable 
functional outcome. The results were also confirmed by 
other researchers. Mangiafco et al. [30] and Ihn et al. [31] 
reported that proactive administration of intravenous ti-
rofiban plus local intra-arterial urokinase and/or MT 
with AIS attributable to large cerebral artery occlusion 
can potentially improve recanalization at 24 h after op-
eration and favorable outcomes at 3 months, while not 
increasing the risk of sICH. Histopathological analysis 
found that all the thrombi contained different amounts of 
platelets and fibrinogen, which may be the key reason 
why the preoperative application of tirofiban can im-
prove recanalization rate by preventing platelet aggrega-
tion and vascular reocclusion before, during, and after ET 
procedures [15, 32, 33]. Given the pharmacological ef-
fects of GP IIb/IIIa inhibitors, tirofiban can prevent the 
formation of microthrombosis and microembolism, 
which can deteriorate postischemic flow and infarct pro-
gression, but tirofiban have no thrombolytic properties, 
so tirofiban cannot dissolve microthrombosis and micro-

embolism [34, 35]. Therefore, we speculate that tirofiban, 
especially preoperative tirofiban, may improve the func-
tional outcome by improving the reperfusion status of 
microvascular. As to patients complicated with certain 
underlying pathogenesis, such as intracranial atheroscle-
rosis, proactive use of tirofiban seems reasonable but 
awaits further confirmation by RCTs.

Our increasingly improved understanding of the role 
of tirofiban in the development of AIS has been providing 
potential alternative perspectives or adjuvants to current 
treatment. Reductions in mortality and adverse function-
al outcomes derived from tirofiban can be achieved when 
neuro-interventionists and neurologists work collabora-
tively and efficiently. But further studies are needed to 
determine the optimal patient selection criteria, dose of 
tirofiban, and the method of tirofiban to establish a stan-
dard treatment protocol.

This meta-analysis has several limitations. First, there 
was no RCT evidence as the meta-analysis only included 
observational cohort studies. Furthermore, administra-
tion of tirofiban has been mainly concentrated in Asian 
countries nowadays, due to the lower costs compared 
with other kinds of GP IIb/IIIa such as abciximab, eptifi-
batide, which were used more commonly in developed 
counties. Thus, the current study may be more valuable 
in Asian countries. In addition, the dose and duration of 
tirofiban used in the 11 studies were pragmatic. And there 
existed a difference in heparin usage during endovascular 
procedures. The potential bias may lead to heterogeneity 
between studies and exert an effect on outcome measures. 
Finally, there are only 2 studies in the pre-operative tiro-
fiban subgroup, and these results of the current studies 
should be explained with caution.

Conclusion

Tirofiban is safe in AIS patients with ET and can sig-
nificantly reduce mortality. Although our meta-analysis 
suggested that tirofiban did not improve the recanaliza-
tion rate and favorable functional outcome, subgroup 
analyses indicated that preoperative tirofiban may be ef-
fective, and further studies are needed to confirm the ef-
ficacy.
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