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A meta-analysis of randomized controlled trials investigating 
tirofiban combined with conventional drugs by intracoronary 

administration for no-reflow prevention

Introduction

Percutaneous coronary intervention (PCI) is the gold stan-
dard procedure for reperfusion in patients with acute coronary 
syndrome (ACS). Recent studies have shown that more than 25% 
of blood flow to myocardial tissue is not completely restored with 
revascularization (1, 2). Increased myocardial perfusion some-
times occurs with ST-segment elevation myocardial infarction 
(STEMI). The coronary artery intimal tears may result in platelet 
accumulation and thrombosis, which are commonly observed in 
patients with acute myocardial infarction treated with PCI (3). 
No-reflow (NR) is an independent prognostic predictor that can 

develop after coronary revascularization. Glycoprotein IIb/IIIa 
inhibitors (GPIs) are used to prevent the possibility of no-reflow. 
In a meta-analysis by Qin et al. (4), the safety and efficacy of the 
GPI tirofiban were compared with those of traditional drugs. This 
study showed that intracoronary (IC) administration of tirofiban 
is more effective in treating NR than other conventional drugs. 
Tirofiban inhibits platelet activation and aggregation; however, 
one of its major side-effects is bleeding that may cause more 
harm than good. Although several studies have investigated the 
effects of tirofiban along with other drugs for NR, information 
regarding the efficacy and safety in patients with STEMI under-
going PCI is lacking. In this meta-analysis, both the safety and 
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efficiency of tirofiban alone versus in combination with conven-
tional drugs for treating patients with STEMI undergoing PCI are 
evaluated.

Methods

This study was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines. All analyses were conducted on the basis of previ-
ously published work. Thus, neither patients’ consent nor ethical 
approval was required for this study.

Search strategy
Two reviewers independently and systematically searched 

PubMed, Embase, Google Scholar, Cochrane Library, CBM, and 
CNKI databases for randomized trials taking place from January 
2000 to January 2020 that compared tirofiban vs. tirofiban plus 
conventional drugs in patients with STEMI and/or ACS.

The following keywords were used: “intracoronary,” “tiro-
fiban,” “randomized controlled trial,” “percutaneous coronary 
intervention,” “combined therapies,” “no-reflow (NR),” and “gly-
coprotein αb/βa inhibitors.” Studies written in either Chinese or 
English were included in our search. Letters, reviews, and non-
original articles were excluded from the analyses.

Selection criteria
Inclusion criteria for studies were as follows: (i) studies that 

enrolled patients with ACS or STEMI who underwent PCI; (ii) 
those comparing treatment with tirofiban alone to tirofiban com-
bined with conventional drugs; (iii) reports of at least one of the 
following outcomes, bleeding complications, CTFC, MACE, CTFC, 
TIMI flow after treatment, and LVEF. Exclusion criteria were as 
follows: (i) nonrandom treatment or equivocal allocation (i.e., 
unclear information regarding patient allocation); (ii) PCI with 
thrombus aspiration for patients with severe thrombus load. A 
third reviewer was included to resolve any discrepancies if a 
consensus was not reached between the two reviewers.

Data extraction and synthesis
Only randomized studies investigating the effects of tirofiban 

alone compared to tirofiban combined with other conventional 
drugs in patients with STEMI or ACS were included in the meta-
analysis. The details acquired from the studies were as follows: 
the last name of the first author of the publication, year of pub-
lication, age, disease, drug dose regimens, outcomes (bleeding 
events, CTFC, TIMI grade 3 flow, LVEF, and MACE), and interven-
tion strategies. A third investigator (W.W.) was included if dis-
crepancies existed between the two investigators.

Quality assessment
Two independent reviewers (Q.Z. and L.D.Z.) evaluated the 

quality of each study and assessed the risk of bias using Co-

chrane Collaboration’s tool. Low, high, and unclear (insufficient 
information or uncertainty) risks of bias for each trial were eval-
uated (Fig. 1). A third investigator (W.W.) was included if discrep-
ancies existed between the two investigators who performed 
the analyses.

Statistical analysis
Data were analyzed using Review Manager 5.3 (The Co-

chrane Collaboration, 2014, Nordic Cochrane Centre, Copen-
hagen, Denmark). Dichotomous outcomes were expressed as 
Mantel–Haenszel odds ratios (ORs) with 95% CIs, whereas con-
tinuous outcomes were expressed as mean differences (MDs) 
or standardized mean differences with 95% CIs. Heterogeneity 
tests were conducted using Cochran’s Q (chi-square test) and I2 
statistics. A fixed-effects model was implemented unless statis-
tical heterogeneity (p<0.10 or I2>50%) was observed. A p value of 
0.05 was considered statistically significant.

Results

Search
After the initial database search, 937 studies were identified. 

After screening the title and reading the text, duplicate results 
(681) were removed and 229 studies were excluded because the 
use of IC tirofiban was not reported (n=9) or patients were treated 
with thrombus aspiration (n=5). Finally, 13 Chinese language ar-
ticles involving 937 patients were included in the analysis (Fig. 2).

Characteristics
Table 1 lists the characteristics of the studies included in this 

meta-analysis. In those studies, 937 patients had STEMI or ACS 
and underwent PCI. The drug combination groups were as fol-
lows: 4 trials used sodium nitroprusside (5-8), 1 trial alprostadil 
(9), 2 trials nicorandil (10, 11), 3 trials = adenosine (12-14), and 3 
trials anisodamine (15-17). Standard administration of medica-
tion was provided to all patients, including clopidogrel, aspirin, 
and heparin.

Quantitative synthesis
Following PCI, six trials reported a TIMI flow of grade 3. No 

heterogeneity was observed between the studies (I2=0%). Com-
pared to tirofiban alone, traditional drugs combined with tirofi-
ban significantly increased TIMI grade (OR: 0.18; 95% CI: 0.11–
0.3; p<0. 01; I2=0%) after PCI based on the fixed-effects model 
(Fig. 3).

Out of 13 studies, six studies reported CTFC. The random-
effects model was implemented since significant heterogeneity 
existed in these RCTs (I2=74%). Tirofiban combined with the tra-
ditional drug treatment group significantly reduced CTFC (WMD: 
−6.61; 95% CI: 4.69–8.53; p<0.01; I2=74%) (Fig. 4a). Sensitivity 
analyses were conducted after removing a study conducted by 
Chen, 2019, which reduced heterogeneity (I2) from 74% to 31% 
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and the pooled MD from 6.61 (4.69, 8.53) (p<0.01, Fig. 4a) to 7.28 
(5.90, 8.66) (p<0.01, Fig. 4b).

Moreover, the rate of MACE was significantly reduced in 
drug combination groups (OR: 0.18; 95% CI: 0.11–0.30; p<0.01; 
I2=0%; Fig. 5) in 6 out of 13 studies. Additionally, in these RCTs, the 
rate of LVEF was significantly increased in the drug combination 
group compared to that in compared to tirofiban-alone group 
(WMD: −3.76; 95% CI: −4.70 to −2.82; p<0.01) with relatively high 
heterogeneity (I2=70%), as demonstrated by the random-effects 
meta-analysis (Fig. 6a). Sensitivity analysis was performed 
by excluding a study by Zhang (16); as a result, heterogeneity 
(I2) decreased from 70% to 40% and the pooled MD from −3.76 
(−4.70, −2.82) (p<0.01, Fig. 6a) to −4.05 (−4.80, −3.30) (p<0.01, Fig. 
6b); in terms of heterogeneity, these results were in line with 
those reported in a trial performed by Zhang, 2017. Three stud-
ies reported bleeding events; however, the differences between 

groups were not significant (OR: 1.24; 95% CI: 0.5–3.12; p=0.64, 
Fig. 7) and no signs of heterogeneity were observed (I2=0%).

Assessment of publication bias
According to the Cochrane Handbook for Systematic Re-

views of Interventions, Version 5.3.0, a funnel plot was not used 
to evaluate publication bias, since fewer than 10 articles were 
available for quantitative analysis.

Discussion

PCI restores blood perfusion and supply in the coronary 
artery. However, after PCI, individuals are vulnerable to NR 
(18). No-reflow phenomenon (NRP) is associated with poor 
prognosis, including a higher incidence of postinfarction com-

Figure 1. Assessment of bias of the studies included
Red - high risk; yellow - unclear risk; green - low risk
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plications, poor ventricular remodeling, delayed and repeated 
hospitalization for heart failure, and a higher mortality rate, lim-
iting the benefits of PCI. Myocardial damage may result from 
atheromatous plaque, especially that caused by large debris 
(> 200 μm in diameter), which may contribute to NRP. Myocardi-
al blush grade (MBG), TIMI, myocardial perfusion grade (MPG), 
CTFC, electrocardiogram (ECG), and magnetic resonance im-
aging were used to analyze microvascular obstructions after 
reperfusion in catheterization laboratories. Rapid recovery of 
myocardial perfusion is essential for treating NR, which occurs 
by clearing microvascular occlusions and restoring flow in oc-
cluded vessels (19).

Thrombus aspiration and GPI tirofiban administration are 
important adjunctive treatment strategies for the infarct-relat-
ed artery during primary PCI for STEMI. High thrombus load is 
an independent predictor of mortality and is more likely to lead 
to distal embolism. Svilaas et al. (20) reported that thrombus as-
piration considerably reduced mortality and improved myocar-
dial perfusion. However, in a recent meta-analysis, Elgendy et 
al. (21) highlighted routine thrombus aspiration was not benefi-
cial; thus, it was not recommended according to the guidelines 
by ESC and ACC/AHA (22, 23). Previous RCTs and meta-analy-
ses have reported that, in patients with ACS, IC administration 
of GPI resulted in greater blood flow restoration and a better 
prognosis postoperatively than IV (intravenous) administration. 
Besides, IC administration did not lead to increased bleeding 
events, which are commonly observed with IV administration 
(24-29). Sun et al. (30) demonstrated that IC administration 
did not provide optimal contact between GPIs and lesions in 
patients with ACS during PCI. Instead, intralesional (IL) drug 
administration achieved higher local drug concentration and 
offered a superior option.

GPIs may reduce ischemic events by reducing thrombus for-
mation and/or restoring blood flow in an obstructed vessel (31, 
32). The use of enhanced antiplatelet therapy reduces throm-
boembolism, restores coronary blood flow, and enhances myo-
cardial tissue perfusion. Currently, distal intracoronary adminis-
tration of various conventional drugs, such as calcium channel 
blockers (verapamil, diltiazem, and nicardipine), adenosine, so-
dium nitroprusside, and anisodamine can be used as a form of 
vasodilation therapy to reverse NR. Conventional drugs improve 
coronary flow and myocardial perfusion. However, these drugs 
cannot inhibit thrombi resulting from accumulated platelets, lim-
iting their efficacy.

IC administration of conventional drugs combined with tirofi-
ban is more effective in preventing NR than the administration of 
tirofiban alone. Consistent with the pharmacological mechanism, 
compared to tirofiban alone, tirofiban combined with conven-
tional drugs significantly increased TIMI flow and significantly 

Figure 2. PRISMA flowchart
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Hua 2012 34 41 41 42 8.5% 0.12 [0.01, 1.01]
Jia 2014 39 46 47 48 8.6% 0.12 [0.01, 1.01]
Wang 2017 15 25 22 25 10.8% 0.20 [0.05, 0.87]
Zhang 2011 7 11 12 12 5.5% 0.07 [0.00, 1.42]
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reduced CTFC during PCI in patients with ACS. Both CTFC and 
TIMI flow grade 3 (TFG3) are used to assess epicardial blood flow 
(33). Compared to TFG3, CTFC has a prognostic accuracy when 
predicting the survival rate and improvement in epicardial flow 
with reperfusion (33-35). TMPG and myocardial perfusion can be 

used to predict mortality relevant to epicardial flow in patients 
with STEMI (36).

A lower heterogeneity (I2) of LVEF from 70% to 40% result-
ed from removing Zhang’s study, 2017 (25 μg/kg IC tirofiban, 
then 0.225 μg/kg•min IV tirofiban for 24 h–48 h beyond the stan-

Figure 4. Forest plots comparing corrected TIMI frame count

             Tirofiban             Combined    Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chen 2018 38.68 8.42 130 30.57 7.16 130 20.0% 8.11 [6.21, 10.01]
Chen 2019 26.1 5.14 63 22.54 4.09 63 21.1% 3.56 [1.94, 5.18]
Jia 2014 30.19 9.47 46 24.43 3.98 48 15.6% 5.76 [2.80, 8.72]
Zhang 2011 36 8.8 11 25.8 6.8 12 6.5% 10.20 [3.73, 16.67]
Zhou 2018 38.32 5.77 25 29.43 4.22 25 16.3% 8.89 [6.09, 11.69]
Zhu 2015 33.6 4.2 39 27.6 3.8 39 20.5% 6.00 [4.22, 7.78]

Total (95% CI)   314   317 100.0% 6.61 [4.69, 8.53]

Heterogeneity: Tau2=3.85; Chi2=19.13, df=5 (P=0.002); I2=74%
Test for overall effect: Z=6.76 (P<0.00001) Tirofiban Combined
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             Tirofiban             Combined    Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chen 2018 38.68 8.42 130 30.57 7.16 130 29.6% 8.11 [6.21, 10.01]
Chen 2019 26.1 5.14 63 22.54 4.09 63 0.0% 3.56 [1.94, 5.18]
Jia 2014 30.19 9.47 46 24.43 3.98 48 16.5% 5.76 [2.80, 8.72]
Zhang 2011 36 8.8 11 25.8 6.8 12 4.3% 10.20 [3.73, 16.67]
Zhou 2018 38.32 5.77 25 29.43 4.22 25 17.9% 8.89 [6.09, 11.69]
Zhu 2015 33.6 4.2 39 27.6 3.8 39 31.8% 6.00 [4.22, 7.78]

Total (95% CI)   251   254 100.0% 7.28 [5.90, 8.66]

Heterogeneity: Tau2=0.74; Chi2=5.76, df=4 (P=0.22); I2=31%
Test for overall effect: Z=10.32 (P<0.00001) Tirofiban Combined
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Figure 5. Forest plots comparing major adverse cardiovascular events

 Tirofiban  Combined   Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Chen 2018 15 130 8 130 31.9% 1.99 [0.81, 4.87]
Chen 2019 10 63 1 63 3.8% 11.70 [1.45, 94.40]
Hu 2017 20 41 8 41 18.5% 3.93 [1.47, 10.53]
Hua 2012 12 41 1 42 3.2% 16.97 [2.09, 137.81]
Jia 2014 4 46 1 48 4.0% 4.48 [0.48, 41.65]
Li 2017 17 49 8 49 23.6% 2.72 [1.04, 7.10]
Wang 2017 8 25 2 25 6.1% 5.41 [1.02, 28.79]
Zhang 2011 1 11 0 12 1.9% 3.57 [0.13, 97.23]
Zhang 2017 8 36 2 36 7.0% 4.86 [0.95, 24.75]

Total (95% CI)  442  446 100.0% 3.90 [2.51, 6.07]

Total events 95  31
Heterogeneity: Chi2=5.91, df=8 (P=0.66); I2=0%
Test for overall effect: Z=6.04 (P<0.00001) Tirofiban Combined
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dard dose, and then 10 μg/kg IC tirofiban within 3 min, followed 
by 0.15 μg/kg•min IV tirofiban for 24 h). This regimen resulted in 
greater inhibition of platelets and quicker action compared to 
standard bolus regimens because the trial was testing tirofiban 
at a higher bolus dose (37-39). The remaining heterogeneity after 
removing Zhang’s (16) 2017 study could be due to various clini-
cal settings and/or different tirofiban regimens tested in different 
studies. Clinical observation of NRP has been extensively report-

ed (40), and its occurrence after PCI is an adverse prognostic 
sign (41) related to decreased LVEF and adverse left ventricular 
remodeling.

Elevated MACE in patients with ACS who underwent PCI is 
related to impaired TIMI blood flow or myocardial reperfusion 
(42, 43). In line with these results, our meta-analysis showed that 
the IC administration of tirofiban along with conventional drugs 
reduced MACE in patients with ACS.

Figure 6. Forest plots comparing left ventricular ejection fraction

a
             Tirofiban             Combined    Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chen 2018 57.68 2.45 130 62.03 2.89 130 19.3% -4.35 [-5.00, -3.70]
Chen 2019 54.64 7.51 63 59.63 7.75 63 7.9% -4.99 [-7.65, -2.33]
Cui 2016 48.77 2.16 78 52.33 2.41 80 19.0% -3.56 [-4.27, -2.85]
Hu 2017 48.9 7.4 41 53.6 6.9 41 6.5% -4.70 [-7.80, -1.60]
Jia 2014 52 4.54 46 54.16 4.87 48 11.4% -2.16 [-4.06, -0.26]
Liu 2016 48.6 5.2 27 54.5 5.3 27 7.4% -5.90 [-8.70, -3.10]
Wang 2017 44.27 11.05 25 55.11 16.02 25 1.4% -10.84 [-18.47, -3.21]
Zhang 2017 56.35 2.3 36 58.2 2 36 17.2% -1.85 [-2.85, -0.85]
Zhu 2015 55.9 5.12 39 59.85 4.74 39 9.9% -3.95 [-6.14, -1.76]

Total (95% CI)   485   489 100.0% -3.76 [-4.70, -2.82]
Heterogeneity: Tau2=1.09; Chi2=26.79, df=8 (P=0.0008); I2=70%
Test for overall effect: Z=7.82 (P<0.00001) Tirofiban Combined

10 200-10-20

b
             Tirofiban             Combined    Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chen 2018 38.68 8.42 130 30.57 7.16 130 29.6% 8.11 [6.21, 10.01]
Chen 2019 26.1 5.14 63 22.54 4.09 63 0.0% 3.56 [1.94, 5.18]
Jia 2014 30.19 9.47 46 24.43 3.98 48 16.5% 5.76 [2.80, 8.72]
Zhang 2011 36 8.8 11 25.8 6.8 12 4.3% 10.20 [3.73, 16.67]
Zhou 2018 38.32 5.77 25 29.43 4.22 25 17.9% 8.89 [6.09, 11.69]
Zhu 2015 33.6 4.2 39 27.6 3.8 39 31.8% 6.00 [4.22, 7.78]

Total (95% CI)   251   254 100.0% 7.28 [5.90, 8.66]
Heterogeneity: Tau2=0.74; Chi2=5.76, df=4 (P=0.22); I2=31%
Test for overall effect: Z=10.32 (P<0.00001)

Tirofiban Combined
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Figure 7. Forest plots comparing bleeding events

 Tirofiban  Combined   Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hu 2017 3 41 4 41 45.4% 0.73 [0.15, 3.49]
Li 2017 3 49 2 49 23.0% 1.53 [0.24, 9.60]
Zhang 2017 5 36 3 36 31.6% 1.77 [0.39, 8.06]

Total (95% CI)  126  126 100.0% 1.24 [0.50, 3.12]

Total events 11  9
Heterogeneity: Chi2=0.71, df=2 (P=0.70); I2=0%
Test for overall effect: Z=0.47 (P=0.64) Tirofiban Combined
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The clinical benefits can be impeded by bleeding associated 
with reinforced antiplatelet inhibition. All patients enrolled in 
this study were given dual oral antiplatelet treatment with clopi-
dogrel and aspirin preoperatively and conventional vasodilator 
drugs were administered to the combination group. No statistical 
differences between the two groups in terms of bleeding were 
observed (p>0.05); however, an increased bleeding trend was 
noted in the patients’ group treated with tirofiban alone (OR: 1.24; 
95% CI: 0.5–3.12; p=0.64). Various studies have reported that PCI 
negatively affects the fibrinolytic system in patients with either 
stable or unstable coronary artery disease. This may be related 
to the finding that vasodilators improve the fibrinolytic system. 
Moreover, Zhang’s (16) study was included in this meta-analysis 
where 25 ug/kg of tirofiban was used, which closely mimicked 
abciximab-driven platelet inhibition. The inhibitory effect of tiro-
fiban at a higher dose on platelet activity was significantly in-
creased compared with the standard injection regimen of 10 ug/
kg (44). Thrombocytopenia has been linked to bleeding compli-
cations (45, 46). Given the same dosage and duration, treatment 
methods are not expected to affect bleeding risk.

In this study, there are several strengths associated with 
the conducted analyses as follows. First, this is the first meta-
analysis that directly compares the IC administration of tirofiban 
alone with its combination with other conventional drugs used 
for treating patients with ACS who underwent PCI. Second, this 
study was conducted following PRISMA guidelines for literature 
retrieval, the inclusivity of articles, and data synthesis (47). Third, 
the Cochrane Collaboration tool was used to access the risk of 
bias. Finally, the heterogeneity was evaluated using a random-
effects model. Altogether, these strengths ensure that the quality 
of the analyses performed in this study is reliable.

Despite these strengths, several limitations were noted dur-
ing this study. First, we did not evaluate whether conventional 
drugs could improve myocardial perfusion with other dosing 
regimens and the costs of different strategies were not calcu-
lated. Second, we only studied GPI tirofiban and did not investi-
gate other GPIs, such as abciximab or eptifibatide, and whether 
they had an optimal impact on myocardial perfusion. However, a 
study performed by Blue Cross Blue Shield of Michigan Cardio-
vascular Consortium (BMC2) (48) showed no significant differ-
ences between the GPI tirofiban and eptifibatide or abciximab 
in terms of safety and efficacy. Finally, there was a potential for 
publication and selection biases. In the future, multicenter larger 
samples and double-blind RCTs are warranted to provide greater 
evidence.

Conclusion

IC administration of tirofiban combined with conventional 
drugs can effectively improve coronary blood flow and myo-
cardial perfusion, increase LVEF, and reduce MACE, without in-
creasing major bleeding events after PCI in patients with ACS 

compared to administration of tirofiban alone. Thus, tirofiban 
combined with other conventional therapies is recommended as 
a valid option to prevent NR.
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