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Abstract
Background: This meta-analysis is to evaluate the efficacy and safety of bivalirudin in patients with ST-elevation myocardial
infarction (STEMI).

Methods: PubMed, Cochrane Library, Embase, CNKI, CBMdisc, and VIP database were searched. Randomized controlled trial
(RCT) was selected and the meta-analysis was conducted by RevMan 5.1. The primary efficacy endpoint was the incidence of major
adverse cardiovascular events (MACE) and the primary safety endpoint was the incidence of major bleeding. Secondary efficacy
endpoints were myocardial infarction (MI), target vessel revascularization (TVR), stent thrombosis (ST), stock, mortality, and
thrombocytopenia. The pooled risk ratios (RRs) with the corresponding 95% confidence intervals (CI) were used to assess the
efficacy and safety of bivalirudin vs heparin.

Results: Seven RCTs met the inclusion criteria, and 16,640 patients were included. We found that bivalirudin associated with
lower risk of mortality (RR=1.05; 95% CI=0.74–1.49; P= .03; I2=2%), major bleeding (RR=0.64; 95% CI=0.54–0.75;
P< .00001; I2=70%) and thrombocytopenia (RR=0.39; 95% CI=0.25–0.61; P< .0001; I2=0) compared with heparin.
However, the use of bivalirudin increase the risk of MI(RR=1.37; 95% CI=1.10–1.71; P= .004; I2=25%) and ST(RR=1.61; 95%
CI=1.05–2.47; P= .03; I2=70%) and has similar risk of MACE (RR=1.00; 95% CI=0.90–1.11; P= .97; I2=16%), TVR (RR=
1.43; 95% CI=0.92–2.22; P= .11; I2=46%) and stock (RR=1.43; 95% CI=0.92–2.22; P= .11; I2=46%) compared with heparin
used in STEMI patients.

Conclusion: Bivalirudin associated with lower risk of mortality, major bleeding and thrombocytopenia compared with heparin.
However, the use of bivalirudin increase the risk of MI and ST and has similar risk of MACE, TVR and stock compared with heparin
used in STEMI patients.

Abbreviations: CI = confidence intervals, MACE = major adverse cardiovascular events, MI = myocardial infarction, PCI =
percutaneous coronary intervention, RCT= randomized controlled trial, RevMan=ReviewManager, RRs= the pooled risk ratios, ST
= stent thrombosis, STEMI = ST-elevation myocardial infarction, TVR = target vessel revascularization.
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1. Introduction

ST segment elevation myocardial infarction (MI) refers to a
typical ischemic chest pain that persists for more than 20 minutes
accompanied with the serum concentration of myocardial
necrosis markers rises and the electrocardiogram has a typical
ST-segment elevation. The study of the Chinese disease burden in
2013 showed that the top three causes of death in the Chinese
population were stroke, ischemic heart disease, and chronic
obstructive pulmonary disease, and the first 2 accounted for
about 90% of all cardiovascular diseases (including cerebrovas-
cular disease).[1] Currently, the most important treatment for MI
is percutaneous coronary intervention (PCI). The operation of
PCI may cause platelet activation, aggregation, atherosclerotic
plaque rupture, activation of exogenous coagulation system, and
promote coagulation cascades, eventually leading to thrombosis.
To ensure smooth operation and prevent postoperative throm-
bosis and embolism, anticoagulants should be used before,
during, and after PCI.
Heparin is the primary choice for antithrombotic treatment. In

contrast, bivalirudin is a new direct thrombin inhibitor that has
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been reported to have antiischemic properties and a lower risk of
bleeding during PCI.[2–4] According to the ACCF/AHA guidelines
recommendation that bivalirudin is superior to heparin plus
platelet glycoprotein IIb/IIIa receptor inhibitor (GPI IIb/IIIa) as an
anticoagulation therapy for patients with a high risk of major
bleeding who undergo PCI.[5] Out meta-analysis is undertaken to
evaluate the efficacy and safety of bivalirudin vs heparin in
patients with ST-segment elevation MI.
2. Methods

2.1. Data sources and searches

This meta-analysis was conducted followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA)[6] statement for conducting a high-quality study.
Cochrane Library, EMBASE, PubMed, and Clinical Trials.gov
databases were searched for RCTs which search time was set
from January 1990 through April 2018. The sensitive filter for
RCTs was used and following keywords were used in search
strategies: “bivalirudin”; “heparin”; “STEMI”, “ST-segment
elevation myocardial infarction” and “percutaneous coronary
intervention”. Since animal experiment or human was not
involved in this study, the ethical approval was not necessary.
2.2. Study selection

Studies were screened by 2 investigators and a third investigator
was consulted when disagreements arose. The inclusion criteria
are following
(1)
 patients associated with STEMI and undertaken PCI;

(2)
 bivalirudin was given in treatment group;

(3)
 heparin was given in control group;

(4)
 the clinical outcomes of major adverse cardiac events,

morality, MI, target vessel revascularization (TVR), stent
thrombosis (ST), stock, major bleeding and thrombocytope-
nia were reported;
(5)
 RCTs conducted in human being.
The literature with the newest reported data was included if
there were duplicate studies from the same trial. Reviews, meta-
analyses, editorials, observational studies, and studies in which
lacked a control group were excluded.
2.3. Data extraction and quality assessment

Clinical data were independently extracted by 2 independent
authors using the same extraction table and a third investigator will
be consulted to resolve conflicting opinions. Authors’ names, year of
publication, baseline characteristics of the participants and GPI use
rate was extracted from included investigations. The incidences of
the following endpointswere extracted:MACE,morality,MI,TVR,
ST, stock, major bleeding, and thrombocytopenia. In addition,
information regarding blinding, random sequence generation,
allocation concealment, indications for incomplete outcome data,
indications for selective reporting, and other biases were also
collected to evaluate the quality of the included investigations.
2.4. Statistical analysis

Data were analyzed according to the intention-to-treat principle.
Differences of dichotomous data are reported the risk ratio and
2

95% confidence interval. CochranQ test and I2 statistic was used
to assessed the heterogeneity that a Cochran P< .10 and an I2>
50 were considered to be indicative of significant heterogeneity.
Random effect according to the method of Mantel–Haenszel was
the primary analytic method. Fixed effect model for all safety and
efficacy endpoints were also reported in Supplemental Digital
Content (sFigures 1–8, http://links.lww.com/MD/D709).[7,8]

Publication bias was assessed using Begg test and sensitivity
analysis was conducted by excluding each individual study. Data
analyses were performed by Review Manager (RevMan)
software (version 5.1; The Cochrane Collaboration, Copenha-
gen, Denmark) and STATA software (version 11.1; Stata Corp
LP, College Station, TX).
3. Results

3.1. Search results

In the total of 959 articles that we identified, there are 7 clinical
trials[9–15] satisfied our inclusion criteria finally. The selection
procedurewas shown in Supplemental Digital Content (sFigure 9,
http://links.lww.com/MD/D710). There are 8313 patients were
randomized to a bivalirudin (experimental) group and 8327
patients were randomized to a heparin (control) group. The
baseline characteristics of included studies were detailed in
Table 1. The quality assessment is presented in Supplemental
Digital Content (sFigures 10 and 11, http://links.lww.com/MD/
D711). All clinical trials included in our study were characterized
by a low risk of blinding of participants and outcome assessment,
incomplete outcome data, selective outcome reporting. In
addition, 2 trials were with an unclear risk of random sequence
generation, and 1 trial with unclear risk of allocation conceal-
ment. In conclusion, all trials included in the present analysis are
high-quality studies.
3.2. Clinical results

The primary efficacy endpoint is MACE and the rate of major
bleeding was the primary safety endpoint. Secondary endpoints
included MI, morality, TVR, ST, stock, and thrombocytopenia.
Subgroup analysis were conducted according to the different
rates of GPI use in 2 arm. When the rate of GPI use in bivalirudin
arm is larger than in heparin arm define as Gureater GPI use
subgroup. When the rate of GPI use in bivalirudin is equal to that
in heparin define as Balance GPI use subgroup.
3.3. Efficacy outcomes

In this study, MACE is the primary efficacy endpoint and 7
clinical trials reported these results. No significant difference was
founded between bivalirudin and heparin on the risk ofMACE in
subgroup (Gureater GPI use subgroup: RR=0.97; 95% CI=
0.83–1.13; P= .70; I2=0; Balance GPI use subgroup: RR=1.03;
95% CI=0.77–1.39; P= .82; I2=59%) and overall analysis
(RR=1.00; 95% CI=0.89–1.13; P= .71; I2=16%) as shown in
Figure 1. Mortality was significantly decreased by bivalirudin
used in Gureater GPI use subgroup (RR=0.73; 95% CI=0.58–
0.92; P= .007; I2=0) and overall analysis (RR=0.81; 95% CI=
0.67–0.99; P= .04; I2=2%). There are no significant difference
between bivalirudin and heparin on the risk of mortality in
Balance GPI use subgroup analysis (RR 1.06; 95%CI 0.74–1.50;
P=0.76; I2=0) as illustrated in Figure 2. Risk of MI was
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Table 1

Baseline characters of included studies.

Study Year Anticoagulation Sample size Male Gender (%) Mean Age DM (%) GPI use rate (%)

Biva Heparin Biva Heparin Biva Heparin Biva Heparin Biva Heparin

Euromax[7] 2013 Biva (0.75 mg/kg fol-
lowed by 1.75 mg/kg/h

at least 4 h)
Heparin (100 IU/h OR

60 IU/kg+GPI)

1089 1109 74.70 77.60 61 62 11.7 15.3 11.5 69.1

Brave-4[8] 2014 Biva (0.75 mg/kg fol-
lowed by 1.75 mg/kg/h)

+prasugrel
Heparin (30–100 IU/kg)

+clopidogrel

271 277 76.00 79 66 58 17.0 15.0 3 6.1

Heat-ppci[9] 2014 Biva (0.75 mg/kg fol-
lowed by 1.75/kg/h)
Heparin (70 IU/kg)

905 907 71.00 73 62.9 63.6 13.0 15.0 13.5 15.5

Horizons-Ami (30d)[10] 2008 Biva (0.75 mg/kg fol-
lowed by 1.75/kg/h)
Heparin (60 IU /kg)

1800 1802 77.00 76 59.8 60.7 16.0 17.0 7.2 94.5

Bright[11] 2015 Biva (0.75 mg/kg fol-
lowed by 1.75 mg/kg/h)
Heparin (heparin 60 U/
kg)+ tirofiban 10mg/kg
0.15mg/kg/min infusion)

735 730 82.70 82.10 57.3 58.2 22.9 21.9 4.4 100

Bright Halone[11] 2015 Biva (0.75 mg/kg fol-
lowed by 1.75 mg/kg/h)
Heparin (100 IU/kg)

735 729 82.7 81.6 57.3 58.1 22.9 21.9 4.4 5.6

Validate-swedeheart[12] 2017 Biva (0.75 mg/kg fol-
lowed by 1.75 mg/kg/h)
Heparin (70–100 IU/kg)

1501 1504 74.20 73 68 68 16.3 16.0 0 0

MARTIX[13] 2016 Biva (0.75 mg/kg fol-
lowed by 1.75/kg/h)

Heparin (70–100 IU/kg
without GPI or 50–70

IU/kg with GPI)

2012 1998 77.00 77 63.9 63.9 18.0 17.8% 4.6 25.9

Figure 1. Forest plot of MACE.
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Figure 2. Forest plot of mortality.
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significantly decreased by heparin used in Gureater GPI use
subgroup (RR=1.30; 95% CI=1.02–1.67; P= .03; I2=2%) and
overall analysis (RR=1.38; 95% CI=1.04–1.84; P= .02; I2=
25%). There are no significant difference between bivalirudin
and heparin on the risk of MI in Balance GPI use subgroup
analysis (RR 1.50; 95%CI 0.63 to 3.60; P= .36; I2=53%) as
illustrated in Figure 3. Risk of ST was significantly decreased by
heparin used in Gureater GPI use subgroup (RR=1.62; 95%
Figure 3. Fores
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CI=1.08–2.44; P= .02; I2=40%) and overall analysis (RR=
1.61; 95% CI=1.05–2.47; P= .03; I2=70%). There are no
significant difference between bivalirudin and heparin on the risk
of ST in Balance GPI use subgroup analysis (RR 1.38; 95%CI
0.38–4.98; P= .63; I2=71%) as illustrated in Figure 4. No
significant difference was found between bivalirudin and heparin
on the risk of TVR in subgroup (Gureater GPI use subgroup:
RR=1.43; 95% CI=1.01–2.02; P= .05; I2=0; Balance GPI use
t plot of MI.



Figure 4. Forest plot of ST.
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subgroup: RR=1.34; 95% CI=0.42–4.28; P= .62; I2=76%)
and overall analysis (RR=1.43; 95% CI=0.92–2.22; P= .11;
I2=46%) as shown in Supplemental Digital Content (sFigure 12,
http://links.lww.com/MD/D712).

3.4. Safety outcomes

Major bleeding, which served as the primary safety endpoint and
there are 6 clinical trials reported this result. Risk of major
bleeding was significantly decreased by bivalirudin used in
Figure 5. Forest plot

5

Gureater GPI use subgroup (RR=0.53; 95% CI=0.42–0.68;
P< .00001; I2=21%) and overall analysis (RR 0.64; 95%CI
0.45–0.90; P= .031; I2=70%). There are no significant differ-
ence between bivalirudin and heparin on the risk of major
bleeding in Balance GPI use subgroup analysis (RR=0.98; 95%
CI=0.60–1.59; P= .93; I2=48%) as illustrated in Figure 5. No
significant difference was found between bivalirudin and heparin
on the risk of stock in subgroup (Gureater GPI use subgroup:
RR=0.74; 95% CI=0.46–1.19; P= .21; I2=34%; Balance GPI
use subgroup: (RR=0.69; 95% CI=0.27–1.77; P= .44; I2=0)
of major bleeding.
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Table 2

Begg test results of each endpoint.

Endpoints P value

MACE 1.000
Major bleeding 1.000
Mortality 0.548
MI 0.764
ST 1.00
TVR .707
Stock .707
Thrombocytopenia .452

MACE=major adverse cardiovascular events, MI=myocardial infarction, ST= stent thrombosis,
TVR= target vessel revascularization.

Liu et al. Medicine (2020) 99:6 Medicine
and overall analysis (RR 0.73; 95%CI 0.48–1.11; P= .14; I2=
5%) as illustrated in Supplemental Digital Content (sFigure 13,
http://links.lww.com/MD/D713). Risk of thrombocytopenia was
significantly decreased by bivalirudin used in Gureater GPI use
subgroup (RR=0.40; 95% CI=0.26–0.63; P< .0001; I2=0).
There are no significant difference between bivalirudin and
heparin on the risk of major bleeding in Balance GPI use
subgroup (RR 1.12; 95%CI 0.89 to 1.42; P< .00001; I2=0%)
and overall analysis (RR=0.66; 95% CI=0.39–1.12; P= .12;
I2=74%) as illustrated in Supplemental Digital Content
(sFigure 14, http://links.lww.com/MD/D714).

3.5. Sensitivity and bias analysis

Sensitivity analysis was conducted by excluding each individual
study and similar meta-analysis outcome was obtained which
demonstrated that our conclusion was stable. No significant
evidence of publication bias was obtained using the Begg Test in
the study endpoints, as shown in Table 2.
4. Discussion

This meta-analysis includes16,640 patients, randomized to a
bivalirudin and a heparin group, who underwent PCI within 7
RCTs. In this meta-analysis, we found that bivalirudin associated
with lower risk of mortality, major bleeding and thrombocyto-
penia compared with heparin in Greater GPI use group subgroup
analysis and overall analysis, nevertheless, there was no
significant difference on these outcomes when consider the
subgroup analysis of Balance GPI use. Additionally, the use of
bivalirudin associated with higher risk of MI and ST compared
with heparin in Balance GPI use subgroup analysis and overall
analysis, however, there was no significant difference on these
outcomes when consider the subgroup analysis of Greater GPI
use. Bivalirudin and heparin has similar risk of MACE, TVR and
stock compared with heparin used in the subgroup analysis and
overall analysis. Above all, the bivalirudin reduce the risk of
mortality, major bleeding and thrombocytopenia regardless of
the heparin combined application with greater GPI use.
Bivalirudin is one kind of anticoagulation strategy for patients

undergoing PCI that also an alternative to heparin to reduce the
risk of major bleeding events. In addition, bivalirudin was also
suggested to possess a wider range of pharmacological properties
than heparin.[16] Angioplasty trial[17] is the first clinical trial
about bivalirudin which reported that bivalirudin reduced the
ischemic events rate and the risk of bleeding. And the following
clinical study HORIZON-AMI[12] which is specialized for
6

STEMI patients obtained similar results with the above trial.
The results of BRIGHT[13] trial which showed that bivalirudin
did not increase the incidence of ischemic events but reduce the
incidence of bleeding events in STEMI patients. TheMARTIX[15]

clinical trial, which showed that bivalirudin use was associated
with a lower risk of death and major bleeding.
As far as we know, this is the second meta-analysis that compare

the efficacy and safety of bivalirudin vs heparin used in patientswith
STEMI. In the previous study[18] which reported that bivalirudin
was associated with comparable mortality and reduced major
bleeding at the price of an increased risk of acute ST compared with
heparin. However, there was non-significant differences in the
overall rates of ST and reinfarction. Intended use of GPI in the
heparin arm did not significantly modify the treatment effects of
bivalirudin.Comparewith this study,wehave included2more latest
clinical trialswhich completed nearly years and conducted subgroup
analysis according to the GPI use rate. From the subgroup analysis,
we founded that in the Greater GPI use subgroup, bivalirudin
associated with lower risk of mortality, major bleeding and
thrombocytopenia in the price of increasing the risk of MI and
ST. These results were different with the Balance GPI use group that
there are no significant difference between bivalirudin and heparin
group on the risk of mortality, major bleeding, thrombocytopenia,
MI and ST. This difference indicate that the higherGPI use ratemay
be the reason of the lower rate of mortality, major bleeding and
thrombocytopenia in bivalirudin group.
Nevertheless, there are several limitations in our study. Firstly,

the dosage and type of heparin were slightly different in these
included clinical trials such as some patients were given
enoxaparin and others were given unfractionated heparin.
Secondly, individual patient-level data were could not obtain
to further analysis potential limitations. Overall, the different
design and characteristics of each trial including the catheter
diameter used for the procedure, baseline anemia and BMI
difference might have caused heterogeneity and affect clinical
results.[19–21] Given the important differences between trials,
further randomized trials are warranted to discriminate whether
there are substantial safety and efficacy differences between these
agents during primary PCI in STEMI patients.
5. Conclusion

Bivalirudin associatedwith lower risk ofmortality, major bleeding
and thrombocytopenia compared with heparin in subgroup
analysis and overall analysis. However, the use of bivalirudin
increase the risk ofMI and ST and has similar risk ofMACE, TVR
and stock compared with heparin used in STEMI patients.
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