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Abstract
Objectives To investigate the relative benefits of unfractionated heparin,
low molecular weight heparin(LMWH), fondaparinux, and bivalirudin as
treatment options for patients with ST segment elevation myocardial
infarction undergoing percutaneous coronary intervention (PCI).

Design Mixed treatment comparison and direct comparison
meta-analysis of randomized trials in the era of stents and P2Y12

inhibitors.

Data sources and study selection A search of Medline, Embase,
Cochrane Central Register of Controlled Trials (CENTRAL) for
randomized trials comparing unfractionated heparin plus glycoprotein
IIb/IIIa inhibitor(GpIIb/IIIa inhibitor), unfractionated heparin, bivalirudin,
fondaparinux, or LMWH plus GpIIb/IIIa inhibitor for patients undergoing
primary PCI.

Outcomes The primary efficacy outcome was short term (in hospital or
within 30 days) major adverse cardiovascular event; the primary safety
outcome was short term major bleeding.

ResultsWe identified 22 randomized trials that enrolled 22 434 patients.
In the mixed treatment comparison models, when compared with
unfractionated heparin plus GpIIb/IIIa inhibitor, unfractionated heparin
was associated with a higher risk of major adverse cardiovascular events
(relative risk 1.49 (95% confidence interval 1.21 to 1.84), as were
bivalirudin (relative risk 1.34 (1.01 to 1.78)) and fondaparinux (1.78 (1.01
to 3.14)). LMWH plus GpIIb/IIIa inhibitor showed highest treatment
efficacy, followed (in order) by unfractionated heparin plus GpIIb/IIIa
inhibitor, bivalirudin, unfractionated heparin, and fondaparinux. Bivalirudin

was associated with lower major bleeding risk compared with
unfractionated heparin plus GpIIb/IIIa inhibitor (relative risk 0.47 (0.30
to 0.74)) or unfractionated heparin (0.58 (0.37 to 0.90)). Bivalirudin,
followed by unfractionated heparin, LMWH plus GpIIb/IIIa inhibitor,
unfractionated heparin plus GpIIb/IIIa inhibitor, and fondaparinux were
the hierarchy for treatment safety. Results were similar in direct
comparison meta-analyses: bivalirudin was associated with a 39%, 44%,
and 65% higher risk of myocardial infarction, urgent revascularization,
and stent thrombosis respectively when compared with unfractionated
heparin with or without GpIIb/IIIa inhibitor. However, bivalirudin was
associated with a 48% lower risk of major bleeding compared with
unfractionated heparin plus GpIIb/IIIa inhibitor and 32% lower compared
with unfractionated heparin alone.

Conclusions In patients undergoing primary PCI, unfractionated heparin
plus GpIIb/IIIa inhibitor and LMWH plus GpIIb/IIIa inhibitor were most
efficacious, with the lowest rate of major adverse cardiovascular events,
whereas bivalirudin was safest, with the lowest bleeding. These
relationships should be considered in selecting anticoagulant therapies
in patients undergoing primary PCI.

Introduction
In patients with ST segment elevation myocardial infarction
undergoing primary percutaneous coronary intervention (PCI),
unfractionated heparin, lowmolecular weight heparin (LMWH),
fondaparinux, and bivalirudin are all anticoagulant treatment
options. The 2013 American College of Cardiology Foundation
and American Heart Association guideline for management of
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patients with ST segment elevation myocardial infarction
recommends unfractionated heparin with or without planned
glycoprotein IIb/IIIa inhibitors (GpIIb/IIIa inhibitor) or
bivalirudin as class I indications for patients undergoing primary
PCI, with a preference for bivalirudin over unfractionated
heparin plus GpIIb/IIIa inhibitor in patients at high risk of
bleeding (class IIa).1 The 2012 European Society of Cardiology
guidelines, however, recommend bivalirudin over unfractionated
heparin plus GpIIb/IIIa inhibitor (class I) but also recommend
LMWH (with or without GpIIb/IIIa inhibitor) over
unfractionated heparin (class IIb).2

The wide range of treatment options recommended in these
guidelines stems from the broad comparative evidence base
investigating the relative merits (both related to anti-ischemic
efficacy and safety) of these respective therapies. Our objective
was to evaluate systematically (using data from randomized
trials) the ischemic and bleeding outcomes with various
anticoagulant therapies in order to provide a hierarchy of
treatment efficacy and safety in patients undergoing primary
PCI for ST segment elevationmyocardial infarction. In addition,
to be relevant to contemporary practice, only randomized trials
performed in the era of stents and P2Y12 (ADP) receptor
inhibitors were included.

Methods
Eligibility criteria
We searched PubMed, Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), Google Scholar, and the annual
conference proceedings of the American Heart Association,
American College of Cardiology, Society of Cardiovascular
Angiography and Intervention, Transcatheter Cardiovascular
Therapeutics, European Society of Cardiology, and Euro-PCR
(the congress of the European Association of Percutaneous
Cardiovascular Interventions) for randomized clinical trials
comparing anticoagulant strategy in patients with ST segment
elevation myocardial infarction undergoing primary PCI. The
anticoagulant regimens searched were unfractionated heparin,
LMWH, fondaparinux with or without GpIIb/IIIa inhibitor, and
the direct thrombin inhibitor bivalirudin in patients undergoing
primary PCI. The review was kept updated using automated
weekly email alerts from PubMed. The MeSH terms are listed
in the online supplementary table A, and the anticoagulants
searched and their mechanism of action are listed in
supplementary table B.We checked the reference lists of original
studies, review articles, and meta-analyses identified by the
electronic searches to find other eligible trials. There was no
language restriction for the search.
Eligible randomized trials had to fulfill each of the following
criteria: (1) trials comparing the above anticoagulant regimens
in patients undergoing primary PCI; (2) trials enrolling subjects
with ST segment elevation myocardial infarction with a sample
size of ≥100 patients; (3) trials with patients undergoing stent
implantation and where P2Y12 inhibitors were used; and (4)
trials reporting the outcomes of interest (see below). We
excluded trials that included patients undergoing thrombolytic
therapy for ST segment elevationmyocardial infarction, patients
undergoing facilitated or rescue PCI, or patients without ST
segment elevation myocardial infarction.

Selection and quality assessment
Five authors (BT, SB, AV, AK, SS) independently assessed
trial eligibility, extracted data, and evaluated trial bias risk.
Disagreements were resolved by consensus. We used the trial
risk of bias assessment scheme recommended by the Cochrane

Collaboration for quality assessment.3 The components of this
risk assessment includes adequacy of sequence generation of
the allocation; adequacy of allocation concealment; adequacy
of blinding of participants, personnel, and outcome assessors;
absence of incomplete outcome data; absence of selective
outcome reporting; and other sources of bias. Risk assessments
were performed using data from a number of sources (as
available) including trial primary publications, trial design
manuscript, trial protocol, and trial presentations. Trials with
high or unclear risk for bias for any one of the first three
components were considered as trials with high risk of bias.
Otherwise, they were considered as trials with low risk of bias.

Data extraction and synthesis
Baseline demographics, trial design, antiplatelet therapy use,
concomitant GpIIb/IIIa inhibitor use, access site for PCI, and
outcomes data were extracted from each trial. For the purpose
of this analysis, five treatment groups were identified:
unfractionated heparin plus GpIIb/IIIa inhibitor, unfractionated
heparin, bivalirudin, fondaparinux, and LMWHplus GpIIb/IIIa
inhibitor. Trials where >50% of patients received a GpIIb/IIIa
inhibitor were considered as anticoagulant plus GpIIb/IIIa
inhibitor trials. For example, in the ATOLL trial, 77% and 83%
in the LMWH and unfractionated heparin groups also received
GpIIb/IIIa inhibitor, and we considered them as LMWH plus
GpIIb/IIIa inhibitor and unfractionated heparin plus GpIIb/IIIa
inhibitor groups respectively.4 For the EUROMAX trial
(bivalirudin v unfractionated heparin with provisional GpIIb/IIIa
inhibitor use), 69% of patients in the heparin group received
GpIIb/IIIa inhibitor, and so this was considered as a trial of
unfractionated heparin plus GpIIb/IIIa inhibitor in a sensitivity
analysis. However, we used the recently presented data on
outcomes of bivalirudin v unfractionated heparin v
unfractionated heparin plus GpIIb/IIIa inhibitor from this trial
for the main analysis.5 Of note, there were no trials that used
LMWH alone, fondaparinux plus GpIIb/IIIa inhibitor, or
bivalirudin plus GpIIb/IIIa inhibitor in patients undergoing
primary PCI for ST segment elevation myocardial infarction.

Study outcomes
The primary efficacy outcome was short term (in hospital or
within 30 days) ischemic events—major adverse cardiovascular
event (composite of death, myocardial infarction, urgent target
vessel or lesion revascularization, or stroke). Other short term
ischemic outcomes evaluated were death, myocardial infarction,
urgent revascularization, and stent thrombosis tabulated
separately. The primary safety outcome was short term major
bleeding, while the secondary outcome was minor bleeding,
both as defined in each individual trial. The individual trial
definitions of outcomes are outlined in supplementary table D.

Statistical analyses
Mixed treatment comparisons
The primary analysis compared each treatment group against
the unfractionated heparin plus GpIIb/IIIa inhibitor group, which
was chosen as the reference group. Other pairwise comparisons
were also performed to assess all other possible comparators
using a mixed treatment comparison or network analysis. Mixed
treatment comparison allows for synthesis of direct and indirect
evidence from a network of trials that compare different
interventions by incorporating the indirect comparisons
constructed from two trials that have one intervention in
common (such as comparison of anticoagulant regimen A v C
using trials comparing A vB and B vC). Network meta-analysis
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was performed using a frequentist based approach with the use
of multivariate, random effects meta-analysis.6 7 The weight of
each direct comparison is proportional to the variance of the
observed effect and the network structure. Multivariate
meta-analysis was used to estimate the within-study correlations
and to estimate the relative treatment effects, their variance and
covariance.8 The covariance between two estimates from the
same study (sharing a common treatment group) is the variance
of the data in the shared arm and is calculated using the
multivariate meta-analysis method. Inconsistency in a network
model was estimated using the inconsistency factors (the
difference between direct and indirect treatment effect estimates)
and their uncertainty (using loops specific heterogeneity
estimates).
The presence of small-study effect was assessed using a
“comparison-adjusted” funnel plot, which takes into account
different summary effect for each set of studies (measure of
precision v estimated treatment effect).9 The horizontal axis is
the study-specific effect sizes centered to the respective
comparison-specific pooled effect size while the vertical axis
is the inverted standard error of the effect sizes as used in a
standard funnel plot. If all studies are lying symmetrically
around the zero line the comparison-adjusted funnel plot
suggests no evidence of small-study effects in the network.9 In
addition, ranking plots (rankograms) were constructed using
probabilities (and their uncertainty in relative treatment effects)
that a given treatment had the lowest event rate for each
outcome. A rankogram for a specific treatment, such as
bivalirudin, is a plot of the probability of bivalirudin assuming
each of the possible ranks (rank 1 through to 5). In addition a
cumulative rankogram, which present the probabilities that a
treatment would be among the best treatments was also
constructed. The surface under the cumulative ranking curve
(SUCRA), which is a simple transformation of the mean rank,
was used to provide a hierarchy of the treatments.10 The larger
the SUCRA value, the higher the rank of the treatment.10 In
addition, clustered ranking plot was constructed using SUCRA
values for efficacy (major adverse cardiovascular event) and
safety (major bleeding) outcomes to obtain information on
meaningful groups of treatments that maximize benefit for both
ischemic and bleeding outcomes. The probability was estimated
under a Bayesian model with flat priors (that is, similar to
frequentist estimates) using 10000 replicates to minimizeMonte
Carlo error.

Direct comparison meta-analysis
In addition to network meta-analysis, a direct comparison
meta-analysis was performed using data for the closed loop in
the network analysis (that is, trials comparing bivalirudin versus
unfractionated heparin with or without GpIIb/IIIa inhibitor).
Intention-to-treat meta-analyses were performed in line with
recommendations from the Cochrane Collaboration and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.3 11 Heterogeneity was
assessed using the I2 statistic,12 13which is the proportion of total
variation observed between the trials attributable to differences
between trials rather than sampling error (chance), with I2<25%
considered low and I2>75% high. Summary effect sizes and the
95% confidence intervals were calculated using both the
random-effects model of DerSimonian and Laird and the
fixed-effect model.13Bias was estimated visually by funnel plots
and using Begg’s test and the weighted regression test of Egger.14
Meta regression was performed to evaluate the role of access
site (percentage of transradial procedures) and newer P2Y12 use
(percentage of patients receiving either prasugrel or ticagrelor)

on the risk ofmajor bleeding. Similarly, meta-regression analysis
was performed to evaluate the role of newer P2Y12 use on the
risk of major adverse cardiovascular event.
All analyses were performed using standard software (Stata
12.0, Stata Corporation, Texas). P<0.05 was used to denote
statistical significance.

Sensitivity analysis
Various sensitivity analyses were conducted to assess the
robustness of the results. Analyses were performed (a) based
on trial quality; (b) considering the EUROMAX trial as a trial
of unfractionated heparin plus GpIIb/IIIa inhibitor; and (c) using
a restricted network comparing unfractionated heparin plus
GpIIb/IIIa inhibitor, unfractionated heparin, and bivalirudin and
excluding trials comparing LMWH plus GpIIb/IIIa inhibitor
and fondaparinux.

Results
Study selection and characteristics of
included trials
We identified 22 randomized trials that satisfied the inclusion
criteria and enrolled a total of 22 434 patients (supplementary
fig 1). The network of treatment comparisons are shown in
figure 1⇓. One trial was a three-arm trial while the rest were
two-arm trials. The baseline characteristics of the included trials
are presented in supplementary tables C and D.

Efficacy outcomes
Major adverse cardiovascular event
In the mixed treatment comparison models, with data from 21
randomized trials and 22 271 patients and 1386 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor
(reference relative risk 1.0), unfractionated heparin was
associated with higher risk of major adverse cardiovascular
event (relative risk 1.49 (95% confidence interval 1.21 to 1.84)),
as were bivalirudin (relative risk 1.34 (1.01 to 1.78)) and
fondaparinux (relative risk 1.78 (1.01 to 3.14)) (fig 2⇓).
Similarly, when compared with LMWH plus GpIIb/IIIa
inhibitor, unfractionated heparin was associated with a higher
risk of major adverse cardiovascular event (relative risk 2.56
(1.30 to 5.00)), as were bivalirudin (relative risk 2.27 (1.15 to
4.54)) and fondaparinux (relative risk 3.03 (1.30 to 7.14)) (fig
2). In the probability analysis the hierarchy for treatment efficacy
for major adverse cardiovascular event (highest to lowest rank)
was LMWH plus GpIIb/IIIa inhibitor, followed by
unfractionated heparin plus GpIIb/IIIa inhibitor, bivalirudin,
unfractionated heparin, and fondaparinux (supplementary fig
2). There was no evidence of statistical inconsistency between
direct and indirect estimates (P=0.11).

Death
In the mixed treatment comparison models, with data from 21
randomized trials with 21 561 patients and 705 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor
as reference, there were no statistically significant increases in
death with other agents (fig 2⇓). However, there was lower
mortality with LWMHplus GpIIb/IIIa inhibitor when compared
with unfractionated heparin (relative risk 0.45 (0.21 to 0.95))
and with fondaparinux (relative risk 0.39 (0.16 to 0.97)) (fig 2).
In the probability analysis the hierarchy for treatment efficacy
for death (highest to lowest rank) was LMWH plus GpIIb/IIIa
inhibitor, followed by unfractionated heparin plus GpIIb/IIIa
inhibitor, bivalirudin, unfractionated heparin, and fondaparinux
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(supplementary fig 3). There was no evidence of statistical
inconsistency between direct and indirect estimates (P=0.06).

Myocardial infarction
In the mixed treatment comparison models, with data from 21
randomized trials with 21 561 patients and 353 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor,
the point estimates for unfractionated heparin, bivalirudin, and
fondaparinux all favored unfractionated heparin plus GpIIb/IIIa
inhibitor (fig 2⇓).When compared with LMWHplus GpIIb/IIIa
inhibitor, bivalirudin was associated with a significant increase
in myocardial infarction (relative risk 2.94 (1.04 to 8.33)) (fig
2). In the probability analysis the hierarchy for treatment efficacy
for myocardial infarction (highest to lowest rank) was LMWH
plus GpIIb/IIIa inhibitor, followed by unfractionated heparin
plus GpIIb/IIIa inhibitor, unfractionated heparin, fondaparinux,
and bivalirudin (supplementary fig 4). There was no evidence
of statistical inconsistency between direct and indirect estimates
(P=0.22).

Revascularization
In the mixed treatment comparison models, with data from 20
randomized trials with 17 772 patients and 394 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor,
unfractionated heparin was associated with a significant increase
in revascularization (relative risk 1.42 (1.04 to 1.92)), as was
bivalirudin (relative risk 1.60 (1.09 to 2.35)) (fig 2⇓). There was
no data available for fondaparinux. In the probability analysis
the hierarchy for treatment efficacy for revascularization was
(highest to lowest rank) LMWH plus GpIIb/IIIa inhibitor,
followed by unfractionated heparin plus GpIIb/IIIa inhibitor,
unfractionated heparin, and bivalirudin (supplementary fig 5).
There was no evidence of statistical inconsistency between
direct and indirect estimates (P=0.20).

Stent thrombosis
In the mixed treatment comparison models, with data from 11
randomized trials with 14 949 patients and 209 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor,
bivalirudin was associated with a significant increase in stent
thrombosis (relative risk 2.34 (1.03 to 5.32)) (fig 2⇓). There
was no data available for fondaparinux. In the probability
analysis the hierarchy for treatment efficacy for stent thrombosis
(highest to lowest rank) was unfractionated heparin plus
GpIIb/IIIa inhibitor followed by LMWH plus GpIIb/IIIa
inhibitor, unfractionated heparin, and bivalirudin (supplementary
fig 6).

Bleeding outcomes
Major bleeding
In the mixed treatment comparison models, with data from 21
randomized trials with 21 561 patients and 547 events,
bivalirudin was associated with lower major bleeding when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor
(relative risk 0.47 (0.30 to 0.74)) or with unfractionated heparin
alone (relative risk 0.58 (0.37 to 0.90)) (fig 3⇓). In the
probability analysis the hierarchy for treatment safety for major
bleeding rate was (highest to lowest) bivalirudin, followed by
unfractionated heparin, LMWH plus GpIIb/IIIa inhibitor,
unfractionated heparin plus GpIIb/IIIa inhibitor, and
fondaparinux (supplementary fig 7). There was no evidence of
statistical inconsistency between direct and indirect estimates
(P=0.69).

Minor bleeding
In the mixed treatment comparison models, with data from 15
randomized trials with 16 508 patients and 1031 events, when
compared with unfractionated heparin plus GpIIb/IIIa inhibitor,
unfractionated heparin was associated with a decrease in minor
bleeding (relative risk 0.67 (0.52 to 0.86)), as was bivalirudin
(relative risk 0.56 (0.43 to 0.74)) (fig 3⇓). There was no data
available for fondaparinux. There was no statistically significant
difference in minor bleeding with bivalirudin when compared
with unfractionated heparin alone (relative risk 0.84 (0.63 to
1.12)). In the probability analysis the hierarchy for treatment
safety for minor bleeding was (highest to lowest rank)
bivalirudin, followed by unfractionated heparin, LMWH plus
GpIIb/IIIa inhibitor, and unfractionated heparin plus GpIIb/IIIa
inhibitor (supplementary fig 8). There was no evidence of
statistical inconsistency between direct and indirect estimates
(P=0.64).
There was no evidence of small-study effect in any of themodels
(supplementary fig 9).

Sensitivity analysis
The results were largely similar in a sensitivity analysis based
on trial quality and when the EUROMAX data was considered
as a comparison trial of unfractionated heparin plus GpIIb/IIIa
inhibitor (data not shown). In the restricted network of
unfractionated heparin plus GpIIb/IIIa inhibitor, unfractionated
heparin, and bivalirudin comparison trials alone, the results
were largely similar, with higher risk of major adverse
cardiovascular event with bivalirudin (relative risk 1.34 (1.01
to 1.79)) and unfractionated heparin (relative risk 1.42 (1.21 to
1.84)) when compared with unfractionated heparin plus
GpIIb/IIIa inhibitor. The hierarchy (highest to lowest rank) for
treatment efficacy for major adverse cardiovascular event was
unfractionated heparin plus GpIIb/IIIa inhibitor followed by
bivalirudin and then unfractionated heparin.
Similarly, bivalirudin was associated with increased urgent
revascularization (relative risk 1.61 (1.09 to 2.37)) and stent
thrombosis (relative risk 3.04 (1.13 to 8.17)), and unfractionated
heparin was associated with increased urgent revascularization
(relative risk 1.42 (1.04 to 1.93)) and numerically higher stent
thrombosis (relative risk 2.26 (0.94 to 5.46)) when compared
with unfractionated heparin plus GpIIb/IIIa inhibitor. The
hierarchy (highest to lowest rank) for treatment efficacy for
urgent revascularization and stent thrombosis was unfractionated
heparin plus GpIIb/IIIa inhibitor followed by unfractionated
heparin and then bivalirudin.
There was no statistically significant difference in death or
myocardial infarction between the three comparison groups.
For safety outcomes, bivalirudin was associated with lower
major bleeding compared with unfractionated heparin plus
GpIIb/IIIa inhibitor (relative risk 0.47 (0.30 to 0.75)) or with
unfractionated heparin (relative risk 0.58 (0.37 to 0.90)). The
hierarchy (highest to lowest rank) for treatment safety for major
bleeding was bivalirudin followed by unfractionated heparin
and then unfractionated heparin plus GpIIb/IIIa inhibitor.

Direct comparison (bivalirudin v
unfractionated heparin or unfractionated
heparin plus GpIIb/IIIa inhibitor)
For the efficacy outcomes, in the direct comparison
meta-analysis, there was no statistically significant difference
between bivalirudin and unfractionated heparin (with or without
GpIIb/IIIa inhibitor) for major adverse cardiovascular event
(event rate 5.94% v 5.48%) (fig 4⇓) or death (event rate 2.71%
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v 2.95%) (fig 4). However, bivalirudin was associated with a
39% increase in myocardial infarction (event rate 1.70% v
1.24%) (fig 5⇓), a 44% increase in urgent revascularization
(event rate 2.22% v 1.55%) (fig 5⇓), and an 65% increase in
stent thrombosis (event rate 1.63% v 1.02%) (fig 5⇓) when
comparedwith unfractionated heparin with or without GpIIb/IIIa
inhibitor. The test for interaction for the subgroups was not
significant (Pinteraction>0.05), indicating similar effect of bivalirudin
for the above outcomes when compared with unfractionated
heparin plus GpIIb/IIIa inhibitor or compared with
unfractionated heparin alone.
For safety outcomes, bivalirudin was associated with a 48%
decrease in major bleeding compared with unfractionated
heparin plus GpIIb/IIIa inhibitor (event rate 2.40% v 4.53%),
32% decrease in major bleeding compared with unfractionated
heparin (event rate 2.36% v 3.19%) (fig 6⇓), a 47% decrease in
minor bleeding compared with unfractionated heparin plus
GpIIb/IIIa inhibitor (event rate 4.08% v 7.72%), and numerically
lower minor bleeding compared with unfractionated heparin
alone (event rate 6.97% v 8.44%) (fig 6⇓). There was low to
moderate heterogeneity in the above analyses without evidence
of small-study effect.
Meta-regression analysis evaluating the relationship between
newer P2Y12 inhibitor use (supplementary fig 10) or access site
(supplementary fig 11) and risk of major bleeding with
bivalirudin did not show any statistically significant results
(P=0.47 and P=0.38 respectively), although the regression line
showed a trend towards less benefit with bivalirudin for major
bleeding with increasing newer P2Y12 inhibitor use or greater
percentage of patients undergoing transradial intervention.
Similarly, meta-regression analysis evaluating the relationship
between newer P2Y12 inhibitor use and risk of major adverse
cardiovascular event with bivalirudin did not show any
statistically significant results (P=0.61) (supplementary fig 12).

Discussion
The results of the present study with data derived from more
than 22 000 patients from randomized trials reveals the
challenges of a “one size fits all” approach to anticoagulant
therapy for patients undergoing primary percutaneous coronary
intervention (PCI) for acute myocardial infarction by
demonstrating that anticoagulant regimens have variable effects
on efficacy and safety outcomes. In the present analysis, LMWH
plus GpIIb/IIIa inhibitor or unfractionated heparin plus
GpIIb/IIIa inhibitor were the most efficacious agents with the
lowest risk for ischemic outcomes, but this occurred at the
expense of an increase in bleeding. Bivalirudin, on the other
hand, was the safest agent with the lowest risk of bleeding, but
this occurred at the expense of increase in ischemic outcomes
including recurrent myocardial infarction, revascularization,
and stent thrombosis—results that were consistent in the network
model, in the direct comparison meta-analyses, and in the
various sensitivity analyses performed. Of note, the data for
LMWH were based on one trial only.

Anticoagulation for primary PCI
In patients presenting with ST segment elevation myocardial
infarction, a heightened state of inflammation and thrombosis,
prevention of repeat ischemic events (recurrent myocardial
infarction or stent thrombosis) is important. In addition, patients
presenting with ST segment elevation myocardial infarction are
also at increased risk of iatrogenic bleeding complications due
to the administration of potent anticoagulant and antiplatelet
therapies aimed at passivating the pro-thrombotic state. Notably,

both ischemic and bleeding outcomes have long term adverse
prognostic significance, making prevention of both of paramount
importance. The choice of optimal anticoagulant therapy for
primary PCI is therefore of considerable interest and has been
tested in several clinical trials. Several different agents are
currently available, each with different mode of action with
strengths and limitations.
Unfractionated heparin acts by binding to and activating
antithrombin III, which inactivates thrombin and factor Xa and
thus acts as an indirect thrombin inhibitor. However,
unfractionated heparin has many limitations including limited
action on clot-bound thrombin, increase in platelet activation
and aggregation, unpredictable anticoagulant response, and risk
of heparin induced thrombocytopenia. The efficacy and safety
of unfractionated heparin plus GpIIb/IIIa inhibitor when
compared with unfractionated heparin alone has been tested in
several randomized trials. In an analysis of 16 randomized trials
in the era of stents and thienopyridines, unfractionated heparin
plus GpIIb/IIIa inhibitor were associated with a 26% reduction
in the risk of myocardial infarction and 36% reduction in
revascularization at the expense of a 37% increase in minor
bleeding when compared with unfractionated heparin alone.15
Our analyses were largely concordant, where unfractionated
heparin plus GpIIb/IIIa inhibitor was associated with a 33%
reduction inmajor adverse cardiovascular events, 30% reduction
in urgent revascularization, and numerically lower myocardial
infarction (trend towards 23% decrease) and stent thrombosis
(trend towards 50% decrease) at the expense of 49% increase
in minor bleeding and numerically higher major bleeding (trend
towards 22% increase) when compared with unfractionated
heparin alone.
LMWH also binds to antithrombin III and inactivates factor Xa
but with less effect on thrombin. Compared with unfractionated
heparin, LMWH has a longer half life, less propensity to cause
heparin induced thrombocytopenia, and, in a few studies, causes
less bleeding.16 In the ATOLL trial comparing intravenous
LMWH (enoxaparin) with unfractionated heparin in patients
undergoing primary PCI, LMWH resulted in a 41% reduction
in ischemic outcomes (composite of death, recurrent acute
coronary syndrome, and urgent revascularization or composite
of death and complication of myocardial infarction) without
any increase in bleeding endpoints when compared with
unfractionated heparin.4

Fondaparinux is a synthetic pentasaccharide inhibitor of factor
Xa with substantially lower risk of heparin induced
thrombocytopenia. In patients with acute coronary syndromes,
fondaparinux is similar to enoxaparin in reducing the risk of
ischemic events, but it also substantially reduces major bleeding
and improves long termmortality and morbidity.17However, in
the OASIS-6 trial, in the subgroup of patients undergoing
primary PCI, fondaparinux was not associated with any benefit
compared with unfractionated heparin and was associated with
an increased risk of catheter thrombosis.18

Bivalirudin is a direct thrombin inhibitor that works effectively
on both circulating and clot-bound thrombin, with less activation
of platelets and does not cause heparin induced
thrombocytopenia. It has been consistently shown to reduce the
risk of bleeding in randomized trials. In the HORIZONS-AMI
trial, bivalirudin was associated with a significantly lower 30
day rate of major bleeding but significant increase in acute stent
thrombosis compared with unfractionated heparin plus
GpIIb/IIIa inhibitor.19 This and other trials in patients with acute
coronary syndromes led to rapid upgrading of both national and
international recommendations for the use of bivalirudin for
primary PCI. In the EUROMAX trial5 patients who were being
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transported for primary PCI were randomized to receive either
bivalirudin or heparin with optional GpIIb/IIIa inhibitor.
Bivalirudin was associated with a substantial reduction in death
or major bleeding, the composite of death, reinfarction, and
non-CABG major bleeding, and major bleeding alone, but was
associated with significant increase in the risk of stent
thrombosis. However, in both of the above trials there was
differential use of GpIIb/IIIa inhibitor in both randomized
treatment arms. For example, in the EUROMAX trial, 69% of
the heparin group received GpIIb/IIIa inhibitor (compared with
11.9% of the bivalirudin group). Therefore it is not clear if the
bleeding advantage seen with bivalirudin is a reflection of this
differential use of GpIIb/IIIa inhibitor.
In the HEAT PPCI trial, designed to minimize differential
GpIIb/IIIa inhibitor use, bivalirudin was compared against
unfractionated heparin, both with bailout GpIIb/IIIa inhibitor.
There was similar GpIIb/IIIa inhibitor use in both arms.
Bivalirudin was associated with an increase in the primary
ischemic outcome driven by an increase in recurrent myocardial
infarction, revascularization, and stent thrombosis with no
benefit for major bleeding.20 Of note, in the current analysis,
the increase in stent thrombosis with bivalirudin when compared
with unfractionated heparin alone was only seen in the fixed
effect model of the direct comparison analysis but was not
statistically significant in the random effects model as well as
in the mixed treatment comparison analyses. Similarly, in the
BRAVE 4 trial of patients with ST segment elevationmyocardial
infarction who were randomized to bivalirudin with prasugrel
versus unfractionated heparin with clopidogrel, there was low
and similar use of GpIIb/IIIa inhibitor in both arms. There was
no advantage of bivalirudin for any bleeding or ischemic
endpoints in this prematurely terminated, underpowered trial.21
It is not clear if the lack of a bleeding advantage with bivalirudin
in more recent studies are due to comparison against agents with
less bleeding potential (unfractionated heparin alone), due to
reduction in access site bleeding because of greater use of
transradial procedures and closure devices, or due to potential
negation of the bleeding advantage with use of more potent
antiplatelet agents such as prasugrel, or a combination of all of
the above factors.
In the present analysis we demonstrated that the combination
of an indirect thrombin inhibitor with a GpIIb/IIIa inhibitor
(unfractionated heparin plus GpIIb/IIIa inhibitor and LMWH
plus GpIIb/IIIa inhibitor) were associated with the lowest rate
of ischemic outcomes. However, there was an increase in
bleeding with these agents. On the other hand, bivalirudin was
associated with a significant reduction in bleeding but a
significant increase in ischemic outcomes, including stent
thrombosis. So how then should we choose anticoagulant
therapies in patients undergoing primary PCI? Figure 7⇓ shows
a plot of the cumulative ranking data for both ischemic and
bleeding outcomes. The ideal anticoagulant therapy choice
would be one with the bleeding advantage of bivalirudin and
the reduced ischemic rates associated with an indirect thrombin
inhibitor with GpIIb/IIIa inhibitor use. Unfortunately, currently
there is no ideal agent that would maximize benefit for both
ischemic and bleeding endpoints (fig 7). The choice of therapy
should therefore be individualized, weighing the risks of
bleeding against the risk of ischemic outcomes. Whether the
incorporation of newer and more potent oral or parenterally
administered adjunctive antiplatelet therapies in conjunction
with these agents can further optimize the anticoagulant regimen
remains an area of investigation. Of note, the data on LMWH
and the data for fondaparinux are based on one randomized trial
each and should be interpreted with caution.

Although the randomized trials included in the current analysis
are the only randomized trials available to guide decision
making, these trials have several limitations in relation to current
day practice of primary PCI, which has evolved with greater
use of more potent antiplatelet agents (higher dose of clopidogrel
or novel P2Y12 inhibitors), greater use of second generation drug
eluting stents (shown to have a low risk of stent thrombosis),
and transradial access and use of vascular closure devices for
femoral access (both of which reduce bleeding), all of which
can significantly affect both the ischemic and bleeding
outcomes.
The evolution of guidelines and practice patterns in the US and
elsewhere are to move towards bivalirudin as the anticoagulant
of choice and to use unfractionated heparin plus GpIIb/IIIa
inhibitor rarely. LMWH is rarely used in PCI patients. The result
of the present study questions current practices and provides a
thorough hierarchical analysis of the relative efficacy and safety
of currently used anticoagulants for physicians tomake a rational
decision based on patients risk of bleeding versus thrombotic
events. In other words, a “one size fits all” approach may not
be wise.
The 2014 European Society of Cardiology and European
Association for Cardio-Thoracic Surgery guidelines on
myocardial revascularization downgraded the recommendation
for bivalirudin from class I to IIa in patients with ST segment
elevation myocardial infarction undergoing PCI.22 The
considerations for anticoagulation choice in contemporary
practice are outlined in the table⇓.

Study limitations
As in other meta-analyses, given the lack of consistently reported
data in each trial, we did not adjust our analyses for any
study-specific or treatment-specific covariates such as choice
of access site, P2Y12 inhibitor use, dose and timing of P2Y12

inhibitor administration, dose and duration of anticoagulant
therapy during and after PCI, or the type of stent used (all of
which might have significant impact on bleeding and ischemic
endpoints). Although meta-regression analyses were performed
to evaluate the relationship of novel P2Y12 inhibitor use and
access site on the risk of major adverse cardiovascular event
and major bleeding with bivalirudin, these results are likely
underpowered. In addition, none of the studies were blinded,
only one study assessed LMWH, one large trial was based at a
single center (HEAT PPCI), and trials classified as heparin plus
GpIIb/IIIa inhibitor had variable rates of GpIIb/IIIa inhibitor
use. Moreover, even though the follow-up assessed was short
term, the reported time point varied from seven to 30 days. The
definitions of endpoints and especially that for bleeding varied.
Moreover, the BRAVE-4 trial was terminated early because of
slow recruitment. Nevertheless, the current study provides
important insights into the short term bleeding and ischemic
outcomes with various anticoagulant regimens. There was
consistency in the results from both the network models and
the direct comparison analyses with lack of a small-study effect.

Conclusions
In patients with ST segment elevation myocardial infarction
undergoing primary PCI, the currently available anticoagulant
therapy choices have a trade-off between bleeding and ischemic
outcomes such that LMWH plus GpIIb/IIIa inhibitor and
unfractionated heparin plus GpIIb/IIIa inhibitor were the most
efficacious with the lowest ischemic rates but increased
bleeding, whereas bivalirudin was safest with lowest bleeding
rate at the expense of an increase in ischemic outcomes. These
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data should be considered in the choice of anticoagulant therapy
for patients undergoing primary PCI.
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What is already known on this topic

In patients with ST segment elevation myocardial infarction undergoing primary percutaneous coronary intervention (PCI), unfractionated
heparin, low molecular weight heparin (LMWH), fondaparinux, and bivalirudin are all anticoagulant treatment options
The relative efficacy and safety of these agents have not been well defined to provide an hierarchy of treatments

What this study adds

Among the currently used anticoagulants for primary PCI, LMWH plus glycoprotein IIb/IIIa inhibitor and unfractionated heparin plus
glycoprotein IIb/IIIa inhibitor were the most efficacious with the lowest ischemic rates but increased bleeding, whereas bivalirudin was
safest with lowest bleeding rate at the expense of an increase in ischemic outcomes

Table

Table 1| Evidence based considerations for anticoagulant choice during primary percutaneous coronary intervention for patients with ST
segment elevation myocardial infarction

Considerations for current practice

Ranking for efficacy or safety2014 ESC
guidelines

2013 ACC-AHA
guidelinesAnticoagulant Major bleedingMACE

Likely worse bleeding with newer P2Y12
inhibitors

Bleeding risk somewhat mitigated with
transradial procedure

4th2ndCOR ICOR IUnfractionated heparin
+ GPI

Likely worse bleeding with newer P2Y12
inhibitors

Bleeding risk somewhat mitigated with
transradial procedure

3rd1stCOR IIaNoneLMWH + GPI

Likely improved MACE with newer P2Y12
inhibitors but may negate bleeding advantage

2nd4thCOR ICOR IUnfractionated heparin

Likely improved MACE with newer P2Y12
inhibitors but may negate bleeding advantage

1st3rdCOR IIaCOR I
Preferred over

unfractionated heparin +
GPI in those at high risk of

bleeding (COR IIa)

Bivalirudin

Should not be recommended based on
current data

5th5thCOR IIICOR IIIFondaparinux

ACC-AHA = American College of Cardiology Foundation and American Heart Association. ESC = European Society of Cardiology. MACE = major adverse
cardiovascular event. COR = class of recommendation. GPI= glycoprotein IIb/IIIa inhibitor. LMWH= low molecular weight heparin.
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Figures

Fig 1 Network plot of treatment comparisons. Nodes and edges are weighted according to the number of studies including
the respective interventions.
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Fig 2 Comparison of various anticoagulant therapies from the mixed treatment comparison model for the outcomes of (a)
major adverse cardiovascular events, (b) death, (c) myocardial infarction, (d) urgent revascularization, and (e) stent
thrombosis
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Fig 3 Comparison of various anticoagulant therapies from the mixed treatment comparison model for the outcomes of (a)
major bleeding and (b) minor bleeding
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Fig 4 Bivalirudin versus heparin with or without glycoprotein IIb/IIIa inhibitor from a direct comparison analysis for the
outcomes of (a) major adverse cardiovascular event and (b) death
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Fig 5 Bivalirudin versus heparin with or without glycoprotein IIb/IIIa inhibitor from a direct comparison analysis for the
outcomes of (a) myocardial infarction, (b) urgent revascularization, and (c) stent thrombosis
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Fig 6 Bivalirudin versus heparin with or without glycoprotein IIb/IIIa inhibitor from a direct comparison analysis for the
outcomes of (a) major bleeding, and (b) minor bleeding

Fig 7 Clustered ranking plot for major adverse cardiovascular event and bleeding outcomes for various anticoagulant
strategies. The higher the SUCRA (surface under the cumulative ranking curve) values, the greater the efficacy for the
corresponding outcome. The hypothetical ideal agent maximizes outcomes for both ischemic and bleeding endpoints

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;349:g6419 doi: 10.1136/bmj.g6419 (Published 11 November 2014) Page 14 of 14

RESEARCH

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.g6419 on 11 N
ovem

ber 2014. D
ow

nloaded from
 

http://www.bmj.com/permissions
http://www.bmj.com/subscribe
http://www.bmj.com/

