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Controversies in the
Management of ST
Elevation Myocardial Infarction
Thrombin Inhibition

Neeraj Shah, MD, MPH, David Cox, MD, FSCAI*
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KEY POINTS

� Anticoagulation is essential in patients with ST elevation myocardial infarction (STEMI) in
order to prevent further thrombosis and to maintain patency of the infarct-related artery
after reperfusion.

� In patients with STEMI undergoing primary percutaneous coronary intervention (PCI),
bivalirudin provides a mortality benefit over unfractionated heparin (UFH), predominantly
via a reduction in major bleeding with bivalirudin compared to UFH.

� In clinical situations such as radial artery access, use of newer oral antiplatelet agents or
provisional (rather than routine) glycoprotein IIb/IIIa inhibitor use, the bleeding advantage
of bivalirudin over UFH may not be as apparent.

� There is an increase in risk of stent thrombosis with bivalirudin compared with UFH in the first
24 hours after primary PCI, which can potentially be mitigated by preadministration of UFH or
prolonging full-dose bivalirudin infusion after PCI for up to 4 hours.

� UFH is the preferred anticoagulant for patients with STEMI undergoing fibrinolysis. For those
in whom a PCI is not planned, enoxaparin and fondaparinux may be reasonable alternatives.

INTRODUCTION

Acute ST elevation myocardial infarction (STEMI)
occurs when there is rupture of a coronary artery
atherosclerotic plaque with a superimposed
fibrin-rich clot resulting in occlusion of the lumen
of an epicardial coronary artery. The treatment
of STEMI involves either emergent percutaneous
coronary intervention (PCI), which involves
balloon angioplasty and/or stenting, or fibrino-
lysis, which involves lysis of the clot with in-
travenous (IV) fibrinolytic agents. The role of
antithrombotic therapy in the setting of STEMI

is to prevent extension or propagation of the
coronary artery thrombosis and to maintain
patency of the infarct-related artery after suc-
cessful reperfusion.

A brief review of the coagulation cascade re-
veals that the intrinsic and extrinsic pathways
converge to activate Factor X to Factor Xa, which
converts prothrombin to thrombin. Activated
thrombin converts fibrinogen to fibrin, ultimately
resulting in cross-linked clot formation.1 Anti-
thrombin (AT)-III, a naturally occurring regulator
of the coagulation cascade, inactivates both
thrombin and Factor Xa. The anticoagulants
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used in the setting of myocardial infarction (MI)
can, therefore, be divided into the following
classes:

1. Indirect thrombin inhibitors: These inhibitors
include unfractionated heparin (UFH); low-
molecular-weight heparin (LMWH), which
includes enoxaparin; and fondaparinux,
which is a synthetic heparin pentasaccharide.
These medications complex with AT-III and
alter its conformation to result in either rapid
inactivation of thrombin (eg, UFH) or Factor
Xa (eg, LMWH and fondaparinux).

2. Direct thrombin inhibitors (DTIs): These
medications directly inactivate thrombin.
Bivalirudin, hirudin, and lepirudin are all
direct thrombin inhibitors. Bivalirudin is the
only clinically used DTI.

Anticoagulation in STEMI is divided into the
following sections:

1. Patients with STEMI receiving primary PCI:
This topic is reviewed in the context of
different clinically relevant scenarios, such as
access site (radial vs femoral), antiplatelet
agent use (clopidogrel vs newer oral agents,
such as prasugrel or ticagrelor), and
glycoprotein IIb/IIIa inhibitor (GPI) use
(routine vs provisional).

2. Patients with STEMI receiving fibrinolysis: In
areas with limited access to health care,
fibrinolysis is a frequently used option for
revascularization.

3. Patients with STEMI not eligible for fibrinolysis
or PCI (no reperfusion): This scenario is
uncommon, and the role of anticoagulation in
this setting is discussed briefly.

Primary Percutaneous Coronary Intervention
Use of anticoagulant therapy in the setting of
primary PCI is a class I indication according to
all major guidelines.2,3 The following anticoagu-
lants have been studied in this clinical setting:
UFH, bivalirudin, fondaparinux, and enoxaparin.

Unfractionated heparin versus bivalirudin
For several years, UFH was the only anticoagu-
lant available for PCI, and it was the standard
medication used for primary PCI in STEMI for a
long time.4 However, UFH has several pharma-
cologic limitations, including high variability in
action among different individuals and in the
same individual over time.5 The efficacy of UFH
needs to be monitored by activated clotting
time (ACT) measurements during PCI, with
repeat boluses often necessary to maintain an
ACT range of 200 to 250 seconds. In the recent

years, bivalirudin has emerged as a formidable
alternative to UFH. Bivalirudin is administered
in a fixed weight-based dose as a bolus followed
by an infusion. ACT measurements do not corre-
late with the level of thrombin inhibition with
bivalirudin and are performed simply to assure
the drug has been properly given. Routine ACT
monitoring with bivalirudin is not recommended
except in the presence of renal failure.6,7 Several
multicenter trials have been conducted
comparing bivalirudin with UFH with conflicting
results (Table 1).

RANDOMIZED CONTROLLED TRIALS

Harmonizing Outcomes with
Revascularization and Stents in Acute
Myocardial Infarction
The Harmonizing Outcomes with Revasculariza-
tion and Stents in Acute Myocardial Infarction
(HORIZONS AMI) trial published in 2008 was
the first major trial comparing bivalirudin with
provisional GPI to UFH with routine GP IIb/IIIa in-
hibition. In contrast to contemporary therapy,
femoral access and clopidogrel were used in
most patients and UFH was combined with a
GPI in a routine rather than a provisional
fashion.8 Bivalirudin had a significant mortality
benefit over UFH plus GPI with reduction in car-
diac death (1.8% vs 2.9%, P 5 .03) and all-cause
mortality at 30 days (2.1% vs 3.1%, P 5 .047).
Similar mortality benefits with bivalirudin were
maintained at the 1- and 3-year follow-up.9

There was no difference in major adverse cardio-
vascular events (MACE) in the two arms; howev-
er, the primary outcome of net adverse clinical
events (NACE; composite of MACE and major
bleeding) was significantly lower in the bivaliru-
din arm (4.9% vs 8.3%, P<.001), largely driven
by a reduction in major bleeding. An increase
in the rate of acute (within 24 hours) stent throm-
bosis was observed in the bivalirudin arm (1.3%
vs 0.3%, P<.001). Criticisms of this trial include
high proportion (94%) of femoral arterial access
and GPI use in the UFH arm (94.5%), which
may have contributed to the increased bleeding
rates with UFH.

European Ambulance Acute Coronary
Syndrome Angiography
In the European Ambulance Acute Coronary
Syndrome (ACS) Angiography (EUROMAX)
trial,10 patients were randomly assigned to
receive either heparin or bivalirudin (with post-
PCI infusion up to 4 hours) during emergency
transport for PCI. In the heparin group, 41.5%
of patients did not receive routine GPI
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Table 1
Patient characteristics of randomized controlled trials comparing bivalirudin with unfractionated heparin for primary percutaneous coronary intervention in
ST elevation myocardial infarction

Trial
Author,
Year Country n n (Bival) n (UFH)

Agea

(y)
Men
(%)

GPI Use
(Bival)
(%)

GPI Use
(UFH) (%)

Radial
Access
(%)

Clopidogrel
(%)

Prasugrel/
Ticagrelor
(%)

HORIZONS
AMI

Stone
et al,8

2008

United States, Italy,
Poland, Israel, United
Kingdom, Argentina,
Norway, Netherlands,
Germany, Austria,
Spain

3602 1800 1802 60.2 76.6 7.2 94.5 5.9 99.8 0

EUROMAX Steg
et al,10

2013

France, Germany,
Italy, Denmark,
Netherlands, Poland,
Slovenia, Austria,
Czech Republic

2218 1089 1109 61.0 76.4 11.5 69.1 47.0 50.7 49.1

HEAT PPCI Shahzad
et al,12

2014

United Kingdom (single
center)

1812 905 907 63.2 72.3 13.0 15.0 81.1 10.9 89.4

BRIGHTb Han
et al,13

2015

China (82 sites) 2194 735 1459
(729/730)c

57.9 82.1 4.4 5.6/100d 78.5 100 0

BRAVE-4 Schulz
et al,14

2014

Germany (3 centers) 546 271 277 61.4 77.4 3.0 6.1 0.2 In UFH
arme

In bival
arme

MATRIX Valgimigli
et al,15

2015

Italy, Netherlands,
Spain, Sweden

7213f 3610 3603 65.4 76.2 4.6 25.9 49.9g 45.9 36.5

Abbreviations: Bival, bivalirudin; n, sample size/number of patients.
a Age expressed as mean or median age in years in the study population.
b Bivalirudin compared with UFH plus provisional tirofiban (UFH-alone arm) and UFH plus routine tirofiban.
c A total of 729 in the UFH-alone arm and 730 in the UFH-plus-tirofiban arm.
d GPI use was 5.6% in UFH-alone arm and 100% in UFH-plus-tirofiban arm.
e Only clopidogrel used in the UFH arm, and only prasugrel used in the bivalirudin arm.
f Only 4010 (55.6%) had STEMI.
g Originally randomized to radial versus femoral access (hence 50% of each); bivalirudin versus UFH comparison was nested within the original trial.
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(n 5 460). The patient population was more
reflective of contemporary clinical practice,
with 47.0% radial access and 49.1% use of prasu-
grel or ticagrelor. There was no significant differ-
ence in the all-cause mortality or cardiac death
with bivalirudin compared with heparin. The pri-
mary outcome of major bleeding and death was
reduced with bivalirudin compared with heparin
(5.1% vs 8.5%, P 5 .007); once again this was
driven by a reduction in major bleeding (2.6%
vs 6%, P<.001). Notably, 8.5% patients in the
heparin group received LMWH; however, rates
of primary end point were not different between
UFH and LMWH.11

In a prespecified subanalysis of the EURO-
MAX trial,11 bivalirudin was compared with hep-
arin with routine GPI use and heparin with
bailout GPI use (25.4% GPI use). Bivalirudin
reduced the composite outcome of death or ma-
jor bleeding compared with heparin irrespective
of type of GPI use. The advantage of bivalirudin
over heparin persists, regardless of planned or
provisional GPI use. However, it should be kept
in mind that the decision of routine versus
bailout GPI use was not randomized but left at
the discretion of the trial investigators.

How Effective Are Antithrombotic Therapies
in Primary Percutaneous Coronary
Intervention
The How Effective are Antithrombotic Therapies
in Primary Percutaneous Coronary Intervention
(HEAT PPCI) trial was a single-center trial
comparing bivalirudin with UFH.12 In this trial,
GPI use was strictly provisional and, therefore,
similar in the bivalirudin and UFH arms (13% vs
15%, see Table 1). Most patients in this trial
had radial access (81%) and newer antiplatelet
agent use (89%). Surprisingly, there was a signif-
icantly higher incidence of death, stroke, rein-
farction, or target vessel revascularization (TVR)
at 28 days with bivalirudin (8.7%) compared
with the UFH (5.7%, P 5 .01). There was no dif-
ference in major bleeding (3.5% vs 3.1%,
P 5 .59). Incidence of acute stent thrombosis
(AST) was higher with the bivalirudin arm
compared with UFH (2.9% vs 0.9%, P 5 .007).
The beneficial effect of UFH over bivalirudin
was driven by a significant increase in reinfarc-
tion rate (due to stent thrombosis) in the bivalir-
udin group. The higher rate of stent thrombosis
in this trial was attributed to a high-risk study
population and lack of UFH administration
before randomization. Criticisms of the single-
center HEAT PPCI trial include short duration
of bivalirudin infusion and a lower ACT achieved
with bivalirudin compared with prior studies.13

Bivalirudin in Acute Myocardial Infarction
Versus Heparin and Glycoprotein IIb/IIIa
Inhibitor Plus Heparin
The Bivalirudin in Acute Myocardial Infarction
versus Heparin and GPI plus Heparin (BRIGHT)
trial13 was designed with 3 arms: bivalirudin
with post-PCI infusion (30 minutes to 4 hours),
UFH alone (100 units per kilogram), and UFH
with routine GPI (tirofiban). Provisional use of
GPI was allowed in the bivalirudin and UFH-
alone arms; but unlike EUROMAX, routine
versus provisional use of GPIs with UFH was ran-
domized in this trial. In the bivalirudin arm, after
4 hours, reduced dose infusion at 0.2 mg/kg/h
could be administered up to 20 hours at physi-
cian discretion. All patients received clopidogrel
and 78% had radial access. The primary outcome
of NACE (death, stroke, reinfarction, TVR, or ma-
jor bleeding) was 8.8% with bivalirudin
compared with 13.2% with UFH alone
(P 5 .008) and 17% with UFH plus tirofiban
(P<.001). Again, this effect was driven by a
reduction in major bleeding with bivalirudin
compared with UFH (4.1% vs 7.5% vs 12.3%,
P<.001). Interestingly, the rate of AST was not
different with bivalirudin compared with the
two UFH groups. The benefit of bivalirudin
over UFH persisted at 1 year. Criticisms of this
trial include use of a high dose of UFH (100 U/
kg) in the UFH alone arm, which may have
been responsible for the higher bleeding rates
seen with UFH. Notably, 12% of patients in the
BRIGHT trial did not have an STEMI but had a
non-STEMI (NSTEMI) requiring emergent PCI.

Bavarian Reperfusion Alternatives
Evaluation 4
The Bavarian Reperfusion Alternatives Evalua-
tion (BRAVE)-4 trial was designed to compare
prasugrel plus bivalirudin with clopidogrel plus
UFH.14 Routine GPI use was not permitted;
therefore, only 3% of patients in the bivalirudin
arm and 6.1% of patients in the UFH arm
received GPI. The access site was femoral in all
but one patient. The trial was stopped prema-
turely, enrolling only 548 out of a target of
1240 patients, because of slow recruitment.
There was no different in the primary end point
of death, MI, TVR, stent thrombosis, stroke, or
bleeding at 30 days in the two arms (15.6% vs
14.5%, P 5 .68). No differences were observed
in MACE (4.8% vs 5.5%, P5 .89), major bleeding
(14.1% vs 12.0%, P 5 .54), or stent thrombosis
(1.1% vs 1.5%, P 5 .98) at 30 days between
the two arms. Given the limited sample size
and premature termination of this trial, these re-
sults must be interpreted with caution.
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Minimizing Adverse Hemorrhagic Events by
Transradial Access Site and Systemic
Implementation of Angiox
The Minimizing Adverse Hemorrhagic Events by
Transradial Access Site and Systemic Implemen-
tation of Angiox (MATRIX) trial15 was designed
to compare radial with femoral access in acute
coronary syndromes as well as bivalirudin versus
UFH use. Initially, 8404 patients with ACS were
randomized to femoral versus radial access; of
those, 7213 patients were further randomized
to receive either bivalirudin or UFH. Patients in
the bivalirudin group were randomized to
receive or not to receive post-PCI bivalirudin
infusion; however, the dose and duration of
post-PCI bivalirudin infusion was not random-
ized and was left at the discretion of the physi-
cian. Almost 50% of patients had radial access,
and 36.5% of patients received either prasugrel
or ticagrelor. Provisional GPI use was 4.6% with
bivalirudin and 25.9% with UFH. The rates of
MACE (10.3% vs 10.9%, P 5 .44) or NACE
(11.5% vs 12.6%, P 5 .15) were not significantly
different between bivalirudin and UFH. Post-PCI
infusion of bivalirudin did not significantly
decrease the rate of urgent TVR, definite AST,
or NACE. Only 4010 (55.9%) of patients in the
MATRIX trial had an STEMI. In the STEMI sub-
group of the MATRIX trial (MATRIX-STEMI),
there was a significant reduction in all-cause
mortality with bivalirudin compared with UFH
(2.1% vs 3.1%, P 5 .05) as well as a significant
reduction in major bleeding with bivalirudin
(1.6% vs 2.7%, P 5 .02).

POOLED ANALYSES

Several meta-analyses have been conducted
comparing bivalirudin to UFH pooling the results
from prior data. The comparisons between biva-
lirudin and UFH can be broken down into the
following sections.

Bivalirudin and Mortality
Compared with UFH, bivalirudin is associated
with a significantly reduced risk of 30-day mortal-
ity after primary PCI in pooled analyses.16 In the
HORIZONS AMI and MATRIX-STEMI trials, there
was a significant reduction in the risk of all-cause
mortality at 30 days with bivalirudin compared
with UFH by 1% (Fig. 1). Bivalirudin was also asso-
ciated with reduced risk of cardiac death at
30 days in the HORIZONS AMI trial (Fig. 2).16

One of the reasons for the mortality benefit of
bivalirudin over UFH is a reduction in major
bleeding with bivalirudin. Among all patients
undergoing PCI, patients with STEMI are at the
highest risk of developing major bleeding17;
occurrence of major bleeding is an independent
predictor of mortality in these patients.18 Hence,
a significant reduction in major bleeding with
bivalirudin translates into a mortality benefit. Of
note, in theHORIZONSAMI trial, reduction in car-
diac death with bivalirudin was observed even in
patients whodid not experience amajor bleeding
event, suggesting a yet-undefined pleiotropic ef-
fect of bivalirudin.19 The mortality benefit with
bivalirudin persists over time, as seen in 3-year
follow-up data of the HORIZONS AMI trial.9

Fig. 1. Comparison of all-cause mortality at 30 days between bivalirudin and UFH arms in patients with STEMI un-
dergoing primary PCI across major randomized controlled trials. Note: Only significant P-values (<.05) are shown.
P-values for the remaining comparisons are not statistically significant. bival, bivalirudin.
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Bivalirudin and Major Adverse Cardiovascular
Events
Several meta-analyses have shown that
compared with UFH, bivalirudin has similar rates
of MACE, reinfarction, and target vessel revas-
cularization.16,20,21 In most of the previously
discussed randomized controlled trials (RCTs),
30-day MACE rates did not differ significantly
between bivalirudin and UFH (Fig. 3). Thus,

bivalirudin does not seem to have any benefit
over UFH in reducing ischemic events after PCI.

Bivalirudin and Bleeding
Several studies and meta-analyses confirm
that bivalirudin significantly lowers the risk of
major bleeding compared with UFH � GPI
(Fig. 4).8,10,13,15,16,20,21 Reduction in major
bleeding with bivalirudin is independent of the

Fig. 2. Comparison of cardiac mortality at 30 days between bivalirudin and UFH arms in patients with STEMI un-
dergoing primary PCI across major randomized controlled trials. Note: Only significant P-values (<.05) are shown in
the figure. P-values for the remaining comparisons are not statistically significant. bival, bivalirudin.

Fig. 3. Comparison of MACE at 30 days between bivalirudin and UFH arms in patients with STEMI undergoing pri-
mary PCI across major RCTs. Note: Only significant P-values (<.05) are shown. P-values for the remaining compar-
isons are not statistically significant. bival, bivalirudin.
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baseline bleeding risk. The effect of bivalirudin
on bleeding is modified by GPI use, access
site, and antiplatelet agent use, with studies
showing that bailout GPI use, transradial access,
and newer oral P2Y12 inhibitors reduce the
bleeding advantage of bivalirudin over UFH.16,22

The presence of bailout (rather than routine)
GPI use was associated with no difference in
major bleeding between bivalirudin and UFH in
a few studies.16,23 On the other hand, in the
bailout GPI arm of the EUROMAX10 and
BRIGHT13 trials, and the MATRIX-STEMI trial
(whereby GPI use was not routine),15 bivalirudin
continued to exhibit a significant bleeding
advantage over UFH.

Analysis of trials with predominantly radial
access reveals no difference in major bleeding
rates between bivalirudin and UFH.16 Subgroup
analysis of the MATRIX trial showed no bleeding
advantage with bivalirudin when radial access
was used15; however, this should be interpreted
with caution because the interaction P-value was
not significant. Of note, bivalirudin is shown to
reduce both access site as well as nonaccess
site bleeding15,24 and nonaccess site bleeding
is more likely to be associated with mortality.24

Hence, the influence of the choice of access
site in modifying the effect of bivalirudin on
the overall bleeding risk remains controversial.

Meta-analysis of trials using predominantly
prasugrel or ticagrelor showed no difference in
major bleeding rates between bivalirudin and
UFH16; however, these results were largely
driven by the HEAT PPCI trial. The BRAVE-4
trial14 also showed that using prasugrel with
bivalirudin compared with clopidogrel with

UFH resulted in similar major bleeding rates in
the two arms; however, these results must be
interpreted with caution given the small sample
size and premature termination of this study.

Bivalirudin and Acute Stent Thrombosis
Several studies have shown that the risk of AST is
significantly increased with bivalirudin after pri-
mary PCI16,20,21 (Fig. 5), even though the 30-
day mortality is lower. The risk of AST seems
to be highest in the first 4 hours following PCI
and may be related to the discontinuation of
bivalirudin infusion before full effect of antiplate-
let medications.8,10 Bivalirudin has a short half-
life with rapid renal clearance, resulting in quick
loss of drug effect once the infusion is turned
off,11 which in combination with delayed absorp-
tion, bioavailability, and onset of action of oral
antiplatelet medications25,26 in the setting of
STEMI sets the stage for early stent thrombosis.
Increase in AST has resulted in higher reinfarc-
tion and TVR rates in the EUROMAX10 and
HEAT PPCI12 trials with bivalirudin.

Preadministration ofUFH in the bivalirudin arm
was shown to be protective for AST in the HORI-
ZONS AMI trial.27 Because bivalirudin has antith-
rombotic properties, it was theorized that
prolonged (up to 4 hours) infusion of bivalirudin
after PCI may provide additional protection
against AST in the early risk period.28 The lack of
difference in AST between bivalirudin and UFH
in the BRIGHT trial was attributed to high-dose
post-PCI bivalirudin infusion for a median dura-
tion of 3 hours in the bivalirudin arm.13 However,
in the EUROMAX10 and MATRIX15 trials, bivaliru-
din infusion after PCI did not reduce the risk of

Fig. 4. Comparison of major bleeding rates at 30 days between bivalirudin and UFH arms in patients with STEMI
undergoing primary PCI across major RCTs. Note: Only significant P-values (<.05) are shown. P-values for the
remaining comparisons are not statistically significant. bival, bivalirudin.
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AST. In both trials, investigators had the option of
either continuing bivalirudin infusion at the full
PCI dosage of 1.75 mg/kg/h or reduced dosage
of 0.25 mg/kg/h. In a subanalysis of the EURO-
MAX trial, it was observed that patients who got
a full dosage (1.75 mg/kg/h) post-PCI infusion of
bivalirudin for a median of 4 hours had a signifi-
cantly reduced riskofdevelopingAST.29 Similarly,
explorative analysis from the MATRIX trial15

showed that patients who received full-dose biva-
lirudin infusion for up to 4 hours after PCI had a
significantly lower risk of AST (0.2%) compared
with no post-PCI infusion (0.6%) or low-dose pro-
longed post-PCI infusion (0.8%), without any
excess bleeding risk. However, it must be noted
that in all of the aforementioned trials, the dose
and duration of post-PCI bivalirudin infusion
were not randomized but were at the discretion
of the study investigators.

Theoretically, pretreatment with newer oral
P2Y12 inhibitors (prasugrel and ticagrelor)
should potentially mitigate the excess risk of
AST with bivalirudin. However, subanalysis of
the EUROMAX trial29 and a recently conducted
meta-analysis22 failed to demonstrate any reduc-
tion in the risk of early stent thrombosis with
bivalirudin compared with UFH with the use of
newer oral P2Y12 inhibitors. Impaired gastric
emptying, reduced oral absorption, and a delay
in onset of antiplatelet action by 4 to 6 hours in
the setting of STEMI have been proposed as
possible explanations behind the lack of benefit
of newer oral P2Y12 inhibitors in preventing
bivalirudin-associated AST.26,30 In this scenario,
the use of an intravenous P2Y12 inhibitor with

a rapid onset of action (ie, cangrelor) becomes
an attractive option. In a subgroup analysis of
the CHAMPION PHOENIX trial (Clinical Trial
Comparing Cangrelor to Clopidogrel Standard
of Care Therapy in Subjects Who Require Percu-
taneous Coronary Intervention)31 including 2059
patients who received bivalirudin, there was a
trend toward less stent thrombosis at 48 hours
with cangrelor compared with clopidogrel
(0.7% vs 1.4%, P 5 .10). Hence, cangrelor infu-
sion after PCI seems to be a promising option
to reduce the excess risk of AST with bivalirudin
after primary PCI.

MEDICATION DOSING

Bivalirudin is administered as an initial bolus of
0.75 mg/kg followed by an IV infusion of
1.75 mg/kg/h for at least the duration of PCI.
Routine ACT monitoring with bivalirudin is not
recommended, but checking an ACT value 5 mi-
nutes after bolus may have some role in confir-
mation of drug administration; in some trials,
an additional 0.3 mg/kg bolus of bivalirudin
was administered if the ACT 5 minutes after
the initial bolus was less than 225 seconds.12,13

UFH is administered as an IV bolus ranging
from 60 to 100 U/kg, with higher doses (100 U/
kg) used when a GPI is not coadministered. Sub-
sequent boluses of UFH are targeted to an ACT
measurement of 200 to 250 seconds.

Summary

� Bivalirudin significantly reduces the risk of
major bleeding after primary PCI for

Fig. 5. Comparison of acute (within 24 hours) stent thrombosis rates between bivalirudin and UFH arms in patients
with STEMI undergoing primary PCI across major RCTs. Note: Only significant P-values (<.05) are shown. P-values
for the remaining comparisons are not statistically significant. bival, bivalirudin.
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STEMI compared with UFH. It reduces
both access and nonaccess site bleeding.

� BleedingadvantageofbivalirudinoverUFH
may be reduced with bailout (rather than
routine) GPI use, radial access, or use of
newer oral antiplatelet agents; however,
more evidence is needed on this topic.

� Bivalirudin has no benefit over UFH for
reduction in MACE or ischemic events
after primary PCI.

� Bivalirudin has a significant mortality
benefit over UFH after primary PCI for
STEMI, which persists over time. This
benefit may be explained partly by a
reduction in major bleeding and a partly
by a yet-undefined pleiotropic effect of
bivalirudin.

� Bivalirudin significantly increases the risk
of AST compared with UFH.

� The risk of AST with bivalirudin can be
potentially reduced by preadministration
of UFH or prolonging bivalirudin infusion
at 1.75 mg/kg/h for up to 4 hours after
PCI; however, more evidence is needed
before a clear recommendation can be
made.

� Use of newer oral P2Y12 inhibitors with
bivalirudin should theoretically reduce the
excess risk of AST; however, current
evidence does not show any benefit with
these drugs. Use of an IV P2Y12 inhibitor
(cangrelor) is an attractive option to
reduce the risk of AST; however, more
evidence is needed to support its use.

� Thechoicebetweenbivalirudin andUFH for
anticoagulation in the setting of primary
PCI varies among different centers. It is
often dictated by availability, cost, ease of
administration, and experience with a
particular medication. Clinical situations,
such as the use of GPI, radial versus
femoral access, and the type of oral
antiplatelet agent used, may influence the
choice of anticoagulation.

� In summary, bivalirudin is a relatively
expensive alternative to UFH for primary
PCI, and it provides a significant mortality
benefit at the cost of a potentially higher
rate of AST.

Enoxaparin
Enoxaparin has been compared with UFH in the
ATOLL trial (STEMI Treated With Primary Angio-
plasty and Intravenous Lovenox or Unfractio-
nated Heparin) in 2011 involving 910 patients
with STEMI undergoing primary PCI.32 Patients
were randomly assigned to receive either

enoxaparin as an IV bolus of 0.5 mg/kg or UFH
as an IV bolus of 70 to 100 U/kg (if no GPI) or
50 to 70 U/kg (with GPI) before primary PCI.
There was a high proportion of clopidogrel use
(93%), GPI use (80%), and radial access (67%)
in this trial. There was no significant difference
in the primary outcome of 30-day mortality, MI
complication, procedure failure, or major
bleeding in enoxaparin compared with UFH
(28% vs 34%, P 5 .06). There was a reduction
in the secondary end point of death, recurrent
MI or urgent TVR with enoxaparin (7%)
compared with UFH (11%, P 5 .015). The major
bleeding rates did not differ between the two
groups. Thus, enoxaparin significantly reduces
ischemic outcomes compared with UFH, without
increasing the risk of bleeding. This study is
limited by the high proportion of GPI use
(80%) in both arms. Two meta-analyses have
revealed that LMWH significantly reduces
bleeding and mortality risk on patients with
STEMI undergoing primary PCI; however, these
studies are limited because of significant hetero-
geneity in timing, dose, and route of administra-
tion of enoxaparin in different trials.33,34

In summary, enoxaparin can be considered
over UFH at a dose of 0.5 mg/kg IV bolus before
primary PCI with radial access, if no bivalirudin
use is planned. The optimal dose with femoral
access is not known.

Fondaparinux
Fondaparinux is not recommended for use in
STEMI in patients undergoing primary PCI based
on the OASIS-6 trial (Organization for the
Assessment of Strategies for Ischemic Syn-
dromes) findings35 (discussed later).

Fibrinolysis
Fibrinolytic agents used in the setting of STEMI
include streptokinase, urokinase, or fibrin-
specific agents, such as the recombinant tissue
plasminogen activators (t-PAs). Recombinant t-
PAs approved for STEMI include alteplase,
reteplase, and tenecteplase. The various antico-
agulants studied in patients with STEMI under-
going fibrinolysis are discussed later.

Enoxaparin
Several RCTs have compared UFH with enoxa-
parin in patients with STEMI treated with fibri-
nolysis.36 These trials include Baird and
colleagues 2002,37 HART II (Second Trial of
Heparin and Aspirin Reperfusion Therapy),38

ENTIRE-TIMI 23 (Enoxaparin as adjunctive anti-
thrombin therapy for ST-elevation myocardial
infarction Thrombolysis in Myocardial Infarction
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Table 2
Trials comparing different classes of anticoagulants to unfractionated heparin in ST elevation myocardial infarction patients treated with fibrinolysis

Trial Sample Size Agent Used
Dosing Regimen of Study
Drug

Duration of UFH
Infusion Outcomes

Baird et al,37 2002 300 Enoxaparin 40 mg IV bolus, then 40 mg SC
q8h for 4 d

4 d Significant reduction in death, reinfarction,
or readmission for angina with enoxaparin
at 90 d; no difference in major bleeding

HART II, 2001 400 Enoxaparin 30 mg IV bolus, then 1 mg/kg
SC q12h for �72 h

�77 h Enoxaparin noninferior to UFH with regard
to infarct related artery patency rates at
90 min, and reocclusion rates 5–7 d after
MI; no difference in adverse events

ENTIRE-TIMI 23,
2002

483 Enoxaparin 30 mg IV bolus, then 1 mg/kg
SC q12h for 8 d or discharge

�36 h No difference in TIMI 3 flow at 60 min;
significant reduction in death/MI with
enoxaparin compared with UFH; no
difference in major bleeding

ASSENT-3, 2001 6095a Enoxaparin 30 mg IV bolus, then 1 mg/kg
SC q12h for 7 d or discharge

�48 h Significant reduction in death, in-hospital
reinfarction, or refractory ischemia with
enoxaparin compared with UFH; no
difference in major bleeding

ASSENT-3 PLUS,
2003

1639 Enoxaparin 30 mg IV bolus, then 1 mg/kg
SC q12h for 7 d or discharge

�48 h Significant reduction in 30-d mortality, in-
hospital reinfarction, or refractory
ischemia with enoxaparin; increase in
intracranial hemorrhage with enoxaparin,
especially in those aged 75 y or older

ExTRACT TIMI
25, 2006

20,475 Enoxaparin 30 mg IV bolus, then 1 mg/kg
SC q12h for 8 d or dischargeb

�48 h Significant reduction in 30-d mortality or
reinfarction with enoxaparin; reduction in
death, reinfarction, or urgent TVR with
enoxaparin. Significant increase in major
bleeding with enoxaparin; no increase in
intracranial hemorrhage

PENTALYSE,
2001

333 Fondaparinux 4, 8, or 12 mg initial dose IV,
then SC once daily for 5–7 d

48–72 h TIMI 3 flow rates at 90 min were similar in
the 4 groups; prolonged administration of
fondaparinux associated with a trend
toward fewer reocclusions and
revascularizations; no increase in bleeding
with fondaparinux
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OASIS-6, 2006 5658 Fondaparinux 2.5 mg SC once daily for 8 d
(stratum I)

Compared with
placebo

Significant reduction in death or reinfarction
at 30 d with fondaparinux; no difference in
bleeding

OASIS-6, 2006 6434 Fondaparinux 2.5 mg IV once, then SC once
daily for 8 d (stratum II)

Up to 48 h No difference in death or reinfarction; no
difference in bleeding; trend toward harm
in those undergoing primary PCI

GUSTO IIb,
1998

3289 Hirudin IV infusion to maintain aPTT
60–85 s for 3–5 d

3–5 d Reduction in death or reinfarction at 30 d
with hirudin in the streptokinase group
(n 5 2274), but no difference between
hirudin and heparin in those receiving t-
PA (n 5 1015)

HIT-4, 1999 1208 Hirudin IV bolus 0.2 mg/kg, then
0.5 mg/kg SC q12h for 5–7 d

12,500 U SC q12h
for 5–7 d

All patients received streptokinase; no
difference in initial TIMI 3 flow, death,
reinfarction, or bleeding

HERO, 1997 412 Bivalirudin Low dose: 0.125 mg/kg bolus
followed by 0.25 mg/kg/h
infusion for 12 h, then
0.125 mg/kg/h for total
duration of 60 h; high dose:
0.25 mg/kg bolus followed
by 0.5 mg/kg/h infusion for
12 h, then 0.25 mg/kg/h for
total duration of 60 h

60 h All patients received streptokinase; TIMI 3
flow at 90–120 min higher with bivalirudin
compared with heparin; no difference in
death, reocclusion, or reinfarction Lower
incidence of major bleeding with both
high- and low-dose bivalirudin

HERO-2, 2001 17,073 Bivalirudin 0.25 mg/kg IV bolus, then
infusion at 0.5 mg/kg/h for
12 h, then 0.25 mg/kg/h for
36 h

48 h All patients received streptokinase; no
difference in mortality at 30 d;
significantly fewer reinfarctions within
96 h in the bivalirudin group; higher rates
of mild to moderate bleeding with
bivalirudin compared with heparin;
however, no difference in rates of severe
bleeding and intracerebral bleeding

Abbreviations: aPTT, activated partial thromboplastin time; q12h, every 12 hours; q8h, every 8 hours; SC, subcutaneous.
a n 5 2040 in enoxaparin and n 5 2038 in UFH group; there were additional comparisons of full-dose tenecteplase with half-dose tenecteplase and abciximab.
b Reduced dose (0.75 mg/kg) in patients older than 75 years and reduced frequency (once a day) in patients with impaired renal function.
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(TIMI) - Study 23),39 ASSENT-3 (The Assessment
of the Safety and Efficacy of a New Thrombo-
lytic Regimen-3),40 ASSENT-3 PLUS (The
Assessment of the Safety and Efficacy of a
New Thrombolytic Regimen-3 PLUS),41 and
ExTRACT-TIMI 25 (Enoxaparin and Thromboly-
sis Reperfusion for Acute Myocardial Infarction
Treatment Thrombolysis in Myocardial Infarc-
tion - Study 25)42 (Table 2). All trials used UFH
bolus followed by infusion to adjust to an acti-
vated partial thromboplastin time (aPTT) of 2.0
to 2.5 times normal. The duration of UFH varied
in among the trials, as did the dose and dura-
tion of enoxaparin. Some of the trials (ENTIRE-
TIMI 23,39 ASSENT-340) involved additional
comparisons of full-dose fibrinolytics with half-
dose fibrinolytics combined with GPI (eg,
abciximab). The newer, larger trials comparing
enoxaparin with UFH in the setting of full-dose
fibrinolysis (ASSENT-3 PLUS,41 ExTRACT-TIMI
2542) show a benefit of week-long enoxaparin
therapy compared with 48 hour UFH infusion
in reducing ischemic events, but an increase in
major bleeding, especially intracranial hemor-
rhage in patients 75 years or older.41

In summary, there is benefit of enoxaparin
over UFH in reduction of ischemic events in
patients with STEMI receiving fibrinolysis,
with an increase in the risk of major bleeding.
Enoxaparin can be considered as a reasonable
alternative to UFH in patients with STEMI
receiving fibrinolysis without a planned PCI.

Fondaparinux
The efficacy of fondaparinux in STEMI was eval-
uated in the PENTALYSE (Synthetic Pentasac-
charide as an Adjunct to Fibrinolysis in Acute
Myocardial Infarction)43 and OASIS-6 trials35

(see Table 2). The OASIS-6 trial enrolled
12,092 patients with STEMI who could be
treated with fibrinolytic therapy, primary PCI,
or no reperfusion. Patients were stratified based
on whether or not there was an indication for
heparin. Stratum 1 consisted of 5658 patients
without planned PCI in whom heparin was not
indicated. Most of these patients (78%) received
fibrinolytic therapy with streptokinase. They
were randomly assigned to receive fondaparinux
2.5 mg/d subcutaneously (SC) for up to 8 days
versus placebo. In stratum 2, there were 6434
patients with an indication for heparin, such as
fibrinolytic therapy with t-PA, primary PCI, or
no reperfusion (eligible for heparin). These pa-
tients were either randomly assigned to receive
fondaparinux (as discussed earlier) or UFH for
24 to 48 hours. The following outcomes were
observed:

� For the entire population, there was a
reduction in the primary end point of
death or reinfarction at 30 days (9.7% vs
11.2%, P 5 .008). There was no difference
in major bleeding rates.

� In stratum 1, comparedwith placebo, there
was significant reduction in death or
reinfarction at 30 days with fondaparinux
(11.2% vs 14.0%, P 5 .002), which
persisted in a subgroup analysis of
patients receiving streptokinase.

� In stratum 2, there was no benefit with
fondaparinux over UFH (primary end point
8.3% vs 8.7%, P 5 .58). There was a trend
toward worse outcomes in patients
undergoing primary PCI with fondaparinux
(incidence of death or MI at 30 days was
6.1% with fondaparinux vs 5.1% with
UFH). There was an increased incidence
of guide-catheter–related thrombosis in
those who received fondaparinux and
underwent primary PCI.

� In aprespecified subgroupanalysis, benefits
of fondaparinux over UFH/placebo were
confined to those receiving either
fibrinolytic therapy or no reperfusion.
There was a trend towards harm in those
undergoing primary PCI.

Based on these findings, fondaparinux may
be used in patients with STEMI undergoing
fibrinolysis when a PCI is not planned or in those
in whom no reperfusion therapies are planned.
Of note, the US Food and Drug Administration
has not approved it for use in STEMI.

Direct Thrombin Inhibitors
Studies comparing direct thrombin inhibitors
with UFH in patients with STEMI undergoing
fibrinolysis include GUSTO IIb (Global Use of
Strategies to Open Occluded Coronary Arteries
in Acute Coronary Syndromes IIb),44 HIT-4 (Hiru-
din for the Improvement of Thrombolysis
(HIT)-4),45 HERO (Hirulog Early Reperfusion/Oc-
clusion Study),46 and HERO-2 (Hirulog Early
Reperfusion/Occlusion Study (HERO)-2)47 (see
Table 2). There is some evidence of benefit of
hirudin over UFH in patients with STEMI
receiving streptokinase.44 In the HERO-2 trial,47

whereby streptokinase was used for fibrinolysis,
there was a reduction in reinfarction rates at
96 hours with bivalirudin compared with UFH
(1.6% vs 2.3%, P 5 .001). There was a trend of
higher severe bleeding (0.7% vs 0.5%, P 5 .07)
and intracerebral bleeding (0.6% vs 0.4%,
P 5 .09) as well as significantly increased mild
to moderate bleeding with bivalirudin compared
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with UFH. Because streptokinase is rarely used
for fibrinolysis in the United States in the current
era, there is no good evidence supporting the
use of direct thrombin inhibitors over UFH for
anticoagulation in patients with STEMI receiving
fibrinolysis with fibrin-specific agents.

No reperfusion
There is a lack of randomized trials comparing
UFH with placebo in patients with STEMI who
are not reperfused. It is reasonable to use sys-
temic anticoagulation with UFH in the presence
of severe left ventricular (LV) dysfunction, large
anterior MI, LV thrombus, atrial fibrillation, or
a high risk for systemic or pulmonary embolism.
Reviparin, an LMWH, administered SC twice
daily for 7 days, was shown to significantly
reduce the primary outcome of death, reinfarc-
tion, or stroke when compared with placebo
(15.0% vs 18.3%) in a subset of 3225 patients
not undergoing reperfusion in the CREATE trial
(Clinical Trial of Reviparin and Metabolic Modu-
lation in Acute Myocardial Infarction Treatment
Evaluation).48 Compared with UFH, enoxaparin
showed similar incidence of death, reinfarction,
or recurrent angina in a trial of 1225 patients
with STEMI not receiving reperfusion.49 The
OASIS-6 trial provides evidence of benefit with
fondaparinux 2.5 mg SC once daily compared
with placebo in patients with STEMI undergoing
no reperfusion35 (see earlier discussion). Direct
thrombin inhibitors have not been evaluated in
this setting.

SUMMARY

Anticoagulation is essential in all patients with
STEMI. In patients undergoing primary PCI,
bivalirudin compared with UFH provides a mor-
tality benefit, predominantly via reduction in
major bleeding. Bailout (rather than routine)
GPI use, transradial access, and use of newer
oral P2Y12 inhibitors can potentially lessen the
bleeding advantage of bivalirudin over UFH.
There is an increase in the risk of acute (within
24 hours) stent thrombosis with bivalirudin
compared with UFH, which can potentially be
reduced by prolonging full-dose bivalirudin
infusion after PCI for 4 hours. With the advent
of newer oral (prasugrel and ticagrelor) and IV
(cangrelor) P2Y12 inhibitors, several potential
combinations can arise, which makes the
choices challenging. For instance, IV cangrelor
is a potentially attractive option to reduce the
risk of AST with bivalirudin; however, more
studies need to be undertaken to explore its
role in this setting. In patients with STEMI

undergoing fibrinolysis, UFH is the preferred
anticoagulant, with enoxaparin and fondapari-
nux being reasonable alternatives for those in
whom a PCI is not planned. In patients with
STEMI not undergoing reperfusion, UFH, enox-
aparin or fondaparinux can be used for
anticoagulation.

For the clinician, the choices of antithrombin
therapy for primary PCI can be daunting. In
most of the clinical trials, the choice was dichot-
omous; but in real-world practice, it becomes a
complex calculus after factoring in decisions
about radial versus femoral access, provisional
versus routine GPI use, which oral antiplatelet
agent to use, timing of the oral antiplatelet
agent, and whether an IV P2Y12 inhibitor should
be used. It is, therefore, little wonder that an
individual interventional cardiologist struggles
to determine if a given clinical trial fits into an
algorithm to choose the optimal antithrombin
strategy for a particular patient in the cardiac
catheterization laboratory. There is no doubt
that continued hearty debate will surround this
controversy.
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