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Bivalirudin in Primary PC
I: Can Its Glory Being
Restored?
Yang Li1, Yi Li1, Gregg W. Stone2, Yaling Han1,∗

Abstract
Intravenous anticoagulant therapy is critical to prevent ischemic recurrences and complications without increasing the risk of bleeding
in patients with ST-segment elevationmyocardial infarction (STEMI) undergoing primary percutaneous coronary intervention (PPCI). It
includes the indirect thrombin inhibitor heparins and the direct thrombin inhibitor bivalirudin. However, the ideal anticoagulant for
patients undergoing PPCI remains controversial. In this review, we provide an overview of currently available anticoagulant therapies
used in STEMI patients undergoing PPCI, including describing the rationale for their use, pivotal clinical trial data, and treatment
recommendations of guidelines, providing much-needed clarity to guide the selection of the safest and most effective anticoagulant
regimens for PPCI.
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Worldwide, acute ST-segment elevation myocardial infarction
(STEMI) remains the leading cause of morbidity, mortality, and
disability.[1,2] The gold standard treatment in STEMI patients is
early, sustained and effective reperfusion of culprit coronary
artery by primary percutaneous coronary intervention (PPCI).[3]

Over the past 30years, both in-hospital and 1-year mortality
from STEMI (5%–6% and 7%–18%, respectively) have
decreased significantly with advances in reperfusion therapy,
but cardiovascular outcomes may still be improved.[4,5] Once the
decision is made to perform PPCI, selection of arterial access site
and stent type, whether to use thrombectomy and circulatory
support devices, and optimization of adjunctive medical therapy
(including perioperative antithrombotic therapy) need to be
optimized by the interventional cardiologist during the PPCI
procedure to improve immediate and long-term results.
Intravenous anticoagulant therapy is mandatory in PPCI.

Currently, bivalirudin and unfractionated heparin (UFH) are
used for procedural anticoagulation in nearly all PPCI
patients.[6,7] Bivalirudin is touted for its predictable pharmaco-
kinetics, effects on thrombin-mediated platelet inhibition, and
reduced bleeding outcomes in most prior studies, whereas UFH,
the most commonly used anticoagulant during PPCI, remains a
viable treatment strategy.[8] Both are recommended in the setting
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of STEMI in guidelines stems from the broad comparative
evidence.[5,9,10] Yet optimal adjunctive therapy in STEMI
patients treated with PPCI remains a matter of debate. In this
review, we provide an overview of currently available anticoag-
ulant therapies used in STEMI patients undergoing PPCI,
including describing the rationale for their use, pivotal clinical
trial data, and treatment recommendations of guidelines,
providing much-needed clarity to guide the selection of the
safest and most effective anticoagulant regimens for PPCI.

Necessity of anticoagulation therapy in STEMI
patients

STEMI is an acute thrombus-driven event. Atherosclerotic plaque
rupture or erosion followed by arterial thrombosis and formation
of an occlusive thrombus is the major determinant leading to
STEMI.[11,12] Platelets and coagulation factors are the main
elements involved in this process. In plaque rupture, the cap
collagen and the highly thrombogenic lipid core, enriched in
tissue factor-expressing apoptotic microparticles left behind after
apoptotic cell death, are exposed to the thrombogenic factors of
the blood, which activates the coagulation cascade leading to clot
formation and further thrombin generation.[13,14] Thrombin
converts fibrinogen to fibrin, an essential component of arterial
thrombus, and the fibrin-rich thrombi lead to activation,
amplification, and propagation of the coagulation cascade.[15]

Plaque erosion is a weaker thrombogenic stimulus, and thus,
other factors may be particularly important in this setting.[13] In
coronary thrombosis, the initial flow obstruction is usually
caused by platelet aggregation, but fibrin is important for the
subsequent stabilization of the early and fragile platelet
thrombus.[12]

Anticoagulation therapy is a mainstay of modern medical
therapy for acute and chronic thrombotic diseases. Anticoagu-
lants in STEMI are given to prevent expansion and enhancement
of thrombi. Furthermore, contemporary management with PPCI
requires a suitable antithrombotic environment to prevent
catheter thrombosis. The quest for the ideal parenteral
anticoagulant agent remains an ongoing topic of investigation.

mailto:hanyaling@263.net
http://creativecommons.org/licenses/by-nc-nd/4.0
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http://dx.doi.org/10.1097/CD9.0000000000000016


Table 1

Properties of bivalirudin and unfractionated heparin (UFH)

Property Bivalirudin UFH

Factor Xa: IIa inhibition Only IIa 1: 1
Onset of action Immediate Immediate
Time to peak plasma
concentration (min)

2–15 20–60

Action independent
of antithrombin

Yes No

Half-life 25 min (1 h in patients
with renal impairment)

30–120 min
(dose-dependent)

Non-specific binding No Yes
Variable PK/PD measures Yes No
Inhibition of fibrin-bound thrombin Yes No
Effect on platelets Inhibition Activation
Risk of HIT No Yes

HIT: Heparin-induced thrombocytopenia; PD: Pharmacodynamic; PK: Pharmacokinetic.
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Limitations of the pharmacological property of UFH
in PPCI

The ideal anticoagulation drug in PCI acute coronary syndromes
should have a rapid onset of action, a predictable dose-dependent
anticoagulation effect, a short half-life or quick reversibility, a
broad therapeutic window, and be effective in reducing ischemic
complications.[16]

UFH, an indirect thrombin inhibitor, is a mix of sulfated
polysaccharides with molecular weight ranging from 3000 to
30,000 kDa (mean 15,000 kDa).[17] UFH is derived from
mucosal tissues of porcine intestines or bovine lungs and had
been the mainstay for PPCI procedural anticoagulation prior to
the introduction of bivalirudin in the 1990s.[18] It exerts its effects
by blocking the activation of thrombin (factor IIa) and factor X
through an antithrombin-dependent mechanism.[8] The heparin-
antithrombin complex inactivates not only thrombin but also
factors Xa, IXa, XIa, and XIIa. The complex kinetics of heparin
clearance renders the anticoagulant response to UFH non-linear
at therapeutic doses, with both the peak activity and the duration
of effect increasing disproportionately with increasing doses.[16]

Major limitations of UFH include its unpredictable pharmacoki-
netic profile with high inter- and intra-individual variability, low
bioavailability, the lack of ability to bind to and inhibit clot-
bound thrombin, platelet activation, influence by the inflamma-
tory state of the patient and the increased risk of heparin-induced
thrombocytopenia, which is a serious, potentially lethal,
immunologically mediated adverse reaction to UFH.[4,19,20] In
addition, there are no randomized trials to determine the optimal
dose and duration of UFH in PPCI. The current dose
recommendations for UFH were based on retrospective analyses
and expert opinions.
Bivalirudin is a polypeptide of 20 amino acids that directly

binds to thrombin at both the active site and the fibrinogen-
binding site (exo-site 1) without the need for a cofactor (in
contrast to UFH), inhibiting thrombin in both circulating and
bound clots.[21] Uniquely, bivalirudin also has antiplatelet effects
through inhibition of thrombin-mediated platelet aggregation.[22]

Bivalirudin is given by intravenous infusion and produces an
immediate and predictable anticoagulant effect, as demonstrated
by dose-dependent prolongation of the activated clotting time
(ACT), activated partial thromboplastin time, and thrombin
clotting time. Once bound to thrombin, proteolytic cleavage of
the Arg3-Pro4 bond of bivalirudin results in functional recovery
of the active site of thrombin.[23] Bivalirudin is degraded by
endogenous peptidases and its clearance is only partially
dependent on renal function. The half-life of bivalirudin is 25
minutes with linear pharmacokinetics in patients with normal
renal function, 1 hour in patients with severe renal impairment,
and 3.5hours in patients undergoing hemodialysis.[24] For these
reasons, bivalirudin may be pharmacologically favored for
anticoagulation in STEMI patients for PPCI [Table 1].
Bivalirudin became favored in PPCI

The HORIZONS-AMI trial,[25] the first multicenter RCT in
which bivalirudin was compared to UFH plus glycoprotein IIb/
IIIa receptor inhibitor (GPI) for PPCI, served as the basis for the
European Society of Cardiology (ESC) 2012 STEMI guide-
lines[26] and the American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) 2013 STEMI guide-
lines[10] in which bivalirudin received a class I (level of evidence B)
180
recommendation in preference to UFH plus GPI for patients with
STEMI undergoing PPCI, particularly those at high risk of
bleeding.
In HORIZONS-AMI trial, 3602 patients with STEMI were

randomly assigned within 12 hours of symptom onset to receive
bivalirudin (0.75mg/kg intravenous bolus followed by 1.75mg/
(kg·h) infusion) with provisional (bailout) use of GPI, or heparin
(60U/kg bolus plus additional boluses to achieve an ACT of 200–
250s) plus a routine GPI (52% abciximab, 48% eptifibatide or
tirofiban).[27] All patients undergoing PPCI were pretreated with
300 or 600mg of clopidogrel, at the discretion of the investigator.
The majority of patients underwent PPCI (n=3348) and the
remainder underwent coronary artery bypass graft (CABG)
surgery (n=63) or were managed medically (n=191). In the
bivalirudin group, only 7.2% of patients received a GPI. The
main results showed that compared with UFH plus a GPI,
bivalirudin significantly reduced the 30-day net clinical compos-
ite outcome of death, reinfarction, target vessel revascularization,
stroke, or major bleeding not related to CABG surgery (9.2% vs.
12.1%; RR=0.76, 95%CI: 0.63–0.92, P=0.005), mainly driven
by a 40% reduction in major bleeding (4.9% vs. 8.3%; RR=
0.60, 95% CI: 0.46–0.77, P<0.001) and a 34% reduction in all-
cause mortality (2.1% vs. 3.1%; RR=0.66, 95% CI: 0.44–1.00,
P=0.047). Consistent results were observed at 1 year and 3
years.[28,29] Composite major adverse cardiovascular events
(MACE) were similar between the 2 treatments.
In the decade after the publication of HORIZONS-AMI trial,

clinical practice evolved, including reduced GPI use, routine use
of the potent P2Y12 receptor inhibitors prasugrel and ticagrelor,
and use of radial access instead of femoral access, all of which
may influence bleeding outcomes.[8] The EUROMAX trial was
designed to investigate whether the benefit of bivalirudin over
heparin in PPCI persisted in the setting of a more contemporary
approach. The study population included 2218 patients at least
18years of age with presumed STEMI randomized to receive
bivalirudin (bolus and infusion for at least 4hours after PPCI at
0.25mg/(kg·h), however, the continuation of the high dose of
1.75mg/(kg·h) used during PCI was also permitted) or UFH with
optional GPI use, initiated in the ambulance or a hospital without
PPCI capacity. The composite of death from any cause or non-
CABG major bleeding at 30days was significantly reduced in
patients who received bivalirudin compared with UFH (5.1% vs.
8.5%; RR=0.60, 95% CI: 0.43–0.82, P=0.001).[30] Compared
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with UFH, bivalirudin also significantly reduced the composite of
death, re-infarction, or non-CABG major bleeding (6.6% vs.
9.2%; P=0.02).[30] These results were primarily driven by a 57%
reduction inmajor bleeding with bivalirudin comparedwith UFH
(2.6% vs. 6.0%; RR=0.43; 95% CI: 0.28–0.66; P<0.001).[30]

Nevertheless, the clinical benefits of bivalirudin use and
whether bivalirudin is the optimal regimen have still been the
subject of debate in STEMI patients, who need more careful
evaluation and attention to anticoagulant management.
Challenges to bivalirudin in PPCI

The results of HORIZONS-AMI and EUROMAX demonstrated
that bivalirudin was associated with a reduced risk of bleeding
and an overall favorable outcomes profile, including reduced
cardiovascular mortality. However, these promising findings
were hindered by an increased risk of thrombotic events,
particularly acute stent thrombosis with bivalirudin. In the
HORIZONS-AMI trial, an increased risk of stent thrombosis
within 24hours was observed in the bivalirudin group (1.3% vs.
0.3%; P<0.001), with no differences in the rate of subacute
(between 24hours to 30days) stent thrombosis. The risk of acute
stent thrombosis in the bivalirudin group was also significantly
higher in EUROMAX trial (1.1% vs. 0.2%; RR=6.11; 95% CI:
1.24–27.24; P=0.007).[30,31] This increase occurred despite
prolonged bivalirudin infusion after PCI in 93% of patients
(although only 22.5% received a high infusion dose) and the use
of prasugrel or ticagrelor in half of the patients.[32] Accordingly,
prescribing information for bivalirudin was changed in the
United States in March, 2016 to note that “Acute stent
thrombosis (<4hours) has been observed at a greater frequency
in bivalirudin treated patients compared to UFH treated patients
with STEMI undergoing PPCI.[33] These patients should remain
for at least 24hours in a facility capable of managing ischemic
complications and should be carefully monitored following PPCI
for signs and symptoms consistent with myocardial ischemia.”
The single-center trial HEAT-PPCI compared bivalirudin to

UFH alone (without GPI) in 1829 patients with suspected STEMI
undergoing planned PPCI. Only provisional use of GPIs
(abciximab) was allowed in both groups. Bivalirudin compared
with UFH increased early stent thrombosis again (3.4% vs.
0.9%; RR=3.91; 95%CI: 1.61–9.52; P=0.001), but contrary to
prior trials did not reduce bleeding complications (3.5% vs.
3.1%; RR=1.15; 95% CI: 0.7–1.9; P=0.59).[34] Based on this
data, bivalirudin use was downgraded in the 2014 ESC
myocardial revascularization guidelines[35] and 2017 ESC
STEMI guidelines (recommendation IIa-A).[5] Of note, the rate
of acute stent thrombosis with bivalirudin was two to three-folds
higher than in any previous study, and as HEAT-PPCI was a
single-centered study, the external validity of these findings
required replication in additional multicenter studies.
The subsequent MATRIX trial is the largest study to date

comparing anticoagulant agents in STEMI patients undergoing
PPCI. In this trial, 7213 patients with an acute coronary
syndrome (56%with STEMI) in whom PCI was anticipated were
randomly assigned to receive either bivalirudin or UFH (with GPI
only in bail-out circumstances).[36] Additionally, patients could
receive either a short-term infusion of bivalirudin at a high-dose
1.75mg/(kg·h) for up to 4 hours post-PCI or a long-term infusion
of bivalirudin at a reduced dose of 0.25mg/(kg·h) for at least 6
hours, at the discretion of the physician. The rates of MACE and
net adverse clinical events were not significantly lower with
181
bivalirudin than with UFH, despite a significant reduction in
major bleeding, all-cause death, and cardiac death.[37,38]

Additionally, there was no significant difference in urgent target
vessel revascularization, definite stent thrombosis, or net adverse
clinical events in patients receiving a prolonged bivalirudin
infusion when compared with those who only received a
bivalirudin infusion for the duration of PCI (11.0% vs.
11.9%; RR=0.91; 95% CI: 0.74–1.11; P=0.34).[37,39] The
results for the STEMI group (n=4010) were not different from
the overall study results. Bivalirudin use was associated with a
reduction in major bleeding (1.7% vs. 2.8%; RR=0.60; 95%CI:
0.39–0.92; P=0.019), with no significant difference in acute stent
thrombosis (0.9% vs. 0.5%; RR=1.88; 95% CI: 0.87–4.06; P=
0.10).[40] However, these results were interpreted with caution as
they derived from a post hoc analysis and were thus considered as
hypothesis-generating.
In the newly published registry-based, open-label VALIDATE-

SWEDEHEART trial, 3005 patients with STEMI and 3001
patients with non-STEMI were randomly assigned to bivalirudin
or heparin during PCI (using predominantly radial access).[41]

Patients also received potent P2Y12 receptor inhibitors with
neither group intended to receive a GPI. The clinical impact of
bivalirudin was similar to UFH in monotherapy in the overall
cohort (12.3% vs. 12.8%; RR=0.96; 95% CI: 0.83–1.10; P=
0.54) as well as in the STEMI subgroup (12.5% vs. 13.0%; RR=
0.95; 95% CI: 0.78–1.17) in terms of the composite primary
endpoint of all-cause mortality, myocardial infarction (MI) or
major bleeding during 180days of follow-up.[42]

Overall, results of these large-scale clinical trials [Tables 2 and
3],[25,30,34,37,42–58] as well as data from several meta-analyses
[Table 4],[6,59–68] show that bivalirudin compared with UFH
yields similar rates ofMACE and net adverse clinical events at 30
days, with an increased risk of acute stent thrombosis. These
findings led to a downgrade in the recommendation (from class
IIa to IIb) for bivalirudin in the most recent 2018 ESC guideline
for myocardial revascularization.[69]

Should bivalirudin use be reconsidered in PPCI?

The goal of anticoagulant management is to balance the risk of
thrombotic complications, such as reinfarction and stent
thrombosis, with the risk of bleeding complications. During this
long-lasting journey, contrasting evidence has been accumulated
on the efficacy and safety profile of bivalirudin compared with
UFH. Numerous trials have shown that the risk of bleeding
associated with bivalirudin is lower than that associated with
UFH. However, whether bivalirudin increases the rate of acute
stent thrombosis has become a focus of controversy.
The pooled analysis from the HORIZONS-AMI and EURO-

MAX trials demonstrated that bivalirudin compared with UFH
plus GPI resulted in an increased rate of acute stent thrombosis by
an absolute increment of ∼1% occurring within the first 4 hours
after abrupt discontinuation of bivalirudin infusion, with non-
significantly different rates of subacute stent thrombosis (between
24hours to 30days).[31] Because bivalirudin has a short half-life,
plasma levels decrease rapidly after infusion discontinuation.
This increased acute stent thrombosis rate may be due to
insufficient residual thrombin activity after bivalirudin cessation
with inadequate time to have achieved the inhibition of P2Y12

receptor-induced platelet aggregation. Numerous previous
studies have demonstrated that the onset time for maximal
inhibition of platelet aggregation after treatment with clopidogrel
before PCI is dependent on the loading dose of clopidogrel. The
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Table 4

Major published meta-analysis of bivalirudin compared with heparin in STEMI

Authors (year) Included trials Patients Results

Shah et al (2019)[61] EUROMAX, BRIGHT, MATRIX,
VALIDATESWEDEHEART

ACS • Early stent thrombosis:
Bivalirudin (with a post-procedure infusion) vs. Heparin (RR=0.45, 95% CI: 0.23–
0.85, P=0.015)
Bivalirudin (with a post-procedure infusion) vs. Heparin + GPI (RR=0.52, 95% CI:
0.18–1.50, P=0.227)

• 30-day major bleeding:
Bivalirudin (with a post-procedure infusion) vs. Heparin (RR=0.44, 95% CI: 0.20–
0.97, P=0.043)
Bivalirudin (with a post-procedure infusion) vs. Heparin+GPI (RR=0.25, 95% CI:
0.10–0.63, P=0.003)

Shah et al (2019)[62] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, MATRIX

STEMI • 30-day all-cause mortality:
Switch (switching to bivalirudin during PPCI from preprocedure heparin) vs. Heparin
(OR=0.47, 95% CI: 0.30–0.71)
Switch vs. Bivalirudin (OR=0.50, 95% CI: 0.31–0.78)
Bivalirudin vs. Heparin (OR=0.93, 95% CI: 0.70–1.22)

• 30-day MACE:
Switch vs. Heparin (OR=0.63, 95% CI: 0.45–0.86)
Switch vs. Bivalirudin (OR=0.52, 95% CI: 0.37–0.73)
Heparin vs. Bivalirudin (OR=0.83, 95% CI: 0.67–1.02)

• 30-day major bleeding:
Switch vs. Heparin (OR=0.57, 95% CI: 0.37–0.86)
Switch vs. Bivalirudin (OR=0.98, 95% CI: 0.63–1.50)
Bivalirudin vs. Heparin (OR=0.59, 95% CI: 0.43–0.78)

• 30-day NACE:
Switch vs. Heparin (OR=0.53, 95% CI: 0.36–0.78)
Switch vs. Bivalirudin (OR=0.69, 95% CI: 0.47–1.02)
Bivalirudin vs. Heparin (OR=0.77, 95% CI: 0.58–1.02)

Shah et al (2017)[63] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, BRAVE 4, MATRIX

ACS • 30-day NACE:
Post-procedural bivalirudin high dose vs. Heparin (OR=0.51, 95% CI: 0.35–0.75)
Post-procedural bivalirudin high dose vs. No post-procedural bivalirudin (OR=0.51,
95% CI: 0.32–0.82)
Post-procedural bivalirudin high dose vs. Post-procedural bivalirudin low dose
(OR=0.57, 95% CI: 0.36–0.98)
Post-procedural bivalirudin low dose vs. Heparin (OR=0.90, 95% CI: 0.56–1.41)
Post-procedural bivalirudin low dose vs. No post-procedural bivalirudin (OR=0.91,
95% CI: 0.52–1.49)
No post-procedural bivalirudin vs. Heparin (OR=1.00, 95% CI: 0.71–1.42)

• 30-day all-cause mortality:
Post-procedural bivalirudin high dose vs. Heparin (OR=0.51, 95% CI: 0.29–0.89)
Post-procedural bivalirudin high dose vs. No post-procedural bivalirudin (OR=0.53,
95% CI: 0.29–0.96)
Post-procedural bivalirudin high dose vs. Post-procedural bivalirudin low dose (OR=
0.62, 95% CI: 0.28–1.49)
Post-procedural bivalirudin low dose vs. Heparin (OR=0.81, 95% CI: 0.40–1.65)
Post-procedural bivalirudin low dose vs. No post-procedural bivalirudin (OR=0.84,
95% CI: 0.41–1.72)
No post-procedural bivalirudin vs. Heparin (OR=0.97, 95% CI: 0.68–1.40)

• 30-day cardiac mortality:
Post-procedural bivalirudin high dose vs. Heparin (OR=0.50, 95% CI: 0.28–0.78)
Post-procedural bivalirudin high dose vs. No post-procedural bivalirudin (OR=0.67,
95% CI: 0.37–1.91)
Post-procedural bivalirudin high dose vs. Post-procedural bivalirudin low dose
(OR=0.69, 95% CI: 0.36–1.21)
Post-procedural bivalirudin low dose vs. Heparin (OR=0.73, 95% CI: 0.51–1.03)
Post-procedural bivalirudin low dose vs. No post-procedural bivalirudin
(OR=0.74, 95% CI: 0.33–1.49)
No post-procedural bivalirudin vs. Heparin (OR=0.95, 95% CI: 0.49–1.68)

Capodanno et al (2016)[64] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, BRAVE 4

AMI • 30-day all cause death:
Bivalirudin vs. Heparin (OR=0.97, 95% CI: 0.74–1.28, P=0.84)

• 30-day major bleeding:
Bivalirudin vs. Heparin (OR=0.58, 95% CI: 0.40–0.85, P=0.005)

(continued )
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Table 4

(continued).

Authors (year) Included trials Patients Results

• 30-day definite stent thrombosis:
Bivalirudin vs. Heparin (OR=1.71, 95% CI: 0.84–3.49, P=0.14)

• Acute stent thrombosis:
Bivalirudin vs. Heparin (OR=3.55, 95% CI: 1.67–7.56, P=0.001)

• 30-day reinfarction:
Bivalirudin vs. Heparin (OR=1.47, 95% CI: 0.94–2.30, P=0.10)

• 30-day cardiovascular death:
Bivalirudin vs. Heparin (OR=0.76, 95% CI: 0.56–1.02, P=0.07)

Fahrni et al (2016)[65] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, BRAVE 4

AMI • Acute stent thrombosis:
Post-procedural bivalirudin high dose vs. Heparin±GPI (0.26% vs. 0.33%, OR=
0.81, 95% CI: 0.27–2.46, P=0.71)

• 30-day major bleeding
Post-procedural bivalirudin high dose vs. Heparin±GPI (0.79% vs. 2.92%, OR=
0.28, 95% CI: 0.13–0.60, P=0.001)

Shah et al (2016)[66] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, MATRIX

AMI • Acute stent thrombosis:
Post-procedural bivalirudin high dose vs. Heparin (OR=0.97, 95% CI: 0.36–2.21)
Heparin vs. Post-procedural bivalirudin low dose (OR=0.25, 95% CI: 0.12–0.57)
Heparin vs. No post-procedural bivalirudin (OR=0.33, 95% CI: 0.17–0.56)

• 30-day major bleeding
Post-procedural bivalirudin high dose vs. Heparin (OR=0.26, 95% CI: 0.14–0.46)

Ferrante et al (2015)[67] HORIZONS-AMI, EUROMAX, HEAT-PPCI STEMI • 30-day all cause death:
Bivalirudin vs. Heparin (3.03% vs. 3.38%, OR=0.90, 95% CI: 0.63–1.29, P=
0.57)

• 30-day definite stent thrombosis:
Bivalirudin vs. Heparin (2.39% vs. 1.06%, OR=2.49, 95% CI: 1.30–4.76, P=
0.006)

• Acute stent thrombosis:
Bivalirudin vs. Heparin (1.69% vs. 0.39%, OR=4.34, 95% CI: 2.30–8.16, P<
0.001)

• 30-day MACE:
Bivalirudin vs. Heparin (6.38% vs. 5.55%, OR=1.18, 95% CI: 0.89–1.54, P=
0.24)

• 30-day major bleeding:
Bivalirudin vs. Heparin (3.93% vs. 6.39%, OR=0.63, 95% CI: 0.39–1.04, P=
0.07, NNT=45)

Shah et al (2015)[59] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRAVE 4, BRIGHT, MATRIX

STEMI • 30-day MACE:
Bivalirudin vs. Heparin±GPI (RR=1.02, 95% CI: 0.87–1.19, P=0.800)

• 30-day MI:
Bivalirudin vs. Heparin±GPI (RR=1.41, 95% CI: 0.94–2.11, P=0.089)

• 30-day target vessel revascularization:
Bivalirudin vs. Heparin±GPI (RR=1.37, 95% CI: 0.91–2.04, P=0.122)

• 30-day NACE:
Bivalirudin vs. Heparin±GPI (RR=0.81, 95% CI: 0.64–1.01, P=0.069)

• 30-day all cause death:
Bivalirudin vs. Heparin±GPI (RR=0.81, 95% CI: 0.67–0.99, P=0.041)

• 30-day cardiac death:
Bivalirudin vs. Heparin±GPI (RR=0.68, 95% CI: 0.51–0.91, P=0.009)

• 30-day major bleeding:
Bivalirudin vs. Heparin±GPI (RR=0.63, 95% CI: 0.44–0.90, P=0.012)

• Acute stent thrombosis:
Bivalirudin vs. Heparin±GPI (RR=3.31, 95% CI: 1.79–6.10, P<0.001)

Bangalore et al (2014)[6] HORIZONS-AMI, EUROMAX, HEAT-PPCI,
BRIGHT, BRAVE 4

AMI • 30-day MACE:
Heparin vs. Heparin + GPI (RR=1.49, 95% CI: 1.21–1.84);
Bivalirudin vs. Heparin + GPI (RR=1.34, 95% CI: 1.01–1.78);
Bivalirudin vs. Heparin (RR=0.90, 95% CI: 0.68–1.18)

• 30-day major bleeding:
Heparin vs. Heparin + GPI (RR=0.82, 95% CI: 0.59–1.14);
Bivalirudin vs. Heparin + GPI (RR=0.47, 95% CI: 0.30–0.74);
Bivalirudin vs. Heparin (RR=0.58, 95% CI: 0.37–0.90)

• 30-day stent thrombosis:
Heparin vs. Heparin + GPI (RR=2.01, 95% CI: 0.94–4.29);

(continued )
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Table 4

(continued).

Authors (year) Included trials Patients Results

Bivalirudin vs. Heparin + GPI (RR=2.34, 95% CI: 1.03–5.32);
Bivalirudin vs. Heparin (RR=1.16, 95% CI: 0.52–2.61)

Nairooz et al (2014)[60] HORIZONS-AMI, EUROMAX STEMI • 30-day cardiac death:
Bivalirudin vs. Heparin + GPI (RR=0.70, 95% CI: 0.50–0.97, P=0.03)

• 30-day definite stent thrombosis:
Bivalirudin vs. Heparin + GPI (RR=1.88, 95% CI: 2.30–13.07, P=0.02)

• Acute stent thrombosis:
Bivalirudin vs. Heparin + GPI (RR=5.48, 95% CI: 1.03–5.32, P=0.0001)

• 30-day TIMI major bleeding:
Bivalirudin vs. Heparin + GPI (RR=0.61, 95% CI: 0.45–0.82, P=0.0009)

• 30-day TIMI minor bleeding:
Bivalirudin vs. Heparin + GPI (RR=0.60, 95% CI: 0.48–0.75, P<0.000,01)

Kinnaird et al (2013)[68] HORIZONS-AMI, ASSIST, ON-TIME2,
BRAVE-3, CADILLAC, Fu et al, ACE,
Montalescot et al

STEMI • 30-day mortality:
Bivalirudin vs. Heparin (OR=0.55, 95% CI: 0.32–0.95)

• 30-day stroke:
Bivalirudin vs. Heparin (OR=0.88; 95% CI: 0.37–2.13)

• 30-day MI:
Bivalirudin vs. Heparin (OR=0.79; 95% CI: 0.40–1.55)

• 30-day TIMI major and minor bleeding:
Bivalirudin vs. Heparin (OR=0. 66; 95% CI: 0.45–0/98)

ACS: Acute coronary syndrome; AMI: Acute myocardial infarction; CI: Confidence interval; GPI: Glycoprotein IIb/IIIa inhibitor; MACE: Major adverse cardiac events; MI: Myocardial infarction; NACE: Net adverse
clinical events; NNT: Number needed to treat; OR: Odds ratio; PPCI: Primary percutaneous coronary intervention; RR: Risk ratio; STEMI: ST-segment elevation myocardial infarction; TIMI: Thrombolysis in
Myocardial Infarction.
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onset to peak action of a 300mg loading dose of clopidogrel is 6
to 24hours. Even pretreatment with a 600mg loading dose of
clopidogrel requires 2 to 6hours to achieve peak effect.[70]

Moreover, there is a delay in the action of clopidogrel and even
the novel potent P2Y12 receptor inhibitors ticagrelor and
prasugrel during the first 6 hours post-loading doses in patients
with STEMI due to delayed absorption.[71] The half-life of
bivalirudin is only 25minutes; its plasma levels are thus decreased
to ∼70% and ∼11% after bivalirudin discontinuation for 15
minutes and 120 minutes, respectively. At these time points,
P2Y12 inhibitors have not reached their peak effect in STEMI.
Since the PPCI procedure is usually completed within 1 hour, if
the bivalirudin infusion is immediately stopped at the end of the
PPCI procedure, there is a window of absent anti-thrombotic and
anti-platelet efficacy, explaining the increased risk of acute stent
thrombosis.
The BRIGHT trial, which was performed in 82 centers in

China and randomized 2194 patients with acute MI undergoing
emergency PCI (87.7%with STEMI) to receive either bivalirudin,
UFH alone, or UFH plus GPI in 1:1:1 ratio, has provided
important insights into preventing the increased stent thrombosis
risk after bivalirudin in STEMI.[43,72,73] As an important part of
the study protocol, bivalirudin infusion was continued post-PCI
in all patients for a minimum of 30 minutes and a maximum of 4
hours at a rate of 1.75mg/(kg·h), with a discretionary extension
at a low dose (0.2mg/(kg·h)) for up to 20hours. The median post-
PCI duration of the infusion with the 1.75mg/(kg·h) dose was 3
hours. There was no numerical or statistical increase in the acute
stent thrombosis rates in BRIGHT (0.3% for bivalirudin vs.
0.3% for UFH vs. 0.3% for UFH plus GPI, respectively), but a
notable reduction in BARC 2 to 5 bleeding with bivalirudin
compared to either UFH alone or UFH plus GPI (6.3% vs. 9.3%
vs. 9.0%, respectively, P=0.03) was observed.[43] Although the
total dose of bivalirudin per patient was higher in this trial than in
earlier studies, bivalirudin maintained its advantages in reducing
190
bleeding and acquired thrombocytopenia. In the subgroup of
1925 patients with STEMI undergoing PPCI, the results were
consistent with the overall trial population for the primary
endpoint, MACE, acute stent thrombosis, and bleeding. The
results were also consistent at the 1-year follow-up.[43] Even
though BRIGHT did not specifically test the hypothesis that
prolonged high-dose bivalirudin infusion reduces ischemic events
and stent thrombosis compared either with no infusion or a low-
dose infusion, the study does provide evidence that a prolonged
high-dose infusion is safe and may be an effective strategy to
reduce the risk of acute stent thrombosis seen with bivalirudin in
other trials.[74]

Confirming these findings, subgroup analysis from the
EUROMAX trial revealed that the risk of stent thrombosis
seemed to be mitigated by prolonging the bivalirudin infusion at
the high dose while still reducing bleeding rates compared with
UFH alone; in this study, there was no improvement in stent
thrombosis rates with prolonged infusion of low-dose bivalir-
udin.[75] Consistent with this, data from the MATRIX trial
showed that the primary endpoint did not differ with or without
post-PCI bivalirudin infusion, although a post-PCI high-dose
bivalirudin infusion (1.75mg/(kg·h) for�4hours) was associated
with improved outcomes when compared with no or a low-dose
(0.25mg/(kg·h) for �6hours) post-PCI bivalirudin infusion,
including lower risks of stent thrombosis.[76] In VALIDATE-
SWEDEHEART, 65% of patients in the bivalirudin group
received a post-PCI bivalirudin infusion at 1.75mg/(kg·h), but
with an average duration of only 57 minutes. As the half-life of
bivalirudin is only 25 minutes, it is not clear whether further
prolongation of bivalirudin infusion can improve the outcomes
noted in this trial.[77] In addition, most patients treated with
bivalirudin in VALIDATE-SWEDEHEART received UFH (mean
dose 3470 U) as well, potentially masking the advantage of
bivalirudin.[78] Therefore, the generalizability of these findings
may be limited.
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A new meta-analysis, led by Shah et al,[66] includes
HORIZONS-AMI and EUROMAX trials, as well as BRIGHT,
HEAT-PPCI, and MATRIX trials for a total of 16,294 patients
who were treated with either UFH or one of three bivalirudin
regimens: only during PCI or for up to 4 hours after PCI at either
a high-dose (1.75mg/(kg·h)) or a low-dose (0.25mg/(kg·h)),
comparing the efficacy and safety of the above 4 anticoagulant
regimens in reducing acute stent thrombosis. This is the first
meta-analysis to address the effect of prolonging post-PCI
bivalirudin infusion on acute stent thrombosis and major
bleeding by using traditional and network meta-analysis. The
researchers confirmed a two-fold increased risk of acute stent
thrombosis with bivalirudin versus UFH (RR=2.36, 95% CI:
1.46–3.02, P<0.001), but this phenomenon was ameliorated by
continuing high-dose bivalirudin infusion post-PPCI (RR=0.90,
95% CI: 0.32–2.54, P=0.85). This effect was not seen with low-
dose bivalirudin infusion post-PPCI. In summary, a high-dose
bivalirudin infusion post-procedure for 2 to 4hours can
effectively cover the period after PPCI when P2Y12 receptor
inhibitors have not yet become fully active [Tables 2–4].
The meta-analysis also demonstrated that bivalirudin de-

creased the risk of major bleeding at 30days by 47% compared
with UFH; this benefit persisted even with continued high-dose
infusion post-PPCI (RR=0.29, 95% CI: 0.16–0.53, P<0.001).
Peri-procedural bleeding events, up to 50% arise from the access
site, remain the most common non-cardiac complication
following PCI and have been associated with significant
morbidity, mortality, and financial burden to the healthcare
system. These events are multifactorial and are associated with:
(1) patient-related factors (female sex, age >70years); (2)
comorbidities such as diabetes mellitus, obesity, hypertension,
and diseases inhibiting clot formation, such as uremia and
thrombocytopenia; (3) and procedural factors (eg, port of access,
mode of arterial puncture and anticoagulation regimen).[79]

Numerous randomized trials have demonstrated that major
bleeding (both access site and non-access site) is less frequent in
patients treated with bivalirudin.[37,43,80,81] Thus, bivalirudin is
recommended to reduce bleeding events in STEMI patients with a
high risk of bleeding, especially those with multiple high-risk
factors.
As vascular approaches have shifted to more frequent radial

access with associated lower bleeding risk, selecting the optimal
antithrombotic to balance efficacy and bleeding risk has also
received much attention. Whether the clinical benefits of
bivalirudin are maintained in patients with transradial access
undergoing PPCI is uncertain. An early access-based meta-
analysis involving 8 trials with a total of 27,491 patients (13,757
STEMI and 13,734 non-ST-elevation acute coronary syndrome
(NSTE-ACS)) and a larger observational study (132,113
patients) showed that compared with heparin, bivalirudin
lowered major bleeding in patients with femoral access but not
in those with radial access.[82,83] However, subgroup analyses
from randomized trials, including the BRIGHT and EUROMAX
trials, have shown a reduced risk of bleeding associated with the
combination of radial artery access and bivalirudin.[73,84]

Therefore, these conflicting data led us to perform further
research to evaluate the comparative efficacy and safety of
bivalirudin versus UFH (with or without planned GPIs) in
patients undergoing transradial artery coronary interventions.
It may be speculated that compared to clopidogrel, adding the

potent P2Y12 inhibitors prasugrel or ticagrelor to bivalirudin
might further reduce ischemic complications, although perhaps at
191
the cost of increased bleeding. The BRAVE-4 randomized STEMI
patients to prasugrel plus bivalirudin and clopidogrel plus
heparin, finding no major differences in ischemic or bleeding
complications between the 2 arms.[65] However, this trial
compared both different antithrombin and antiplatelet regimens
in the 2 arms, thus not permitting isolation of the effect of each
alone. To date, no head-to-head clinical trial has been performed
to compare clopidogrel with the potent P2Y12 receptor inhibitors
(prasugrel or ticagrelor) in STEMI patients treated with
bivalirudin.
Subgroup analyses may help physicians tailor anticoagulant

therapy to specific patient characteristics, thus individualizing
treatment decisions and improving outcomes. Prespecified
subgroup analysis of BRIGHT and VALIDATE-SWEDEHEART
trial demonstrated that the reduction in 30-day net adverse
clinical events (NACE) with bivalirudin was more pronounced in
women,[43,72,85] in patients with creatinine clearance �60mL/
min,[43] and in those with high risk of bleeding.[43] Additionally,
in a large group pooled analysis of elderly patients enrolled in the
EUROMAX and HORIZONS-AMI trials, bivalirudin was
associated with lower 30-day rates of non-CABGmajor bleeding,
subacute stent thrombosis and NACE, with similar rates of acute
stent thrombosis and 30-day mortality compared with the non-
elderly patients.[86] Further studies are required to provide insight
into the optimal anticoagulant strategy for patients with STEMI
and non-STEMI undergoing PCI.
Conclusions and perspectives

Early mechanical reperfusion by PPCI is the standard treatment
strategy for patients with STEMI. Optimal adjunctive antith-
rombotic therapy with antiplatelet and anticoagulant agents is a
prerequisite for the safe and effective performance of PPCI.
Antithrombin agent selection in the individual STEMI patient in
the perioperative period of PPCI should be conditioned according
to the ischemic and bleeding risk. In this regard, bivalirudin may
be an optimal agent if used correctly, particularly in the patient at
increased bleeding risk. Clinical trials have demonstrated that
prolonging the bivalirudin infusion at high-dose (1.75mg/(kg·h))
for 3 to 4hours post-PPCI eliminates the excess risk of acute stent
thrombosis while maintaining the benefits of bivalirudin in
reducing major bleeding and thrombocytopenia. Preloading with
a potent P2Y12 inhibitor prior to the procedure may also
beneficial (although further studies are required in this regard).
Therefore, it is not enough to simply choose bivalirudin (or
heparin); each agent must be optimally utilized by administering
it in the correct dose and duration and with the best procedural
technique (eg, radial artery access) and proper additional
medications (eg, antiplatelet agents).
The debate on UFH compared with bivalirudin use reminds us

once again that rarely does “one size fit all”. A panoply of diverse
options must be considered when selecting the optimal
antithrombotic agent and regimen to minimize both ischemic
events and hemorrhagic complications in STEMI patients
undergoing PPCI. To gain further insights into the true merits
of bivalirudin compared to UFH, an individual patient data (IPD)
pooled analysis from the 8 largest randomized controlled trials of
bivalirudin versus UFH in 38,565 patients with STEMI and non-
STEMI undergoing PCI has been completed.[87] The preliminary
results (reported at Transcatheter Cardiovascular Therapeutics
2020 but not yet published) demonstrated that bivalirudin use
was associated with reductions in the 30-day rates of mortality,
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serious bleeding and NACE despite increased rates of MI and
stent thrombosis compared with heparin in patients with
STEMI undergoing PPCI. The mortality benefit of bivalirudin
in STEMI was pronounced in patients treated with a post-PCI
bivalirudin infusion (low-dose or high-dose), and a high-dose
infusion mitigated the MI and stent thrombosis risk. As
commented by Capodanno and Angiolillo,[88] the pooling of
IPD enables more sophisticated efforts, including identification
of independent predictors and examining the temporal
relationship between treatments and outcomes, and conceptu-
ally is at the pinnacle in the hierarchy of evidence. Important
details to further examine will be the relationship between
access site and outcomes, and in particular subgroups of interest
at particularly high-risk for either ischemia or bleeding. In
addition, the BRIGHT-4 trial is underway (ClinicalTrials.gov
Identifier: NCT03822975). In this large-scale trial, 6000
patients with STEMI undergoing PPCI are randomized to
UFH alone versus bivalirudin including a 2 to 4 hour post-PCI
full-dose infusion. The results of these studies will provide
greater clarity and guidance for the selection of the optimal
anticoagulant in patients with STEMI undergoing PPCI.
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