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Summary
Bivalirudin is a valuable anticoagulant option in patients with acute 
coronary syndromes (ACS) undergoing percutaneous coronary inter-
vention. Advantages over heparin as a parenteral anticoagulant in-
clude more predictable pharmacokinetics and pharmacodynamics, 
shorter half-life, no need for cofactors, some degree of antiplatelet ef-
fect, and the ability to inhibit clot-bound thrombin. Clinical evidence 
supporting the use of bivalirudin over heparin in current ACS guide-
lines, however, derives mostly from early randomised trials that may 
no longer reflect current management patterns, now including the use 
of oral antiplatelet agents more potent than clopidogrel (i.e. prasugrel 
or ticagrelor) and a broader implementation of strategies to reduce 
bleeding (i.e. radial access for percutaneous coronary intervention, 

and use of glycoprotein IIb/IIIa inhibitors only in bailout situations). 
Defining the fine balance between bivalirudin efficacy and safety over 
heparins in the context of other antithrombotic treatments remains a 
challenge in clinical practice, particularly in a fast-evolving scenario, 
such as ACS, where numerous new trials have been presented in very 
recent times. Here we provide an up-to-date overview of the evidence 
on the use of bivalirudin in ACS, with focus on new data, open issues, 
and future directions.
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Introduction

Thrombosis is the main pathophysiological mechanism in acute 
coronary syndromes (ACS), and involves the activation of platelets 
and coagulation. This latter pathogenetic mechanism is interfered 
with by anticoagulants (1). Direct thrombin inhibitors are a class 
of anticoagulants that act by directly inhibiting the thrombin ac-
tive site, therefore by a mechanism different from that of heparins 
(▶ Figure 1) (1, 2). Among them, bivalirudin is a 20-aminoacid 
parenteral synthetic analog of hirudin that interacts directly with 
both the active site and the substrate binding of thrombin (1). 
Once combined with thrombin, the drug is slowly cleaved, hence 
allowing the enzyme to restore its haemostatic function (2). Clear-
ance from plasma occurs through a combination of enzymatic 
degradation and renal excretion, the latter accounting for about 
20 % of the clearance. Because the elimination of bivalirudin is lin-
early related to renal function, the infusion dose needs to be ad-
justed in patients with advanced chronic kidney disease (3). Global 
coagulation tests (i. e. activated partial thromboplastin time, par-
tial thromboplastin time) are non-linearly prolonged by bivaliru-
din, which makes these tests relatively unreliable to predict under- 
or overdosing. Although routine monitoring is not needed with 
 bivalirudin, ecarin clotting time more reliably reflects plasma con-
centrations than activated clotting time. On the downside, bival-

irudin lacks an established antidote, but the half-life – only 25 
minutes (min) after intravenous injection – makes this an issue of 
relatively little relevance.

Overall, several features of bivalirudin make it a valuable alter-
native to heparins (either unfractionated heparin [UFH] or low-
molecular-weight heparin, i. e. enoxaparin) in patients who need 
anticoagulation in the setting of an ACS with or without an associ-
ated percutaneous coronary intervention (PCI) (▶ Table 1). Un-
like heparins, bivalirudin does not bind to plasma proteins, does 
not need combination with antithrombin III to exert its pharma-
cological action, and is not neutralised by platelet factor 4 anti-
bodies, resulting in more predictable pharmacokinetics, pharma-
codynamics and anticoagulant effects. Of note, direct inhibition by 
bivalirudin is not limited only to fluid-phase thrombin but also to 
fibrin-bound thrombin, resulting – theoretically – in a more effec-
tive and targeted antithrombotic action. Also, bivalirudin exerts 
some degree of antiplatelet effect by blocking platelet protease-ac-
tivated 1 and 4 receptors (PAR-1 and -4), which are typically acti-
vated by thrombin. Finally, the lack of platelet factor 4 binding 
eliminates the risk of heparin-induced thrombocytopenia (1, 2).

▶ Table 2 summarises current recommendations for antico-
agulation with bivalirudin in ACS. In the United States (US), both 
the 2012 non-ST-segment elevation ACS (NSTE-ACS) and the 
2013 ST-segment elevation myocardial infarction (STEMI) 
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 guidelines recommend bivalirudin with a class I indication (4, 5). 
The level of evidence for these recommendations is B, reflecting 
the notion that the evidence supporting the use of bivalirudin in 
NSTE-ACS and STEMI, at the time of guidelines publication, 
came at best from a single randomised clinical trial in each setting 
(6, 7). In contrast, in Europe, the newer 2014 guidelines for myo-
cardial revascularisation assign a class I (level of evidence A) rec-
ommendation for anticoagulation with bivalirudin in NSTE-ACS, 
but a lower class IIa (level of evidence A) in STEMI (8). Indeed, 
early phase III trials conducted in the ACS setting highlighted the 
ability of bivalirudin to reduce bleeding complications while main-
taining comparable efficacy vs the combination of UFH and glyco-
protein IIb/IIIa inhibitors (GPIs). Since the US guidelines publi-
cation, however, at least four new randomised clinical trials have 
been published (9–12). Such trials in some cases reinforce the evi-
dence for using bivalirudin in ACS, whereas in other cases, par-
ticularly in STEMI, cast doubts on the superior safety-efficacy bal-
ance of the drug as compared with heparin in combination with 
routine or bailout use of GPIs. Hence, the different time of publi-
cation explains most of the current discrepancy between US and 
European guidelines regarding recommendations and/or levels of 

evidence for bivalirudin. A 2014 European Expert Consensus 
Document for orally anticoagulated patients with atrial fibrillation 
who present with an ACS and/or undergo PCI has been recently 
made available, assigning a IIa class of recommendation (level of 
evidence B) to bivalirudin as an alternative to UFH in NSTE-ACS 
undergoing PCI, regardless of the bleeding risk (13).

Overall, the available trials of bivalirudin in NSTE-ACS and 
STEMI differ for a number of considerations that include the study 
design, control arms, patient populations, drug dosages, the use 
(upstream or downstream) of GPIs, arterial access (i. e. femoral or 
radial), and adjunctive oral antiplatelet agents (i. e. clopidogrel, 
prasugrel, or ticagrelor). Two recent meta-analyses consistently 
concluded that in patients undergoing PCI across the broad spec-
trum of coronary artery disease, bivalirudin appears to reduce the 
risk of bleeding at the expense of a higher risk of stent thrombosis 
when compared with a heparin-based regimen (14, 15). On this 
background, defining the fine balance between efficacy and safety 
of different alternatives for anticoagulation remains a challenge in 
clinical practice, and particularly the role of bivalirudin as the de-
fault anticoagulant to support PCI in ACS patients remains con-
troversial in an era of economic constraints (16). This article 

Figure 1: Mechanisms of action of different thrombin inhibitors. A) 
The ternary UFH/thrombin/fibrin complex increases the affinity of thrombin 
for its fibrin substrate and lessens the ability of the heparin-antithrombin 
(AT) complex to inhibit thrombin. Heparin binding to thrombin occurs 
through a domain of the thrombin molecule termed exosite 2, while binding 
of thrombin to its substrate fibrinogen, allowing the steric configuration of 
the complex necessary for thrombin to exert its enzymatic action, occurs 
through a thrombin domain known as exosite 1. UFH and LMWH (this latter 

not shown in this context) both possess the pentasaccharide unit (azure dot) 
necessary for their interaction with AT (B). The UFH/AT complex is able to 
block the thrombin active site, with AT blocking the active site and UFH 
keeping thrombin in the proper steric configuration (through its binding to 
exosite 2) for AT to exert its action (C). Hirudin and bivalirudin bind to throm-
bin via the active site as well as exosite 1, displacing thrombin from fibrin 
(D). The parenteral direct thrombin inhibitor argatroban only blocks the 
thrombin active site (E). Adapted with permission from De Caterina et al. (2).
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 provides an up-to-date overview of the currently available evi-
dence on the use of bivalirudin in ACS. In particular, the most 
 recent randomised clinical trials and large registries of bivalirudin 
in NSTE-ACS and STEMI are put in perspective. Open issues of 
 bivalirudin will be also discussed.

Bivalirudin in patients with non ST-segment 
elevation acute coronary syndromes

Details of trials of bivalirudin in NSTE-ACS are listed in ▶ Table 3. 
In the open-label Acute Catheterization and Urgent Intervention 
Triage strategY (ACUITY) trial, 13,819 patients with NSTE-ACS 
were randomised 1:1:1 to bivalirudin, bivalirudin plus GPIs or he-
parin (either UFH or enoxaparin) plus GPIs (6). The trial was 
powered for three primary endpoints, including a composite is-
chaemic endpoint (all-cause death, reinfarction, or unplanned rev-
ascularisation for ischaemia), major bleeding; and a net clinical 
benefit endpoint, defined as the combination of the composite 
 ischaemic endpoint and major bleeding. Compared with the com-

bination of heparins plus GPIs, bivalirudin was associated with a 
non-inferior rate of the composite ischaemic endpoint at 30 days; 
and significant 47 % and 14 % relative reductions in major bleeding 
and in the net clinical benefit endpoint, respectively. Conversely, 
the use of bivalirudin in combination with GPIs was associated 
with non-inferior 30-day rates of the composite ischaemic end-
point, major bleeding and the net clinical benefit endpoint com-
pared with heparins plus GPIs (6).

The Intracoronary Stenting and Antithrombotic Regimen: 
Rapid Early Action for Coronary Treatment 4 (ISAR-REACT 4) 
trial (n=1,721) compared bivalirudin and the combination of he-
parin plus GPIs in NSTE-ACS but, differently from ACUITY 1) 
included only high-risk patients with positive biomarkers under-
going PCI (whereas ACUITY also included patients with unstable 
angina); 2) UFH was the only heparin used in the control arm 
(whereas in ACUITY the use of enoxaparin was allowed in the he-
parin plus GPIs arm); 3) GPIs were administered only after the 
guidewire had crossed the lesion (whereas in ACUITY, patients as-
signed to heparin plus GPIs or bivalirudin plus GPIs were ran-
domly assigned, in a two-by-two factorial design, to upstream or 

Table 1: Key differences between heparins 
and bivalirudin.

Attribute

Target

Action independent of antithrombin III

Inhibition of fibrin-bound thrombin

Protein binding

Bioavailability*

Variable PK-PD

Need for renal adjustment

Neutralising agent

Activation of platelets

PF-4 complexing and risk of HIT

t1/2

*subcutaneous route. **for bivalirudin the only approved route of administration is intravenous. FXa = 
 activated Factor X; HIT = heparin-induced thrombocytopenia; PD = pharmacodynamics; PK = pharma-
cokinetics; UFH = unfractionated heparin.

UFH

FXa > thrombin

No

No

Yes

Low

Yes

No

Protamine sulfate

Yes

Yes

30–150 min

Enoxaparin

FXa >>> thrombin

No

No

Yes

High

No

Yes

Protamine sulfate

Yes

Yes

4.5 hours*

Bivalirudin

Thrombin

Yes

Yes

No

High**

No

Yes

Not available

No

No

25 min

Table 2: Recommendations for bivalirudin use in acute coronary syndromes.

NSTE-ACS

STEMI

GPI = glycoprotein IIb/IIIa inhibitors; i.v.= intravenous; LOE = level of evidence; NSTE-ACS = non-ST-segment elevation acute coronary syndromes; PCI = percut-
aneous coronary intervention; STEMI = ST-segment elevation myocardial infarction; UFH = unfractionated heparin.

Europe

Bivalirudin (0.75 per kg i. v. bolus, followed by i. v. infu-
sion 1.75 mg/kg/h for up to 4 h after the procedure) is 
recommended as alternative to UFH plus GPI during 
PCI. (Class I, LOE A).

Bivalirudin (0.75 per kg i. v. bolus, followed by i. v. infu-
sion 1.75 mg/kg/hour for up to 4 h after the procedure 
(Class IIa, LOE A).

United States

For patients in whom an invasive strategy is  selected, regimens with established efficacy 
include [omissis] bivalirudin (class I, LOE B).

To support reperfusion with primary PCI: bivalirudin 0.75 mg/kg i.v. bolus, then 1.75 mg/
kg/h infusion with or without prior treatment with UFH. An additional bolus of 0.3 mg/kg 
may be given if needed. Reduce infusion to 1 mg/kg/h with estimated creatinine clearance 
< 30 mL/min (class I, LOE B).
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downstream treatment with GPIs); 4) abciximab was the only GPI 
used in the control arm (whereas in ACUITY the use of tirofiban 
or eptifibatide was permitted); 5) clopidogrel 600 mg was given be-
fore any study drug (whereas in ACUITY the initial dose and tim-
ing of clopidogrel were left to the discretion of the investigator); 6) 
the definition of major bleeding was less sensitive (Table 3) (9). 
The primary endpoint was a composite of death, large recurrent 
myocardial infarction, urgent target-vessel revascularisation, or 
major bleeding within 30 days. There were no differences between 
bivalirudin and UFH plus GPIs in the primary endpoint at 30 
days, and no differences were described in ischaemic endpoints up 

to one year (9, 17). However, bivalirudin was associated with sig-
nificantly less major bleeding at 30 days (2.6 % vs 4.6 %, p=0.02) 
(8). Interestingly, on-clopidogrel high platelet reactivity was found 
to affect significantly the ischaemic outcomes of patients treated 
with bivalirudin, but did not affect those of patients treated with 
UFH plus GPIs, a finding that underscores the importance of po-
tent in-lab platelet inhibition coupled with anticoagulation (18).

A pooled analysis of 3,798 patients with NSTEMI undergoing 
PCI in the ACUITY and ISAR-REACT 4 trials recently showed a 
46 % reduction in major bleeding at 30 days with bivalirudin com-
pared with heparin plus GPIs, whereas the risk of ischaemic 

Table 3: Randomised clinical trials of bivalirudin in NSTE-ACS.

Centres

Population

Primary endpoint

Major bleeding definition

Treatment

GPI type

GPI timing

Clopidogrel dose

Clopidogrel timing

Patients (N)

Age (Year)

Female

Positive biomarkers

Clopidogrel

GPI (upstream)

GPI (downstream)

GPI (bailout)

Angiography performed

PCI performed

CABG = coronary artery bypass grafting; CVA = cerebrovascular accidents; GPI = glycoprotein IIb/IIIa inhibitors; NA = not available; NSTEMI = non ST-segment 
elevation myocardial infarction; PCI = percutaneous coronary intervention; TLR = target-lesion revascularisation; TVR = target-vessel revascularization; UA = un-
stable angina; UFH = unfractionated heparin.

ACUITY (6)

450

UA/NSTEMI

1) All-cause death, reinfarction, unplanned revascularisation at 
30 days
2) Major bleeding at 30 days
3) Net composite of ischaemia and major bleeding at 30 days

Intracranial or intraocular bleeding, haemorrhage at the ac-
cess site requiring  intervention, haematoma with a diameter 
of at least 5 cm, a reduction in haemoglobin levels of at least 
4 g/dl without an overt bleeding source or at least 3 g/dl with 
such a source, reoperation for bleeding, or transfusion of a 
blood product

Bivalirudin arms: 0.1 mg/kg bolus followed by 0.25 mg/kg/h 
infusion before angiography; before PCI 0.75 mg/kg bolus fol-
lowed by 1.75 mg/kg/h infusion for the duration of PCI
Heparin arm: UFH 60 UI/kg; enoxaparin 0.3–0.75 mg/kg 
bolus

Any (abciximab, eptifibatide or tirofiban)

Upstream or downstream

At the discretion of the investigator

At the discretion of the investigator

Bivalirudin

4612

63

30.7 %

60.3 %

100 %

0.7 %

9.1 %

NA

98.9 %

56.8 %

Bivalirudin+GPI

4604

63

30.1 %

58.5 %

100 %

48.8 %

96.7 %

NA

98.8 %

56.7 %

ISAR-REACT 4 (9)

8

NSTEMI

All-cause death, large reinfarction, urgent TVR, or major 
bleeding at 30 days

Intracranial, intraocular, or retroperitoneal haemorrhage; a 
decrease in the haemoglobin level of more than 40 g/l plus 
either overt bleeding or the need for transfusion of 2 or 
more units of packed red cells or whole blood

Bivalirudin arm: 0.75 mg/kg bolus followed by 1.75 mg/
kg/h infusion for the duration of PCI
Heparin arm: UFH 70 UI/kg

abciximab

Downstream

600 mg

Before any study drug

Bivalirudin

860

67.5

23.1 %

100 %

100 %

0 %

0 %

0 %

100 %

99.8 %

Heparin+GPI

861

67.5

23.2 %

100 %

100 %

0 %

100 %

0 %

100 %

99.8 %
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 complications was not affected (19). The treatment effect of 
 bivalirudin was consistent across multiple subgroups and indepen-
dent of the type of heparins (i. e. UFH or enoxaparin) and GPIs 
(i. e. abciximab, eptifibatide or tirofiban) used in the control group. 
A recent report from the Evaluation of Drug-Eluting Stents and 
 Ischaemic Events (EVENT) registry found similar results in 1,036 
propensity-matched pairs of patients treated with bivalirudin or 
UFH monotherapy (20).

Overall, the net composite outcome of ischaemia and bleeding 
seems not to be significantly different between bivalirudin and he-
parins plus a GPI in patients with NSTE-ACS undergoing PCI 
after clopidogrel pretreatment. Although no significant differences 
in efficacy are seen in terms of reduction of adverse ischaemic 
events, bivalirudin has been consistently shown to be superior to 
heparins plus GPIs in terms of reducing bleeding events. Evidence 
from a single relatively large registry suggests that even compared 
with heparin monotherapy bivalirudin might result in potential 
 reduction of bleeding in NSTEMI patients undergoing PCI.

Bivalirudin in patients with ST-segment 
 elevation myocardial infarction

Bivalirudin characteristics theoretically make it an attractive op-
tion for anticoagulation of patients with STEMI undergoing fibri-
nolysis. Indeed, inadequate thrombin inhibition at the thrombus 
site may be partly responsible for the potential procoagulant effect 
of fibrinolysis despite the use of heparin (21). In the Hirulog Early 
Reperfusion/Occlusion (HERO) trial, 412 STEMI patients were 
randomised to UFH, low-dose bivalirudin (at that time termed 
“hirulog”) or high-dose bivalirudin on top of aspirin and strep-

tokinase (22). The primary endpoint was Thrombolysis In Myo-
cardial Infarction (TIMI) grade 3 flow of the infarct-related artery 
at 90 to 120 min, which occurred less frequently with UFH com-
pared with low-dose or high-dose bivalirudin. Bivalirudin signifi-
cantly reduced major bleeding, and there were no differences 
among groups in the rates of re-occlusion at 48 hours (h) and of 
death, cardiogenic shock or reinfarction at 35 days. In the subse-
quent and larger HERO-2 trial, 17,073 STEMI patients undergoing 
fibrinolysis with streptokinase were randomised to an intravenous 
bolus and a 48-h infusion of either bivalirudin or UFH (23). There 
were no differences in the primary endpoint of all-cause mortality 
at 30 days between patients treated with bivalirudin and those 
treated with UFH. However, patients treated with bivalirudin had 
significantly fewer reinfarctions within 96 h, suggesting that early 
and more efficient inhibition of thrombin may play a role against 
reocclusion. Despite numerically less severe bleeding and intra-
cranial haemorrhages with bivalirudin, small absolute increases 
were seen in mild and moderate bleeding events.

▶ Table 4 and ▶ Table 5 illustrate key features and differences 
in trials of bivalirudin conducted in patients with STEMI mainly 
referred to primary PCI. The landmark Harmonizing Outcomes 
with Revascularisation and Stents in Acute Myocardial Infarction 
(HORIZONS-AMI) trial (n=3,602) demonstrated that bivalirudin 
plus provisional GPIs is more effective than the combination of 
UFH and routine GPIs in reducing major bleeding and the com-
bined endpoint of all-cause death, re-infarction, repeat revascu-
larisation, definite stent thrombosis, stroke, or major bleeding 
both at 30 days and 1 year (7, 24). Although the trial highlighted a 
worrisome increase in acute stent thrombosis with bivalirudin 
(1.3 % vs 0.3 %, p< 0.001), all-cause death and cardiac death were 
both higher with UFH plus GPIs at 30 days. Notably, the develop-

Table 4: Randomised clinical trials of bivalirudin in STEMI.

Centres

Primary endpoint

Treatment

CABG = coronary artery bypass grafting; CVA = cerebrovascular accidents; GPI = glycoprotein IIb/IIIa inhibitors; TLR = target-lesion revascularisation; TVR = tar-
get-vessel revascularisation; UFH = unfractionated heparin.

HORIZONS AMI (7)

123

All-cause death, re-infarc-
tion, TVR, definite stent 
thrombosis, stroke, or 
major bleeding at 30 days

Bivalirudin arm: 0.75 
mg/kg bolus followed by 
1.75 mg/kg/h infusion for 
the duration of the pro-
cedure and optional 0.25 
mg/kg/h after the pro-
cedure
Heparin arm: UFH 60 UI/
kg

EUROMAX (10)

65

All-cause death or non-
CABG related major bleed-
ing at 30 days

Bivalirudin arm: 0.75 
mg/kg bolus followed by 
1.75 mg/kg/h infusion for 
the duration of the pro-
cedure and 0.25–1.75 mg/
kg/h for at least 4 hours 
after the procedure
Heparin arm: UFH 100 
UI/kg without a GPI or 60 
UI/kg with a GPI; enox-
aparin 0.5 mg/kg bolus
GPI: optional in both 
groups

BRIGHT

82

All-cause death, re-infarc-
tion, TVR, ischaemic stroke 
and bleeding events at 30 
days

Bivalirudin arm: 0.75 
mg/kg bolus followed by 
1.75 mg/kg/h infusion for 
the duration of the pro-
cedure
Heparin arm: UFH 100 
UI/kg without a GPI or 60 
UI/kg with a GPI
Heparin+GPI arm: UFH 60 
UI/kg + tirofiban 10 µg/kg 
bolus followed by 0.15 
µg/kg/min for the duration 
of the procedure

HEAT PPCI (12)

1

All-cause death, CVA, re-
infarction or TLR at 28 
days

Bivalirudin arm: 0.75 
mg/kg bolus followed by 
1.75 mg/kg/h infusion for 
the  duration of the pro-
cedure
Heparin arm: UFH 70 UI/
kg
GPI: only for bailout use in 
both groups

BRAVE-4 (11)

3

All-cause death, re-infarc-
tion, TVR, definite stent 
thrombosis, stroke, or 
major bleeding at 30 days

Bivalirudin arm: 0.75 
mg/kg bolus followed by 
1.75 mg/kg/h infusion for 
the duration of the pro-
cedure
Heparin arm: UFH 
70–100 UI/kg
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ment of intra-procedural thrombotic events was associated with 
subsequent adverse outcomes, including death at 30 days, thus 
underscoring the need for investigating additional strategies to de-
crease acute stent thrombosis during primary PCI (25).

In the European Ambulance Acute Coronary Syndrome Angi-
ography (EUROMAX) trial (n=2,218), the comparative effective-
ness of bivalirudin and heparin was re-assessed in a more con-
temporary practice setting characterised by prehospital initiation 
of treatment, use of newer oral antiplatelet agents and radial ar-
tery access (10). GPI use in the bivalirudin arm was recom-
mended only in the presence of a large thrombus or of microvas-
cular obstruction, while in the heparin arm was left to the oper-
ator’s preference. Overall, the upstream use of GPIs occurred in 
3.9 % and 58.5 % of patients randomised to bivalirudin and hepa-
rin, respectively, and bailout use occurred in 7.9 % and 25.4 %, re-
spectively. Differently from HORIZONS-AMI, the protocol spec-
ified that the infusion of bivalirudin was to be continued for at 
least 4 h after PCI, either at the higher dose used during PCI 
(which occurred in 22.5 % of patients) or at the lower mainten-
ance dose. The primary outcome was a composite of death or 
major bleeding not associated with coronary artery bypass graft-
ing (CABG) at 30 days. There was a 40 % relative reduction with 
bivalirudin in the 30-day risk of the primary outcome, driven by 
a significant reduction in major bleeding. However, the risk of 
stent thrombosis remained higher with bivalirudin (1.1 % vs 
0.2 %, p=0.007) (10). A subanalysis of EUROMAX focused on 
the interaction between the treatment effect of bivalirudin and 
the mode (routine vs bailout) of GPI administration in the hepa-
rin arm (26). Patients who received bivalirudin (n=1,089) were 
compared with those who received heparin and routine GPIs 
(n=649) and with those who received heparin with bailout GPIs 
(n=460). There was a significant 33 % relative risk reduction in 
the primary endpoint with bivalirudin vs heparin plus routine 
GPIs (5.1 % vs 7.6 %, P=0.034) and a 48 % significant relative risk 

reduction vs heparin plus bailout GPIs (5.1 % vs 9.8 %, 
p=0.0006), whereas no differences were noted between the two 
heparin plus GPIs groups. Similar to the main study, the benefit 
of bivalirudin was driven by significant reductions in major 
bleeding. Stent thrombosis was numerically more frequent with 
bivalirudin, irrespective of the heparin control. Although pre-
specified, this subanalysis represents a post-randomisation com-
parison within the context of an open-label trial; hence its con-
clusions should be regarded only as hypothesis-generating. A 
second subanalysis explored the impact of prolonging the infu-
sion of bivalirudin at the higher dose given during PCI (1.75 mg/
kg/h) instead of the reduced dose (0.25 mg/kg/h) (27). The rates 
of acute stent thrombosis were 0.2 % in the arm with heparin 
with or without GPIs, 1.6 % in the reduced-dose bivalirudin arm, 
and 0.4 % in the extended PCI bivalirudin dose arm. On multi-
variable analysis, the use of low-dose bivalirudin was indepen-
dently associated with an almost eight-fold increased risk of stent 
thrombosis, whereas the use of prasugrel or ticagrelor was found 
to have no impact. Major bleeding was lower with bivalirudin 
compared with heparin irrespective of the post-PCI infusion 
strategy. This analysis suggests that the risk of acute stent throm-
bosis in EUROMAX was confined to the first few hours after 
PCI, with low-dose bivalirudin and newer P2Y12 inhibitors exert-
ing no protective effect. In contrast, a prolonged infusion of bi-
valirudin at the PCI dose was shown to be safe and was not as-
sociated with a higher risk of acute stent thrombosis compared 
with heparin with or without GPIs.

Another three-arm trial named Bivalirudin foR acute myo-
cardial Infarction underGoing angioplasty in CHinese patienTs 
(BRIGHT) randomised Chinese patients with acute myocardial 
infarction (mostly STEMI, occurring in 90 % of the population) to 
bivalirudin alone, UFH alone or UFH plus tirofiban (unpublished 
data, presented at Chinese Interventional Therapeutics 2014 
Scientific Session, Shanghai, and updated at Transcatheter Cardio-

Table 5: Baseline and procedural characteristics of patients included in randomised clinical trials of bivalirudin in STEMI.

Patients (N)

Age (Year)

Female

Clopidogrel

Prasugrel

Ticagrelor

GPI (upstream)

GPI (bailout)

Radial access

STEMI

PCI performed

NA = not available; PCI = percutaneous coronary intervention; STEMI = ST-elevation myocardial infarction.

HORIZONS AMI (7)

Bivalirudin

1800

59.8

22.9 %

99 %

0 %

0 %

0 %

7.5 %

NA

100 %

91.3 %

Heparin

1802

60.7

23.9 %

99 %

0 %

0 %

97.7 %

0 %

NA

100 %

90.3 %

EUROMAX (10)

Bivalirudin

1089

61

25.3 %

50.0 %

30.8 %

19.2 %

3.9 %

7.9 %

47.7 %

100 %

86.6 %

Heparin

1109

62

22.4 %

51.5 %

28.9 %

19.4 %

58.5 %

25.4 %

46.3 %

100 %

85.3 %

BRIGHT

Bivalirudin

728

57

17 %

100 %

0 %

0 %

0 %

4.4 %

78.5 %

89 %

100 %

Heparin

1450

58

18 %

100 %

0 %

0 %

50.1 %

5.7 %

78.8 %

87 %

100 %

HEAT PPCI (12)

Bivalirudin

914

62.9

28.5 %

11.8 %

27.3 %

61.2 %

0 %

13.5 %

80.3 %

100 %

83.0 %

Heparin

915

63.6

26.9 %

10.0 %

27.6 %

62.7 %

0 %

15.5 %

82.0 %

100 %

81.6 %

BRAVE-4 (11)

Bivalirudin

271

61.4

24 %

3.7 %

94.6 %

0 %

0 %

3.0 %

0 %

100 %

88.6 %

Heparin

277

61.4

21 %

90.2 %

7.1 %

0 %

0 %

6.1 %

0 %

100 %

86.6 %
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vascular Therapeutics 2014 Scientific Sessions, Washington DC). 
The primary endpoint was the net composite of ischaemic and 
bleeding events at 30 days, which occurred less frequently with bi-
valirudin compared with UFH alone or UFH plus tirofiban, driven 
by a significant reduction in bleeding endpoints, including Bleed-
ing Academic Research Consortium (BARC) class 3 or 5 bleeding 
events. In contrast, there were no differences across groups in the 
ischaemic components of the primary endpoint, and no differ-
ences in acute stent thrombosis. Patients treated with UFH alone 
had similar outcomes compared with those treated with UFH plus 
tirofiban.

The How Effective are Antithrombotic Therapies in Primary 
PCI (HEAT-PPCI) trial recently challenged the paradigm of bival-
irudin as the safest anticoagulant in the setting of primary PCI by 
focusing on its relative performance vs UFH with no confounding 
effect arising from differential GPI use (12). Specifically, GPIs were 
allowed only for bailout use in both patients randomised to bival-
irudin (n=905) and those randomised to UFH (n=907). Due to a 
strategy of delayed informed consent (i. e. patients were randomis-
ed and treated with no discussion in the acute phase and later ap-
proached in the recovery phase for full informed consent), all eli-
gible patients were randomised, thereby reflecting, despite the 
contentions raised by a policy of later acquisition of the informed 
consent, a representative real-world population. Prasugrel and ti-
cagrelor were used in about 90 % of patients, a radial approach was 
used in 80 %, and GPIs were given to 13 % and 15 % of patients 
treated with bivalirudin and UFH, respectively. The primary out-
come was the composite of all-cause mortality, cerebrovascular ac-
cidents, recurrent infarction (both in hospital and after discharge 
[28]), and additional, unplanned target lesion revascularisation. 
The trial showed a significant 52 % higher rate of the primary effi-
cacy outcome with bivalirudin, with event curves separating early 
as a reflection of the substantial early hazard occurring with bival-
irudin. The advantage of heparin was noted in all the components 
of the primary endpoint, and definite or probable stent thrombo-
sis, mostly acute, was significantly higher with bivalirudin (3.4 % 
vs 0.9 %, p=0.001). There were no differences in major (BARC 3 or 
5) and minor bleeding between the bivalirudin and heparin 
groups. Concerns over the findings from the HEAT-PPCI trial 
have been raised, including its open-label, single-centre design, the 
fact that only 82 % of patients randomised underwent primary 
PCI, possible under-dosing of bivalirudin, and the lack of con-
cordance with previous trials of bivalirudin in which a safety bene-
fit was consistently noted in the comparison with heparin. How-
ever, these latter findings may be partly explained by the notion 
that previous trials used high doses of heparin and/or GPIs fol-
lowed by prolonged infusion (▶ Table 4), two factors that are ex-
pected to increase the risk of bleeding complications in the control 
group (29).

The Bavarian Reperfusion Alternatives Evaluation 4 
(BRAVE-4) trial aimed at assessing the putative synergistic effects 
of the combination of prasugrel and bivalirudin in reducing is-
chaemic and bleeding complications through a comparison with 
the combination of UFH and clopidogrel (11). However, the study 
was prematurely interrupted for the slow recruitment rate at about 

46 % of the originally planned sample size, thereby its results 
should be regarded as exploratory only. In this perspective, there 
was no difference in the primary endpoint, a composite of death, 
myocardial infarction, unplanned revascularisation of the infarct-
related artery, stent thrombosis, stroke or major bleeding, between 
prasugrel plus bivalirudin and clopidogrel plus UFH.

Overall, the evidence supporting the preferential use of bival-
irudin in STEMI over UFH is mixed, with GPIs possibly exerting a 
confounding role. In studies where GPIs were mostly routinely 
combined with UFH/LMWH in the control group (i. e. HOR-
IZONS-AMI and EUROMAX), bivalirudin was shown to reduce 
the incidence of bleeding at the price of an increased risk of intra-
procedural thrombotic complications. In EUROMAX this oc-
curred despite the use of more potent P2Y12 receptor inhibition in 
a significant proportion of patients. There is increasing evidence 
that the onset of action of clopidogrel or even newer antiplatelet 
agents remains slower in ACS patients than in healthy volunteers 
or patients with stable coronary artery disease (30, 31). GPIs are 
rapidly active in ACS patients by being given intravenously and 
not needing biotransformation, whereas the majority of primary 
PCI procedures with bivalirudin monotherapy are likely perform-
ed without adequate platelet inhibition due to the short time of 
pretreatment with P2Y12 antagonists, some of which (clopidogrel 
and prasugrel) needing bioactivation to generate the active meta-
bolites. This may contribute to explain why patients on bivalirudin 
monotherapy experience higher rates of stent thrombosis than 
those who receive GPIs in combination with heparins. Interest-
ingly, a continued low-dose infusion of bivalirudin did not appear 
to offer protection against very early stent thrombosis in both EU-
ROMAX and a 968-patients registry (where the lower mainten-
ance dose was used) (32). In contrast, the high-dose infusion of bi-
valirudin was shown to be protective in a subanalysis of EURO-
MAX (where it was used in 22.5 % of patients). In BRIGHT, GPI 
use in combination with UFH significantly increased the rates of 
BARC 1 or 2 bleeding and, numerically, those of BARC 3 or 5 
bleeding, further contributing to explain the safety of bivalirudin 
when compared with a combination therapy of UFH and GPIs. In-
deed, in HEAT-PPCI, GPIs were not routinely administered to pa-
tients randomised to UFH, resulting in similar bleeding compared 
with bivalirudin, and more ischaemic complications. These results 
are consistent with those of a recently reported 2,317-patients Ca-
nadian registry, where the primary outcome of non-CABG-related 
major bleeding was significantly reduced with bivalirudin vs UFH 
plus GPIs, but was not significantly reduced vs UFH alone (33). 
Importantly, the results of HEAT-PPCI are in contrast with those 
of the EUROMAX subanalysis showing no evidence of an interac-
tion between the treatment effect of bivalirudin and the mode of 
GPIs use in the heparin arm (26).

Bivalirudin cost-effectiveness

Confronting with cost-effectiveness is becoming a must for phys-
icians and decision-makers struggling between a paucity of re-
sources and the need of giving ACS patients access to beneficial 
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Table 6: Details of the ongoing MATRIX trial.

Trial name

Clinicaltrials.gov identifier

Masking

Design

Target population

Estimated enrollment

Treatment arm (pharmacological 
randomisation)

Control arm (pharmacological 
 randomisation)

PCI approach

Primary endpoint

ACS = acute coronary syndromes; BARC = Bleeding Academic Research Consortium; GPI = glycoprotein IIb/IIIa inhibitors; IU = International Units; PCI = percut-
aneous coronary intervention; UFH = unfractionated heparin.

MATRIX

NCT01433627

Single-blind

Randomised, multifactorial, 2 by 2

ACS patients undergoing PCI

6800 patients

Bivalirudin 0.75 mg/kg bolus prior to PCI, followed by 1.75 mg/kg/h infusion for the duration of the procedure. 
After PCI, the infusion will be stopped (short-duration bivalirudin sub-randomization) or reduced to 0.25 mg/kg/h 
for at least 6 hours (prolonged infusion sub-randomization). An optional higher-dose infusion of 1.75 mg/kg/h is 
also permitted for up to 4 hours in the prolonged infusion arm but prohibited in the short-duration bivalirudin 
group.

UFH 100 IU/kg with no GPIs and 60 IU/kg with GPIs.

1:1 radial or femoral

Access and pharmacology randomizations: Death, non-fatal  myocardial infarction or stroke.
Duration of bivalirudin infusion post-PCI sub-randomisation: Death, non-fatal myocardial infarction, stroke, stent 
thrombosis or BARC-defined type 3 or 5 bleedings.

pharmacological therapies. Since the cost of bivalirudin is quite 
significantly higher than that of heparin, its use should be justi-
fied by a clear incremental benefit (i. e. either superior efficacy or 
reduced bleeding, with subsequent shortening of hospitali-
sation). In economic analyses, bivalirudin has been suggested to 
be cost-effective and possibly a dominant strategy compared 
with heparin plus GPIs in patients with ACS (34). In a cost-effec-
tiveness study of the ACUITY trial data carried on from the per-
spective of the United Kingdom Health Service, the higher costs 
for bivalirudin compared with heparin were partially offset by 
lower hospitalisation and bleeding costs, resulting in an incre-
mental cost-effectiveness ratio (ICER) of £9,906 per quality-ad-
justed life year (QALY) gained. In probabilistic sensitivity ana-
lyses, 72 % of simulation results were more cost-effective than the 
ICER typically used for reimbursement in the United Kingdom 
(£20,000/QALY) (35). A similar cost-effectiveness analysis of the 
HORIZONS-AMI trial showed that the ICER of bivalirudin was 
lower (therefore acceptable by current standard) than the 
£20,000/QALY in 99 % of simulations (36). It must be empha-
sised that these economic analyses were based on early trials of 
bivalirudin in NSTE-ACS and STEMI. An updated assessment of 
the cost-effectiveness of bivalirudin vs heparins should take into 
account current practices where GPIs are increasingly used only 
as bailout therapies. Indeed, based on the results of HEAT-PPCI, 
bivalirudin would hardly be considered cost-effective. Notably, 
in their publication, the HEAT-PPCI investigators hypothesise a 
£500,000 saving with heparin per 1,000 primary PCI cases (12). 
On this basis, an updated cost-effectiveness analysis that incor-
porates the latest result from trials of bivalirudin is warranted. 
Since trials are different in design and outcomes, it is unlikely 
that such analyses can be based on meta-analytical data.

Open issues and future directions

Despite the evidence of benefit provided in reducing bleeding 
complications in ACS and the high level of recommendation re-
ceived by guidelines, bivalirudin has not replaced the combi-
nation of heparin and GPIs in routine clinical practice (37, 38). 
Adding to safety concerns regarding acute stent thrombosis in 
STEMI and the unavailability of an antidote, other sources of un-
certainty (including costs) may contribute to explain the under-
use of bivalirudin. Open issues involve the optimal duration of 
administration after PCI (i. e. 2 or 4 h), the maintenance dose 
(ranging between 0.25 and 1.75 mg/kg/h after PCI in the available 
trials, with no head-to-head comparison available among differ-
ent strategies), and the actual need for prolonging bivalirudin in-
fusion beyond the procedure. In addition, many physicians advo-
cate that the efficacy and safety profile or bivalirudin over UFH 
should be re-assessed in the light of the increasing transition to 
radial access and the use of newer antiplatelet agents in ACS. A 
two-by-two comparison of trans-radial vs trans-femoral access 
routes and bivalirudin monotherapy vs UFH plus provisional 
GPIs in ACS patients undergoing PCI is underway in the multi-
centre, open-label, multifactorial Minimizing Adverse Haemor-
rhragic Events by TRansradial Access Site and Systemic Imple-
mentation of angioX (MATRIX) trial (39). Here patients ran-
domly assigned to bivalirudin or UFH will be further randomised 
to stop the infusion at the end of PCI or to continue it at an infu-
sion rate of 0.25 mg/kg/h for at least 6 h after completion of PCI, 
or optionally at an infusion rate of 1.75 mg/kg/h up to 4 h. Pri-
mary outcome measures will be the composite of death, non-fatal 
myocardial infarction or stroke at 30 days for both the access and 
drug treatment randomisations, and the composite of death, non-
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Figure 2: Venn’s diagram of proposed 
 preferential subgroups for treatment with 
bivalirudin or heparin.

fatal myocardial infarction, stroke, stent thrombosis or BARC 3 or 
5 bleeding events at 30 days for the bivalirudin duration sub-ran-
domisation (▶ Table 6).

As far as the use of newer P2Y12 inhibitors together with bival-
irudin is concerned, the results of the BRAVE-4 trial do not sup-
port a clear advantage of combining bivalirudin and prasugrel vs 
UFH and clopidogrel, but this finding must be interpreted in view 
of the premature termination of the trial. Although there was no 
evidence of a significant interaction between the treatment effect 
of bivalirudin vs heparin and the use of different P2Y12 inhibitors 
in the EUROMAX trial, only a specifically designed randomised 
trial of bivalirudin vs heparin in patients treated with prasugrel or 
ticagrelor may fully elucidate this topic. In the HORIZONS II AMI 
trial, > 7,500 patients with STEMI will undergo primary PCI under 
anticoagulation with bivalirudin and will receive antiplatelet treat-
ment with aspirin, cangrelor in the peri-PCI period and ticagrelor 
thereafter. At 30 days, patients with no major adverse cardiac 
events or bleeding will be randomised to continuing ticagrelor or 
switching to clopidogrel. This trial will provide interesting data on 
the combination of bivalirudin and ticagrelor as adjunctive anti-
thrombotic therapy for primary PCI, although no comparison vs 
heparin has been planned.

Conclusions

Suggested areas of application for bivalirudin and heparin are de-
picted in ▶ Figure 2. Bivalirudin has shown a favourable net out-
come compared with heparins in both patients with NSTE-ACS 
and STEMI, driven by a significant reduction in bleeding compli-
cations. Because bleeding carries per se a high risk of death, myo-
cardial infarction and stroke, pharmacological strategies aimed at 
preventing bleeding are of outmost importance in ACS (35). It 
should be noted that reducing bleeding complications with bival-
irudin over the combination of UFH and GPIs has been accompa-
nied by significant one-year and three-year mortality reductions in 

STEMI patients from the HORIZONS-AMI trial, but not in 
NSTE-ACS patients from the ACUITY trial. The reasons for the 
differential impact of bivalirudin on mortality in STEMI and 
NSTE-ACS remain unclear. The paradigm of bivalirudin as a 
dominant strategy for anticoagulation in ACS under every circum-
stance has been, however, recently challenged by new studies and 
may require further appraisal in view of the significant changes oc-
curring in ACS management patterns worldwide. The safety bene-
fit of bivalirudin vs UFH plus GPIs has been demonstrated by 
multiple randomised clinical trials, but it should not be accepted 
tout-court if it comes at the price of a significant increase in life-
threatening thrombotic complications (i. e. stent thrombosis), par-
ticularly when ACS patients are denied fast-acting antiplatelet 
agents (i. e. GPIs, which in turn may be responsible for the ob-
served increase in bleeding in the control arms of bivalirudin 
studies). The impact of the mode of GPI use with heparin on the 
treatment effect of bivalirudin remains undefined: the EUROMAX 
GPIs subanalysis and the HEAT-PPCI trial provide discordant re-
sults in this regard, but both studies have limitations (namely, the 
EUROMAX subanalysis is non-randomised, the HEAT-PPCI is a 
single-centre study). A multicentre randomised trial of bivalirudin 
vs heparin, with GPIs restricted to bailout in both groups on top of 
best-in-class procedural and antiplatelet strategies, is needed to ul-
timately settle the question. In view of the above, and until new 
data will be available to dissipate unsolved questions on bivaliru-
din, it remains critical that clinicians weigh the relative importance 
of the bleeding and ischaemic risks in each individual patient, as 
well as the additive or synergistic role of concurrent antithrom-
botic strategies, before selecting a parenteral anticoagulant for 
ACS.
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