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Balancing Thrombotic Events and Bleeding in Primary PCI
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Primary percutaneous coronary intervention (PCI) 
has become the preferred method of reperfusion 
for patients with ST-segment elevation myocar-
dial infarction (STEMI) when the procedure can 
be performed promptly by experts. Anticoagula-
tion is important in patients undergoing primary 
PCI because it prevents acute thrombus forma-
tion at the site of arterial injury and on PCI-related 
hardware.1 Major bleeding that is associated with 
antithrombotic therapy is independently associat-
ed with subsequent death and recurrent ischemic 
events, and this relationship may be causal.2,3

One approach to reduce bleeding is to use 
antithrombotic therapies with better safety pro-
files. In the Harmonizing Outcomes with Re-
vascularization and Stents in Acute Myocardial 
Infarction (HORIZONS-AMI) trial,4 bivalirudin, 
a small-molecule direct thrombin inhibitor, re-
duced bleeding, as compared with heparin plus 
a glycoprotein IIb/IIIa inhibitor.4 In that open-
label trial, bivalirudin carried a higher risk of 
stent thrombosis and ischemic events within the 
first few days after primary PCI, but by 1 month 
there was no apparent between-group difference 
in these events and there was a nominally sig-
nificant reduction in mortality, one of several 
secondary outcomes in the trial. Given these 
findings, additional trials of bivalirudin in pri-
mary PCI would help to clarify its risks and 
benefits in this population.

Steg and colleagues now report in the Journal 
the results of the European Ambulance Acute 
Coronary Syndrome Angiography (EUROMAX) 
trial,5 which is a timely and important second 
randomized study evaluating bivalirudin in pri-
mary PCI. The EUROMAX study differed from 
the HORIZONS-AMI study in that treatment was 
initiated in the prehospital setting, the radial 

artery was used for PCI access in about half the 
cases, the bivalirudin infusion was extended for 
4 hours after the PCI procedure, and the use of 
glycoprotein IIb/IIIa inhibitors was optional in 
the heparin (control) group, with 70% of pa-
tients receiving them. The rate of the primary 
outcome of major bleeding or death at 30 days 
was reduced with bivalirudin, a result driven en-
tirely by lower rates of protocol-defined bleed-
ing with no difference in the rates of death. A 
particular strength of the trial is that because 
treatment was started early, a clean comparison 
of the two treatments was possible, without con-
founding by the use of antithrombotic therapies 
before randomization.

One possible problem, however, was that the 
definition of major bleeding did not actually re-
quire the occurrence of overt clinical bleeding, 
so long as a blood product of some kind was 
administered. Since a substantial number of pa-
tients with STEMI have baseline anemia, and be-
cause the EUROMAX study, like the HORIZONS-
AMI study, was an open-label trial, investigators’ 
knowledge of treatment assignments could have 
influenced the choice of patients who received 
transfusions. There was no significant between-
group difference in rates of TIMI (Thrombolysis 
in Myocardial Infarction) major bleeding or 
GUSTO (Global Utilization of Streptokinase and 
Tissue Plasminogen Activator for Occluded Cor-
onary Arteries) severe or life-threatening bleed-
ing. These definitions capture types of bleeding 
events that were more serious than those used 
in the EUROMAX trial. The protocol-specified 
heparin dose that was used (100 U per kilogram 
of body weight when a glycoprotein IIb/IIIa in-
hibitor was not given) was at the high end of the 
recommended range (70 to 100 U per kilogram)1 
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and higher than what is commonly used in clin-
ical practice. Although the median dose that was 
administered was 60 U per kilogram, the effect 
of the protocol-specified dose on bleeding in in-
dividual patients is unknown.

From an efficacy perspective, bivalirudin did 
not perform as well as heparin plus provisional 
use of a glycoprotein IIb/IIIa inhibitor. Bivaliru-
din increased the risk of acute stent thrombosis 
by a factor of more than 6 during the first 24 
hours after PCI (P = 0.007), with a corresponding 
trend toward an increase in the rate of recurrent 
myocardial infarction (P = 0.08). Acute stent throm-
bosis in the bivalirudin group occurred despite 
attempts to prevent it, including the continuation 
of bivalirudin for an additional 4 hours after PCI 
and the frequent use of prasugrel and ticagrelor. 
Stent thrombosis carried a high morbidity in the 
trial, with almost all patients having an ischemic 
event.

Thus, the clearest findings in the two trials 
evaluating bivalirudin in primary PCI4,5 are that 
bivalirudin increases the risk of acute stent 
thrombosis while reducing bleeding complica-
tions. Whether there is a true mortality reduc-
tion with bivalirudin among patients with STEMI 
is much less certain, since the EUROMAX study 
did not show even a trend toward a reduction in 
this outcome.

Is the tradeoff of reduced procedural bleeding 
worth the increased risk of acute stent thrombo-
sis? This depends on the relative incidence of 
major bleeding versus that of stent thrombosis 
and the association between these events and 
subsequent mortality and morbidity. Few observ-
ers would dispute that stent thrombosis is a seri-
ous, albeit infrequent, event that results in either 
reinfarction or death in most cases.6 On the 

other hand, major bleeding occurs more fre-
quently but varies widely in severity, depending 
on how the term is defined.7 Severe bleeding is 
prognostically more important but far less fre-
quent than less serious bleeding, which has little 
or no long-term importance. Thus, it is critical 
that clinicians weigh the relative importance of 
these events before selecting an antithrombotic 
strategy for their patients.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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