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P
ercutaneous coronary intervention (PCI) is an
integral component of therapy for coronary
artery disease. Evolution in pharmacotherapy
and device technology have led to substantial

reductions in periprocedural complications, including
abrupt closure, myocardial infarction (MI), and emer-
gency coronary artery bypass grafting (CABG).1 The goal
of pharmacotherapy during PCI is to reduce thrombotic
events that may originate from coronary plaque,
intravascular equipment (eg, catheters and guidewires),
or both. Since the introduction of coronary angioplasty,
the target for antithrombotic therapy is thrombin, also
known as factor II, and the most commonly used
antithrombin agent for PCI is unfractionated heparin
(UFH).2 UFH has several recognized limitations, and one
focus of drug development during the last 2 decades has
been to introduce alternatives to heparin that overcome
these limitations. This article explains the role of throm-
bin inhibition during PCI, reviews the risks and benefits
of UFH, and examines currently available alternatives to
heparin for PCI. 

THE ROLE OF THROMBIN INHIBITION
During PCI, there is iatrogenic damage to the endothe-

lium, which leads to increased expression of tissue factor
and activation of coagulative proteins. The cumulative
result of this endothelial damage is the formation of acti-
vated factor X (FXa). This results in the conversion of
prothrombin to thrombin, which then leads to the con-
version of fibrinogen to fibrin, and to thrombus forma-
tion.3 The effect of thrombin is not merely isolated to the
coagulation cascade because once thrombin is formed, it
participates in platelet activation via its effects on the
protease-activated receptor 1. In addition, thrombin acti-
vates certain integrins on the platelet surface that pro-
mote platelet aggregation.4

Antithrombin, produced by the liver, is a potent
inhibitor of coagulation with the ability to bind throm-
bin, factor Xa, and factor 1Xa. When heparin chains bind
antithrombin, the ability of antithrombin to inhibit coag-
ulation is dramatically increased. The role of thrombin
inhibition in the treatment of acute coronary syndrome
(ACS) was well established even before PCI became a
part of the ACS management strategy.5 Based on its
actions that promote thrombosis, the role of thrombin
inhibition during PCI is to address balloon- and stent-
induced vascular damage and to prevent catheter-related
thrombosis.

UFH
UFH is a heterogeneous group of glycosaminoglycans

with a wide range of lengths (5,000 to 30,000 Da). UFH,
as previously mentioned, has a profound effect on accel-
erating the action of antithrombin, which subsequently
inactivates thrombin. Although UFH remains the most
widely used anticoagulant during PCI, there are no
prospective randomized trials demonstrating efficacy
over placebo. Dosing regimens range from 70 to 140
U/kg, and some recent trials suggest that with aggressive
parenteral antiplatelet therapy, antithrombin therapy
may not be required at all.6 Despite the lack of rigorous
data, clinical experience and knowledge of the role of
thrombin in thrombosis supports the past, current, and
likely future need for anticoagulation during PCI. There
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are some important pharmacokinetic limitations to the
use of UFH that have been well described, including
unpredictable and poor bioavailability resulting in signifi-
cant variability in its anticoagulant response, platelet acti-
vation at low doses, and development of heparin-
induced thrombocytopenia with or without thrombosis
(HIT or HIT[TS]).7

In the setting of percutaneous transluminal coronary
angioplasty, observational data show an association
between greater inhibition of thrombin (measured using
the activated clotting time [ACT]) and a lower rate of
abrupt closure. A pooled analysis of six randomized con-
trolled (heparin only) trials evaluating the optimal ACT
during PCI demonstrated that higher ACT values were
associated with a greater reduction in ischemic events
but also with an increase in the risk of bleeding.8 This
analysis demonstrated the lowest ischemic events at an
ACT >350 seconds, with the risk of bleeding lowest
between 300 to 350 seconds. It is significant that these
data were generated in the era before the use of glyco-
protein IIb/IIIa inhibitors (GPI). Because UFH activates
platelets, the use of GPI with heparin has been shown to
reduce periprocedural ischemic events,9 especially when
heparin is used as the antithrombin agent in patients
with ACS.10 The addition of these antiplatelet agents can
increase bleeding risk above that seen with heparin
alone, therefore, a series of post hoc analyses of clinical
trial data demonstrated that lower heparin doses to
achieve ACT values <250 are also appropriate to achieve
the balance between ischemia reduction and bleeding
reduction.11

LOW-MOLECUL AR-WEIGHT 
HEPARINS (ENOXAPARIN)

Due to the limitations of heparin outlined previously,
alternative antithrombin agents have been introduced
during the last decade. One class of agents that has been
extensively studied, in both ACS and PCI, is the low-
molecular-weight heparins, the most studied of which is
enoxaparin. Low-molecular-weight heparins are produced
through a depolymerization process of UFH, resulting in
molecular weights between 3,000 to 5,000 Da. Although
UFH has a 1:1 ratio of anti-Xa: anti-IIa activity, the in vivo
ratio for enoxaparin is 4:1, and the ex vivo ratio is 10:1.
Enoxaparin has less nonspecific plasma protein binding,
platelet activation, and PF-4 interaction (leading to a
potentially lower risk of HIT[TS]), resulting in a more pre-
dictable dose-response relationship.12 Initial pharmacoki-
netic investigation for PCI was undertaken by Martin et al,
who found that patients receiving a standard 1 mg/kg
twice-daily regimen subcutaneously showed adequate
anti-Xa levels 2 to 8 hours after the last dose. If the last

dose was administered between 8 to 12 hours, an intra-
venous booster dose of 0.3 mg/kg was required.13

The SYNERGY trial randomized 10,027 high-risk ACS
patients to either enoxaparin or UFH.14 An early invasive
strategy was recommended, and the overall results
demonstrated that enoxaparin was statistically noninferi-
or to UFH with respect to the primary endpoint of death
or MI at 30 days. Among the patients who underwent
cardiac catheterization, enoxaparin was supposed to be
continued on the morning of the procedure (ie, the
morning dose was not held). At the time of PCI, a sup-
plemental intravenous dose of 0.3 mg/kg was given if the
last enoxaparin dose was >8 hours prior. In the final
analysis, there was no significant difference in the rate of
unsuccessful PCI, abrupt closure, or emergency CABG
between the enoxaparin and UFH arms. The overall
bleeding results demonstrated no significant difference in
the rate of GUSTO (Global Use of Strategies to Open
Occluded Arteries) severe bleeding, thrombolysis in
myocardial infarction (TIMI) minor bleeding, or blood
transfusions between the two arms; however, there was a
statistically significant excess of TIMI major bleeding
among patients assigned to enoxaparin (9.1% vs 7.6%;
P=.008), which may have been driven by patients who
received both UFH and enoxaparin.15 These data demon-
strate that enoxaparin may be a reasonable alternative to
UFH in high-risk ACS patients undergoing an early inva-
sive strategy, with the caveat that there may be a modest
excess of bleeding seen with enoxaparin therapy. The
EXTRACT-TIMI 25 study compared enoxaparin to UFH
with thrombolysis in STEMI.16 In this trial, 4,670 patients
underwent PCI at some point during their hospitaliza-
tion, and examination of this subgroup showed a reduc-
tion in death or MI (10.7% vs 13.8%; P=.001) without an
increase in bleeding complications. These should be
viewed as hypothesis-generating results because this is a
subgroup analysis, although they do support the role of
enoxaparin for elective PCI in patients with STEMI who
underwent fibrinolysis.

Several studies have examined the role of intravenous
enoxaparin for elective PCI. The initial experience was
reported by the National Investigators Collaborating on
Enoxaparin (NICE) study group.17 NICE-1 evaluated
enoxaparin alone, and NICE-4 evaluated enoxaparin with
the GPI, abciximab. In NICE-1 (n=828), the primary end-
point was 30-day major bleeding. No vascular closing
devices were allowed, and vascular sheaths were removed
at 4 to 6 hours after the procedure. Major bleeding only
occurred in 1.1% of patients, and minor hemorrhage
occurred in 6.2%. The dose of enoxaparin (without GPI)
in NICE-1 was 1 mg/kg intravenously. In NICE-4 (n=818),
enoxaparin was given at a dose of 0.75 mg/kg intra-
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venously with abciximab at standard dose, and again,
vascular closure devices were not allowed. Similar to
NICE-1, major bleeding was low at 0.4%, and minor
bleeding occurred in 7%, with 1.8% needing a transfu-
sion. In the NICE-1 and NICE-4 registries, the composite
endpoint of death or MI urgent revascularization
occurred in 7.7% of patients. In the NICE-1 and NICE-4
registries, the rates of the composite endpoint of death,
MI, or urgent revascularization occurred in 7.7% and 6.8%
of patients, respectively. Compared with the historical
control of the EPISTENT trial,17 these data suggested
superior efficacy to UFH alone and similar efficacy to
UFH plus abciximab. The NICE-3 registry examined 671
ACS patients treated with either eptifibatide, tirofiban, or
abciximab. Of the 671 patients, 43% underwent PCI, and
death, MI, and urgent revascularization at 30 days were
1.6%, 5.1%, and 6.8% across the respective GPI. Major
bleeding was seen in 1.9% of patients at 30 days. In sum-
mary, the NICE studies were uncontrolled observational
studies showing the feasibility of utilizing enoxaparin
with or without GPI during PCI. 

Two randomized trials examining enoxaparin for elec-
tive PCI are the CRUISE trial and the STEEPLE trial.18,19 The
CRUISE study randomized 261 patients to enoxaparin (1
mg/kg intravenously) or weight-adjusted UFH (60 IU/kg).
In this trial, major and minor bleeding complications were
similar in the two groups (6.3% vs 6.2%). There was no dif-
ference in ischemic endpoints at 48 hours and at 30 days.
A subsequent meta-analysis of studies comparing enoxa-
parin to UFH showed no overall difference between
enoxaparin versus UFH during PCI with respect to
ischemic complications or bleeding.19 However, this meta-
analysis was generated prior to the STEEPLE trial, which is
the largest trial comparing enoxaparin to UFH in elective
PCI.20

The STEEPLE trial randomly assigned 3,528 patients to
one of three arms: 0.5 mg/kg intravenous enoxaparin, 0.75
mg/kg intravenous enoxaparin, or weight-adjusted UFH
(target ACT 200 to 300/s if a GPI was used, or 300 to 350/s
if no GPI was used). The primary endpoint of the STEEPLE
trial was non–CABG-related major bleeding at 48 hours
(Table 1). The main secondary efficacy endpoint was the
proportion of patients who achieved therapeutic antico-

agulation as measured by the anti-Xa level (0.5 to 1.8
IU/mL) or ACT at the beginning and end of PCI. Other
secondary endpoints were incidences at 48 hours of
non–CABG-related major bleeding, death, MI, or urgent
target vessel revascularization (TVR) (the so-called net
clinical benefit), as well as purely ischemic events such as
death, MI, or urgent TVR. 

Baseline characteristics were balanced across the three
groups, although there were slightly fewer anemic patients
in the 0.5 mg/kg enoxaparin arm. The lowest rate of
non–CABG-related major bleeding at 48 hours was seen in
the 0.5 mg/kg enoxaparin arm (5.9% in the 0.5 mg/kg
enoxaparin arm vs 6.5% in the 0.75 mg/kg enoxaparin arm
vs 8.5% in the UFH arm; P=.01 for comparison between
the 0.5 mg/kg arm and UFH, P=.051 for comparison
between the 0.75 mg/kg arm and UFH). In terms of the
key efficacy endpoint of achieving therapeutic anticoagu-
lation during PCI, 78.8% of patients assigned to the 0.5
mg/kg arm, 91.8% of patients in the 0.75 mg/kg arm, and
19.7% of patients in the UFH arm met this goal (P<.001 for
comparison of enoxaparin arms to UFH arm). One inter-
esting development was that an interim analysis of the
data before the trial had completed enrollment demon-
strated an increase in mortality in the 0.5 mg/kg arm com-
pared to the other arms (1% vs 0.4% in the 0.75 mg/kg
arm vs 0.2% in the UFH arm), which led to early termina-
tion of enrollment in the 0.5 mg/kg arm. Although the ini-
tial results of the STEEPLE trial showed that intravenous
bolus dose enoxparin reduced major bleeding compared
to weight-adjusted heparin, the mortality data failed to
demonstrate the overall superiority of enoxaparin over
UFH. This, coupled with the fact that the anticoagulant
effect of enoxaparin cannot be measured with a bedside
assay, has led to concerns over the widespread use of
enoxaparin for elective PCI.21

In summary, despite the proposed pharmacokinetic
advantages of enoxaparin over UFH (ease of administra-
tion, potential lack of need for monitoring, and more rapid
and consistent therapeutic effect), there appears to be a
lack of consistent data regarding the efficacy or safety of
enoxaparin over UFH for PCI. When used for ACS patients,
a regimen of subcutaneous dosing with intravenous sup-
plementation for PCI appears to be noninferior to UFH
with respect to ischemic outcomes but may carry a risk for
bleeding.14 In contrast, use of intravenous bolus dosing of
enoxaparin for elective PCI appears to be associated with
less bleeding than weight-adjusted UFH; however, the best
dose of intravenous enoxaparin is still not clear. 

FONDAPARINUX 
Fondaparinux is a synthetic pentasaccharide that indi-

rectly inhibits factor Xa without any effect on factor IIa.
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Therefore, it is not an antithrombin agent per se.
However, because factor Xa catalyzes the formation of
Factor IIa (thrombin), there has been great interest in its
development as an anticoagulant for ischemic heart dis-
ease. A phase 2 trial of intravenous fondaparinux in 350
patients undergoing elective or urgent PCI demonstrated
statistical noninferiority of two different doses of fonda-
parinux (2.5 and 5 mg) and UFH with respect to major
and minor bleeding, as well as the composite of death,
MI, urgent TVR, or use of bailout CPI.22 This pilot trial
suggested that fondaparinux might have a role in the
therapy of ACS patients. The large phase 3 OASIS-5 trial
compared fondaparinux with enoxaparin in 20,078
patients with non–ST-segment elevation ACS.23 OASIS-5
was a noninferiority trial assessing the composite of
death, MI, and refractory ischemia at 9 days, with a test
for superiority with respect to the outcome of major
bleeding. Major bleeding was defined as clinically overt
bleeding that was either fatal, a symptomatic intracranial
hemorrhage, retroperitoneal hemorrhage, an intraocular
hemorrhage leading to significant vision loss, a decrease
in hemoglobin of at least 3 g/dL (with each blood trans-
fusion unit counting for 1 g/dL of hemoglobin), or bleeds
requiring transfusion of two or more units of red blood
cells or the equivalent of whole blood. The rate of major
bleeding at 9 days was significantly lower with fonda-
parinux than with enoxaparin (2.2% vs 4.1%; P<.001).
Patients undergoing PCI in the enoxaparin arm received
supplemental UFH if they had not received enoxaparin in
the last 6 hours. This additional UFH may have con-
tributed to the higher rates of bleeding seen in the
enoxaparin arm. Fondaparinux was also associated with a
significantly reduced number of deaths at 30 days (3.5%
vs 2.9%; P=.02) and at 180 days (6.5% vs 5.8%; P=.05). A
total of 6,889 patients underwent PCI, and although no
increase in ischemic complications was noted, more
patients in the fondaparinux arm developed catheter-
related thrombosis (1.3% vs 0.5%; P=.001), prompting a
protocol change to mandate the use UFH at the time of
PCI in the fondaparinux arm. This increase in PCI-related
complications was underscored by the OASIS-6 trial that
examined the role of fondaparinux in patients with
STEMI.24 Fondaparinux was associated with an increase
in mortality among STEMI patients undergoing primary
PCI with fondaparinux as the anticoagulant. The current
American College of Cardiology/American Heart
Association guidelines recommend against the use of
fondaparinux as the sole anticoagulant if PCI is planned.25

DIRECT THROMBIN INHIBITOR S 
Direct thrombin inhibitors can form stable noncova-

lent bonds with thrombin and have a smaller molecular

size. They have several potential advantages, including a
greater level of thrombin inhibition due to lack of
dependence on antithrombin and virtually no risk of
HIT(TS). Based on the type of interaction they exhibit
with thrombin, direct thrombin inhibitors can be broadly
classified as univalent and bivalent. The univalent agents
only inhibit fibrin-bound thrombin and include arga-
troban, dabigatran, melagatran, and ximelagatran. The
bivalent compounds are bivalirudin and hirudin. The
direct thrombin inhibitor that has the most supportive
data in ischemic heart disease is bivalirudin, and there-
fore, it is the focus of this section. Bivalirudin is an irre-
versible inhibitor of thrombin but has a half-life of
approximately 25 minutes. The first trial of bivalirudin in
PCI was the Bivalirudin Angioplasty Trial (BAT).26 In this
trial, 4,098 patients with unstable angina or recent MI
were randomized in a double-blind fashion to either UFH
or bivalirudin. The primary endpoint of this trial was in-
hospital mortality, MI, abrupt vessel closure, or rapid clin-
ical deterioration of cardiac origin. Using a higher-than-
current-standard bivalirudin bolus (1 mg/kg vs 0.75
mg/kg) and infusion (2.5 mg/kg/hr vs 1.75 mg/kg/hr),
bivalirudin did not significantly reduce the incidence of
the primary endpoint (11.4% for bivalirudin vs 12.2% for
UFH) but did result in a lower incidence of bleeding
(3.8% vs 9.8%; P<.001). Interestingly, in a prespecified sub-
group of 704 patients with postinfarction angina,
bivalirudin therapy resulted in a lower incidence of the
primary endpoint (9.1% vs 14.2%; P=.04) and a lower inci-
dence of bleeding (3% vs 11.1%; P<.001). The BAT trial
was conducted prior to the use of GPI and stents, there-
fore, the role of bivalirudin in the modern era of PCI was
evaluated in the REPLACE-2 trial.27 REPLACE-2 randomly
assigned 6,010 patients undergoing urgent or elective PCI
in a double-bind, double-dummy fashion to either UFH
plus planned GPI or bivalirudin (at a dose lower than
that in the BAT trial) with provisional use of GPI given
only for procedural complications. The trial was statisti-
cally powered to show noninferiority of the bivalirudin
strategy to the UFH plus GPI strategy with respect to the
primary quadruple composite endpoint of 30-day death,
MI, urgent TVR, or major bleeding (the net clinical bene-
fit). Major bleeding was defined as intracranial, intraocu-
lar or retroperitoneal hemorrhage, clinically overt blood
loss resulting in a decrease in hemoglobin of more than 
3 g/dL, any decrease in hemoglobin of more than 4 g/dL,
or transfusion of two or more units of packed red blood
cells or whole blood. Approximately 7.2% of patients in
the bivalirudin arm received GPI for bailout use.
Bivalirudin proved to be statistically noninferior to UFH
plus GPI with respect to the net clinical benefit at 
30 days (9.2% bivalirudin vs 10.0% UFH plus GPI; P=.32), a
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result that was driven by a substantial reduction in major
bleeding (2.4% vs 4.1%; P<.001). There was a slight non-
significant excess of periprocedural MI in the bivalirudin
arm, but the 1-year mortality rates were statistically simi-
lar in both arms.28 The ISAR-REACT 3 trial examined
whether bivalirudin was superior to UFH alone with
respect to 30-day death, MI, urgent TVR, or major bleed-
ing (as defined in the REPLACE-2 trial) in elective PCI
when patients were aggressively pretreated with
thienopyridines.29 In this study, 4,570 patients were pre-
treated with 600 mg of clopidogrel at least 2 hours
before PCI and were randomized to either 140 IU/kg of
intravenous heparin or bivalirudin. There was no signifi-
cant difference in the primary endpoint between
bivalirudin and UFH (8.3% vs 8.7%; P=.57). Major bleed-
ing, however, was again significantly lower in the
bivalirudin arm (3.1% vs 4.6%; P=NS). Thus, bivalirudin is
a viable alternative to either UFH alone or UFH plus GPI
in elective PCI and is safer with respect to bleeding. 

The ACUITY trial examined the role of bivalirudin in
non–ST-segment elevation ACS.30 This open-label trial
randomized 13,800 patients with moderate-risk ACS to
one of three arms: UFH or enoxaparin plus GPI,
bivalirudin plus GPI, or bivalirudin with provisional GPI
during PCI. The dose of bivalirudin used for medical
management before cardiac catheterization was a much
lower dose than that studied in the REPLACE-2 trial; the
dose during PCI was the same dose used in REPLACE-2
(the FDA-approved dose). The trial was powered for
superiority of the bivalirudin-alone strategy with respect
to the 30-day incidence of death, MI, urgent TVR, or
major bleeding. The definition of major bleeding in ACU-
ITY was intracranial or intraocular bleeding, hemorrhage
at the access site requiring intervention, hematoma with
a diameter of at least 5 cm, a reduction in hemoglobin
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. There were
no significant differences in baseline characteristics across
the three arms; the median time from randomization to
catheterization was approximately 4 hours.
Approximately 9.1% of patients in the bivalirudin arm
received GPI during the study. At 30 days, the arms that
used planned GPI had similar outcomes (11.8%
bivalirudin plus GPI vs 11.7% UFH/enoxaparin plus GPI),
however, bivalirudin was superior to either arm (10.1%
bivalirudin alone vs 11.7% UFH/enoxaparin plus GPI;
P=.02). In terms of ischemic complications defined as
death, MI, or urgent TVR, bivalirudin was deemed statis-
tically noninferior to UFH/enoxaparin plus GPI, but the
noninferiority margin was 25%, which is much wider than
in previous trials.31 With respect to protocol-defined

major bleeding, however, bivalirudin again demonstrated
a significant advantage over UFH plus GPI (3% vs 5.7%;
P<.001). Given these results, it is unclear whether
bivalirudin is as efficacious as UFH/enoxaparin plus GPI
for the management of patients with ACS. It is clear,
however, that bivalirudin is associated with significantly
less bleeding. One possible strategy is switching patients
from UFH or enoxaparin to bivalirudin during PCI. Post
hoc analyses of the REPLACE-2 trial32 and the ACUITY
trial33 demonstrate that switching to bivalirudin during
PCI from either UFH or enoxaparin (used with or with-
out GPI) is associated with statistically similar rates of
ischemic events and statistically significant lower rates of
bleeding. A trial of 91 patients with ACS treated with
enoxaparin and undergoing PCI randomized to receive
bivalirudin within 4 hours, 8 hours, or 12 hours of the
last enoxaparin dose demonstrated no increase in major
bleeding, regardless of when the bivalirudin was adminis-
tered.34

The most recent trial of bivalirudin is the HORIZONS
AMI trial that randomly assigned 3,602 patients with
STEMI undergoing primary PCI to either UFH plus GPI or
bivalirudin.35 The trial examined two primary endpoints:
30-day major bleeding (as defined in the ACUITY trial)
and composite of death, MI, urgent TVR, stroke, and
major bleeding. There were no significant differences in
baseline patient or procedure characteristics between the
two arms; the use of GPI in the bivalirudin arm was 7.5%.
At 30 days, there was a significantly lower rate of both
the primary bleeding endpoint (4.9% bivalirudin vs 8.3%
UFH plus GPI; P<.001) and the primary composite end-
point (9.2% vs 12.1%; P=.005). There was no difference in
the rate of death, MI, urgent TVR, or stroke between the
two groups (5.4% vs 5.5%; P=.95). Offsetting this reduc-

• Fatal bleeding

• Retroperitoneal, intracranial, or intraocular bleeding

• Bleeding that causes hemodynamic compromise 

requiring specific treatment

• Bleeding that requires intervention (surgical or 

endoscopic) or decompression of a closed space to 

stop or control the event

• Clinically overt bleeding, requiring any transfusion of ≥1

unit of packed red cells or whole blood

• Clinically overt bleeding, causing a decrease in 

hemoglobin of ≥3 g/dL (or, if hemoglobin level is not

available, a decrease in hematocrit of ≥10%)

TABLE 1.  DEFINITION OF MAJOR BLEEDING 
IN THE STEEPLE TRIAL
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tion in bleeding was an increase in acute (ie, within 24
hours of the PCI) stent thrombosis (1.3% vs 0.3%;
P<.001). Interestingly, there was a significant reduction in
mortality at 30 days among bivalirudin-treated patients
despite the increase in acute stent thrombosis (2.1% vs
3.1%; P=.047). Some of the differences in mortality rates
are likely explained by a lower rate of bleeding among
bivalirudin-treated patients.

Based on these trial summaries, a strategy of
bivalirudin with provisional use of GPI for procedural
complications is a viable alternative to UFH alone and
may be preferred over UFH plus planned GPI when
reduction in bleeding risk is a priority. The mortality
reduction with the bivalirudin-alone strategy in primary
PCI is intriguing and suggests that with modern PCI pro-
cedural techniques and equipment, reduced bleeding is
of paramount importance and affects survival. The
increase in acute stent thrombosis is an issue that needs
to be dealt with; however, evidence supporting an opti-
mal strategy is lacking. Options include prolonging the
infusion of bivalirudin or aggressive use of thrombecto-
my after the procedure,36 but these should be tested in
prospective trials employing bivalirudin as the
antithrombin.

CONCLUSI ON
Thrombin plays an important prothrombotic role in

the pathophysiology of PCI-related ischemic complica-
tions. Historically, these complications have been
addressed with UFH. Retrospective and observational
data have determined that weight-adjusted dosing of
UFH is important in minimizing ischemic and bleeding
complications; however, UFH has several limitations,
including unreliable antithrombin activity, platelet acti-
vation, and potential for HIT(TS). Alternatives to UFH
for PCI include enoxaparin, fondaparinux, and
bivalirudin. Several trials have evaluated the role of
enoxaparin in ACS and PCI. For ACS patients undergoing
an early invasive strategy, enoxaparin appears to be as
efficacious as UFH, with a potentially modest increase in
bleeding. Intravenous enoxaparin for PCI appears to be
superior to UFH with respect to bleeding and provides
similar protection against ischemic complications.
Bivalirudin has been extensively studied for elective PCI,
PCI in the setting of ACS, and primary PCI for STEMI.
Overall, it is associated with significantly less bleeding
than UFH alone or UFH plus GPI regardless of patient
population studied. In the setting of primary PCI, the
bleeding advantage of bivalirudin is offset by a slight
increase in acute stent thrombosis. Despite this finding,
bivalirudin is associated with a significant decrease in 30-
day mortality among patients undergoing primary PCI.

New strategies to address the acute stent thrombosis
with bivalirudin in primary PCI are needed. ■
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