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REFINED ANTITHROMBOTIC

therapies have enhanced the
safety and efficacy of percu-
taneous coronary interven-

tion (PCI).1-3 A series of randomized
trials established platelet glycoprotein
IIb/IIIa (Gp IIb/IIIa) receptor inhibi-
tion, in addition to aspirin, heparin, and
a thienopyridine (with stenting), as a
reference strategy to reduce the inci-

dence of ischemic complications dur-
ing these procedures.2-4 Nevertheless,
Gp IIb/IIIa inhibitors are not univer-
sally used in clinical interventional
practice, due in part to concerns about
increased bleeding, cost, and pro-
longed (12-18 hour) drug infusions. In-
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Context In the Randomized Evaluation in PCI Linking Angiomax to Reduced Clini-
cal Events (REPLACE)-2 trial, bivalirudin with provisional glycoprotein IIb/IIIa (Gp IIb/
IIIa) inhibition was found to be noninferior to heparin plus planned Gp IIb/IIIa block-
ade in the prevention of acute ischemic end points and was associated with
significantly less bleeding by 30 days after percutaneous coronary intervention (PCI).

Objective To determine whether the efficacy of bivalirudin remains comparable with
that of heparin plus Gp IIb/IIIa blockade over 6 months and 1 year.

Design, Setting, and Participants Follow-up study to 1 year of a randomized, double-
blind trial conducted among 6010 patients undergoing urgent or elective PCI at 233 com-
munity or referral hospitals in 9 countries from October 2001 through August 2002.

Interventions Patients were randomly assigned to receive intravenously bivaliru-
din (0.75 mg/kg bolus, 1.75 mg/kg per hour for the duration of PCI), with provisional
Gp IIb/IIIa inhibition, or to receive heparin (65 U/kg bolus), with planned Gp IIb/IIIa
inhibition (abciximab or eptifibatide). Both groups received daily aspirin and a thieno-
pyridine for at least 30 days after PCI.

Main Outcome Measures Incidence of death, myocardial infarction, or repeat re-
vascularization by 6 months and death by 12 months after enrollment.

Results At 6 months, death occurred in 1.4% of patients in the heparin plus Gp IIb/
IIIa group and in 1.0% of patients in the bivalirudin group (hazard ratio [HR], 0.70;
95% confidence interval [CI], 0.43-1.14; P=.15). Myocardial infarction occurred in
7.4% and 8.2% of patients, respectively (HR, 1.12; 95% CI, 0.93-1.34; P=.24), and
repeat revascularization was required in 11.4% and 12.1% of patients, respectively
(HR, 1.06; 95% CI, 0.91-1.23; P=.45). By 1 year, death occurred in 2.46% of pa-
tients treated with heparin plus Gp IIb/IIIa blockade and in 1.89% of patients treated
with bivalirudin (HR, 0.78; 95% CI, 0.55-1.11; P=.16). Nonsignificant trends toward
lower 1-year mortality with bivalirudin were present in all patient subgroups analyzed
and were of greatest magnitude among high-risk patients.

Conclusion Long-term clinical outcome with bivalirudin and provisional Gp IIb/IIIa
blockade is comparable with that of heparin plus planned Gp IIb/IIIa inhibition during
contemporary PCI.
JAMA. 2004;292:696-703 www.jama.com
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terest therefore remains in the devel-
opment of newer antithrombotic agents
that may further improve outcomes
during PCI.

The direct thrombin inhibitor bivali-
rudin is under investigation as a re-
placement for heparin in a broad spec-
trum of patients with ischemic vascular
disease.5-9 The Randomized Evalua-
tion in PCI Linking Angiomax to Re-
duced Clinical Events (REPLACE)–2
trial recently demonstrated that in-
traprocedural administration of bivali-
rudin, with provisional Gp IIb/IIIa
blockade (required in 7.2% of patients),
provides similar protection from acute
ischemic events with significantly fewer
hemorrhagic complications as a regi-
men of heparin plus planned Gp IIb/
IIIa inhibition during elective or ur-
gent PCI.10 Among the more than 6000
patients randomized in that trial, the
composite ischemic end point of death,
myocardial infarction, or urgent re-
peat revascularization by 30 days oc-
curred in 7.6% and 7.1% of those
treated with bivalirudin vs heparin plus
Gp IIb/IIIa, respectively, meeting for-
mal statistical criteria for noninferior-
ity. Major in-hospital bleeding rates
were significantly reduced with bivali-
rudin from 4.1% to 2.4% (P�.001).

To assess the durability of the early
treatment effect of bivalirudin relative
to heparin plus Gp IIb/IIIa, we herein
report the results of prospective fol-
low-up of ischemic events through 6
months and survival through 1 year
among patients in the REPLACE-2 trial.

METHODS
Patients

The design, methods, and primary re-
sults of REPLACE-2 have been previ-
ously reported.10 Briefly, 6010 pa-
tients undergoing urgent or elective PCI
with an approved device at 233 com-
munity or referral hospitals in 9 coun-
tries in North America, Europe, and Is-
rael were enrolled between October
2001 through August 2002 in this ran-
domized, double-blind, active-
controlled trial. Patients undergoing im-
mediate catheter-based reperfusion for
acute myocardial infarction were ex-

cluded from entry, as were those who
required ongoing warfarin therapy or
had been treated with unfractionated
heparin within the 6 hours (unless ac-
tivated partial thromboplastin time was
�50 seconds or activated clotting time
was �175 seconds), low-molecular-
weight heparin within the 8 hours, bi-
valirudin within the 24 hours, abcix-
imab within the 7 days, or eptifibatide
or tirofiban within the 12 hours prior
to randomization. Other exclusion cri-
teria included age younger than 18
years, poorly controlled hypertension
(blood pressure �180/110 mm Hg),
unprotected left main trunk stenosis of
more than 50% severity, pregnancy, PCI
within the prior 1 month or planned
staged PCI within the subsequent
month, active internal bleeding or
bleeding diathesis, surgery, trauma or
gastrointestinal or genitourinary tract
bleeding within the prior 6 weeks, prior
intracranial bleeding or structural ab-
normality, platelet count less than
100000/µL, or renal insufficiency with
serum creatinine more than 4 mg/dL
(�353.6 µmol/L) or dependency on re-
nal dialysis. The protocol was ap-
proved by the institutional review board
at each clinical site, and all patients gave
written informed consent.

Study Protocol
Patients were randomly assigned in a
double-blind fashion by a central tele-
phone system in a 1:1 ratio to receive
intravenously either bivalirudin (0.75
mg/kg bolus prior to the start of PCI,
followed by infusion of 1.75 mg/kg per
hour for the procedure duration) with
provisional Gp IIb/IIIa blockade (if nec-
essary during the procedure) or intra-
venous heparin bolus of 65 U/kg (maxi-
mum 7000 U) with planned Gp IIb/
IIIa inhibition. The interventional
operator was required to specify the
choice of abciximab (0.25-mg/kg bo-
lus, and 0.125 µg/kg per minute [maxi-
mum of 10 µg/min] by infusion for 12
hours) or eptifibatide (two 180-µg/kg
boluses 10 minutes apart and 2.0 µg/kg
per minute by infusion for 18 hours)
as the Gp IIb/IIIa inhibitor prior to ran-
domization. Suggested indications for

use of provisional Gp IIb/IIIa inhibi-
tor (in the bivalirudin group) or
matched placebo (in the heparin plus
Gp IIb/IIIa group) included abrupt or
side-branch closure, obstructive dis-
section, new or suspected thrombus,
impaired coronary flow, distal embo-
lization, persistent residual stenosis, un-
planned stent placement, prolonged is-
chemia, or other clinical instability. All
patients received aspirin; treatment with
clopidogrel 300 mg prior to the inter-
ventional procedure was strongly en-
couraged, followed by daily adminis-
tration of 75 mg for at least 30 days.

End Points
Prospectively defined secondary end
points of this trial were death, myocar-
dial infarction, and repeat revascular-
ization procedures at 6 months and mor-
tality at 1 year. Patients were to return
for follow-up interview and an electro-
cardiogram between 150 and 210 days
after randomization for assessment of
6-month outcome. Telephone or mail
contact was made to determine vital sta-
tus at or after 365 days. Data were pro-
spectively collected by study coordina-
tors at each site and entered into an
Internet-based electronic case-report
form; relevant hospital records were ob-
tained for source documentation. An end
point in-hospital myocardial infarction
was defined by new significant Q waves
in 2 or more contiguous electrocardio-
graphic leads or elevation in creatine ki-
nase or its MB isoenzyme greater than
or equal to 3 times the upper limit of lo-
cal normal. After hospital discharge,
myocardial infarction was defined by the
development of new Q waves or by cre-
atine kinase or MB isoenzyme eleva-
tion to greater than 2 times the upper
limit of normal. A clinical events com-
mittee, blinded to study group alloca-
tion, adjudicated all myocardial infarc-
tions through 6 months and urgent
repeat revascularization procedures
through 30 days. Cause of death by 1
year was assessed by an experienced re-
search nurse who was blinded to treat-
ment allocation, using the Medical
Dictionary for Regulatory Activities
(MedDRA) definitions.
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Statistical Analysis
To be considered complete, 6-month
and 1-year follow-up were required to
have occurred at least 150 days and 270
days after randomization, respec-
tively. The 6-month database was fi-
nalized on August 1, 2003, and the
1-year database on October 23, 2003;
98.2% of randomized patients had at
least 150 days and 98.5% had at least
270 days of follow-up (FIGURE 1).
Kaplan-Meier methods were used to es-
timate 6-month and 1-year event rates,
and comparisons between the 2 treat-
ment groups were performed using the
log-rank statistic. A multivariable Cox
proportional hazards regression model

was constructed to identify among all
baseline characteristics those param-
eters that were independent predic-
tors of 1-year mortality; using the sum
of coefficients derived from this model,
patients were then classified into ter-
tiles of risk for comparison of mortal-
ity rates between the randomized treat-
ment groups. Kaplan-Meier and
proportional hazards models are both
time-to-event analyses, which in-
cluded all randomized patients accord-
ing to the intention-to-treat principle
censored to the time of last follow-up.
Mortality rates among individual sub-
groups were determined by frequency
counts, rather than time-to-event analy-

sis, including only patients with fol-
low-up to at least 270 days. Analyses
were conducted using SAS statistical
software Version 8.1 (SAS Institute Inc,
Cary, NC). P�.05 was considered sta-
tistically significant.

RESULTS
Baseline characteristics were balanced
and did not differ between the 2 treat-
ment groups (TABLE 1). Mean age was
about 63 years, approximately one
quarter of patients were women, and
27% had diabetes mellitus. Acute coro-
nary syndromes (unstable angina within
48 hours or myocardial infarction
within the prior 7 days) were the indi-
cations for revascularization in 23% of
patients. Eptifibatide or abciximab were
chosen by the interventional operator
for Gp IIb/IIIa blockade in 55% and 45%
of patients, respectively.

Ischemic end points at 6 months are
summarized in TABLE 2. There were no
significant differences between treat-
ment groups in event rates for any com-
posite or individual end point.

Death rates at 6 months trended to
be less frequent in the bivalirudin group
by an absolute 0.4% (1.4% heparin vs
1.0% bivalirudin groups, P = .15), a
slight widening of the absolute 0.2% dif-
ference observed at 30 days (0.4% hep-
arin vs 0.2% bivalirudin, P = .26;
FIGURE 2). Myocardial infarction rates
tended to be lower among patients
treated with heparin plus Gp IIb/IIIa
blockade, with an absolute 0.8% dif-
ference, which was due almost exclu-
sively to non–Q-wave (rather than Q-
wave) infarctions and accrued entirely
within the first 30 days (7.0% vs 6.2%
at 30 days, P=.23; 8.2% heparin vs 7.4%
bivalirudin at 6 months, P = .24;
FIGURE 3). Revascularization rates were
nearly identical in the 2 treatment
groups at 30 days (2.8% heparin vs 2.7%
bivalirudin) but by 6 months favored
the heparin group by an absolute 0.7%
difference; notably, however, the time-
to-event curves crossed at multiple
times during the follow-up period (Fig-
ure 3). The difference in revasculariza-
tion rates was confined to nonurgent,
surgical revascularization procedures.

Figure 1. Flow of Patients Through 1 Year of Follow-up

6-mo Follow-up
2957 Followed up for Mortality

2913 Followed up for Myocardial Infarction
2919 Followed up for Revascularization

6-mo Follow-up
2937 Followed up for Mortality

2989 Followed up for Myocardial Infarction
2891 Followed up for Revascularization

1-Year Follow-up
2951 Followed up for Mortality

3011 Assigned to Receive Heparin Plus
Glycoprotein IIb/IIIa
2902 Received Heparin Plus

Glycoprotein IIb/IIIa
2 Received Bivalirudin

104 Received No Study Drug∗

3 Withdrew Consent

2999 Assigned to Receive Bivalirudin
2910 Received Bivalirudin

2 Received Heparin Plus
Glycoprotein IIb/IIIa

82 Received No Study Drug∗

5 Withdrew Consent

8 Lost to Vital Status Follow-up

10 Incomplete Nonfatal Primary
End Point Data

4 Lost to Follow-up
4 Followed up <25 d

8 Lost to Vital Status Follow-up

11 Incomplete Nonfatal Primary
End Point Data

3 Lost to Follow-up
5 Followed up <25 d

6010 Patients Randomized

2991 Included in Primary Analysis 2975 Included in Primary Analysis

51 Lost to 6-mo Follow-up
11 Followed up <30 d
40 Followed up 30-150 d

57 Lost to 6-mo Follow-up
9 Followed up <30 d

48 Followed up 30-150 d

40 Lost to 1-Year Follow-up
4 Followed up <30 d

11 Followed up 30-150 d
17 Followed up 151-270 d
8 Withdrew Consent

43 Lost to 1-Year Follow-up
2 Followed up <30 d

14 Followed up 30-150 d
18 Followed up 151-270 d
9 Withdrew Consent

1-Year Follow-up
2968 Followed up for Mortality

*Patients received no blinded study drug due to no percutaneous coronary intervention performed, physician
preference, or other reasons; open-label agents were administered to some of these patients. Eleven patients
in the heparin group and 14 patients in the bivalirudin group who had been lost to follow-up at the time of
finalization of the 6-month database were subsequently contacted and included in the 1-year database.
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Adverse events were collected for the
first 30 days, and there were no differ-
ences between treatment groups.

By 1 year, 72 of 3008 patients
(2.46%) in the heparin plus Gp IIb/
IIIa inhibitor group and 56 of 2994 pa-
tients (1.89%) in the bivalirudin group
had died (hazard ratio [HR], 0.78; 95%
confidence interval [CI], 0.55-1.11;
P=.16; Figure 2). The most common
cause of death was cardiac (39 in the
heparin group 29 in the bivalirudin),
followed by respiratory (10 heparin, 4
bivalirudin), neoplasia (2 heparin, 7
bivalirudin), nervous system (7 hepa-
rin, 1 deaths), infection (4 heparin, 3
bivalirudin), and miscellaneous (10
heparin, 12 bivalirudin). Rates of mor-
tality by 1 year trended lower in the bi-
valirudin group in all prespecified pa-
tient subgroups (FIGURE 4); differences
favoring bivalirudin were apparent in
subgroups observed to be at high risk
of mortality, including those older than
75 years (odds ratio [OR], 0.51; 95%
CI, 0.26-0.98), female (OR, 0.72; 95%
CI, 0.40-1.30), or who had diabetes
mellitus (OR, 0.58; 95%, 0.34-1.05).

Multivariate modeling identified 8
baseline variables that were predictive
of 1-year mortality (TABLE 3). Using this
proportional hazards model, patients
were categorized into tertiles of risk.
Mortality rates were 2.5-fold higher in
the moderate-risk tertile than in the

low-risk tertile, increasing another
5-fold between the moderate-risk and
high-risk tertiles. Among low- or mod-
erate-risk patients, death rates were
similar in the bivalirudin group vs the
heparin plus Gp IIb/IIIa inhibitor group
(0.4% vs 0.3%, respectively, for low risk

and 1.1% vs 0.8%, respectively, for
moderate risk). Among patients at high
risk, however, death occurred signifi-
cantly less frequently with bivalirudin
than with heparin plus Gp IIb/IIIa
blockade (6.0% vs 3.9%, respectively,
P=.047).

Table 1. Baseline and Treatment Characteristics*

Characteristics
Heparin Plus Glycoprotein IIb/IIIa

(n = 3008)
Bivalirudin
(n = 2994)

Age, mean (SD), y 63 (11.0) 63 (10.8)

Weight, mean (SD), kg 87.5 (18.1) 87.3 (18.2)

Women 779 (25.9) 758 (25.3)

Diabetes mellitus 784 (26.1) 840 (28.1)

Prior myocardial infarction 1085 (36.7) 1099 (37.4)

Prior coronary artery bypass graft surgery 564 (18.8) 538 (18.0)

Indication for procedure
Unstable angina �48 h 434 (14.7) 421 (14.3)

Myocardial infarction �7 d 248 (8.4) 248 (8.4)

Unstable angina �48 h 619 (21.0) 599 (20.3)

Stable angina 722 (24.4) 770 (26.1)

Positive stress test or other 930 (31.5) 912 (30.9)

Stent procedure 2578 (85.7) 2548 (85.1)

Thienopyridine pretreatment (85.4) (86.7)

Thienopyridine after procedure 2748 (91.5) 2748 (91.9)

Planned glycoprotein IIb/IIIa inhibitor use 2902 (96.3) . . .

Eptifibatide 1605 (53.4) . . .

Abciximab 1289 (42.9) . . .

Provisional glycoprotein IIb/IIIa inhibitor use 157 (5.2)† 217 (7.2)†

Eptifibatide . . . 111 (3.7)

Abciximab . . . 106 (3.5)

Placebo 157 (5.2) . . .
Ellipses indicate not applicable.
*Values expressed as number (percentage) unless otherwise indicated. All percentages are of patients for whom data

were available.
†P = .002.

Table 2. Kaplan-Meier Event Rates for Study End Points at 6 Months by Treatment

End Point

Event Rates, No. (%)

Hazard Ratio
(95% Confidence Interval)

Log-Rank
P Value

Heparin Plus GP IIb/IIIa
(n = 3008)

Bivalirudin
(n = 2994)

Composite
Death, myocardial infarction, or revascularization 517 (17.5) 547 (18.8) 1.08 (0.96-1.22) .21

Death, myocardial infarction, or target vessel
revascularization

442 (15.1) 486 (16.8) 1.11 (0.98-1.27) .10

Death or myocardial infarction 242 (8.1) 265 (9.0) 1.11 (0.93-1.32) .26

Death 40 (1.4) 28 (1.0) 0.70 (0.43-1.14) .15

Myocardial infarction 220 (7.4) 243 (8.2) 1.12 (0.93-1.34) .24

Q-wave myocardial infarction 31 (1.1) 32 (1.2) 1.04 (0.63-1.70) .88

Non−Q-wave myocardial infarction 192 (6.4) 211 (7.1) 1.11 (0.91-1.35) .30

Revascularization 327 (11.4) 345 (12.1) 1.06 (0.91-1.23) .45

Percutaneous coronary revascularization 259 (9.0) 256 (9.0) 0.99 (0.83-1.18) .91

Coronary artery bypass graft surgery 77 (2.7) 97 (3.4) 1.27 (0.94-1.71) .12

Target vessel revascularization 248 (8.7) 279 (9.8) 1.14 (0.96-1.35) .15

Urgent revascularization 99 (3.4) 101 (3.5) 1.02 (0.78-1.35) .87
Abbreviation: GP, glycoprotein.
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COMMENT
The primary 30-day resul ts of
REPLACE-2 demonstrated that bivali-
rudin with selective use of a Gp IIb/
IIIa inhibitor reduces bleeding and
provides protection from short-term is-
chemic events that is not inferior to that
of heparin plus planned Gp IIb/IIIa
blockade during contemporary PCI.10

However, a small nonsignificant ex-
cess of periprocedural non–Q-wave
myocardial infarctions among bivali-
rudin-treated patients in this trial led
some to criticize the conclusion of non-
inferiority and question the long-term
durability of clinical benefit with this
regimen.11

This current analysis of REPLACE-2
confirms that the efficacy of bivaliru-
din in suppressing ischemic complica-
tions remains comparable over long-
term follow-up with that of heparin plus
Gp IIb/IIIa blockade. By 6 months, no
significant differences between treat-
ment groups emerged in rates of death,
myocardial infarction, or repeat revas-
cularization. A trend toward better sur-
vival with bivalirudin developed by 1
year; although this difference in mor-
tality was not statistically significant, the
magnitude of possible benefit with bi-
valirudin was greatest among patients
at highest risk of long-term death. These
results demonstrate that long-term
clinical outcome is comparable with a
strategy of bivalirudin and provisional
Gp IIb/IIIa blockade vs heparin plus
planned Gp IIb/IIIa inhibition. Coupled
with the advantages of bivalirudin with
regard to reduced hemorrhagic com-
plications, cost savings, and ease of ad-
ministration, this long-term analysis es-
tablishes bivalirudin plus provisional
Gp IIb/IIIa inhibition as an attractive an-
tithrombotic strategy for patients un-
dergoing elective or urgent PCI.

Early studies of bivalirudin com-
pared with heparin during PCI sug-
gested that both ischemic and hemor-
rhagic complications might be reduced
by this agent.5-7 The primary findings
of the REPLACE-2 trial substantiated
the efficacy of bivalirudin in contem-
porary interventional practice, demon-
strating that replacement of heparin

Figure 2. Cumulative Incidence of 1-Year All-Cause Mortality
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Figure 3. Cumulative Incidence of 6-Month Myocardial Infarction and Repeat
Revascularization
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with this direct thrombin inhibitor per-
mits selective rather than universal use
of Gp IIb/IIIa inhibitors while main-
taining suppression of ischemic events
and reducing bleeding and costs.10 Al-
though 30-day results met formal sta-
tistical criteria for noninferiority of bi-
valirudin compared with heparin plus
Gp IIb/IIIa inhibition with respect to the
composite ischemic end point, con-
cern was expressed by some physi-
cians regarding the nonsignificant
absolute 0.8% excess risk of peripro-
cedural non–Q-wave myocardial in-
farction in the bivalirudin group (6.6%
bivalirudin vs 5.8% heparin, P=.43).11

Myocardial enzyme elevations during
PCI have been correlated with in-
creased late (1-year and beyond) mor-
tality risk,12-14 thereby providing com-
pelling rationale for use of enhanced
antithrombotic regimens to prevent
periprocedural myocardial necrosis.
Treatment with at least 1 Gp IIb/IIIa
antagonist, abciximab, has been asso-
ciated with a survival benefit after
PCI,15,16 and the regimen of heparin
plus Gp IIb/IIIa blockade has come to
be regarded as a standard for the pre-
vention of complications during these
procedures. It was therefore impera-
tive to demonstrate that long-term
protection from ischemic events and
mortality after PCI is not compro-
mised with a bivalirudin regimen in
which Gp IIb/IIIa blockade is used only
provisionally.

The 1-year findings of the REPLACE-2
trial presented herein validate the du-
rable efficacy of bivalirudin. Not only was
there no excess of mortality with bivali-
rudin therapy, but death rates actually
trended to be better in the bivalirudin
group. Moreover, the magnitude of dif-
ference favoring bivalirudin appeared
greater in high-risk patient subgroups
and was independent of the choice of
Gp IIb/IIIa inhibitor (abciximab or ep-
tifibatide) or pretreatment with a thieno-
pyridine. Subgroup analyses admit-
tedly may be subject to spurious findings
due to dichotomization of patients ac-
cording to potentially arbitrary subsets;
it is for this reason that a multivariable
analysis was also performed to identify

higher risk patients by integrating the va-
riety of baseline factors that indepen-
dently contribute to poor long-term out-
come.Patients in thehighest tertileof risk
by that regression analysis showed the
largest difference in 1-year mortality
rates favoring bivalirudin over heparin
plus Gp IIb/IIIa blockade, a difference

that reached statistical significance
(albeit without correction for multiple
comparisons).

We can only speculate why 1-year
mortality rates were numerically lower
with bivalirudin treatment despite a
slight excess of periprocedural myo-
cardial infarctions in that group. Both

Table 3. Baseline Predictors of Mortality at 1 Year by Multivariate Proportional Hazards
Modeling*

Variable
Hazard Ratio

(95% Confidence Interval) P Value

Age, 1 per year 1.05 (1.03-1.07) �.001

History of congestive heart failure 3.10 (2.03-4.73) �.001

Baseline hemoglobin, per 1 mg/dL 0.76 (0.68-0.85) �.001

Baseline serum creatinine, per 1 mg/dL 1.66 (1.20-2.28) .002

Body mass index†
�28 0.90 (0.83-0.97) .004

�28 1.14 (1.04-1.25) .006

Tobacco use in prior year 1.85 (1.18-2.91) .008

History of angina 2.02 (1.17-3.48) .012

Diabetes mellitus 1.50 (1.01-2.23) .046

*Overall model log likelihood �2 = 156.6; P�.001. Geographic region was also controlled for in this model.
†The relationship between mortality and body mass index changes direction at 28, thus requiring 2 coefficients. Body

mass index is calculated as weight in kilograms divided by square of height in meters.

Figure 4. One-Year Mortality by Subgroups and Treatment Assignment*

0.25 41

Odds Ratio (95% Confidence Interval)

Favors
Bivalirudin

Favors Heparin Plus
Glycoprotein IIb/IIIa

Subgroup

Gp IIb/IIIa
Eptifibatide
Abciximab

Age, y
≤75 y
>75 y

Sex
Men
Women

Diabetes
Present
Absent

ACS
Present
Absent

Clopidogrel Pretreatment
Yes
No

Heparin Within Prior 48 h
Yes
No

Bivalirudin
No./Total (%)

28/1634 (1.7)
28/1312 (2.1)

42/2563 (1.6)
14/388 (3.6)

37/2200 (1.7)
19/751 (2.5)

19/829 (2.3)
37/2122 (1.7)

10/660 (1.5)
45/2249 (2.0)

50/2555 (2.0)
6/396 (1.5)

7/320 (2.2)
49/2631 (1.9)

6/283 (2.1)
50/2668 (1.9)

Heparin Plus
Gp IIb/IIIa

No./Total (%)

36/1638 (2.2)
36/1323 (2.7)

44/2561 (1.7)
28/407 (6.9)

45/2195 (2.1)
27/773 (3.5)

30/777 (3.9)
42/2191 (1.9)

12/670 (1.8)
57/2246 (2.5)

64/2532 (2.5)
8/436 (1.8)

12/365 (3.3)
60/2603 (2.3)

15/308 (4.9)
57/2660 (2.1)

LMWH Within Prior 48 h
Yes
No

*ACS indicates acute coronary syndrome; GP, glycoprotein; LMWH, low-molecular-weight heparin.
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of these nonstatistically signficant
trends may simply have been due to the
play of chance. However, the statisti-
cally significant reduction in major
bleeding events among patients receiv-
ing bivalirudin may translate to an ad-
vantage that offsets any late conse-
quences of a small excess in early
myocardial infarctions. In REPLACE-2,
postprocedural bleeding was more
strongly correlated with 1-year mor-
tality (OR, 3.5; 95% CI, 1.9-6.5) than
was creatine kinase-MB enzyme eleva-
tion (OR, 2.6; 95% CI; 1.5-4.5).17 It can-
not yet be concluded that this bivali-
rudin regimen is superior to heparin
plus Gp IIb/IIIa for 1-year mortality on
the basis of an overall nonstatistically
significant trend in the current
REPLACE-2 trial. Nevertheless, the
consistent directionality of benefit in
this study of more than 6000 patients
(the largest yet performed of an acute
antithrombotic therapy during PCI)
provides convincing evidence that pro-
tection against death with bivalirudin
is comparable with heparin plus Gp IIb/
IIIa blockade, even in high-risk pa-
tients for whom Gp IIb/IIIa inhibition
would be expected to impart the most
clinical benefit.18

Nonfatal cardiac end points also re-
flected similar outcomes over 6 months
of follow-up with bivalirudin vs hepa-
rin plus Gp IIb/IIIa inhibition. Myo-
cardial infarctions tended to occur early
following the interventional proce-
dure; thereafter, time-to-event curves
(Figure 3) remained parallel, suggest-
ing no differential benefit between these
2 antithrombotic strategies subse-
quent to a relatively short periproce-
dural period of maximal risk. Repeat
target vessel revascularization rates were
nearly identical in the 2 groups at 30
days, diverging nonsignificantly by 6
months in favor of heparin plus Gp IIb/
IIIa blockade. This difference was not
due to urgent revascularization proce-
dures, arguing against a greater fre-
quency of acute ischemic complica-
tions as a precipitating factor among
patients treated with bivalirudin. Be-
cause neither heparin19 nor Gp IIb/
IIIa blockade4 has been convincingly

shown to reduce restenosis following
PCI, it is difficult to postulate a mecha-
nism whereby replacement of these
agents with bivalirudin would lead to
more frequent need for nonurgent re-
peat target vessel revascularization (the
clinical surrogate for restenosis). The
fact that time-to-event curves for re-
vascularization crossed at multiple
times over the 6-month period sug-
gests that observed differences in re-
vascularization rates may be due to the
play of chance, rather than a consis-
tent influence of either antithrom-
botic regimen.

The acute and long-term findings of
REPLACE-2 cannot be extrapolated to
patient groups that were excluded from
enrollment in this trial, principally those
with unstable ischemic syndromes re-
quiring uninterrupted therapy with Gp
IIb/IIIa inhibitors or heparin or those un-
dergoing primary PCI for acute myo-
cardial infarction. Despite exclusion of
these patients, however, 30-day and
1-year ischemic event rates in
REPLACE-2 were similar to those in
other recent PCI trials,2,3,20 arguing
against an assertion that the patient
population in REPLACE-2 was “low
risk.” Moreover, bivalirudin therapy was
associated with favorable 1-year mor-
tality rates among patients in this trial
who had been treated with unfraction-
ated or low-molecular-weight heparin
but were sufficiently stable to permit dis-
continuation of the anticoagulants for
the specified 6- or 8-hour periods be-
fore randomization (Figure 4). The ex-
isting body of clinical evidence sup-
ports the use of Gp IIb/IIIa inhibitors for
patients with unstable ischemic syn-
dromes21-23 although an ongoing large-
scale trial (Acute Catheterization and
Urgent Intervention Triage strategY
[ACUITY]) is testing the efficacy of bi-
valirudin with or without Gp IIb/IIIa
blockade in these high-risk patients. For
all but the relatively select groups of pa-
tients not included in the trial, how-
ever, the primary and follow-up results
of REPLACE-2 validate the effective-
ness and safety of bivalirudin with pro-
visional Gp IIb/IIIa blockade during con-
temporary PCI.
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