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BSTRACT

 

Background

 

Blockade of the platelet glycoprotein
IIb/IIIa receptor with abciximab (a monoclonal-anti-
body Fab fragment directed against the receptor)
has been shown to diminish ischemic complications
among patients undergoing high-risk coronary an-
gioplasty or atherectomy but increases bleeding
complications. The widespread applicability of this
treatment is unknown, particularly in view of the ob-
served risk of hemorrhage.

 

Methods

 

In a prospective, double-blind trial, we
randomly assigned patients undergoing urgent or
elective percutaneous coronary revascularization at
69 centers to receive abciximab with standard-dose,
weight-adjusted heparin (initial bolus of 100 U per
kilogram of body weight); abciximab with low-dose,
weight-adjusted heparin (initial bolus of 70 U per
kilogram); or placebo with standard-dose, weight-
adjusted heparin. The primary efficacy end point
was death from any cause, myocardial infarction, or
urgent revascularization within 30 days of random-
ization.

 

Results

 

The trial was terminated at the first inter-
im analysis, with 2792 of the planned 4800 patients
enrolled. At 30 days, the composite event rate was
11.7 percent in the group assigned to placebo with
standard-dose heparin; 5.2 percent in the group
assigned to abciximab with low-dose heparin (haz-
ard ratio, 0.43; 95 percent confidence interval, 0.30
to 0.60; P

 

�

 

0.001); and 5.4 percent in the group as-
signed to abciximab with standard-dose heparin (haz-
ard ratio, 0.45; 95 percent confidence interval, 0.32
to 0.63; P

 

�

 

0.001). There were no significant differ-
ences among the groups in the risk of major bleed-
ing, although minor bleeding was more frequent
among patients receiving abciximab with standard-
dose heparin.

 

Conclusions

 

Inhibition of the platelet glycoprotein
IIb/IIIa receptor with abciximab, together with low-
dose, weight-adjusted heparin, markedly reduces the
risk of acute ischemic complications in patients un-
dergoing percutaneous coronary revascularization,
without increasing the risk of hemorrhage. (N Engl J
Med 1997;336:1689-96.)
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EW strategies for preventing ischemic
complications during percutaneous cor-
onary revascularization have focused on
the platelet surface-membrane glycopro-

tein IIb/IIIa receptor.

 

1

 

 In a previous large-scale trial
(Evaluation of 7E3 for the Prevention of Ischemic
Complications, or EPIC), blockade of this receptor
by abciximab (c7E3 Fab, ReoPro, Centocor, Mal-
vern, Pa.), a human–murine chimeric antibody Fab
fragment, was shown to reduce the incidence of acute
ischemic events by 35 percent among patients un-
dergoing “high-risk” percutaneous coronary revas-
cularization

 

2

 

 but was accompanied by a doubling of
the incidence of major bleeding complications. Im-
portant questions were thus raised regarding the
balance between risk and benefit with glycoprotein
IIb/IIIa receptor blockade during coronary inter-
vention, particularly among patients not considered
to be at high risk for ischemic complications. The
concurrent administration of high doses of heparin,
however, may have potentiated the hemorrhagic tox-
icity of abciximab observed in the EPIC trial.

 

2,3

 

 A
pilot study suggested that the blood loss associated
with abciximab might be attenuated by using lower
doses of heparin, as well as by early removal of the
vascular sheath to eliminate the need for the post-
procedural infusion of heparin.

 

4

 

The objectives of the present trial were first, to de-
termine whether the clinical benefits of abciximab
therapy could be extended to all patients undergo-
ing coronary intervention, regardless of their risk
of ischemic complications, and second, to evaluate

N

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



 

1690

 

�

 

June 12, 1997

 

The New England Journal  of  Medicine

 

whether the incidence of hemorrhagic complica-
tions associated with this agent could be reduced
without loss of efficacy by adjusting the heparin
dose for body weight or reducing it.

 

METHODS

 

Study Population

 

The Evaluation in PTCA to Improve Long-Term Outcome
with Abciximab GP IIb/IIIa Blockade (EPILOG) study was a
randomized, double-blind, placebo-controlled trial conducted at
69 clinical sites in the United States and Canada. Patients under-
going elective or urgent percutaneous coronary revascularization
with a device approved by the Food and Drug Administration
were eligible for inclusion if they were over 21 years old and had
a target lesion in which there was stenosis of at least 60 percent
of the diameter of the vessel. Because the previous trial had sug-
gested that abciximab provided substantial clinical benefit among
patients with acute ischemic syndromes,

 

2

 

 patients who had either
acute myocardial infarction or unstable angina with associated
electrocardiographic changes during the previous 24 hours were
excluded. Other exclusion criteria were planned stent implanta-
tion or rotational atherectomy; percutaneous coronary interven-
tion performed within the previous three months; a left-main-
coronary-artery stenosis of more than 50 percent not protected
by collateral vessels; concurrent warfarin therapy or a base-line
prothrombin time more than 1.2 times the control value; cere-
brovascular accident within the previous two years or a residual
neurologic deficit; intracranial neoplasm, aneurysm, or arteriove-
nous malformation; history of vasculitis, known hemorrhagic di-
athesis, or active internal bleeding; hypertension, with a systolic
blood pressure of more than 180 mm Hg or a diastolic blood
pressure of more than 100 mm Hg; and major surgery, gastro-
intestinal bleeding, or genitourinary bleeding within the previ-
ous six weeks. The protocol was approved by the institutional re-
view board at each clinical site, and all patients gave informed
consent.

 

Study Protocol

 

Patients were given 325 mg of aspirin orally two hours before
the percutaneous revascularization procedure and daily thereafter.
Patients were randomly assigned in a double-blind fashion by
means of a central telephone hot line to one of three treatment
groups: placebo with standard-dose, weight-adjusted heparin; ab-
ciximab with standard-dose, weight-adjusted heparin; or abcix-
imab with low-dose, weight-adjusted heparin. For those receiving
abciximab, a bolus of 0.25 mg per kilogram of body weight was
administered 10 to 60 minutes before inflation of the balloon or
activation of the device, followed by an infusion of 0.125 

 

m

 

g per
kilogram per minute (maximum, 10 

 

m

 

g per minute) for 12 hours.
The standard-dose, weight-adjusted heparin regimen consisted of
an initial bolus of 100 U of heparin per kilogram (maximum,
10,000 U) before the interventional procedure, with additional
weight-adjusted boluses calculated according to an algorithm in-
tended to achieve and maintain an activated clotting time of
at least 300 seconds. The group assigned to low-dose, weight-
adjusted heparin received an initial bolus of 70 U of heparin per
kilogram (maximum, 7000 U), with additional boluses as neces-
sary to achieve and maintain an activated clotting time of at least
200 seconds. To preserve the blinding of all investigators and per-
sonnel involved in patient care, a heparin coordinator at each clin-
ical site performed all measurements of activated clotting time
and directed the administration of heparin. The protocol recom-
mended that heparin be discontinued immediately after the inter-
ventional procedure and that vascular sheaths be removed when
the activated clotting time was 175 seconds or less (usually 2 to
6 hours later).

Implantation of stents was discouraged and was reserved as a
means of maintaining patency after manifest or threatened abrupt

closure. Specific guidelines for sites of vascular access stressed the
early removal of sheaths, avoidance of routine placement of venous
sheaths, selective anterior-arterial-wall puncture, compression of
the femoral access site for 30 minutes to achieve hemostasis after
removal of the vascular sheath, and strict bed rest and immobili-
zation of limbs for 6 to 8 hours after the cessation of abciximab
treatment and removal of sheaths. Algorithms were provided for
the management of uncontrolled bleeding, urgent coronary-artery
bypass surgery, and thrombocytopenia, and it was recommended
that red-cell transfusions be administered according to the clinical
guidelines of the American College of Physicians.

 

5

 

Study End Points

 

The primary efficacy end point was a composite of death from
any cause, myocardial infarction or reinfarction, or severe myocar-
dial ischemia requiring urgent coronary bypass surgery or repeat-
ed percutaneous coronary revascularization within 30 days after
randomization. A second efficacy end point was a composite of
death, myocardial infarction, or coronary bypass surgery or re-
peated percutaneous revascularization (urgent or nonurgent) with-
in six months after randomization. End-point classifications of a
clinical-events committee, blinded to study-group assignment,
were used for the final analyses.

An end-point in-hospital myocardial infarction was defined by
one of two criteria: new, clinically significant Q waves in two or
more contiguous electrocardiographic leads; or elevation in cre-
atine kinase or its MB isoenzyme to at least three times the upper
limit of normal, representing an increase of at least 50 percent
over the previous trough level, in two samples collected at differ-
ent times (enzyme analysis was conducted on blood obtained be-
fore and 2 hours after the initiation of treatment with the study
agent, every 6 hours up to 24 hours, and then every 8 hours up
to 48 hours or discharge). After discharge from the hospital, my-
ocardial infarction was defined by the occurrence of Q waves or
the elevation of creatine kinase or its MB isoenzyme to more
than twice the upper limit of normal. The MB isoenzyme value
was used if it was available; if not, the total creatine kinase value
was used.

Bleeding events were classified as major or minor according to
the criteria used by the Thrombolysis in Myocardial Infarction
Study Group.

 

6

 

 Hemoglobin was measured before and 12 and 36
hours after initiation of the study agent (or at discharge). To ac-
count for the influence of red-cell transfusions on measured he-
moglobin values, the estimated decreases in hemoglobin were ad-
justed according to the technique suggested by Landefeld et al.

 

7

 

Platelet counts were obtained before and 

 

1

 

⁄

 

2

 

, 2, 12, 24, 48, and
72 hours after administration of the study agent (or at discharge).
All suspected occurrences of stroke or intracranial hemorrhage
were adjudicated by an independent neurologist.

 

Data Management and Statistical Analysis

 

Data were collected on case-report forms by study coordinators
at the clinical sites and verified with medical records by study
monitors. The investigators, study coordinators, and trial sponsor
(Centocor) remained blinded to the treatment assignments until
after the data were entered and reviewed by the clinical-events
committee and the analysis plan was made final.

The differences among patients with regard to efficacy and
bleeding variables were examined according to an intention-to-
treat analysis. Hazard ratios were based on time-to-event analyses
using the Cox proportional-hazards model. The P values for ef-
ficacy end points were derived from the log-rank statistic, and the
P values for dichotomous safety end points were calculated with
the Pearson chi-square statistic or Fisher’s exact test.

An interim analysis was performed to review efficacy and safety
data for the first 1500 patients, in order to ensure that the low-
dose heparin regimen did not result in a higher rate of ischemic
complications than placebo. The primary end point of this inter-
im analysis was the occurrence of death or myocardial infarction
within 30 days after randomization. An unbalanced stopping rule
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was applied that favored termination of the trial for reasons of
safety rather than efficacy, requiring a one-sided P value of 

 

�

 

0.025
if an abciximab group had a higher event rate than the placebo
group, but a one-sided P value of 

 

�

 

0.0005 if an abciximab group
had a lower event rate than the placebo group.

The goal of the prespecified final analyses was to test whether
either abciximab group had a lower rate of the 30-day or
6-month composite end point than the placebo group. Simula-
tions were performed for the computation of the type I error. We
controlled for type I error for each end point by requiring con-
sistent effects for the combined abciximab groups as compared
with the placebo group; a screening test was required to show sig-
nificance at a level of P

 

�

 

0.0287 for a given end point before pair-
wise testing could be performed. Both screening and pairwise
tests were one-sided. With this strategy, the total probability of
concluding that either abciximab group fared better than the pla-
cebo group with respect to any one or more of the 30-day,
6-month, or interim-analysis end points was less than 5 percent
if, in fact, no difference existed. A sample of 4800 patients was
chosen to provide an 80 percent power to detect a 35 percent re-
duction in the rate of the 30-day primary end point, assuming a
base-line (placebo-group) event rate of 7 percent.

 

RESULTS

 

Enrollment began on February 27, 1995. End-
point and safety data for the first 1500 patients were
reviewed by the Data and Safety Monitoring Com-

mittee on December 11, 1995. This interim analysis
revealed that the incidence of death or myocardial
infarction at 30 days was 8.2 percent for patients in
the placebo group, as compared with 2.6 percent for
patients treated with abciximab and low-dose hepa-
rin, and 3.6 percent for patients treated with abcix-
imab and standard-dose heparin (P

 

�

 

0.001). Since
the prespecified stopping rule was met, the trial was
terminated on December 14, 1995, with a total of
2792 of the planned 4800 patients enrolled.

There were no significant differences in base-line
characteristics among patients in the three treatment
groups (Table 1). Notably, despite the exclusion of
patients with unstable angina accompanied by re-
versible electrocardiographic changes within the pre-
vious 24 hours, 48 percent of the patients enrolled
met other clinical criteria for unstable angina.

The incidence of the composite end point of death,
myocardial infarction, or urgent revascularization
for severe myocardial ischemia at 30 days (Fig. 1)
was 11.7 percent in the placebo group, 5.2 percent
in the group assigned to abciximab with low-dose
heparin (hazard ratio, 0.43; 95 percent confidence

 

*The categories are not mutually exclusive.
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Age — yr
Median
Interquartile range

60
51–68

60
52–68

60
51–69

Weight — kg
Median
Interquartile range

84
73–95

84
75–95

84
75–95

Male sex — no. (%) 674 (72) 668 (71) 670 (73)
Diabetes — no. (%) 224 (24) 212 (23) 202 (22)
Previous bypass surgery — no. (%) 119 (13) 121 (13) 109 (12)
Indication for procedure — no. (%)

Recent infarction
Unstable angina
Stable ischemia

189 (20)
474 (50)
276 (29)

200 (21)
434 (46)
301 (32)

190 (21)
420 (46)
308 (34)

Interventional procedure — no. (%)*
None
Balloon angioplasty
Directional atherectomy
Rotational atherectomy
Extraction atherectomy
Excimer laser treatment
Elective stenting
Unplanned stenting

16 (1.7)
889 (95)

50 (5)
5 (0.5)
2 (0.2)
7 (0.7)

20 (2)
124 (13)

12 (1.3)
886 (95)

46 (5)
5 (0.5)
4 (0.4)
4 (0.4)

19 (2)
81 (9)

12 (1.3)
873 (95)

48 (5)
5 (0.5)
2 (0.2)
3 (0.3)

17 (2)
121 (13)

Preintervention heparin dose — U
Median
Interquartile range

9400
7800–11,700

5500
4700–6600

8600
7000–10,000

Preintervention heparin dose — U/kg
Median
Interquartile range

104.4
97.4–145.8

69.2
59.3–72.0

100.3
83.0–115.8

Preintervention activated clotting time — sec
Median
Interquartile range

329
311–358

283
247–324

361
326–402
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interval, 0.30 to 0.60; P

 

�

 

0.001), and 5.4 percent in
the group assigned to abciximab with standard-dose
heparin (hazard ratio, 0.45; 95 percent confidence
interval, 0.32 to 0.63; P

 

�

 

0.001). Each of the com-
ponents of the composite end point was similarly
reduced (Table 2). The treatment effect of abcix-
imab with either heparin regimen was homogeneous
among all patient groups (Fig. 2). Proportional-haz-
ards regression using the base-line variables in Table 1
identified no significant interactions between the

characteristics of the patients and the effect of abcix-
imab treatment.

The rates of hemorrhagic complications during
hospitalization are summarized in Table 3. There
were no significant differences among the treatment
groups in the risk of major bleeding. Patients receiv-
ing abciximab with standard-dose heparin, but not
those receiving abciximab with low-dose heparin,
had significantly more minor bleeding events than
patients receiving placebo. The rate of red-cell trans-
fusions was significantly lower among patients re-
ceiving abciximab with low-dose heparin than among
those receiving placebo. One patient in each abcix-
imab group, but none in the placebo group, had
a hemorrhagic stroke; two patients receiving ab-
ciximab with standard-dose heparin had other intra-
cranial bleeding or a nonhemorrhagic stroke. Severe
thrombocytopenia (platelet count, 

 

�

 

50,000 per cu-
bic millimeter) occurred in four patients in the pla-
cebo group (0.4 percent), four patients assigned to
abciximab and low-dose heparin (0.4 percent), and
eight patients in the group assigned to abciximab
and standard-dose heparin (0.9 percent, P

 

�

 

0.260).
At six months, the cumulative incidence of death,

myocardial infarction, or repeated revascularization
was 25.8 percent in the placebo group, 22.8 percent
in the group assigned to abciximab with low-dose
heparin (11.7 percent risk reduction, P

 

�

 

0.07), and
22.3 percent in the group assigned to abciximab
with standard-dose heparin (13.7 percent risk reduc-

 

Figure 1.

 

 Kaplan–Meier Estimate of the Probability of the Pri-
mary Efficacy End-Point Events (Death, Myocardial Infarction,
or Urgent Repeated Revascularization) within 30 Days after
Randomization, According to Treatment Assignment.
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*Data were incomplete for 3 percent of the study patients — 30 patients in the placebo group, 30
in the group given abciximab and low-dose heparin, and 24 in the group given abciximab and stand-
ard-dose heparin. 

†P values are for the comparison between the abciximab group and the placebo group.

‡CK denotes creatine kinase.
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no. of patients (%)
no. of

patients (%)

 

Composite 109 (11.7) 48 (5.2)

 

�

 

0.001 49 (5.4)

 

�

 

0.001
Death 7 (0.8) 3 (0.3) 0.21 4 (0.4) 0.39
Myocardial infarction

Q-wave
Non–Q-wave

Large non–Q-wave (CK MB

 

�

 

5

 

�

 

 control)‡
Small non–Q-wave (CK MB

3–5

 

�

 

 control)‡
Non–Q-wave after hospitali-

zation

81 (8.7)
7 (0.8)

74 (7.9)
53 (5.6)

18 (1.9)

3 (0.3)

34 (3.7)
4 (0.4)

30 (3.2)
19 (2.0)

11 (1.2)

0 

 

�

 

0.001
0.36

 

�

 

0.001

 

�

 

0.001

0.26

0.25

35 (3.8)
4 (0.5)

31 (3.4)
23 (2.5)

8 (0.9)

0 

 

�

 

0.001
0.38

 

�

 

0.001

 

�

 

0.001

0.07

0.25

Urgent revascularization
Repeated percutaneous inter-

vention
Coronary-artery bypass grafting

48 (5.2)
35 (3.8)

16 (1.7)

15 (1.6)
11 (1.2)

4 (0.4)

 

�

 

0.001

 

�

 

0.001

0.007

21 (2.3)
14 (1.5)

8 (0.9)

0.001
0.003

0.11
Death or myocardial infarction 85 (9.1) 35 (3.8)

 

�

 

0.001 38 (4.2)

 

�

 

0.001
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tion, P�0.04). The treatment effect observed at
30 days for the reduction in acute ischemic com-
plications (death, myocardial infarction, or urgent
revascularization) was maintained throughout the
6-month follow-up period; thus, the attenuation of
risk reduction observed for the 6-month composite
end point was due to the lack of effect of abciximab
on the incidence of nonurgent repeated revascular-
ization procedures (Table 4). There were no signifi-
cant differences in the incidence of target-vessel re-
vascularization among the three treatment groups.

DISCUSSION

The EPIC study demonstrated the efficacy of ab-
ciximab in reducing complications among patients

at high risk during coronary intervention because of
unstable ischemic syndromes or unfavorable lesion
morphology on angiography.2 However, important
questions were raised regarding whether such a strat-
egy should be used for all patients undergoing per-
cutaneous coronary revascularization, particularly in
view of the increased risk of hemorrhage associated
with the use of abciximab. In the current trial, ab-
ciximab administered with a reduced-dose, weight-
adjusted heparin regimen decreased the rate of the
composite 30-day end point by 56 percent across a
broad spectrum of patients without an attendant in-
crease in the risk of major bleeding complications. 

A noteworthy consistency of treatment effect was
observed for each of the components of the com-

Figure 2. Hazard Ratios and 95 Percent Confidence Intervals for the 30-Day Primary Efficacy End Point
in Prespecified Subgroups Defined According to Risk Stratum, Indication for Revascularization,
Weight, Age, and Sex. 
LD denotes low-dose, weight-adjusted heparin; SD standard-dose, weight-adjusted heparin; and MI
myocardial infarction. The high-risk stratum was defined at the time of randomization as the patients
with myocardial infarction within the previous seven days or adverse lesion morphology on angiog-
raphy2; all other patients were considered to be at low risk. Hazard ratios are for the abciximab groups
as compared with the placebo group.

EVENT RATES

   PLACEBO   ABCIXIMAB

� SD

  ABCIXIMAB

� LD

  percent
Risk stratum

   High   6.7   5.7  13.1

  2.5   4.9    9.2   Low

  7.5   4.2  11.1

  4.8   5.0  12.2

Indication

   Recent MI

   Unstable angina

  4.1   6.6  11.3   Stable ischemia

  5.6   5.7  13.0

  4.9   5.4  12.4

  4.8   5.2  10.1

Weight

   �75 kg

   75 – 90 kg

   �90 kg

  4.8   5.2  11.3

  6.0   5.8  12.7

Sex

   Male

   Female

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Hazard Ratio

  4.8   5.1  13.6

  5.8   5.8    8.3

Age

   �65 yr

   �65 yr

Abciximab � low-dose heparin

Abciximab � standard-dose heparin
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*Data were incomplete for 0.4 percent of the study patients — three patients in the placebo group,
three in the group given abciximab and low-dose heparin, and six in the group given abciximab and
standard-dose heparin. 

†P values are for the comparison between the abciximab group and the placebo group.

‡This was the prespecified six-month composite end point.

§This was the composite end point used for the 30-day analysis.

TABLE 4. COMPONENTS OF THE SIX-MONTH COMPOSITE EFFICACY END POINT.*

EFFICACY END POINT

PLACEBO�
STANDARD-DOSE 

HEPARIN

(N�939)

ABCIXIMAB�
LOW-DOSE 
HEPARIN 

(N�935)
P

VALUE†

ABCIXIMAB�
STANDARD-DOSE

HEPARIN

(N�918)
P

VALUE†

no. of patients (%)
no. of

patients (%)

Composite — death, myocardial infarc-
tion, or any revascularization‡

241 (25.8) 212 (22.8) 0.07 203 (22.3) 0.04

Composite — death, myocardial infarc-
tion, or urgent revascularization§

138 (14.7) 78 (8.4) �0.001 76 (8.3) �0.001

Death 16 (1.7) 10 (1.1) 0.24 13 (1.4) 0.62
Myocardial infarction

Q-wave
Non–Q-wave

93 (9.9)
15 (1.6)
79 (8.4)

47 (5.0)
12 (1.3)
36 (3.9)

�0.001
0.56

�0.001

48 (5.3)
13 (1.4)
36 (3.9)

�0.001
0.74

�0.001
Repeated revascularization

Urgent revascularization
Nonurgent revascularization
Target-vessel revascularization

180 (19.4)
63 (6.7)

127 (13.8)
168 (18.1)

176 (19.0)
29 (3.1)

155 (16.7)
157 (17.0)

0.71
�0.001

0.07
0.41

167 (18.4)
32 (3.5)

139 (15.4)
147 (16.2)

0.52
0.002
0.33
0.23

*The categories are not mutually exclusive.

†CABG denotes coronary-artery bypass grafting. 

‡P values are for the comparison between the abciximab group and the placebo group.

§One patient had both nonhemorrhagic stroke and other intracranial bleeding.

TABLE 3. BLEEDING END POINTS.*

BLEEDING END POINT†

PLACEBO�
STANDARD-DOSE 

HEPARIN

(N�939)

ABCIXIMAB�
LOW-DOSE 
HEPARIN 

(N�935)
P

VALUE‡

ABCIXIMAB�
STANDARD-DOSE

HEPARIN

(N�918)
P

VALUE‡

no. of patients (%)
no. of

patients (%)

Major bleeding 29 (3.1) 19 (2.0) 0.19 32 (3.5) 0.7
Minor bleeding 35 (3.7) 37 (4.0) 0.81 68 (7.4) �0.001
Transfusion

Red cells
Platelets

37 (3.9)
10 (1.1)

18 (1.9)
8 (0.9)

0.013
0.81

30 (3.3)
15 (1.6)

0.46
0.32

Major bleeding unrelated to CABG 10 (1.1) 10 (1.1) 1.000 17 (1.9) 0.18
Minor bleeding unrelated to CABG 32 (3.4) 37 (4.0) 0.54 70 (7.6) �0.001
Transfusion unrelated to CABG

Red cells
Platelets

18 (2.0)
1 (0.1)

11 (1.2)
4 (0.4)

0.20
0.37

16 (1.8)
5 (0.6)

0.86
0.12

Stroke or intracranial bleeding
Hemorrhagic stroke 
Nonhemorrhagic stroke with 

hemorrhagic transformation
Other intracranial bleeding
Nonhemorrhagic stroke

0 
0 
0 

0
0

2 (0.2)
1 (0.1)
0 

0 
1 (0.1)

0.25
0.5
1.000

1.000
0.5

3 (0.3)
1 (0.1)
0 

2 (0.2)§
1 (0.1)§

0.12
0.494
1.000

0.24
0.49
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posite end point, as well as for the magnitude of
benefit among the various subgroups of patients.
The reduction in acute ischemic complications after
abciximab treatment was durable over six months of
follow-up, although incremental efficacy in reducing
the need for nonurgent revascularization procedures
was not observed. This study not only establishes
the central role of platelet aggregation in the patho-
genesis of acute ischemic complications associated
with routine percutaneous revascularization, regard-
less of the patient’s risk profile, but also provides
proof that the clinical benefit derived from the inhi-
bition of platelet thrombus formation by blockade
of glycoprotein IIb/IIIa receptor may be uncoupled
from the risk of hemorrhage.

Although it is correlated with the risk of hemor-
rhage during catheterization or interventional pro-
cedures,8-11 adjunctive heparin therapy is universally
employed in patients undergoing percutaneous re-
vascularization. On the basis of observational data
indicating that the probability of abrupt vessel clo-
sure or ischemic complications may be related to
lower levels of anticoagulation,12-14 the standard of
care in many catheterization laboratories has been
the routine administration of a bolus of 10,000 to
15,000 U of heparin to achieve an activated clotting
time of at least 300 to 350 seconds before coronary
angioplasty is begun.15,16

Previous studies demonstrating benefit from ag-
gressive anticoagulant therapy with heparin during
percutaneous coronary revascularization may not,
however, be relevant when more potent platelet in-
hibition is achieved. Moreover, heparin appears to
potentiate the bleeding risk of glycoprotein IIb/IIIa
receptor blockade. In the EPIC study,2 the rate of
major bleeding was increased from 6.6 percent among
patients receiving placebo to 14 percent among those
receiving abciximab, with the greatest risk of bleed-
ing in the patients of lowest body weight, for whom
the fixed heparin doses were highest on a weight-
adjusted basis.2,3

Because the heparin doses in the current trial were
adjusted for body weight (Table 1), even the pa-
tients on the standard-dose heparin regimen re-
ceived less heparin than the boluses of 10,000 to
15,000 U that are frequently used empirically in
clinical practice. Moreover, other interventions in-
cluded early removal of the sheath (with elimination
of postprocedural heparin infusion), meticulous care
of the vascular access site, and transfusion guide-
lines. With this integrated strategy, major hemor-
rhage and the need for transfusions occurred infre-
quently in all three treatment groups, although the
lowest rates of hemorrhagic complications, particu-
larly minor bleeding, were observed when abciximab
was administered with low-dose heparin.

Despite the reduction in the dosage of heparin,
the treatment effect of abciximab in limiting ische-

mic complications of coronary revascularization was
marked: for every 1000 patients treated, 65 fewer
had acute adverse events. No other therapy has been
reported to produce this degree of reduction in
important myocardial ischemic events in a broad
population of patients undergoing coronary inter-
vention. The rates of myocardial infarction, most
frequently non–Q-wave infarction, and of urgent re-
vascularization were reduced by a similar magnitude
(relative risk reductions of 58 and 68 percent, re-
spectively). Although the clinical significance of peri-
procedural non–Q-wave myocardial infarction after
percutaneous coronary revascularization remains
somewhat controversial, several recent reports have
clearly demonstrated that patients who have elevated
levels of creatine kinase after coronary intervention
are at significantly greater risk for late death from
cardiac causes than those who do not.17-21 An in-
creased risk of late events has been observed in these
studies even among patients with small elevations of
creatine kinase MB (from more than 1 to 1.5 times
the control value),19,21 but the risk of death appears
to be proportional to the degree of enzyme eleva-
tion. The reduction in the rate of periprocedural
myocardial infarction by abciximab in this trial oc-
curred mainly for large, non–Q-wave infarctions (cre-
atine kinase MB, �5 times the control value). This
observation confirms that the ischemic events that
were prevented would have been clinically relevant
and not merely laboratory abnormalities.

Notably, the six-month outcome in the EPILOG
trial differed from that in the EPIC trial with regard
to the incidence of repeated revascularization events.
In the EPIC trial, abciximab therapy was associated
with a 26 percent reduction in the need for revascu-
larization of the target vessel (defined as further re-
vascularization in a vessel treated during the index
procedure),22 leading to the hypothesis that this
agent may inhibit the process of restenosis. In the
EPILOG trial, in contrast, no differences in long-
term revascularization rates were observed. Acute is-
chemic events (death, myocardial infarction, and ur-
gent revascularization), however, were suppressed by
abciximab throughout the six-month follow-up pe-
riod. The reasons for the disparate effects of abcix-
imab on nonurgent-revascularization rates in these
two large-scale trials are unknown, but they may re-
late in part to changes in coronary interventional
practice (including the unplanned use of stents in 12
percent of the patients in the EPILOG trial), or to
differences in patient populations or the dosage of
heparin.

The clinical applicability of glycoprotein IIb/IIIa
receptor blockade during percutaneous coronary re-
vascularization is potentially broad. However, the cost
of abciximab ($1,407 per dose, on average)23 is an
obstacle to the widespread use of this therapy. A for-
mal economic analysis of the EPILOG trial will ex-
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plore the key issue of the cost effectiveness of this
treatment. Other important considerations include
the associated risk of thrombocytopenia and the cur-
rently unknown consequences of readministration of
this chimeric antibody fragment (IgG antibody re-
sponse develops in approximately 6 percent of pa-
tients on first administration).

In summary, this trial establishes that blockade of
platelet glycoprotein IIb/IIIa receptor with abcix-
imab has potentially broad clinical use in reducing
ischemic complications associated with percutane-
ous coronary revascularization. Optimal use of this
treatment in clinical practice will require minimizing
bleeding complications by using low-dose heparin
therapy in conjunction with abciximab.

Supported by Centocor, Malvern, Pa., and Eli Lilly and Company, Indi-
anapolis.

APPENDIX

The investigators participating in the EPILOG trial were as follows: Op-
erations Committee: E.J. Topol (Study Chairman), R.M. Califf, A.M. Lin-
coff, J.E. Tcheng, C.F. Cabot, and H.F. Weisman. Site Principal Investi-
gators and Study Coordinators: D. Kereiakes, D. Lausten, J.P. Runyon,
W. Howard, T. Kelly, D. Muncy, G. Timmis, M. Safian, D. Davey, N.S.
Kleiman, D. Rose, L. Basinger, C. Rouse, J. Kramer, R. Wilson, J.D. Talley,
M. Boyles, F.I. Navetta, R. LeBueuf, P. Kraft, L. Dvorak, R.M. Smigla,
J. Ferguson, M. Harlan, K. Browne, M. Telatnik, J. Blankenship, L. Dem-
ko, R.J. Ivanhoe, C. Jackson, N. Shadoff, S. Goebel, M. Taylor, E. Cleary,
G. Gacioch, V. Chiodo, E. Bates, L. Quain, H. Snyder, R. Wilson, T.A.
Bass, G. Rohman, A. Gradman, L. Boltey, M. Tannenbaum, D. Stengl,
P. Gordon, N. Wright, F. Cummins, J. Nonnweiler, T. Aversano, L. Peltzer,
P. Bear, M.B. Craig, L. Hattel, G. Tooke, H.V. Anderson, L. Weigelt,
B. Hettleman, S. Kennedy, P.S. Teirstein, D. Claire, I. Sarembock, S. Sayre,
C.J. Davidson, A. Schaechter, F. Aguirre, T. Stonner, M. Azrin, J. Bodett,
M.B. Barry, S. Worley, L.A. Frey, D.J. Spriggs, S.A. Wahl, M.W. Weston,
K. Yedinak, B. George, D. Smith, C. Gilliland, D. Smith, D.R. Ricci,
R. Fox, C. Hartman, S. Lunow, T. Farah, S. Petruolo, G. Sander,
A. Stevens, K. Delise, B. Reen, D. Whisnant, L. Henderson, R. Heuser,
K. Swiderski, M. Kaluzniak, T. Larkin, B.J. Jackson, J. Popma, N. Prunka,
M. Sanz, D. Mayer, K. Mackey, J. Burton, N. Hogg, R. Brown, K. Stevens,
W. French, S. Wang, A.G. Adelman, V. Foulger, S. Weber, R. Gottlieb,
J. Lavoie, S. King, F. Frerichs, S. Worley, L. Hollywood, J. Ducas,
U. Schick, J.S. Hochman, J. Slater, D. Tormey, B.J. O’Neill, K. Foshay,
N. Fitzgerald, P.K. Cheung, D. Bedard, M.L. Knudtson, D. Galbraith,
H. Watt, J. Samaha, B. Hamilton, L.W. Klein, L. Hebson, D. Almond,
J. White, M.J. Rosenberg, S. Teully, M. Unks, and K. Rodgers. Data and
Safety Monitoring Committee: D. Faxon (Chairman), J. Gore, S. Kelsey,
K. Lee, D. Sane, and L. Walters. Coordinating Center: J. Booth (Study Co-
ordinator), R. Cannata, V. Castle, H. Cohen, S. DeLuca, M. Kutner,
T. Knuth, T. McCollough, J. McPherson, J. Melton, D. Miller, M. Pulliam,
S. Sapp, and K.N. Sigmon. Clinical Events Committee: E. Montague
(Committee Coordinator), K. Alexander, R. Augostini, C. Bajzer, B. Bart,
G. Belli, J. Carlson, R. Challapalli, B. Crenshaw, I. Dawson, S. DeLuca,
A. Dickey, A. Echols, B. Erickson, M.B. Fontana, S. Ghaffari, C. Gordon,
C. Granger, G. Grano, R. Grimm, T. Johnson, N. Juran, A. Kingsley,
K. Kruse, M. Lauer, K. Mahaffey, K. Malone, D. Mark, T. Marwick, R. Mi-
grino, J. Miller, K. Newby, C. Pace, E. Peterson, R. Rabbani, J. Ragan,
C. Rimmerman, S. Rodkey, V. Savor, W.F. Shaw, C. Sila, M. Silver, W. Tan,
D. Tobiasz, P. Vandervoort, C.W. Wang, C. Ward, J. Waters, D. Wiehle, and
M. Winchell. Electrocardiographic Core Laboratory: D. Underwood (Chair-
man), P. Clemons, S. Heupler, M. Lauer, J. Powers, D. Rubin, E. Sgarbossa,
and S. Steinhubl. Angiographic Core Laboratory: D. Moliterno (Medical
Director), D. Debowey (Director), E. Balazs, T. Crowe, T. Ivanc, L. Ols,
R. Poliszczuk, H. Vilsack, and B. Witherspoon. Economics and Quality of
Life: D. Mark and L. Davidson-Ray. Centocor, Inc.: K.M. Anderson, K.M.
Giel, M.H. Musco, and G.L. Stoner.
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