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TREATMENT WITH BIVALIRUDIN (HIRULOG) AS COMPARED WITH HEPARIN DURING 
CORONARY ANGIOPLASTY FOR UNSTABLE OR POSTINFARCTION ANGINA
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Abstract

 

Background.

 

Heparin is often administered
during and after coronary angioplasty to prevent closure
of the dilated vessel. However, ischemic or hemorrhagic
complications occur in 5 to 10 percent of treated patients.
We studied whether these complications could be pre-
vented when the direct thrombin inhibitor bivalirudin (Hir-
ulog) was used in place of heparin.

 

Methods.

 

We performed a double-blind, randomized
trial in 4098 patients undergoing angioplasty for unstable
or postinfarction angina. Patients were assigned to re-
ceive either heparin or bivalirudin immediately before an-
gioplasty. The primary end point was death in the hospi-
tal, myocardial infarction, abrupt vessel closure, or rapid
clinical deterioration of cardiac origin.

 

Results.

 

In the total study group, bivalirudin did not
significantly reduce the incidence of the primary end point
(11.4 percent, vs. 12.2 percent for heparin) but did result

in a lower incidence of bleeding (3.8 percent vs. 9.8 per-
cent, P

 

�

 

0.001). In the prospectively stratified subgroup of
704 patients with postinfarction angina, bivalirudin thera-
py resulted in a lower incidence of the primary end point
(9.1 percent vs. 14.2 percent, P

 

�

 

0.04) and a lower inci-
dence of bleeding (3.0 percent vs. 11.1 percent, P

 

�

 

0.001),
but in a similar cumulative rate of death, myocardial in-
farction, and repeated revascularization in the six months
after angioplasty (20.5 percent vs. 25.1 percent, P

 

�

 

0.17).

 

Conclusions.

 

Bivalirudin was at least as effective as
high-dose heparin in preventing ischemic complications in
patients who underwent angioplasty for unstable angina,
and it carried a lower risk of bleeding. Bivalirudin, as com-
pared with heparin, reduced the risk of immediate ische-
mic complications in patients with postinfarction angina,
but this difference was no longer apparent after six months.
(N Engl J Med 1995;333:764-9.)
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H

 

EPARIN is often given to patients during coro-
nary angioplasty to inhibit coagulation locally

within a segment of the coronary artery and thus pre-
vent closure of the dilated vessel. High doses of heparin
are commonly used during coronary angioplasty to
overcome the theoretical limitation of localized resist-
ance to heparin,

 

1-3

 

 but the efficacy of heparin in coro-
nary angioplasty is not uniform. Approximately 5 to 10
percent of patients who undergo angioplasty have is-
chemic or hemorrhagic complications.

 

4-10

 

Direct-acting thrombin inhibitors, such as hirudin
and its analogues, have several theoretical advantages
over heparin. Thrombin inhibitors that act directly do
not require a cofactor such as antithrombin III; are ac-
tive against clot-bound thrombin

 

2

 

; and have no known
natural inhibitors, such as platelet factor 4.

 

3

 

 The biva-
lent thrombin inhibitor bivalirudin (Hirulog) has been
evaluated in a pilot study of coronary angioplasty, but
not in a controlled comparison with heparin.

 

11

 

Unstable angina and myocardial infarction are pre-
cipitated by intracoronary thrombus formation.

 

12-19

 

 Pa-
tients who undergo angioplasty for unstable or postin-
farction angina have abrupt closure of the dilated
vessel and ischemic complications more often than pa-
tients with stable angina.

 

8,10,20-22

 

 The primary goal of
our study was to determine whether patients undergo-
ing coronary angioplasty for unstable or postinfarction
angina who are treated with bivalirudin have a lower

incidence of ischemic complications than those treated
with heparin.

 

M

 

ETHODS

 

Enrollment of Patients

 

We conducted a double-blind, randomized comparison of bivaliru-
din and heparin in 121 medical centers in North America and Eu-
rope between March 24, 1993, and July 15, 1994. The protocol was
approved by each participating institution’s ethics review board.

Patients with chest pain were screened for enrollment. Patients
were eligible for the study if they were over 21 years old; were urgent-
ly scheduled to undergo angioplasty for unstable angina defined as
crescendo angina, angina of new onset, or angina at rest or for
postinfarction angina less than two weeks after myocardial infarc-
tion; and gave written, informed consent. Patients were excluded if
their serum creatinine concentrations exceeded 3.0 mg per deciliter
(265 

 

m

 

mol per liter); if they had received thrombolytic therapy within
the previous 24 hours; if they were scheduled to undergo coronary
atherectomy, stenting, or laser angioplasty; if they were scheduled for
a staged angioplasty procedure; if they were possibly pregnant; or if
they could not tolerate aspirin or heparin.

Although two parallel studies — each of 2000 patients — were
specified by the protocol to meet regulatory requirements, the proto-
col also specified that scientific analysis and safety monitoring would
involve the combined cohort of 4000 patients; the analysis of the
combined cohort is presented in this report. Of 16,584 patients
screened, 4312 were enrolled and treated with bivalirudin or heparin.
Reasons for nonenrollment included ineligibility (7455 patients), a
physician’s refusal to participate (1423 patients), a patient’s refusal
to participate (1627), and other reasons (1767). Of the 4312 patients
enrolled, 4098 actually underwent angioplasty. At each study site, pa-
tients were stratified for randomization according to whether they
had unstable or postinfarction angina.

 

Study Protocol

 

Aspirin (300 to 325 mg) was given to all patients. The thrombin
inhibitor bivalirudin was supplied by Biogen (Cambridge, Mass.).
Therapy with either bivalirudin or heparin was initiated immediately
before angioplasty. Patients randomly assigned to the bivalirudin
group were given a bolus dose of 1.0 mg per kilogram of body weight,
followed by a 4-hour infusion at a rate of 2.5 mg per kilogram per
hour and a 14-to-20-hour infusion at a rate of 0.2 mg per kilogram
per hour. Patients assigned to the heparin group were treated with a
high-dose regimen consisting of a bolus dose of 175 units per kilo-
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gram followed by an 18-to-24-hour infusion at a rate of 15 units per
kilogram per hour. Activated clotting times were measured (with
Hemochron, International Technidyne, Edison, N. J.) in both study
groups 5 minutes and 45 minutes after the administration of the bo-
lus dose. If the clotting time was less than 350 seconds, saline was
given to the patients treated with bivalirudin, and a bolus dose of 60
units of heparin per kilogram to those treated with heparin. For pur-
poses of blinding, the research pharmacist prepared the same num-
ber of syringes and infusion bags for each patient. No labeling infor-
mation revealed whether the syringes or bags contained heparin or
bivalirudin. Both those patients receiving heparin and those receiv-
ing bivalirudin had the infusion bags changed after four hours, even
though no change in dosage was made for the patients treated with
heparin. Femoral sheaths were removed two hours after the infusion
of a study drug was discontinued.

 

End Points

 

The primary end point of the study was any of the following
complications during hospitalization: death, myocardial infarction,
abrupt closure of the dilated vessel, or rapid clinical deterioration of
cardiac origin requiring bypass surgery, intra-aortic balloon counter-
pulsation, or repeated coronary angioplasty. All deaths were classi-
fied and their timing determined by the consensus of at least two
members of the morbidity and mortality classification committee who
were blinded to treatment assignment. The occurrence and timing of
myocardial infarction were classified by the myocardial infarction
and ischemia classification laboratory. Infarction was defined as an
elevation in the total serum creatine kinase concentration to at least
twice the upper limit of normal (with at least 4.0 percent MB activ-
ity), a new two-step Q-wave change (according to the Minnesota
Code),

 

23

 

 persistent ST-segment or T-wave changes, or a new left bun-
dle-branch block or the presence of ischemic chest pain lasting longer
than 30 minutes. Reinfarction was diagnosed on the basis of another
elevation of the total or MB creatine kinase concentration above its
previous nadir.

Abrupt closure of a successfully dilated vessel was classified as ei-
ther an established closure,

 

8

 

 defined as a total or subtotal occlusion
with a flow of Thrombolysis in Myocardial Infarction (TIMI) grade
0 to 1,

 

24

 

 or a threatened closure, defined as stenosis of more than 50
percent and a reduced flow, as measured on the TIMI scale, that re-
quired additional therapy with intracoronary stenting, thrombolytic
therapy, or repeated cardiac catheterization.

 

10,25

 

Major hemorrhage was also considered a study end point and was
defined as overt bleeding with a decrease in the hemoglobin concen-
tration of at least 3 g per deciliter, a need for transfusion, intracranial
hemorrhage, or retroperitoneal bleeding. Base-line and post-angio-
plasty blood counts were submitted to an independent laboratory (Sci-
Cor, Indianapolis), blinded to treatment assignment, for verification.

Every two months, an independent data safety and monitoring
committee reviewed data on the incidence of major hemorrhage, my-
ocardial infarction, and death and made recommendations to the
steering committee about continuing the study.

 

Data Collection and Statistical Analysis

 

All patients were followed prospectively from the time of enroll-
ment until hospital discharge by the research coordinator at each
participating center. Clinical data were submitted to the data-coordi-
nating center (ClinTrials Research, Research Triangle Park, N.C.),
which also sent clinical monitors to each site every two weeks to ver-
ify all the submitted data against source documents. Follow-up infor-
mation from office visits and telephone calls to patients was sub-
mitted to the data-coordinating center on standardized case-report
forms three and six months after enrollment by the site research co-
ordinators, who were blinded to treatment assignment.

All angiograms were reviewed in a core laboratory by experienced
angiographers, who were also blinded to treatment assignment and
who coded lesion characteristics with validated methods.

 

10,13,26

 

 The
reproducibility of the qualitative assessment of lesions was good to
excellent, with kappa values of 0.4 to 0.9.

 

27

 

 
In comparing the treatment groups, we used Fisher’s exact test for

categorical variables and the Mann–Whitney U test for continuous
variables with a non-normal distribution.

 

28

 

 Base-line data were miss-
ing for 3 of the 4098 patients who underwent angioplasty (0.07 per-
cent), angiographic data for 30 (0.7 percent), and follow-up data for

195 patients (4.8 percent). Comparisons of base-line variables were
performed only with data from the patients for whom complete infor-
mation was available. Statistical analyses were performed with con-
ventional software at default settings (SAS Institute, Cary, N.C.).

 

R

 

ESULTS

 

No significant differences were seen between the two
treatment groups in base-line clinical variables (Table
1). Slight differences in base-line angiographic vari-
ables were noted: the bivalirudin group had a lower
proportion of simple, type A lesions (30 percent vs. 34
percent, P

 

�

 

0.01) and a higher proportion of moder-
ately complex, type B lesions (57 percent vs. 53 per-
cent, P

 

�

 

0.007) (Table 1). As compared with patients
with unstable angina, those with postinfarction angina
were more likely to have angina at rest (77 percent
vs. 61 percent, P

 

�

 

0.001), to require pretreatment with
heparin (53 percent vs. 34 percent, P

 

�

 

0.001) and to
have lesions associated with angiographic evidence of
thrombus (25 percent vs. 12 percent, P

 

�

 

0.001).
Patients in the bivalirudin group had a slightly lower

median value and interquartile range (25th to 75th per-
centile) for activated clotting times, measured 5 minutes
after initial treatment, than did those treated with hep-
arin (346 seconds [305 to 405] vs. 383 seconds [332 to
450], P

 

�

 

0.001). Any difference in clotting times was
probably magnified by the administration of an addi-
tional bolus dose of active drug in 37 percent of the pa-
tients treated with heparin.

As compared with heparin, bivalirudin did not ap-

 

*Lesion grade denotes the type of the most complex lesion treated according to the Ameri-
can Heart Association–American College of Cardiology classification.

 

29

 

†Of the most complex lesion treated.

‡The presence of thrombus was indicated by angiographic evidence of total occlusion, filling
defect, or hazy ulcerated lesion.

 

Table 1. Base-Line Clinical and Angiographic Characteristics of
Patients Undergoing Coronary Angioplasty for Unstable or Postin-

farction Angina, According to Treatment Group.

 

C

 

HARACTERISTIC

 

B

 

IVALIRUDIN

 

(N

 

�

 

2059)
H

 

EPARIN

 

(N

 

�

 

2039)

 

Clinical

 

Median age — yr (25th, 75th percentile) 63 (54, 70) 62 (54, 70)

 

no. of patients (%)

 

Female sex 1670 (33) 1652 (32)
Diabetes 1440 (21) 1419 (21)
Unstable angina 1707 (83) 1687 (83)
Pain at rest within 48 hr before angioplasty 1617 (30) 1631 (31)
Postinfarction angina 1352 (17) 1352 (17)
Previous coronary angioplasty 1555 (27) 1522 (26)
Previous bypass surgery 186 (9) 1204 (10)
Multivessel coronary disease 1978 (47) 1936 (46)
Heparin pretreatment 1736 (36) 1783 (38)

 

Angiographic

 

 

No. of target lesions
1
2
3

 

�

 

4

1445 (70)
1468 (23)
1120 (6)1
1126 (1)1

1464 (72)
1452 (22)
1101 (5)1
1121 (1)1

Lesion grade*
Type A
Type B
Type C

1616 (30)
1167 (57)
1248 (12)

1690 (34)
1078 (53)
1253 (12)

Lesion type†
Total occlusion
Filling defect
Thrombus‡

1148 (7)1
1150 (2)1
1301 (15)

1141 (7)1
1145 (2)1
1266 (13)
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pear to lower the incidence of the primary end point
in the entire cohort of 4098 patients with unstable
or postinfarction angina. The incidence of in-hospital
death (0.4 percent for the bivalirudin group vs. 0.2 per-
cent for the heparin group), myocardial infarction (3.2
percent vs. 3.9 percent), emergency bypass surgery (1.7
percent vs. 1.7 percent), and other ischemic complica-
tions was similar in the two treatment groups (Table
2). Intention-to-treat analysis produced similar results:
254 of the 2161 patients (11.8 percent) assigned to bival-
irudin treatment reached the primary end point, as did
277 of the 2151 patients (12.9 percent) assigned to hep-
arin treatment (P

 

�

 

0.26).
Bivalirudin therapy was associated with a lower inci-

dence of myocardial infarction than was heparin ther-
apy (2.0 percent vs. 5.1 percent, P

 

�

 

0.04), and with a
lower incidence of the primary end point (9.1 percent
vs. 14.2 percent, P

 

�

 

0.04), in the subgroup of patients
undergoing coronary angioplasty for postinfarction an-
gina (Table 2). In the group of patients undergoing cor-
onary angioplasty for unstable angina without recent
myocardial infarction, the use of bivalirudin did not re-
duce the incidence of death, myocardial infarction, or
bypass surgery (5.0 percent vs. 4.9 percent; odds ratio,
1.0; 95 percent confidence interval, 0.7 to 1.4; P

 

�

 

1.00),
or of the composite end point (11.9 percent vs. 11.8 per-
cent; odds ratio, 1.0; 95 percent confidence interval, 0.8
to 1.2; P

 

�

 

1.00).
In the entire cohort, treatment with bivalirudin, as

compared with heparin, was associated with a lower in-

cidence of retroperitoneal hemorrhage (0.2 percent vs.
0.7 percent, P

 

�

 

0.02), need for transfusion (3.7 percent
vs. 8.6 percent, P

 

�

 

0.001), and major hemorrhage (3.8
percent vs. 9.8 percent, P

 

�

 

0.001) (Table 3). In the pa-
tients with postinfarction angina, bivalirudin therapy
was also associated with a reduced frequency of hemor-
rhagic complications. Although the rate of occurrence
of both ischemic and hemorrhagic complications in the
same patient was higher in the heparin group than
in the bivalirudin group (3.1 percent vs. 1.5 percent,
P

 

�

 

0.001), the proportion of patients whose ischemic
complications were preceded by hemorrhage was simi-
lar in the two treatment groups (0.8 percent vs. 0.4 per-
cent, P

 

�

 

0.17). No safety problems involving the car-
diopulmonary, neurologic, or other organ systems were
identified with bivalirudin in the study.

 

30

 

 
The cumulative incidence of death, myocardial in-

farction, or a need for repeated revascularization six
months after treatment was similar in the two treat-
ment groups (Table 4). The level of clinical restenosis,
as measured by the incidence of any complication after
discharge, was also similar in the two treatment groups,
both in the cohort as a whole (21.0 percent for bivaliru-
din vs. 21.3 percent for heparin, P

 

�

 

0.85) and in the
patients with unstable angina (17.8 percent and 18.4
percent, respectively; P

 

�

 

0.91).

 

D

 

ISCUSSION

 

This study demonstrates that bivalirudin can be safe-
ly used as a substitute for heparin in patients undergo-
ing angioplasty for either unstable or postinfarction an-
gina. At lower levels of systemic anticoagulation than
those produced by high-dose heparin, bivalirudin ther-
apy resulted in equivalent rates of ischemic complica-
tions and lower rates of bleeding complications. In
higher-risk patients undergoing angioplasty for postin-
farction angina, bivalirudin resulted in lower rates of is-
chemic and bleeding complications than did heparin.

The hypothesis tested by the study was that patients
undergoing angioplasty for a broad range of acute cor-
onary syndromes would have fewer complications with
bivalirudin than with heparin; acute ischemic syn-
dromes are caused by intracoronary thrombi, and biva-
lirudin has a more direct effect than heparin on throm-
bus formation. Although several angiographic,

 

12-14,31

 

angioscopic,

 

15,16

 

 and histologic

 

17-19

 

 studies

 

 

 

have indicat-
ed that unstable angina and myocardial infarction are
precipitated by plaque rupture and thrombus forma-
tion, the clinical diagnosis of acute ischemia is not al-
ways linked with the detection of the underlying path-
ophysiologic mechanisms. Of all patients with unstable
angina, 10 to 26 percent have angiographic evidence of
intracoronary thrombus

 

12-14,31-34

 

 and 47 percent of pa-
tients with unstable angina who undergo angioplasty
have such angioscopic evidence.

 

35

 

 It is difficult to deter-
mine how many patients in this study had their unsta-
ble symptoms caused by the formation of intracoronary
thrombi. Of the patients with unstable angina, only 14
percent had angiographic evidence of thrombus, 30
percent had angina at rest within 48 hours before

 

*CI denotes confidence interval, and MI myocardial infarction.

 

Table 2. Ischemic Complications According to Treatment Group.

 

*

 

C

 

OMPLICATION

 

B

 

IVALIRUDIN

 

H

 

EPARIN

 

O

 

DDS

 

 R

 

ATIO

 

(95% CI) P V

 

ALUE

 

Entire cohort

 

No. of patients 2059 2039

 

no. of patients (%)

 

Death 119 (0.4)1 114 (0.2)1 2.2 (0.7–7.2) 0.27

MI 165 (3.2)1 180 (3.9)1 0.8 (0.6–1.1) 0.20

Emergency bypass surgery 135 (1.7)1 135 (1.7)1 1.0 (0.6–1.6) 1.00

Death, MI, or bypass 
surgery

194 (4.6)1 105 (5.1)1 0.9 (0.7–1.2) 0.42

Clinical deterioration 114 (5.5)1 128 (6.3)1 0.9 (0.7–1.1) 0.32

Abrupt vessel closure 199 (9.7)1 198 (9.7)1 1.0 (0.8–1.2) 1.00

Any ischemic compli-
cation

235 (11.4) 249 (12.2) 0.9 (0.8–1.1) 0.44

 

Patients with postinfarc-
tion angina

 

No. of patients 352 352

 

no. of patients (%)

 

Death 110 (0.0)1 113 (0.9)1 0.1 (0.0–2.8) 0.25

MI 117 (2.0)1 118 (5.1)1 0.4 (0.2–0.9) 0.04

Emergency bypass surgery 113 (0.9)1 115 (1.4)1 0.6 (0.2–2.4) 0.73

Death, MI, or bypass 
surgery

119 (2.6)1 122 (6.2)1 0.4 (0.2–0.9) 0.03

Clinical deterioration 116 (4.5)1 122 (6.2)1 0.7 (0.4–1.4) 0.40

Abrupt vessel closure 126 (7.4)1 136 (10.2) 0.7 (0.4–1.2) 0.19

Any ischemic compli-
cation

132 (9.1)1 150 (14.2) 0.6 (0.4–0.9) 0.04
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angioplasty, and 37 percent were judged by their phy-
sicians to need heparin therapy — a treatment rec-
ommended for hospitalized patients with unstable an-
gina.

 

36,37

 

 Although the enrollment of patients with
unstable angina in this study may have reflected cur-
rent trends toward the overuse of some acute diag-
noses,

 

38

 

 the classification of patients as having postin-
farction angina required strict documentation of recent
myocardial infarction and thus defined a more homo-
geneous group with more severe illness and a higher
incidence of intracoronary thrombus. In these postin-
farction patients, bivalirudin therapy resulted in a re-
duction in both ischemic and bleeding complications.

The overall rates of ischemic complications in this
study were low. In the heparin-treated group, 0.2 per-
cent of the patients died; 1.7 percent required bypass
surgery; and 3.9 percent had myocardial infarctions.
The incidence of myocardial infarction was lower than
the rates of 5 to 6 percent reported in several other
studies of patients with unstable angina.

 

22

 

 Since the
dose of heparin used in this study was associated with
a low incidence of myocardial infarction, the compari-
son bivalirudin treatment would have had to result in a
myocardial infarction rate of less than 2 percent for the
difference to be statistically significant.

Bivalirudin and heparin treatment resulted in identi-
cal rates of abrupt vessel closure, an ischemic compli-
cation attributed to several different mechanisms. Re-
cent studies have revealed, however, that abrupt vessel
closure is caused by intimal dissection or extrusion of
atheromatous plaque,

 

10,39-41

 

 conditions unlikely to re-
spond to anticoagulation regimens.

Therapy with bivalirudin resulted in a lower level of
systemic anticoagulation than did treatment with hep-
arin, as assessed by the measurement of activated clot-
ting times.

 

42

 

 It is unclear, however, whether activated
clotting times reflected the status of the dilated coro-
nary-artery segment. The biophysical and pharmaco-

dynamic properties of bivalirudin may give the drug
some advantage over heparin, allowing equivalent de-
grees of localized thrombin inhibition to be achieved in
the dilated segment of the coronary artery at lower lev-
els of systemic anticoagulation. The theoretical advan-
tages of direct thrombin inhibitors over heparin include
their activity against clot-bound thrombin,

 

2

 

 the ab-
sence of natural inhibitors,

 

3

 

 and more predictable and
less variable levels of anticoagulation.

 

43

 

 Because of the
different properties of bivalirudin and heparin, it was
not a goal of the study to achieve identical activated
clotting times with the two anticoagulants.

The heparin regimen used in this study, which was
selected to achieve a minimal activated clotting time of
350 seconds, involved higher doses than the regimens
reported in other studies. Women received a median
dose of 11,600 units of heparin and men received a me-
dian dose of 13,700 units. By comparison, the heparin
dose in the EPIC (Evaluation of 7E3 for the Prevention
of Ischemic Complications) study was 10,000 units, fol-
lowed by additional amounts to achieve a slightly lower
activated clotting time of 300 to 350 seconds.

 

44 

 

The
proportion of heparin-treated patients needing trans-
fusion in this study (8.6 percent) was also slightly high-
er than the 7 percent of patients treated with heparin
alone who needed transfusion in the EPIC study,

 

44

 

 but
the increased anticoagulation in the heparin-treated
patients in the current study did not result in additional
episodes of ischemia precipitated by bleeding and hy-
potension.

In contrast to the six-month follow-up results of the
EPIC study, which suggested that prolonged blockade
of the platelet glycoprotein IIb/IIIa receptor could re-
sult in reduced clinical restenosis,

 

45

 

 the cumulative six-
month rates of untoward events in this study were not
lower after short-term exposure to a direct thrombin
inhibitor than after heparin treatment. Although the

 

*A total of 214 patients received the study drugs but did not undergo angioplasty. CI denotes
confidence interval.

 

Table 3. Bleeding Complications for All Treated Patients Accord-
ing to Treatment Group.

 

*

 

C

 

OMPLICATION

 

B

 

IVALIRUDIN

 

H

 

EPARIN

 

O

 

DDS

 

 R

 

ATIO

 

(95% CI) P V

 

ALUE

 

Entire cohort

 

No. of patients 2161 2151

 

no. of patients (%)

 

Intracranial hemorrhage 11 (0.05) 112 (0.09) 0.5 (0.0–5.5)1

 

�

 

0.621
Retroperitoneal bleeding 14 (0.2)1 114 (0.7)1 0.3 (0.1–0.9)0

 

�

 

0.021
Red-cell transfusion 80 (3.7)1 186 (8.6)1 0.4 (0.3–0.6)1

 

�

 

0.001
Major hemorrhage 82 (3.8)1 210 (9.8)1 0.4 (0.3–0.5)1

 

�

 

0.001

 

Patients with post-
infarction angina

 

No. of patients 366 369

 

no. of patients (%)

 

Intracranial hemorrhage 10 (0.0)1 111 (0.3)1 0.3 (0.0–8.3)1

 

�

 

1.001
Retroperitoneal bleeding 11 (0.3)1 111 (0.3)1 1.0 (0.1–16.1)

 

�

 

1.001
Red-cell transfusion 11 (3.0)1 135 (9.5)1 0.3 (0.2–0.6)1

 

�

 

0.001
Major hemorrhage 11 (3.0)1 141 (11.1) 0.3 (0.1–0.5)1

 

�

 

0.001

*A total of 195 patients who underwent angioplasty had incomplete or missing follow-up
data. Revascularization denotes bypass operation or repeated coronary angioplasty, and CI con-
fidence interval.

Table 4. Cumulative Clinical Events at Six Months in Patients
with Unstable or Postinfarction Angina, According to Treatment

Group.*

EVENT BIVALIRUDIN HEPARIN

ODDS RATIO

(95% CI) P VALUE

Entire cohort
No. of patients 1977 1926

no. of patients (%)

Death 136 (1.8)1 122 (1.1)1 1.6 (0.9–2.7) 0.09
Myocardial infarction 109 (5.5)1 118 (6.1)1 0.9 (0.7–1.2) 0.45
Revascularization 452 (22.9) 461 (23.9) 0.9 (0.8–1.1) 0.47
Any event 509 (25.7) 513 (26.6) 1.0 (0.8–1.1) 0.54

Patients with postinfarc-
tion angina

No. of patients 337 331

no. of patients (%)

Death 116 (1.8)1 118 (2.4)1 0.7 (0.3–2.1) 0.60
Myocardial infarction 117 (5.0)1 126 (7.9)1 0.6 (0.3–1.2) 0.16
Revascularization 159 (17.5) 166 (19.9) 0.9 (0.7–1.3) 0.49
Any event 169 (20.5) 183 (25.1) 0.8 (0.5–1.1) 0.17
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absolute difference of 4 percentage points in the rate
of major complications between postinfarction patients
treated with bivalirudin and those treated with heparin
was maintained six months after angioplasty, this dif-
ference was not statistically significant.

As compared with heparin treatment, bivalirudin
treatment was associated with an equivalent rate of is-
chemic complications in the study group as a whole and
a lower rate of ischemic complications in patients with
postinfarction angina, all in the context of lower levels
of systemic anticoagulation and a reduced risk of bleed-
ing; these findings provide evidence that bivalirudin in-
hibits thrombin and the formation of arterial thrombi
more efficiently than heparin. Although a brief period
of administration of bivalirudin did not reduce the rate
of clinical restenosis, the results of our trial suggest
that a more favorable balance between the two effects
of increased anticoagulation in high-risk patients — a
reduction in ischemic complications and an increase in
the risk of bleeding — is more easily achieved in the
short term with a direct thrombin inhibitor such as bi-
valirudin than with heparin.

We are indebted to Beth Fetterman, John Larus, and Evelyn
Whalen of ClinTrials Research, and Elizabeth A. Levin and Arthur
McAllister of Biogen, Inc., for their assistance in carrying out the
study and analysis, and to Dr. Elliott Antman and Dr. Irving Fox for
their review of the manuscript.

APPENDIX

The following were the principal investigators for the Hirulog An-
gioplasty Study: Albany, N.Y. — W. Breisblatt; Albuquerque —
N. Shadoff, M. Holland; Ann Arbor, Mich. — J. Bengtson, D. Muller;
Atlanta — W.C. Jacobs, S. King; Austin, Tex. — J. Dieck; Besançon,
France — J. Bassand; Birmingham, Ala. — G. Roubin; Boston —
M. Gibson, A. Jacobs, P. Ganz, R. Nesto, C. Kimmelstiel; Brooklyn,
N.Y. — N. Goldberg; Paris — S. Makowski; Charlottesville, Va. —
I. Sarembock; Cheyenne, Wyo. — L. Hattel; Chicago — T. Feldman;
Cleveland — V. Vekshtein, J. Hodgson; Columbus, Ohio — R. Ma-
gorien; Dallas — A. Anwar; Daly City, Calif. — R. Myler; Denver —
R. Ginsburg; Des Moines, Iowa — L. Iannone; Detroit — P. Kraft;
Dublin, Ireland — I. Graham, D. FitzGerald, M. Walsh; Gainesville,
Fla. — C. Pepine, T. Wargovich; Greensboro, N.C. — T. Kelly; Gro-
ningen, the Netherlands — P. den Heyer; Hartford, Conn. — R. Mc-
Kay; Houston — J. Ferguson, H. Anderson; Indianapolis —
E. Harlamert, C. Orr; Inglewood, Calif. — V. Hattori; Iowa City
— M. Winniford; Kansas City, Mo. — K. Huber; La Jolla, Calif. —
A. Johnson; Lakeland, Fla. — A. Brenner; Lancaster, Pa. — S. Wor-
ley; Lausanne, Switzerland — P. Vogt; Lebanon, N.H. — J. Robb;
Leicester, United Kingdom — D. De Bono; Leuven, the Netherlands
— J. Piessen; Lexington, Ky. — J. Gurley; Lincoln, Nebr. — K. Gha-
lili; Little Rock, Ark. — B. Murphy; Loma Linda, Calif. — K. Jutzy;
London — D. Jewitt, M. Rothman; Los Angeles — B. Cercek,
T. Shook, P. Mahrer; Madison, Wis. — B. Meany; Memphis, Tenn.
— S. Himmelstein; Milwaukee — Y. Shalev; Minneapolis — J. Mad-
ison, A. McGinn, T. Henry, D. Laxson; Montgomery, Ala. —
P. Moore; Montreal — R. Bonan; Munich, Germany — B. Hofling;
Neuilly sur Seine, France — A. Bernard; New Brunswick, N. J. —
S. Palmeri; New Haven, Conn. — M. Cleman; New York —
J. Wilentz, L. Rabbani, T. Sanborn, F. Feit; Newark, N. J. — M. Still-
abower; Nieuwegein, the Netherlands — W. Plokker; Norfolk, Va. —
A. Ciuffo; Ocala, Fla. — R. Feldman, P. Urban; Omaha, Nebr. —
M. Del Core; Orlando, Fla. — R. Ivanhoe; Park Ridge, Ill. — M. Sa-
bri; Pasadena, Calif. — D. Swan; Philadelphia — M. Cohen,
D. Kolansky, E. Deutsch; Portland, Me. — M. Kellett; Providence,
R.I. — P. Gordon, D. Williams; Provo, Utah — R. Badger; Raleigh,
N.C. — J. Tift Mann; Richmond, Va. — A. Minisi, G. Vetrovec;
Rochester, N.Y. — R. Pomerantz; Rockford, Ill. — D. Yardley;
Roslyn, N.Y. — A. Guerci; Royal Oak, Mich. — G. Timmis; Salt
Lake City — J. Muhlestein; San Antonio, Tex. — R. Lyons; San Di-

ego, Calif. — J. Gordon; Sarasota, Fla. — M. Frey; Springfield, Mass.
— M. Schweiger; Springfield, Mo. — G. Taylor; St. Louis — P. Cole,
F. Aguirre; Stanford, Calif. — A. Yeung; Takoma Park, Md. —
F. Shawl; Tampa, Fla. — M. Weston; Temple, Tex. — L. Watson;
Tulsa, Okla. — A. deLeon; Tyler, Tex. — J. Jackman; Vancouver,
B.C. — A. Dodek; Washington, D.C. — M. Hong, C. Lundergan;
West Roxbury, Mass. — J. Vita; Wiesbaden, Germany — W. Kasper;
Winston-Salem, N.C. — M. Kutcher; Wynnewood, Pa. — J. Kitchen.

Steering Committee — J. Bittl (chairman), J. Strony (cochairman),
B. Adelman, A. McAllister, E. Levin, G. Winkler, E. Whalen; Data
Coordinating Center — J. Larus, E. Whalen, ClinTrials Research,
Research Triangle Park, N.C.; Myocardial Infarction and Ischemia
Classification Laboratory — B. Chaitman (chairman), K. Stocke, St.
Louis University; Angiographic Core Laboratory — W. Ahmed
(chairman), C. Meckel (cochairman), D. Manuelian, M. Wolfe, R. Pi-
ana, P. Estella, J. Bittl, Brigham and Women’s Hospital, Boston; Data
Safety and Monitoring Committee — J. Brinker (chairman),
M. Ezekowitz, T. Fischell, G. White, S. Kelsey; Mortality and Mor-
bidity Classification Committee — J. Bittl, C. Meckel, E. Deutsch,
R. Ivanhoe, J. Strony.
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