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A bs tr ac t

Background

Despite its limitations, unfractionated heparin has been the standard anticoagulant 
used during percutaneous coronary intervention (PCI). Several small studies have 
suggested that intravenous enoxaparin may be a safe and effective alternative. Our 
primary aim was to assess the safety of enoxaparin as compared with that of un-
fractionated heparin in elective PCI.

Methods

In this prospective, open-label, multicenter, randomized trial, we randomly assigned 
3528 patients with PCI to receive enoxaparin (0.5 or 0.75 mg per kilogram of body 
weight) or unfractionated heparin adjusted for activated clotting time, stratified ac-
cording to the use or nonuse of glycoprotein IIb/IIIa inhibitors. The primary end point 
was the incidence of major or minor bleeding that was not related to coronary-artery 
bypass grafting. The main secondary end point was the percentage of patients in 
whom the target anticoagulation levels were reached.

Results

Enoxaparin at a dose of 0.5 mg per kilogram was associated with a significant reduc-
tion in the rate of non–CABG-related bleeding in the first 48 hours, as compared with 
unfractionated heparin (5.9% vs. 8.5%; absolute difference, –2.6; 95% confidence inter-
val [CI], –4.7 to –0.6; P = 0.01), but the higher enoxaparin dose was not (6.5% vs. 8.5%; 
absolute difference, –2.0; 95% CI, –4.0 to 0.0; P = 0.051). The incidence of major bleed-
ing was significantly reduced in both enoxaparin groups, as compared with the un-
fractionated heparin group. Target anticoagulation levels were reached in significantly 
more patients who received enoxaparin (0.5-mg-per-kilogram dose, 79%; 0.75-mg-
per-kilogram dose, 92%) than who received unfractionated heparin (20%, P<0.001).

Conclusions

In elective PCI, a single intravenous bolus of 0.5 mg of enoxaparin per kilogram is 
associated with reduced rates of bleeding, and a dose of 0.75 mg per kilogram 
yields rates similar to those for unfractionated heparin, with more predictable an-
ticoagulation levels. The trial was not large enough to provide a definitive com-
parison of efficacy in the prevention of ischemic events. (ClinicalTrials.gov num-
ber, NCT00077844.)
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T he american college of cardiology, 

the American Heart Association, and the 
European Society of Cardiology recommend 

the use of intravenous unfractionated heparin, 
with the dose adjusted for the activated clotting 
time, during percutaneous coronary intervention 
(PCI).1,2 However, better anticoagulation regimens 
are needed for PCI, given the limitations of unfrac-
tionated heparin, which include its sometimes dif-
ficult-to-manage effects on coagulation, the need 
for repeated monitoring of coagulation, the nar-
row therapeutic window, the potential induction 
of platelet activation, and the risk of thrombocy-
topenia.3

The use of low-molecular-weight heparins as 
anticoagulants is increasing in patients with acute 
coronary syndrome who undergo PCI4-6 and in 
those undergoing elective procedures.7,8 As com-
pared with unfractionated heparin, low-molecu-
lar-weight heparins are considered to induce a 
more stable and predictable anticoagulant dose 
response (obviating the necessity for coagulation 
monitoring), and to have a longer half-life and a 
greater ratio of anti–factor Xa activity to anti–fac-
tor IIa activity, which reduces the generation and 
activation of thrombin.3,9 Low-molecular-weight 
heparins are also less apt to induce platelet acti-
vation, release of the von Willebrand factor, and 
inflammation.10-13

Small or noncomparative trials have evaluated a 
single intravenous bolus of enoxaparin — 1 mg,14-18 
0.75 mg,14,19-21 or 0.5 mg7,22 per kilogram of body 
weight — in patients undergoing PCI with or with-
out the administration of glycoprotein IIb/IIIa in-
hibitors. However, these uncontrolled studies have 
not allowed definite conclusions to be drawn about 
the efficacy of enoxaparin as compared with that 
of standard anticoagulation regimens involving 
unfractionated heparin. In a meta-analysis of data 
from randomized studies comparing intravenous 
low-molecular-weight heparins and intravenous 
unfractionated heparin in patients undergoing 
PCI, there was a nonsignificant trend toward a 
reduction in major bleeding with low-molecular-
weight heparins and no difference between groups 
in the occurrence of ischemic events.8 In an ad-
ditional analysis, a dose of less than 1 mg of 
enoxaparin per kilogram resulted in fewer ische-
mic and bleeding events than a dose of 1 mg per 
kilogram.

We conducted a large-scale, randomized, con-

trolled trial to evaluate whether the safety of in-
travenous low-molecular-weight heparins was su-
perior to that of unfractionated heparin in patients 
undergoing elective PCI.

Me thods

The Safety and Efficacy of Enoxaparin in PCI Pa-
tients, an International Randomized Evaluation 
(STEEPLE) trial was a prospective, open-label, par-
allel-group trial evaluating intravenous enoxapar-
in at a dose of 0.5 mg or 0.75 mg per kilogram, 
as compared with intravenous unfractionated hep-
arin, in patients undergoing elective PCI. 

The protocol was written by Dr. Montalescot 
and modified on the basis of discussions with the 
sponsor (Sanofi-Aventis) and the members of the 
steering committee (see the Appendix). The data 
were gathered by the sponsor and were maintained 
and analyzed by Altizem, a contract research or-
ganization. The steering committee vouches for 
the integrity and completeness of the data, and 
the statistician vouches for the accuracy of the 
data analysis. The publication committee pre-
pared the manuscript with suggestions from the 
steering committee and the sponsor. The publica-
tion committee had final authority over the con-
tent of the manuscript.

Patients

Patients were enrolled at 124 sites in nine coun-
tries. Patients were eligible for the study if they 
were older than 17 years of age, were scheduled 
to undergo elective PCI with a femoral approach, 
and did not meet any of the exclusion criteria: re-
cent thrombolysis, a planned staged procedure, an 
increased risk of bleeding, treatment with a paren-
teral antithrombotic agent before PCI, or a known 
hypersensitivity to the drugs used in the study. 
The study was conducted according to the Decla-
ration of Helsinki and local regulations. Approv-
al for the trial was obtained from the institutional 
review board at each site. All patients gave writ-
ten informed consent.

Study Protocol

Eligible patients were randomly assigned to receive 
an intravenous bolus of unfractionated heparin, 
adjusted for activated clotting time according to 
current guidelines,1 or intravenous enoxaparin at 
a dose of 0.5 or 0.75 mg per kilogram. We assigned 
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patients using an interactive voice-response sys-
tem at the central randomization center. Random 
permuted blocks were used to make assignments 
in a 1:1:1 ratio that were stratified according to cen-
ter and planned use of glycoprotein IIb/IIIa inhibi-
tors (no or yes). All patients received aspirin (75 to 
500 mg per day) and thienopyridines, according to 
local practice.

Patients who were assigned to either enoxapar-
in group received a single intravenous bolus of 
enoxaparin, without anticoagulation monitoring, 
after sheath insertion and immediately before PCI. 
The assigned dose was used regardless of whether 
a patient was also receiving the glycoprotein IIb/
IIIa inhibitor. When procedures were prolonged by 
more than 2 hours, an additional bolus of enoxa-
parin (half the original dose) was recommended.23

Patients who were randomly assigned to receive 
unfractionated heparin and who were not receiv-
ing concurrent glycoprotein IIb/IIIa inhibitors were 
given an initial intravenous bolus of 70 to 100 IU 
per kilogram to achieve a target activated clotting 
time of 300 to 350 seconds. Patients who received 
concurrent glycoprotein IIb/IIIa inhibitors were 
given an initial bolus of 50 to 70 IU of unfraction-
ated heparin per kilogram to achieve a target ac-
tivated clotting time of 200 to 300 seconds. Ad-
ditional boluses of unfractionated heparin were 
given before the PCI if the lower limit of the tar-
get activated clotting time was not reached. Un-
fractionated heparin was readministered during 
the procedure, at the discretion of the investiga-
tor, when measurements of activated clotting time 
dropped below the recommended range. In all 
centers, activated clotting time was measured with 
a standardized Hemochron device (ITC).

Arterial closure devices were permitted accord-
ing to the practice at each institution. Sheath re-
moval was authorized at an activated clotting time 
between 150 and 180 seconds in the unfraction-
ated heparin group,24 4 to 6 hours after the end 
of the PCI in the group given 0.75 mg of enoxa-
parin per kilogram, and immediately after the end 
of the PCI in the group given 0.5 mg of enoxa-
parin per kilogram. No monitoring of anticoagu-
lation was required before sheath removal in pa-
tients receiving enoxaparin.

End Points

The primary end point of the trial was the occur-
rence of major or minor bleeding not related to 
coronary-artery bypass grafting (CABG) during the 

first 48 hours after the index PCI, according to 
prespecified definitions (Table 1). The main sec-
ondary efficacy end point was the achievement of 
therapeutic anticoagulation at the beginning and 
end of PCI. Specifically, we compared the propor-
tion of patients receiving enoxaparin in whom the 
target anti–factor Xa levels of 0.5 to 1.8 IU per 
milliliter (analyzed centrally) were achieved25,26 
with the proportion of patients receiving unfrac-
tionated heparin in whom the target activated clot-
ting time (200 to 300 seconds with glycoprotein 
IIb/IIIa inhibitors or 300 to 350 seconds without)1 
was achieved, at the start and the end of PCI.

We also studied other secondary end points. 
The first was a composite of non–CABG-related 
major bleeding up to 48 hours after the index PCI, 
death from any cause, nonfatal myocardial infarc-
tion (defined by a new Q wave in two or more leads 
or a total creatine kinase level or creatine kinase 
MB fraction that was ≥3 times the upper limit of 
the normal range during hospitalization for the 
index PCI or that was ≥2 times the upper limit 
of the normal range after discharge), or urgent 
target-vessel revascularization during the first 30 
days after the index PCI. The second was a com-
posite of death from any cause or nonfatal myo-
cardial infarction during the first 30 days after 
the index PCI, whichever occurred first. The third 
was a composite of death from any cause, non-
fatal myocardial infarction, or urgent target-ves-
sel revascularization during the first 30 days after 
the index PCI, whichever occurred first. The fourth 
consisted of each of the individual end points dur-
ing the first 30 days after the index PCI. All events 
were adjudicated by an independent clinical-events 
committee whose members were unaware of the 
treatment assignments.

Statistical Analysis

We initially estimated that we would need to en-
roll 2700 patients, given a 7% incidence of any type 
of bleeding up to 48 hours after PCI in the un-
fractionated heparin group, a statistical power of 
80% to detect a relative risk reduction of 47% 
with enoxaparin, and a type I, two-sided error rate 
of 2.5% for each comparison of the enoxaparin 
groups with the unfractionated heparin group. At a 
planned interim evaluation, the sample size was 
reevaluated, and because the overall bleeding rate 
was lower than the anticipated rate (3.5% vs. 4.8%), 
a final enrollment goal of 3690 patients was set.

All analyses were performed according to the 
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intention-to-treat principle and included all ran-
domized patients analyzed according to the treat-
ment assigned. The primary end point was also 
analyzed in the safety population, which included 
all patients who received at least one dose of study 
drug, analyzed according to the treatment actually 
received. For all end-point analyses, each enoxa-
parin dose was compared with unfractionated 
heparin. The Simes adjustment for multiplicity was 
applied to ensure a global type I error of 0.05: if 
both P values were 0.05 or less, both were con-
sidered to indicate statistical significance; if the 
highest P value was greater than 0.05, the other 
P value had to be 0.025 or less to be considered to 
indicate statistical significance.27 Analyses were 
performed with SAS statistical software, version 
8.2 (SAS Institute).

Logistic-regression analysis was used to com-
pare the incidence of the primary end point be-
tween the enoxaparin and unfractionated hepa-
rin groups, with adjustment for the use or nonuse 
of glycoprotein IIb/IIIa inhibitors. If enoxaparin 
was not found to be superior to unfractionated 
heparin, we evaluated whether enoxaparin was 
noninferior to unfractionated heparin with the use 
of a two-sided, adjusted confidence interval (CI) 
for the differences in event rates as planned; the 
noninferiority margin was set at 30% of the ob-
served bleeding rates in the unfractionated hepa-
rin group.

For secondary end points, target anti–factor Xa 
levels or activated clotting times were analyzed 
with a logistic-regression model, with adjustment 
for the use or nonuse of glycoprotein IIb/IIIa in-
hibitors. The objective for the composite quadru-
ple end point was to test for the noninferiority of 
the enoxaparin doses with the use of a two-sided 
CI of the difference in event rates; the noninferi-
ority margin was set at 39% of the observed rates 
in the unfractionated heparin group. Time-to-
event analyses for the other secondary end points 
up to day 30 were performed with Cox propor-
tional-hazards models.

An independent data-monitoring committee 
followed the progress of the trial to ensure that 
patient safety was not compromised. The commit-
tee met four times during the trial; the fourth in-
terim analysis, which included 3089 patients, in-
dicated that there were more deaths from any 
cause in the group given 0.5 mg of enoxaparin per 

kilogram (9 patients) than in either the unfrac-
tionated heparin group (3 patients, P = 0.1477) or 
the group given 0.75 mg of enoxaparin per kilo-
gram (1 patient, P = 0.0265). On the basis of the 
Pocock boundary of 0.0266, the committee rec-
ommended that randomization to the group giv-
en 0.5 mg of enoxaparin per kilogram be discon-
tinued. Enrollment was suspended in that group 
on November 22, 2004, just before the end of the 
enrollment period in December 2004. Because the 
decision to stop enrollment in this group could 
have altered decisions about the inclusion of a pa-
tient or the conduct of the study, the final analyses 
were adjusted for whether a patient underwent ran-
domization before or after November 22, 2004.

R esult s

Characteristics of the patients

Between January 2004 and December 2004, 3528 
patients were enrolled: 1070 were randomly as-
signed to receive 0.5 mg of enoxaparin per kilo-

Table 1. Definitions of Major and Minor Bleeding.

Major bleeding* 

Fatal bleeding

Retroperitoneal, intracranial, or intraocular bleeding

Bleeding that causes hemodynamic compromise requiring specific treatment

Bleeding that requires intervention (surgical or endoscopic) or decompres-
sion of a closed space to stop or control the event

Clinically overt bleeding, requiring any transfusion of ≥1 unit of packed red 
cells or whole blood

Clinically overt bleeding, causing a decrease in hemoglobin of ≥3 g/dl 
(or, if hemoglobin level not available, a decrease in hematocrit of ≥10%)

Minor bleeding†

Gross hematuria not associated with trauma (e.g., from instrumentation)

Epistaxis that is prolonged, repeated, or requires plugging or intervention

Gastrointestinal hemorrhage

Hemoptysis

Subconjunctival hemorrhage

Hematoma >5 cm or leading to prolonged or new hospitalization

Clinically overt bleeding, causing a decrease in hemoglobin of 2 to 3 g/dl

Uncontrolled bleeding requiring protamine sulfate administration

* Major bleeding was defined as bleeding that met at least one of the criteria 
listed.

† Minor bleeding was defined as bleeding that did not meet any of the criteria 
for major bleeding and that met at least one of the criteria for minor bleeding.
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gram intravenously, 1228 to receive 0.75 mg of 
enoxaparin per kilogram intravenously, and 1230 
to receive unfractionated heparin intravenously. 
Baseline characteristics were well balanced among 
the treatment groups (Table 2).

Characteristics of the Procedure

The procedural characteristics were similar for all 
three groups (Table 2). Of patients receiving un-
fractionated heparin, 16.5% received at least one 
additional bolus because of a low activated clot-
ting time. At least one additional bolus of enoxa-
parin was administered during a prolonged pro-
cedure (>2 hours) in 0.6% of patients receiving 
0.5 mg of enoxaparin per kilogram and 0.2% of 
patients receiving 0.75 mg of enoxaparin per ki-
logram. The median activated clotting time at the 
start and end of PCI was 336 and 292 seconds, 
respectively, for patients receiving unfractionated 
heparin alone and 300 and 255 seconds, respec-

tively, for patients receiving unfractionated hepa-
rin with glycoprotein IIb/IIIa inhibitors.

Primary End Point

Non–CABG-related major or minor bleeding dur-
ing the first 48 hours occurred in 5.9% of patients 
assigned to receive 0.5 mg of enoxaparin per ki-
logram, 6.5% of patients assigned to receive 0.75 
mg of enoxaparin per kilogram, and 8.5% of pa-
tients assigned to receive unfractionated heparin 
(Table 3 and Fig. 1). These values represent a rela-
tive reduction of 31% in the primary end point 
with 0.5 mg of enoxaparin per kilogram as com-
pared with unfractionated heparin, meeting the 
criteria for the superiority of enoxaparin over un-
fractionated heparin (P = 0.01), and a 24% relative 
reduction with 0.75 mg of enoxaparin per kilo-
gram (P = 0.051), meeting the prespecified crite-
ria for noninferiority (95% CI, –4.0 to 0.0; exclud-
ing the noninferiority margin of 30% [absolute 

Table 2. Baseline Characteristics of Patients and Procedures.*

Characteristic

0.5 mg 
of Enoxaparin 
per Kilogram

 (N = 1070)

0.75 mg
of Enoxaparin 
per Kilogram
 (N = 1228)

Unfractionated
Heparin

(N = 1230) P Value

Age — yr 63.4±10.5 63.6±10.2 63.5±10.2 0.89

Age ≥75 yr — no./total no. (%) 179/1070 (16.7) 181/1228 (14.7) 184/1230 (15.0) 0.36

Male sex — no./total no. (%) 799/1070 (74.7) 934/1228 (76.1) 910/1230 (74.0) 0.48

Weight — kg† 84.0±16.9 84.2±16.7 83.3±16.0 0.34

Creatinine clearance — no./total no. (%)

>30 to 60 ml/min 181/1043 (17.4) 222/1202 (18.5) 217/1208 (18.0) 0.79

≤30 ml/min 14/1043 (1.3) 6/1202 (0.5) 19/1208 (1.6) 0.03

Diabetes — no./total no. (%) 324/1070 (30.3) 358/1227 (29.2) 380/1230 (30.9) 0.64

Prior myocardial infarction — no./total no. (%)

>48 hr to 7 day 16/1070 (1.5) 25/1227 (2.0) 24/1230 (2.0) 0.61

≤48 hr 4/1070 (0.4) 9/1227 (0.7) 3/1230 (0.2) 0.18

Prior unstable angina — no./total no. (%)

>48 hr to 7 day 72/1069 (6.7) 86/1227 (7.0) 82/1230 (6.7) 0.94

≤48 hr 55/1069 (5.1) 72/1227 (5.9) 60/1230 (4.9) 0.53

Prior PCI — no./total no. (%) 371/1070 (34.7) 448/1227 (36.5) 479/1230 (38.9) 0.10

Prior CABG — no./total no. (%) 154/1070 (14.4) 156/1227 (12.7) 186/1230 (15.1) 0.21

Platelet count <80,000/mm3 — no./total no. (%) 1/1043 (0.1) 1/1193 (0.1) 0/1203 0.55

Hemoglobin ≤10 g/dl for women or ≤11 g/dl 
for men — no./total no. (%)

18/1046 (1.7) 39/1201 (3.2) 39/1209 (3.2) 0.05

Concomitant medications — no./total no. (%)

Before PCI 

Long-term treatment with thienopyridine 510/1070 (47.7) 538/1228 (43.8) 590/1229 (48.0) 0.07

Long-term treatment with aspirin 891/1070 (83.3) 1056/1228 (86.0) 1063/1230 (86.4) 0.07
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margin, +2.6%]). This effect was primarily driven 
by the 57% reduction in non–CABG-related ma-
jor bleeding (absolute risk reduction, 1.6%) in both 
enoxaparin groups (0.5 mg per kilogram, 1.2%, 
vs. 2.8% in the unfractionated heparin group, 
P = 0.004; 0.75 mg per kilogram, 1.2% vs. 2.8%, 
P = 0.007) (Table 3 and Fig. 1). Among patients who 
did not receive glycoprotein IIb/IIIa inhibitors, 
non–CABG-related major or minor bleeding at 48 
hours occurred in 4.1% of those in the group 
given 0.5 mg of enoxaparin per kilogram, 3.6% of 
those given 0.75 mg of enoxaparin per kilogram, 
and 6.8% of those given unfractionated heparin; 
among patients who received glycoprotein IIb/IIIa 
inhibitors, the rates were 8.6%, 10.8%, and 11.2%, 
respectively. Transfusion rates during the first 48 
hours after PCI were extremely low (Table 3).

Similar results were obtained in the analysis 
of safety: the incidence of the primary end point 
was significantly reduced among patients receiv-

ing 0.5 mg of enoxaparin per kilogram, as com-
pared with patients receiving unfractionated hep-
arin (6.1% vs. 8.6%, P = 0.02) but not among 
patients receiving 0.75 mg of enoxaparin per ki-
logram (6.7% vs. 8.6%, P = 0.07). The incidence of 
major bleeding was significantly reduced in the 
group given 0.5 mg of enoxaparin per kilogram 
(1.3%, vs. 2.8% in the unfractionated heparin 
group; P = 0.005) and the group given 0.75 mg 
of enoxaparin per kilogram (1.3% vs. 2.8%, P = 
0.008).

Consistent results were found across all major 
subgroups with respect to the primary end point. 
Multivariate analysis showed that significant in-
dependent correlates of the primary end point in-
cluded treatment with 0.5 mg of enoxaparin per 
kilogram but not treatment with 0.75 mg of enoxa-
parin per kilogram (Fig. 2).

Although not prespecified in the protocol, 
bleeding that was classified according to the 

Table 2. (Continued.)

Characteristic

0.5 mg 
of Enoxaparin 
per Kilogram

 (N = 1070)

0.75 mg
of Enoxaparin 
per Kilogram
 (N = 1228)

Unfractionated
Heparin

(N = 1230) P Value

Day of PCI

Glycoprotein IIb/IIIa inhibitor 433/1070 (40.5) 499/1228 (40.6) 491/1230 (39.9) 0.93

Thienopyridine 1007/1069 (94.2) 1158/1226 (94.5) 1170/1230 (95.1) 0.59

Aspirin 986/1068 (92.3) 1147/1224 (93.7) 1159/1228 (94.4) 0.13

Thrombolytic agent 5/1049 (0.5) 4/1215 (0.3) 4/1217 (0.3) 0.83

Coronary intervention

PCI — no./total no. (%) 1035/1070 (96.7) 1205/1228 (98.1) 1205/1230 (98.0) 0.06

Stent procedure — no./total no. (%) 974/1035 (94.1) 1126/1205 (93.4) 1133/1205 (94.0) 0.77

Drug-eluting stent — no./total no. (%) 608/1035 (58.7) 669/1205 (55.5) 675/1205 (56.0) 0.26

Target vessel — no./total no. (%)

Left anterior descending coronary artery 486/1035 (47.0) 564/1205 (46.8) 546/1205 (45.3) 0.68

Left circumflex coronary artery 329/1035 (31.8) 362/1205 (30.0) 375/1205 (31.1) 0.66

Right coronary artery 376/1035 (36.3) 456/1205 (37.8) 484/1205 (40.2) 0.17

Left main coronary artery 13/1035 (1.3) 17/1205 (1.4) 12/1205 (1.0) 0.65

Saphenous vein or artery graft 43/1035 (4.2) 49/1205 (4.1) 43/1205 (3.6) 0.74

Intervention in ≥2 vessels — no./total no. (%) 161/1035 (15.6) 184/1205 (15.3) 207/1205 (17.2) 0.39

Closure device used  — no./total no. (%) 408/1034 (39.5) 470/1202 (39.1) 478/1205 (39.7) 0.96

Time from end of PCI to sheath removal — min‡

Median 54 194 144 <0.001

Interquartile range 1–259 1–295 1–254

* Plus–minus values are means ±SD. Because of rounding, percentages may not total 100.
† Data were missing for three patients in the group given 0.5 mg of enoxaparin per kilogram, two patients given 0.75 mg of enoxaparin per ki-

logram, and two patients given unfractionated heparin.
‡ Data were missing for 45 patients in the group given 0.5 mg of enoxaparin per kilogram, 49 patients given 0.75 mg of enoxaparin per kilo-

gram, and 43 patients given unfractionated heparin.
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Thrombolysis in Myocardial Infarction (TIMI) tri-
al28 criteria and the Global Utilization of Strep-
tokinase and Tissue Plasminogen Activator for 
Occluded Coronary Arteries (GUSTO) study cri-
teria29 was also assessed (Table 3). The rates of 
TIMI bleeding (major or minor) were not sig-
nificantly different among the groups. The rate 
of GUSTO bleeding was significantly reduced 
only in the group given 0.5 mg of enoxaparin per 
kilogram.

Secondary End Points

Prespecified target anti–factor Xa levels of 0.5 to 
1.8 IU per milliliter (the main secondary efficacy 
end point) were achieved in significantly more pa-
tients receiving enoxaparin (78.8% in the group 
given 0.5 mg per kilogram and 91.8% in the group 
given 0.75 mg per kilogram) than in patients re-
ceiving unfractionated heparin adjusted for the 
activated clotting time (19.7%, P<0.001 for both 
comparisons) (Table 3).

When a narrower anti–factor Xa range was se-
lected (0.5 to 1.2 IU per milliliter), corresponding 
to adequate anticoagulation levels in the treatment 
of acute coronary syndrome,25,26,30 75.5% of pa-
tients given 0.5 mg of enoxaparin per kilogram 
reached the target range, as did 59.4% of patients 
given 0.75 mg of enoxaparin per kilogram. Both 
these proportions were significantly higher than 
that in the group given unfractionated heparin 
(P<0.001 for both comparisons).

The composite quadruple end point occurred 
in 6.9% of patients receiving 0.5 mg of enoxa-
parin per kilogram and 7.7% of those receiving 
0.75 mg of enoxaparin per kilogram, as compared 
with 8.2% of patients receiving unfractionated 
heparin, meeting the prespecified criteria for non-
inferiority for both enoxaparin doses (Table 3). The 
incidence of death from any cause or nonfatal 
myocardial infarction during the first 30 days after 
PCI did not differ significantly among the three 
groups (Fig. 3 and Table 3). No significant differ-
ence was observed among the three groups in the 
incidence of the composite end point of death 
from any cause, nonfatal myocardial infarction, 
or urgent target-vessel revascularization during 
the first 30 days or its individual components 
(Table 3).

The mortality rate during an interim analysis 
in the group given 0.5 mg of enoxaparin per kilo-
gram (10 patients [1.0%]), which led to early ter-
mination of enrollment in that group, was not U

TV
R

 d
ur

in
g 

th
e 

fir
st

 3
0 

da
ys

8 
(0

.7
)*

*
8 

(0
.8

)*
*

0.
58

14
 (

1.
1)

**
0.

20

H
az

ar
d 

ra
tio

 (
95

%
 C

I)
1.

35
 (

0.
47

 to
 3

.8
8)

1.
77

 (
0.

74
 to

 4
.2

1)

W
ith

in
 ta

rg
et

 a
nt

ic
oa

gu
la

tio
n 

ra
ng

e 
du

ri
ng

 th
e 

pr
oc

ed
ur

e‡
‡

22
3 

(1
9.

7)
77

1 
(7

8.
8)

<0
.0

01
10

45
 (

91
.8

)
<0

.0
01

* 
A

bs
ol

ut
e 

di
ffe

re
nc

es
, P

 v
al

ue
s,

 a
nd

 h
az

ar
d 

ra
tio

s 
ar

e 
fo

r 
th

e 
co

m
pa

ri
so

n 
w

ith
 t

he
 u

nf
ra

ct
io

na
te

d 
he

pa
ri

n 
gr

ou
p.

 H
az

ar
d 

ra
tio

s 
w

er
e 

ba
se

d 
on

 t
he

 C
ox

 m
od

el
. M

I 
de

no
te

s 
m

yo
ca

rd
ia

l i
n-

fa
rc

tio
n,

 a
nd

 U
TV

R
 u

rg
en

t 
ta

rg
et

-v
es

se
l r

ev
as

cu
la

ri
za

tio
n.

†
 

Pe
rc

en
ta

ge
s 

ar
e 

ca
lc

ul
at

ed
 a

s 
th

e 
nu

m
be

r 
di

vi
de

d 
by

 t
he

 t
ot

al
 n

um
be

r 
un

le
ss

 o
th

er
w

is
e 

no
te

d.
‡

 
Th

e 
no

ni
nf

er
io

ri
ty

 m
ar

gi
n 

w
as

 2
.6

%
.

§ 
Th

e 
TI

M
I t

ria
l c

rit
er

ia
 w

er
e 

as
 fo

llo
w

s.
 M

aj
or

 b
le

ed
in

g 
w

as
 d

ef
in

ed
 a

s 
no

n–
C

A
B

G
-r

el
at

ed
 b

le
ed

in
g 

w
ith

 a
 d

ec
re

as
e 

in
 th

e 
he

m
og

lo
bi

n 
le

ve
l o

f ≥
5 

g 
pe

r 
de

ci
lit

er
 o

r 
an

 a
bs

ol
ut

e 
de

cr
ea

se
 in

 th
e 

he
-

m
at

oc
rit

 o
f ≥

15
%

, t
he

 n
ee

d 
fo

r 
th

e 
tr

an
sf

us
io

n 
of

 >
5 

U
 o

f b
lo

od
, o

r 
in

tr
ac

ra
ni

al
 b

le
ed

in
g.

 M
in

or
 b

le
ed

in
g 

w
as

 d
ef

in
ed

 a
s 

no
n–

C
A

B
G

-r
el

at
ed

 g
as

tr
oi

nt
es

tin
al

 o
r 

ge
ni

to
ur

in
ar

y 
bl

ee
di

ng
, n

on
–

C
A

B
G

-r
el

at
ed

 b
le

ed
in

g 
w

ith
 a

 d
ec

re
as

e 
in

 th
e 

he
m

og
lo

bi
n 

le
ve

l o
f ≥

3 
g 

pe
r 

de
ci

lit
er

 o
r 

an
 a

bs
ol

ut
e 

de
cr

ea
se

 in
 th

e 
he

m
at

oc
rit

 o
f ≥

10
%

, t
he

 n
ee

d 
fo

r 
th

e 
tr

an
sf

us
io

n 
of

 >
3 

U
 o

f b
lo

od
, a

ny
 a

bs
o-

lu
te

 d
ec

re
as

e 
in

 th
e 

he
m

og
lo

bi
n 

le
ve

l o
f ≥

4 
g 

pe
r 

de
ci

lit
er

 o
r 

an
 a

bs
ol

ut
e 

de
cr

ea
se

 in
 th

e 
he

m
at

oc
rit

 o
f ≥

12
%

, o
r 

th
e 

ne
ed

 fo
r 

th
e 

tr
an

sf
us

io
n 

of
 >

4 
U

 o
f b

lo
od

 (
no

t r
el

at
ed

 to
 C

A
B

G
).

¶
 

Th
e 

G
U

ST
O

 c
ri

te
ri

a 
w

er
e 

as
 fo

llo
w

s.
 M

ild
 b

le
ed

in
g 

w
as

 d
ef

in
ed

 b
y 

no
n–

C
A

B
G

-r
el

at
ed

 b
le

ed
in

g 
up

 t
o 

48
 h

ou
rs

 w
ith

 n
o 

ne
ed

 fo
r 

tr
an

sf
us

io
n 

an
d 

no
 h

em
od

yn
am

ic
 c

om
pr

om
is

e,
 m

od
er

-
at

e 
bl

ee
di

ng
 b

y 
no

n–
C

A
B

G
-r

el
at

ed
 b

le
ed

in
g 

up
 t

o 
48

 h
ou

rs
 w

ith
 t

ra
ns

fu
si

on
 r

eq
ui

re
d,

 a
nd

 s
ev

er
e 

or
 li

fe
-t

hr
ea

te
ni

ng
 b

le
ed

in
g 

by
 n

on
–C

A
B

G
-r

el
at

ed
 b

le
ed

in
g 

up
 t

o 
48

 h
ou

rs
 w

ith
 h

em
o-

dy
na

m
ic

 c
om

pr
om

is
e.

∥ 
Th

e 
no

ni
nf

er
io

ri
ty

 m
ar

gi
n 

w
as

 3
.2

%
.

**
 T

he
se

 v
al

ue
s 

ar
e 

re
po

rt
ed

 a
s 

ha
za

rd
 r

at
es

.
†

†
 T

he
 a

dj
us

te
d 

P 
va

lu
e 

fo
r 

th
e 

co
m

pa
ri

so
n 

of
 t

he
 g

ro
up

 g
iv

en
 0

.5
 m

g 
of

 e
no

xa
pa

ri
n 

pe
r 

ki
lo

gr
am

 w
ith

 t
he

 g
ro

up
 g

iv
en

 0
.7

5 
m

g 
pe

r 
ki

lo
gr

am
 is

 0
.0

6.
‡

‡
 T

he
 t

ar
ge

t 
ra

ng
es

 w
er

e 
an

 a
nt

i–
fa

ct
or

 X
a 

le
ve

l o
f 0

.5
 t

o 
1.

8 
IU

 p
er

 m
ill

ili
te

r 
fo

r 
en

ox
ap

ar
in

 a
nd

 a
n 

ac
tiv

at
ed

 c
lo

tt
in

g 
tim

e 
of

 2
00

 t
o 

30
0 

se
co

nd
s 

w
ith

 g
ly

co
pr

ot
ei

n 
II

b/
II

Ia
 in

hi
bi

to
rs

 o
r 

30
0 

to
 3

50
 s

ec
on

ds
 w

ith
ou

t 
gl

yc
op

ro
te

in
 I

Ib
/I

II
a 

in
hi

bi
to

rs
 fo

r 
un

fr
ac

tio
na

te
d 

he
pa

ri
n.

 T
he

 a
na

ly
si

s 
in

cl
ud

ed
 9

78
 p

at
ie

nt
s 

in
 t

he
 g

ro
up

 g
iv

en
 0

.5
 m

g 
of

 e
no

xa
pa

ri
n 

pe
r 

ki
lo

gr
am

, 1
13

9 
pa

tie
nt

s 
in

 t
he

 g
ro

up
 g

iv
en

 0
.7

5 
m

g 
of

 e
no

xa
pa

ri
n 

pe
r 

ki
lo

gr
am

, a
nd

 1
13

4 
in

 t
he

 g
ro

up
 g

iv
en

 u
nf

ra
ct

io
na

te
d 

he
pa

ri
n.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 28, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;10 www.nejm.org september 7, 20061014

significantly higher in the final analysis than the 
rate in the group given unfractionated heparin 
(5 patients [0.4%]) or in the group given 0.75 mg 
of enoxaparin per kilogram (3 patients [0.2%]) 
(Table 3). Four deaths in the group given 0.5 mg 
of enoxaparin per kilogram were considered by the 
investigators to be possibly related to treatment. 
These included one cardiac arrest after success-
ful PCI and hospital discharge (on day 4), one 
intra cranial hemorrhage (on day 2), one episode 
of cardiac tamponade related to peri-procedure 
coronary rupture (on day 1), and one peri-proce-
dure coronary occlusion after rotablator dissec-
tion of the main coronary trunk (on day 1). None 
of the deaths in the other two groups were con-
sidered to be possibly related to treatment.

Discussion

We compared the safety of intravenous enoxa-
parin with that of unfractionated heparin in elec-
tive PCI as currently practiced (including the fre-
quent use of drug-eluting stents and glycoprotein 
IIb/IIIa inhibitors as well as almost universal use 

of clopidogrel). A dose of 0.5 mg of enoxaparin 
per kilogram significantly reduced the primary end 
point of any bleeding (as prospectively defined by 
our protocol), as compared with a regimen of un-
fractionated heparin adjusted for activated clotting 
time, whereas a dose of 0.75 mg of enoxaparin per 
kilogram was noninferior to unfractionated hep-
arin with respect to this end point. Both doses of 
enoxaparin significantly reduced the incidence of 
major bleeding, as compared with unfractionated 
heparin. The benefit of the 0.5-mg dose of enoxa-
parin per kilogram with respect to bleeding was 
also evident with the use of the GUSTO criteria but 
was not significant with the use of the TIMI cri-
teria. These definitions, developed for use in tri-
als of fibrinolysis, may not be optimal for assess-
ing the risk of bleeding after PCI.

The effect of enoxaparin on the risk of bleed-
ing was achieved with the use of a treatment pro-
tocol that was simpler than that typically used for 
unfractionated heparin. Enoxaparin was admin-
istered as a single intravenous bolus before the 
start of PCI, without anticoagulation monitoring; 
a similar dose was used whether or not glycopro-
tein IIb/IIIa inhibitors were given; and immedi-
ate removal of the sheath after PCI was recom-
mended with the 0.5-mg dose of enoxaparin per 
kilogram.

As compared with unfractionated heparin, 
enoxaparin resulted in a significant increase (by 
a factor of four) in the rate of achievement of target 
anticoagulation levels. This finding highlights the 
superior bioavailability of enoxaparin; in contrast, 
unfractionated heparin requires careful coagula-
tion monitoring. Whether there is an optimal 
anti–factor Xa level with enoxaparin therapy among 
patients undergoing PCI is still unknown, al-
though it was shown recently that such levels 
were independently associated with the risk of 
death at 30 days in a large population of patients 
with non–ST-elevation acute coronary syndrome.25 
In our study, even when we aimed for a tighter 
anti–factor Xa range (0.5 to 1.2 IU per millili-
ter),25,26,30 the results obtained with enoxaparin 
remained significantly more predictable and sta-
ble than those obtained with unfractionated hepa-
rin anticoagulation: more patients reached the 
target range with the 0.5-mg dose of enoxaparin 
per kilogram.

There was no significant difference in the 
double or triple ischemic end point or any indi-
vidual component of the composite end point, in-
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Figure 1. Incidence of Non–CABG-Related Major or Minor Bleeding 
during the First 48 Hours. 

The 95% CIs for adjusted differences between groups for non–CABG-relat-
ed major or minor bleeding during the first 48 hours were –4.7 to –0.6% 
for comparison of the group given 0.5 mg of enoxaparin per kilogram with 
the group given unfractionated heparin and –4.0% to 0.0% for the compar-
ison of the group given 0.75 mg of enoxaparin per kilogram with the group 
given unfractionated heparin, with a noninferiority margin of 2.6%.
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cluding mortality, between patients treated with 
enoxaparin and those treated with unfractionated 
heparin. However, there were wide CIs for the 
ischemic end points (Table 3), and our trial was 
not powered to detect differences or draw conclu-

sions with regard to these measures of drug ef-
ficacy. The mortality rate in the trial was low 
(0.5%) and similar to that in other recent PCI tri-
als.31-33 The early closure of the low-dose enoxa-
parin group was based on an apparent increase 
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Figure 2. Odds Ratios from a Multivariate Analysis of Risk Factors for Non–CABG-Related Major or Minor Bleeding 
during the First 48 Hours.

The following variables were used in the multivariate analysis: age (≥75 years vs. <75 years); sex; smoking status 
(current smoker vs. former smoker or no history of smoking); the presence or absence of obesity, diabetes, hyper-
tension, hypercholesterolemia, renal insufficiency (creatinine clearance, 60 ml or less per minute), peripheral arte-
rial disease, a family history of coronary artery disease, unstable angina or myocardial infarction within the previous 
7 days, a hemoglobin level at entry of ≤10 g per deciliter for women or 11 g per deciliter for men, and a platelet count 
at entry of ≤80,000 per mm3; the number of diseased arteries (1 vs. 2 or ≥3); the use or nonuse of enoxaparin, an-
other low-molecular-weight heparin, unfractionated heparin, or a direct thrombin inhibitor within the previous 7 days; 
the use or nonuse of warfarin or other vitamin K antagonists within the previous 7 days; sheath size (<7 French vs. 
≥7 French); the use or nonuse of glycoprotein IIb/IIIa inhibitors during PCI; the use or nonuse of other antiplatelet 
drugs (aspirin or clopidogrel); country; time of randomization (before November 22, 2004, vs. after November 22, 
2004); and treatment group. GP denotes glycoprotein.
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P values were based on hazard ratios from the Cox model.
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in the number of deaths from any cause as com-
pared with the number in the group given un-
fractionated heparin. In the final analysis, the ap-
parent increase was found to be nonsignificant, 
but the CIs were wide. For the combined end point 
incorporating both bleeding and ischemic events, 
both doses of enoxaparin were noninferior to un-
fractionated heparin.

In summary, the STEEPLE trial demonstrated 
that, depending on the dose, intravenous enoxa-
parin is associated with bleeding rates that are 
similar to or lower than those with unfraction-
ated heparin in patients undergoing elective PCI. 
The resulting levels of anticoagulation were more 
predictable with enoxaparin than with unfraction-
ated heparin. The slightly but not significantly 
higher death rate with low-dose enoxaparin re-
mains unexplained. Whether the rates of ischemic 
events are similar for enoxaparin and unfraction-
ated heparin was not definitively established.
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