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The objectives of this study were to explore the rate of vascular complications using
closure devices (CDs) vs. manual compression (MC) among percutaneous coronary
intervention (PCI) patients receiving enoxaparin, clopidogrel, aspirin, and GP IIb/IIIa
inhibitors. The Evaluating Enoxaparin Clotting Times (ELECT) study enrolled patients
receiving enoxaparin, clopidogrel, and GP IIb/IIIa inhibitors when necessary. Any
approved CD or MC was allowed post-PCI, and clinical outcome data were prospec-
tively collected. Four hundred forty-five patients had anti-Xa levels measured by a core
laboratory and by a novel point-of-care device that reports ENOX�R times. All received
enoxaparin, aspirin, and clopidogrel, and 75% received a concomitant GP IIb/IIIa inhibi-
tor. Major and minor bleeding were defined according to TIMI criteria. ‘‘Any bleeding’’
included the occurrence of access site complications including hematoma, significant
rebleeding, or bleeding delaying hospital discharge. TIMI major plus minor bleeding
occurred in 1.5% of the patients who received CD vs. 1.8% of patients with MC
(P = 0.83). Any bleeding occurred in 12.2% of CD vs. 5.7% MC (P = 0.02), and in 9.5% of
patients receiving GP IIb/IIIa inhibitor vs. 2.8% (P = 0.01) among those who did not. For
patients receiving both a GP IIb/IIIa inhibitor and CD, any bleeding was observed in
13.7% vs. 3.4% (P = 0.006) among patients who received neither. While minor and major
TIMI bleeding remained very low in both groups, CD was associated with a twofold
increase in risk of any-bleeding event when compared to MC, especially when using GP
IIb/IIIa inhibitors. Catheter Cardiovasc Interv 2005;64:369–372. ' 2005 Wiley-Liss, Inc.
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INTRODUCTION

Femoral arteriotomy closure devices (CDs) have been
developed to achieve immediate hemostasis, minimizing
patient discomfort, and allowing early ambulation. The
experience with these devices using contemporary anti-
coagulation regimens including aspirin, clopidogrel, gly-
coprotein (GP) IIb/IIIa inhibitors, and heparin has been
variably reported [1–5]. Likewise, the safety information
for these devices using low-molecular-weight heparin
(LMWH) in combination with aspirin, clopidogrel,
and GP IIb/IIIa therapy is limited. The Evaluate Enoxa-
parin Clotting Times (ELECT) study [6] enrolled
patients receiving enoxaparin, clopidogrel, aspirin, and
GP IIb/IIIa inhibitors when indicated. To be as contem-
porary as possible, physicians in ELECT were allowed
to use any approved closure device postprocedure at
their discretion, and relevant clinical outcome data were
prospectively collected.
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MATERIALS AND METHODS

Study Population

Patients were eligible for enrollment if they were
undergoing an elective percutaneous coronary interven-
tion (PCI) and had received at least two doses of sub-
cutaneous (s.c.) enoxaparin (1 mg/kg) within the
previous 24 hr or had not received antithrombin ther-
apy within 8 hr immediately prior to PCI and were to
be treated with intravenous (i.v.) enoxaparin (0.75–1.0
mg/kg). Patients with ongoing ST segment elevation
myocardial infarction (MI), fibrinolytic therapy within
the previous 24 hr, a baseline ACT > 140 sec, a pro-
thrombin time international normalized ratio 1.5, a
history of heparin-induced thrombocytopenia, or con-
traindication to aspirin, clopidogrel, or enoxaparin were
excluded. The assays of 445 patients were used to
examine their relationship with clinical outcomes. Each
institution’s review board approved the protocol, and
all patients gave written informed consent.

Medications and Treatment

Aspirin (325 mg) and clopidogrel (administered
either as a 300 mg loading dose before PCI or 75 mg
daily for 4 days before the procedure) were given.
A GP IIb/IIIa inhibitor was used in 336 (75%) patients
according to the interventionalist’s preference. Patients
receiving s.c. enoxaparin within 8 hr of PCI did not
receive any extra bolus. For patients who received their
last enoxaparin dose between 8 and 12 hr before PCI,
a 0.3 mg/kg i.v. bolus of enoxaparin was administered.
These guidelines were the same regardless of whether
a patient received a GP IIb/IIIa inhibitor. Patients not
already receiving s.c. enoxaparin had a 0.75 mg/kg i.v.
bolus given immediately before PCI if receiving a pro-
cedural GP IIb/IIIa inhibitor, and a 1.0 mg/kg i.v.
bolus of enoxaparin given if not receiving a GP IIb/IIIa
inhibitor during PCI. At the conclusion of PCI, an
arteriotomy closure device could be used according to
local practice. Otherwise, femoral access sheaths were
to be removed 4 hr after the last bolus administration
of i.v. enoxaparin and manual compression (MC) was
applied. For patients receiving only s.c. enoxaparin,
sheaths were to be removed 6–8 hr following the last
s.c. dose. For patients who received s.c. heparin with
an additional preprocedural dose (0.3 mg/kg) given
intravenously, the sheath was to be removed 4–6 hr
after the i.v. booster dose.

Endpoints and Statistics

Clinical and procedural data were prospectively col-
lected. Clinical outcomes including bleeding complica-
tions were assessed to 7 days or hospital discharge,
whichever occurred first. Major bleeding was defined

according to the Thrombolysis in Myocardial Infarction
(TIMI) criteria and included a hemoglobin drop 5 g/dl
or intracranial hemorrhage. Minor bleeding was defined
according to the TIMI criteria and included a blood
loss between 3 and 5 g/dl with a known bleeding site
or a loss of < 3 g/dl associated with gross hematuria,
hematemesis, or hemoptysis [7]. ‘‘Any bleeding,’’ by
study definition, included the above plus the occur-
rence of access site complications, including hematoma
> 5 cm, significant rebleeding after initially achieving
hemostasis, and bleeding delaying hospital discharge.
Descriptive statistics included demographic, medica-
tion, laboratory, and procedural details, as well as clin-
ical events. For continuous variables, mean 6 SD and
median (25th, 75th percentile) values were determined.
For categorical variables, percentages were calculated,
and comparisons were performed with a chi-square
test. A multivariate analysis was not performed given
the small number of events.

Arteriotomy Closure

Vascular device hemostasis or manual compression
following femoral angiography was selected at the treat-
ing physician’s discretion. The type of arteriotomy clo-
sure device was also left to the interventionalist. Closure
was performed on 148 occasions using collagen-based
suture devices (AngioSeal, n ¼ 70, St. Jude Medical; or
VasoSeal, n ¼ 11, Datascope) or suture-based closure
devices (Perclose-S or AT, n ¼ 65, Abbot Vascular;
other, n ¼ 2). Placement of CD was to be performed
according to standard technique.

RESULTS

Both groups were similar regarding most characteris-
tics (Table I). CD patients more often had hypertension
(77% vs. 60%; P ¼ 0.0003) and hypercholesterolemia
(68% vs. 57%; P ¼ 0.02). Overall, 33.3% (n ¼ 148)
of patients received a CD (43.9% Perclose, 7.4%
VasoSeal, 47.3% AngioSeal, 1.4% others). TIMI major
plus minor bleeding occurred in 1.4% of the CD group
vs. 1.7% of the MC group (P ¼ 0.83). When compar-
ing any-bleeding events, patients receiving the combi-
nation of enoxaparin and IIb/IIIa inhibitor had a higher
incidence (9.5% vs. 2.8%; P ¼ 0.013) than patients
who received only enoxaparin. Importantly, patients
who had a CD had 12.1% any-bleeding events vs.
5.7% for the MC group (P ¼ 0.016; Fig. 1.). Among
patients receiving enoxaparin, a GP IIb/IIIa inhibitor,
and a CD, any-bleeding events were observed in
13.7% vs. 3.4% (P ¼ 0.007) among patients who
received enoxaparin only and MC. When comparing
any-bleeding rates between different CD, Perclose had
7.7% (5/65) and AngioSeal had 12.9% (9/70). As
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expected, anti-Xa levels and ENOX time were higher
in patients who received a CD vs. MC (1.3 vs. 0.7 IU/
ml, P < 0.0001; and 370 vs. 219 sec, P < 0.0001).
Red blood cell transfusions were necessary in 2.7% of
CD and 1.0% of MC patients (P ¼ 0.19; Fig. 1).

DISCUSSION

Traditionally, bleeding complications have been
assessed using the TIMI criteria. However, some
potentially relevant bleeding complications, such as
large hematomas and pseudoaneurysms, are not appre-
ciated by this definition. These complications may
increase the length of stay and cost of the procedure or
be an important trade-off for patient comfort and speed
of hemostasis. During the REPLACE-2 trial [8], the
presence of hematomas, pseudoaneurysms, and nui-
sance bleeding provided an up-to-date assessment of
this clinical problem. Interestingly, the bivalirudin arm
of REPLACE-2 trial had similar TIMI bleeding and
any-bleeding rates to those observed in the enoxaparin
plus GP IIb/IIIa inhibitor in the ELECT trial.

The ELECT data set, the largest using enoxaparin
with or without GP IIb/IIIa inhibitors and including
CD, shows a higher rate of any-bleeding complications
when using CD and a GP IIb/IIIa inhibitor. Interest-
ingly, and consistent with the literature [9], the rate of
TIMI major and minor using CD or MC remained very
low. This was true for both collagen- and suture-based
CD. Likewise, the increased number of patients with
hypertension may have played a role in the increased
‘‘any bleeding.’’ However, the number of events is so
small that a multivariate analysis or a propensity score
would be unhelpful.

Study Limitations

This study should be interpreted in the context of
the following limitations: CD and MC were not ran-
domly assigned, thereby producing a potential selection
bias. The clinical impact of CD use regarding cost,
decreased time to ambulation, and length of stay was
not addressed by our study. The sheath size, CD
deployment failure, and blood pressure while MC was
applied were not collected during the trial, losing some
potentially important data that may explain some of
the differences between the groups.
While minor and major TIMI bleeding remained

very low in both groups, CD was associated with a
twofold increase in risk of any bleeding when com-
pared to MC, especially when using GP IIb/IIIa inhibi-
tors with enoxaparin. Overall, these events were
relatively infrequent and usually of minor clinical rele-
vance, but offset the hoped benefit to be provided by a
closure device.
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ELECT study.
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