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A fter coronary stent implantation, antithrombotic
therapy is required; however, the specific drug

combination to use is still under debate.1 The ideal
regimen should avoid subacute stent thrombosis and
hemorrhagic complications and allow an early hospi-
tal discharge. The purpose of this study is the eval-
uation of the safety and efficiency of neutralizing
circulating heparin with protamine administration im-
mediately after coronary stent implantation. We hy-
pothesized that the in-laboratory removal of the fem-
oral sheath could reduce groin complications and
would shorten the postprocedural period of bed rest
and hospital stay after stent implantation. To test this
hypothesis, our study compares, in a randomized way,
the hospital course of patients with early sheath re-
moval after protamine administration with those in
which the femoral sheath was removed after the com-
plete spontaneous disappearance of heparin activity.

• • •
Between November 1995 and April 1996, 228 con-

secutive patients with successful coronary stent im-
plantation were enrolled in the study. Inclusion crite-
ria for the study were: (1) symptomatic coronary heart
disease (stable or unstable syndromes), (2) a coronary
vessel.2.5 mm in diameter, (3) adequate accessibil-
ity to the target lesions to be stented, (4) angiographic
primary success, and (5) written informed consent.

All patients enrolled in the study were premedi-
cated with low-molecular weight heparin (Fragmin,
Pharmacia, Stockholm, Sweden) antifactor Xa 10,000
IU/day, ticlopidine 500 mg/day, and aspirin 150 mg/
day. This antithrombotic regimen began the day be-
fore the procedure and continued for 3 weeks.2 Diag-
nostic coronary angiography was performed using
regular 6 to 7Fr catheters and standard projections.
The procedure of stent implantation was carried out
using an 8Fr guiding catheter. During the therapeutic
phase all patients received a 2 mg/kg bolus of intra-
venous unfractionated heparin. After successful stent
implantation, patients were randomized into 2 groups.
Group I was comprised of 117 patients who intrave-
nously received 2 mg/kg of protamine (1 mg of pro-
tamine per 1 mg of heparin). In this group of patients
the femoral sheath was removed in the hemodynamic

laboratory immediately after the procedure. Group II
was consisted of 111 patients that did not receive
protamine, and the femoral sheath was removed 8
to 10 hours after the intravenous bolus of heparin (Fig-
ure 1).

The stent deployment technique was performed
according to the type of stent employed. Twelve
patients from group I and 11 patients from group II
had intracoronary ultrasound to assess stent implan-
tation. In this study we used 4 types of stents:
Palmaz-Schatz (Johnson and Johnson Interventional
Systems, Warren, New Jersey), Wiktor (Medtronic,
Inc., Minneapolis, Minnesota), Wallstent (Bu¨ lach,
Switzerland), and MultiLink (Temecula, Califor-
nia). All lesions were predilated with a balloon
equal to or slightly smaller than the vessel size. The
stent was deployed and expanded to reach a diam-
eter slightly higher than the vessel diameter. The
mean pressure with the last balloon was 116 3 atm.
The Palmaz-Schatz stent was the most frequently
used. The technique of implantation has been pre-
viously described.2– 4 The Wiktor stent was selected
when a large side branch began near the target
lesion or in lesions located at severe bend points.
The Wallstent was selected for long lesions in na-
tive arteries or lesions located in saphenous vein
grafts. The ACS Multilink stent was the last incor-
porated in our laboratory and was preferred for
lesions located distally.

All sheaths were removed by trained nonphysician
personnel or by cardiology residents. The groin com-
pression was carried out manually for 15 to 20 min-
utes. Once the hemostasis was achieved, a period of
18 hours of strict bed rest was prescribed. A 1- to 2-kg
sand bag was also positioned over the inguinal zone to
provide additional compression. After this period, a
visual inspection of the inguinal zone was performed
and if no hematoma was present, the patient was
encouraged to deambulate in the hospital for an addi-
tional period of 24 to 48 hours. Those patients with an
absence of symptoms or groin complications were
discharged. Blood analysis for monitoring the coagu-
lation system was not routinely performed. There
were no intraprocedural groin problems that could
alter the randomization process. Although personnel
involved in the care of patients were aware of the
removal sheath strategy, the decision of prolonging
bed rest and inguinal compression in case of hema-
toma or bleeding was only related to the magnitude of
the groin complication.

From the Hospital ‘‘Reina Sofı́a,’’ University of Córdoba, Córdoba,
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Data are expressed as mean6 SD. A Student-
Fisher unpairedt test was used to compare quantita-
tive data from patients in the 2 groups. The chi-square
or Fisher’s exact test was used to compare qualitative
variables. A p value,0.05 was considered statically
significant.

Baseline clinical data are shown in Table I. There
were no significant differences between groups in
terms of age, sex, risk factors, clinical condition, or
incidence of previous coronary surgery. Of those pa-
tients with diabetes, 13 (5 patients from group I and 8
patients from group II) were insulin dependent. Table
I also summarizes baseline angiographic characteris-
tics of both groups of patients. As can be seen, there

were no significant differences re-
garding the number of stented ves-
sels per patient, vessel size, minimal
lumen diameter, lesion length, ejec-
tion fraction, or the incidence of
thrombus-containing lesions.

Data related to the procedure are
listed in Table I. Again, there was
no statistical significance between
groups. Thus, the type of stent em-
ployed, the number of stents per ves-
sel, the inflation pressure, and the
percent of residual stenosis after
stenting were similar in both groups
of patients.

There was no subacute stent
thrombosis and no patients died. One
patient from group II had chest pain
with ST elevation 5 hours after the
procedure. New coronary angiogra-

phy showed the stented segment without an intralu-
minal filling defect and a vessel occlusion distal to the
stent due to an occlusive dissection; this was corrected
with the implantation of a second stent. Six patients (3
from group I and 3 from group II) had mild peristent
dissection without blood flow compromise. Groin he-
matoma and pseudoaneurysm occurred in 1 patient
from group I and in 1 patient from group II. These 2
patients did not require groin surgery and were suc-
cessfully treated by prolonged bed rest and inguinal
compression. Bed rest and hospital stay were shorter
in group I patients (p,0.05) (Table II).

Immediately after the administration of total doses
of protamine, 17 patients (15%) had transient back
pain, 6 patients (5%) had hypotention, and 2 patients
(2%) a cutaneous rash. All symptoms were success-
fully treated in the laboratory with analgesics, intra-
venous fluid infusion, or corticoids. The initial inci-
dence of side effects was reduced with a slower ad-
ministration of protamine dilution.

• • •
Aggressive anticoagulation after stent implantation

was associated with frequent groin complications de-
spite prolonged immobilization and careful manage-
ment of the local puncture site.2,5–9 Although several
attempts were made to decrease local complications,
such as using 6Fr guiding catheters,10 transradial ap-
proach,11 or the development of new devices for local
hemostasis,12 the dramatic reduction of local com-
plications began with new antithrombotic regi-
mens.2,9,13–15Our study was carried out with patients
treated under 1 of these new regimens, which has been
previously described.2 We tried to reduce the bed rest
period after the procedure by neutralizing the circu-
lating heparin and removing the femoral sheath im-
mediately. Several goals were pursued with this strat-
egy: (1) to minimize the discomfort derived from pro-
longed bed rest (because many patients with unstable
angina were in bed several days before the procedure);
(2) to reduce hospital stay, because the waiting time of
heparin clearance was saved; and (3) to reduce groin
complications, because groin problems have been as-

FIGURE 1. Patient flowchart and study design.

TABLE I Baseline Data

Group I Group II
(n 5 117) n 5 111)

Clinical data
Age (yrs) 59 6 9 59 6 10
Men 96 (82%) 93 (84%)
Smoking 77 (66%) 68 (61%)
Serum total cholesterol (mg/dl) 207 6 81 226 6 29
Systemic hypertension 61 (52%) 52 (47%)
Diabetes mellitus 22 (19%) 29 (26%)
Unstable angina pectoris 57 (49%) 56 (50%)
Previous myocardial infarction 16 (14%) 19 (17%)
Previous coronary surgery 5 (4%) 2 (2%)

Angiographic data
Stented artery/patient 1.2 6 0.46 1.2 6 0.47
Vessel diameter (mm) 3.2 6 0.57 3.2 6 0.62
Minimal lumen diameter (mm) 0.65 6 0.3 0.76 6 0.4
Lesion length (mm) 12 6 7 12 6 8
Thrombus containing lesions 14 (12%) 12 (11%)
Ejection fraction (%) 61 6 11 58 6 12

Procedural data
Number of stents/vessel 1.35 6 0.7 1.28 6 0.5
Type of stent

Palmaz-Schatz 129 (68%) 122 (72%)
Wiktor 30 (16%) 29 (17%)
Wallstent 19 (10%) 12 (7%)
Multilink 12 (6%) 7 (4%)

Inflation pressure (atm) 11 6 3 11 6 3
Stenosis poststent implantation (%) 5 6 10 7 6 11

BRIEF REPORTS 1337



sociated with the duration of intravenous heparin in-
fusion after the procedure.16

Due to the inherent thrombogenicity of the stent,
protamine has rarely been administered after the cor-
onary implantation of this device, because of the pos-
sibility of promoting stent thrombosis. Before under-
going the study, we postulated that pretreatment with
antiplatelets and low-molecular weight heparin would
protect the patient from subacute stent thrombosis
once the effect of intravenous unfractionated heparin
had disappeared, which would allow the immediate
removal of the femoral sheath. After the completion of
the study, no patient had subacute stent thrombosis, so
the safety of this drug in the context of stent implan-
tation has been demonstrated.

After this study, we utilized this new strategy in
our patients treated with stents. Thus, since May 1996
an additional 509 patients with successful stent im-
plantation have been treated with this protocol. The
postprocedure hospital stay has been reduced to 2 days
in patients with no complications (16 to 18 hours of
bed rest and 24 hours of in-hospital deambulation).
The incidence of severe groin hematoma remains
about the same (1.5%).

Protamine to neutralize circulating heparin
may be safely administered immediately after stent
implantation. This strategy could be of benefit in
patients with hemorrhagic risk, or those in which
large femoral cannulas need to be removed after
assistance with percutaneous circulatory support.
This strategy may be of additional value because it

favors the action of new devices for local hemosta-
sis, and in general, it could reduce the time of bed
rest and hospital stay.
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TABLE II Results

Group I Group II

Outside of laboratory vessel occlusion* 0 1 (0.9%)
Death 0 0
Stent thrombosis 0 0
Systemic bleeding 0 0
Groin hematoma and pseudoaneurysm 1 (0.9%) 1 (0.9%)
Groin surgery 0 0
Hospital stay (hrs) 85 6 44 103 6 47

*Occlusive dissection distal to the stent.
p 5 NS.
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