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The purpose of the present study was to determine whether postprocedural antithrom-
botic therapy with prolonged heparin infusion followed by 6 months of oral anticoagula-
tion in addition to acetylsalicylic acid (ASA) reduces the incidence of angiographic
restenosis after successful PTCA. One hundred ninety-one patients with uncomplicated
PTCA were randomized into two groups: one group was discharged with ASA 100 mg
only (G1) and the other group was additionally treated with 12–24 hr of heparin infusion
and overlapping oral anticoagulation with coumadin for 6 months (G2). The two groups
were comparable with respect to age, gender, coronary risk profile, clinical presentation,
and angiographic lesion characteristics. Stents were implanted in 33% and 36% of the G1
and G2 patients, respectively. In-hospital myocardial infarction occurred in 4% of the G1
and 3% of the G2 patients. One patient in G1 died of subacute stent thrombosis (day 3).
Six-month angiographic follow-up was obtained in 90% of G1 patients and 94% of G2
patients. Restenosis occurred in 30% and 33% of the patients and mean diameter
stenoses at follow-up were 40% � 28% and 39% � 24%, respectively. Thrombin inhibi-
tion with heparin infusion followed by 6 months of oral anticoagulation did not reduce
angiographic restenosis among patients undergoing PTCA with or without stent implan-
tation. The occurrence of acute ischemic complications was also comparable in the two
groups. Cathet Cardiovasc Intervent 2002;55:315–320. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

The advent of new devices, especially intracoronary
stents, adjunctive pharmacological therapy, and en-
hanced operator experience has improved acute success
rates of percutaneous transluminal coronary angioplasty
(PTCA). Nevertheless, the occurrence of restenosis re-
mains a major limitation of PTCA. Recurrence rates up
to 40%–50% are still reported [1].

Thrombosis is an important component of the repair
mechanism after vascular injury. It occurs early after
vessel injury has taken place and may persist up to 1
month after PTCA [2]. Sequential formation and lysis of
intracoronary thrombus may lead to fluctuating flow and
decreased shear stress at dilated sites. These two factors
have been associated with increased neointimal prolifera-
tion in animal models [3]. Vascular smooth muscle cell
(VSMC) migration and proliferation is responsible for inti-
mal hyperplasia, a major cause of failure after vascular
surgery and angioplasty [4]. Thrombus is also a potent
stimulator of platelet activation, adhesion, and secretion
with consequent release of several growth factors involved
in the process of neointimal proliferation and restenosis [5].
Furthermore, mural thrombus has been postulated to act as
a nidus for smooth muscle cell migration and proliferation.

Heparin not only prevents thrombus formation, but
also has an inhibitory effect on smooth muscle cell pro-

liferation [6–9]. In the present study, we sought to de-
termine whether prolonged thrombin inhibition with hep-
arin infusion followed by oral anticoagulation could
reduce the incidence of angiographic restenosis.

MATERIALS AND METHODS

The protocol of the study was approved by the local
ethics committee. A total of 1,879 patients who under-
went PTCA in our institution were considered for this
prospective study. Eligible patients were those with an
uncomplicated PTCA who had no need for prolonged
heparin in terms of a poor result, or a high risk of acute
occlusion as judged by the operator, no other indication
for chronic anticoagulation (atrial fibrillation, prosthetic
heart valve, pulmonary embolism, peripheral vascular
disease), and no contraindication to oral anticoagulation.
The major exclusion criterion was unwillingness to un-
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dergo routine follow-up catheterization. Eligible patients
who gave written informed consent were randomized
into two groups using sealed envelopes. In the first
group, no heparin was given after the intervention (G1),
the sheath was removed 3–4 hr after the procedure, and
the patients were discharged on acetylsalicylic acid
(ASA) alone the following day. Patients in the second
group received a continuous heparin infusion of 1,000
units/hr for 12–20 hr followed by 6 months of oral
anticoagulation with coumadin in addition to 100 mg of
ASA (G2). The oral anticoagulation was started while the
patients were still on intravenous heparin. The arterial
sheath was removed 3 hr after the discontinuation of
heparin. One hour after the sheath removal, heparin in-
fusion was restarted in patients assigned to oral antico-
agulation. Patients were then discharged on coumadin
and a control of International Normalized Ratio (INR)
was performed in the following 2–3 days by their home
physicians. During the study period, the recommended
target INR was 2.5–4.0.

PTCA procedures were performed by femoral route
according to techniques previously described, using 5, 6,
or 7 Fr guiding systems. Intraprocedural treatment con-
sisted of oral or intracoronary nitrates, a bolus of 5,000–
20,000 units of heparin, and ASA 250 mg intravenously
for patients who were not already on ASA therapy.
Nonionic contrast medium was used in all cases. Sheath
removal in both groups was performed with manual or
mechanical compression with 6 hr of bed rest. An elec-
trocardiogram (ECG) and creatine kinase levels were
obtained the day after PTCA and in case of prolonged
chest pain. In cases of acute prolonged chest pain or new
ECG modifications suspicious of abrupt vessel closure,
repeat angiography was performed.

Clinical data were collected prospectively during the
follow-up period. The patients were invited to undergo
an elective repeat coronary angiography after 6 months.
Quantitative coronary analysis with Philips digital coro-
nary imaging system was obtained in all patients before
and after PTCA as well as at follow-up. For this purpose,
at least two orthogonal views were considered and the
guiding catheter was used for calibration.

Definitions

Acute gain was defined as the increase in minimal
luminal diameter (MLD) after PTCA compared to before
angioplasty, and late loss was calculated as the difference
between the MLD at follow-up and the MLD after
PTCA. The ratio of late loss/acute gain was defined as
late loss index. Restenosis was defined as diameter ste-
nosis of � 50% at follow-up angiography.

Statistical Analysis

The values are expressed in mean � SD. The chi-
square and Fisher exact test were used to determine

differences between groups. P values of � 0.05 were
defined as a statistically significant difference. The nec-
essary sample size was calculated to detect a reduction in
restenosis rate. Assuming an angiographic restenosis rate
of 35%–40%, our study had a power of 85% to detect a
reduction from 40% to 20%, and a power of 60% for a
reduction from 35% to 20%.

RESULTS

A total of 191 patients were randomized. The baseline
characteristics of the study population as well as patients
not included in the study are depicted in Table I. There
were no statistical differences between the two groups or
the patients not included in the study with respect to age,
gender, coronary risk profile, or history of previous myo-
cardial infarction. Ninety-one patients were randomized
into the ASA group (G1) and 100 were randomized into
the anticoagulation group (G2). This accounted for
roughly 10% of all PTCA procedures performed in that
time period. The incidence of unstable angina was
slightly higher in the patients in G2 (27% vs. 19% in G1),
but the difference was not statistically significant. A total
of 221 stenoses were attempted. Twenty-six patients
(14%) had a multivessel PTCA. In 34% of the patients,
one or more stents were implanted. The target lesions
were in the left anterior descending coronary artery
(LAD) in 81 cases, in the right coronary artery (RCA) in
78 cases, and in the left circumflex coronary artery (LCx)
in 61 cases. The lesion types (according to the AHA
classification) were as follows: type A 39%, type B 38%,
and type C 24%, without significant differences between
the groups. There were 10 chronic total coronary occlu-
sions in G1 (10%) and 19 in G2 (15%; Table II).

ASA Group (G1)

In G1, in-hospital cardiac complications after the pa-
tient had left the catheterization laboratory occurred in

TABLE I. Baseline Characteristics

G1 G2
Patients not

included

Patients 91 100 1688
Age (years) 60 � 9 59 � 10 60 � 10
Female 15% 21% 17%
Hypertension 45% 51% 41%
Smoking 56% 64% 50%
Diabetes 11% 13% 12%
Hypercholesterolemia 45% 54% 43%
Family history of coronary

heart disease 32% 41% 26%
Unstable angina 19% 27% 17%
Previous infarction 53% 50% 48%

Less than 1 week 9% 8%
Remote 44% 42%
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five patients (5%; Table III). The only in-hospital death
occurred in the group without continuous heparin and
was due to subacute stent thrombosis 3 days after the
intervention. Four patients suffered nonfatal myocardial
infarctions. Two of them just had discrete enzymatic
rises and no ECG changes. Repeat angiography was not
performed in these patients. In one patient, a totally
occluded left anterior descending coronary artery (LAD)
which initially had been successfully recanalized reoc-
cluded after the intervention, which caused a CK rise to
500 U/l due to impairment of the local collaterals. In a
second patient with PTCA of a mid-LAD, a small diag-
onal branch was occluded by the intervention, which
caused a CK rise to 460 U/l. No patient underwent
emergent CABG. A moderate bleeding of the groin oc-
curred in one patient (1%).

Angiographic follow-up was available in 90% of eli-
gible patients in this group. Restenosis occurred in 30%
of the patients. The angiographic findings are depicted in
Table IV and Figures 1 and 2. One patient with angio-
graphic restenosis underwent elective bypass surgery
during follow-up.

Heparin Group (G2)

Three G2 patients (3%) suffered an acute vessel clo-
sure. All occurred in patients with stent implantation and
led to myocardial infarction. In one of them, acute throm-
bosis occurred while the patient was still under heparin
infusion and a second patient suffered an acute vessel
closure with cardiogenic shock shortly after heparin dis-
continuation. The third patient in this group had a sub-
acute stent thrombosis under oral anticoagulation 2 days
after the intervention. All these patients were taken back
to the catheterization laboratory and redilatation of the

occluded artery was attempted. The reintervention was
successful in all patients. The patient with simultaneous
occlusion of the right and circumflex coronary arteries
who was in cardiogenic shock had a prolonged recovery.
Repeat angiography 6 months later revealed normal pa-
tency of both redilated vessels. Two patients in the hep-
arin group developed moderate to severe groin bleeding
(2%) and one patient (1%) suffered a transient thrombo-
sis of a basilar artery without clinical sequelae.

In this group, 94% of the eligible patients underwent
repeat angiography (six asymptomatic patients refused).
Restenosis occurred in 33% of the patients in this group.
The angiographic data are depicted in Table IV and
Figures 1 and 2. One patient with restenosis and lesion
progression underwent CABG 4 months after PTCA.

DISCUSSION

Much work has been undertaken to understand the
pathophysiological mechanisms of restenosis and to de-
fine valid therapeutic strategies [10–12]. Following bal-
loon injury of the vessel wall, several mechanisms may
lead to restenosis: early elastic recoil, thrombosis, intimal
hyperplasia, and vascular remodeling. Early after PTCA,
elastic return of the stretched vessel wall may account for
a substantial loss in diameter of the dilated vessel and
increased incidence of late restenosis [13]. The use of
stents has eliminated the elastic recoil, reducing the re-
stenosis rate significantly [14,15]. Stents, on the other
hand, impede late arterial dilative remodeling and may
increase intimal hyperplasia.

Thrombus may play a key role in promoting the se-
quence of events leading to restenosis. Early after bal-
loon injury of the vessel wall, a platelet- and fibrin-rich
thrombus occurs at the site of injury. Recent data have

TABLE II. Lesion Location and Morphology

G1 G2 Total

Lesion 100 121 221
LAD 39 43 82
RCA 35 43 78
LCx 26 35 61
Type A 39 46 85
Type B 34 48 82
Type C 27 26 53
Total occlusion 10 19 29
Stents 33 (36%) 33 (33%)

TABLE III. Acute Complications

G1
(n � 91)

G2
(n � 100) P

Myocardial infarction 4% 3% NS
Emergency bypass surgery 0 0 NS
Death 1% 0 NS
Vascular complications 1% 3% NS

TABLE IV. Angiographic Data

G1
(n � 91)

G2
(n � 100) P

Reference diameter (mm) 2.8 � 0.7 2.9 � 0.8 NS
Minimal luminal diameter

(mm)
Before PTCA 0.7 � 0.4 0.8 � 0.5 NS
After PTCA 2.3 � 0.5 2.3 � 0.6 NS
Follow-up 1.7 � 0.9 1.7 � 0.8 NS

Stenosis (%)
Before PTCA 73 � 15 71 � 14 NS
After PTCA 22 � 11 23 � 10 NS
Follow-up 40 � 28 39 � 24 NS

Acute gain (mm) 1.6 � 0.6 1.5 � 0.6 NS
Late loss (mm) 0.7 � 0.9 0.6 � 0.9 NS
Net gain (mm) 0.8 � 0.9 0.7 � 0.8 NS
Loss index 39% 38% NS
Restenosis (� 50%) 30% 33% NS
Reocclusiona 1/15 5/14 0.08
aAfter successful recanalization of a chronic total occlusion.
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identified a direct promoting effect of thrombin on
smooth muscle cell proliferation, as well as its modulator
role in extracellular matrix composition [16]. Further-
more, thrombin is a potent stimulator of platelet activa-
tion and aggregation. Platelets contain a variety of
growth factors, mitogens, and cytokines as well. The
release of these factors will stimulate migration and
proliferation of smooth muscle cells, intimal hyperplasia,
and extracellular matrix formation. In addition, throm-
botic mass contributes directly to luminal narrowing and
may act as a reservoir for active mitogenic substances
and as a matrix for proliferating cells.

Antiplatelet agents have been the target of several
investigations. ASA, dypiridamole, and ticlopidine were
found not to reduce late restenosis significantly [17–20].
The significant reduction of target vessel revasculariza-
tion with murine antibodies against platelet IIb/IIIa re-
ceptors, found in the EPIC trial, was not confirmed in
successive trials of IIb/IIIa antagonists [21].

Based on these concepts, several studies have investi-
gated the role of thrombin inhibition on restenosis. Be-

side its antithrombotic effect, heparin has documented
antiproliferative properties on smooth muscle cells
[8,22]. Various animal studies have reported a significant
reduction in restenosis rate with heparin treatment fol-
lowing PTCA. Accordingly, a recent study by Gallo et al.
[23] showed that in a pig model sustained thrombin
inhibition using prolonged hirudin infusion, a potent
direct thrombin inhibitor, significantly reduced resteno-
sis. Yet the results of studies with several thrombin

Fig. 1. Cumulative distribution curves of (A) mean percent
diameter stenosis and (B) mean minimal luminal diameter be-
fore and after PTCA and at follow-up in groups 1 (ASA) and 2
(coumadin). The differences are not significant.[Color figure
can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Fig. 2. Cumulative distribution curves of (A) acute gain, (B) late
loss, and (C) late loss index of minimal luminal diameter before
and after PTCA and at follow-up in groups 1 (ASA) and 2 (cou-
madin). The differences are not significant.[Color figure can be
viewed in the online issue, which is available at www.interscience.
wiley.com]
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inhibitors aiming to reduce restenosis in humans have
been disappointing.

At least two large multicenter randomized trials failed to
show any difference in restenosis in patients treated with
long-term low-molecular-weight heparin compared to pla-
cebo [24,25]. The Helvetica trial, a multicenter study com-
paring the effect of hirudin with heparin after PTCA, failed
also to demonstrate any difference in humans [26].

Two prospective randomized studies have addressed
the effect of postprocedural heparin and oral anticoagu-
lation on restenosis. In one study, patients were random-
ized to receive either postprocedural dextrose or 18–24
hr of heparin infusion (no warfarin). In another study, the
randomization was between ASA and oral anticoagula-
tion (without heparin infusion). Angiographic follow-up
was obtained in only 55 patients (77%), and neither trial
showed a significant difference between the treatment
regimens [27,28]. Urban et al. [29] randomized 110
patients to receive either warfarin or ASA after uncom-
plicated coronary angioplasty. A prolonged (24 hr) infu-
sion of heparin was given to all patients after PTCA.
There were no differences in the restenosis rate.

To our knowledge, the present study is the first ran-
domized trial investigating the effect of prolonged post-
procedural heparin infusion combined with 6 months of
oral anticoagulation on top of ASA on the occurrence of
angiographically detected restenosis if compared with
ASA alone. Our hypothesis was that a positive effect
might be expected due to direct antiproliferative effect of
heparin and reduced formation and deposition of mural
thrombus. A wide spectrum of patients with symptomatic
coronary artery disease were screened and included in the
study. It should be noted that a high proportion of the
patients (over 90%) completed the study and underwent
angiographic follow-up. The results of our study showed
no difference between the two groups in terms of angio-
graphic restenosis, late lumen loss, or loss index (Table
IV, Figs. 1 and 2).

One explanation for the failure of heparin and oral
anticoagulation to reduce restenosis could be that reste-
nosis is a complex and multifactorial process. Therapeu-
tic interventions, therefore, should ideally act on several
levels and targets (quite challenging) or focus on the final
pathways of cell cycle modulation and replication. The
controversial and sobering results of several pharmaco-
logical interventions to prevent restenosis may reflect the
fact that wrong targets have been treated. The findings of
our study constitute an additional evidence that resteno-
sis is not primarily a chronic thrombotic problem but a
cellular proliferative process. The (systemic) way of ad-
ministration of pharmacological agents has also been
related to the failure of therapy. Interest has shifted
toward the local administration of potentially effective
agents directly to the site of arterial injury allowing for
prolonged administration and high concentrations of the

drug [30]. Several systems for local drug delivery are
currently under clinical investigation.

Particularly high restenosis (50%–70%) and reocclu-
sion (20%) rates are reported after recanalization of
chronic total coronary occlusions [31,32]. Abnormal cor-
onary vasomotor response, an intrinsic hematological
and rheological propensity to thrombosis, and residual
thrombotic material are possible reasons leading to reoc-
clusion and failure after recanalizations [32]. In our study
population, there were 29 patients with a chronic total
occlusion as target lesion at the time of initial procedure.
The follow-up angiography in these patients revealed an
equally high restenosis rate in both groups. However, a
complete reocclusion of the dilated vessel occurred only
in 6% of the patients receiving heparin and oral antico-
agulation as compared to 36% of the patients being
treated with ASA only (Table IV). This may indicate that
reocclusion of the recanalized vessels occurs soon after
the intervention, and that it might be related to a
(sub)acute thrombotic event rather than to a chronic
restenosis. An open, albeit restenotic, artery is highly
preferable to a (re)occluded one, in case a repeat revas-
cularization should clinically be indicated. Larger patient
numbers are needed to define the role of antithrombotic
therapy after recanalization of chronic total coronary
occlusions.

At the time this study was designed, the data on the
efficacy of antiplatelet drugs such as ticlopidine, clopi-
dogrel, or GP IIb/IIIa antagonists in patients undergoing
PTCA were not available, so that their use was not
foreseen in the study population.

Postprocedural heparin infusion followed by 6 months
of oral anticoagulation had no beneficial effect on angio-
graphic restenosis. Yet in patients undergoing recanali-
zation of an occluded coronary artery, there was a trend
toward less complete reocclusions when treated with
heparin and coumadin.
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