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The aim of the study is to assess the safety of trapidil in the setting of coronary stenting
and to evaluate its efficacy in reducing angiographic in-stent restenosis. One hundred
eighteen patients undergoing Palmaz-Schatz stent implantation were randomly assigned
to receive antiplatelet therapy using either aspirin (325 mg/d) or trapidil (400 mg/d), in
combination with ticlopidine (500 mg) for the first month. At entry, both groups were
comparable with regard to clinical, angiographic, and procedural characteristics. At
6-month angiographic follow-up, G50% restenosis occurred in 15 of 52 lesions (28.8%) of
the aspirin group and in 14 of 47 lesions (29.8%) of the trapidil group ( P 5 not significant,
NS). At 6-month clinical follow-up, there was no difference in the two groups in the rate of
adverse events (2.0% vs. 2.1%, P 5 NS), medication side effects (4.0% vs. 4.2%, P 5 NS),
and peripheral vascular complications (4.0% vs. 4.2%, P 5 NS). In conclusion, treatment
with trapidil seems to be associated with a similar incidence of stent restenosis and
adverse cardiac events as compared to aspirin and could be a valuable alternative to
aspirin in the setting of coronary stenting. Cathet. Cardiovasc. Intervent. 46:162–168,
1999. r 1999 Wiley-Liss, Inc.
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INTRODUCTION

The placement of intracoronary stents decreases the
morbidity of acute closure [1,2] and reduces the resteno-
sis rate in new lesions [3,4], as compared to percutaneous
transluminal coronary angioplasty (PTCA) [5]. However,
recent reports suggest that the restenosis rate after
coronary stenting still remains between at 20% and 40%
[6–8]. Mechanisms of lumen narrowing after stenting
include vascular recoil, early platelet aggregation and
thrombus formation, fibrocellular organization of newly
formed thrombus, and neointimal proliferation of smooth
muscle cells [6].

Indeed, lumen encroachment by intimal hyperplasia
within the stent seems to be the major cause of in-stent
restenosis [8]. Platelet-derived growth factor (PDGF)
plays an important role, not only as a powerful mitogen
for vascular smooth muscle cells but also as a mediator
for the inflammatory response secondary to both the
stress of balloon inflation and stent implantation [9].
Recently, trapidil, a PDGF antagonist with specific anti-
proliferative effects [10], has proved to reduce restenosis
significantly after PTCA, as compared to aspirin, and
favorably influence the clinical outcome thereafter [11,12].

Therefore, the aim of this study was, first, to assess the
efficacy of trapidil in reducing stent restenosis as com-
pared to aspirin in a randomized trial after a successful
optimized Palmaz-Schatz stent implantation; second, to
provide evidence of the safety of prolonged treatment
with trapidil after coronary stenting; and third, to test the
hypothesis that the treatment with trapidil would be at
least equivalent to aspirin in the setting ofcoronary stenting.

MATERIALS AND METHODS

Patients

Between October 1995 and November 1996, 470
coronary interventions were performed in 410 patients
with a target lesion stenosis.70% by visual estimate in a
major epicardial coronary artery associated with demon-
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strable ischemia. In 265 (65%) of these patients, an
intracoronary stent implantation was performed, with one
or more stents of different types successfully deployed in
249 patients (94%). One hundred eighteen patients with
Palmaz-Schatz stent implantations form the intent-to-
treat population of the study. Six of these patients had to
stop treatment because of adverse events, nine violated
protocol, and sixrefused angiographic follow-up. Therefore,
the protocol population consisted of 97 patients who, im-
mediately after the successful optimized implantation of
one or more Palmaz-Schatz stents in 99 lesions, were
randomly assigned to receive antiplatelet therapy using
either a combination of ticlopidine (500 mg/d) and aspirin
(325 mg/d) or ticlopidine (500 mg/d) and trapidil (400
mg/d). After 1 month of therapy, patients suspended
ticlopidine and continued for 5 further months of treat-
ment with either aspirin or trapidil following the initial
randomization. Informed consent was obtained for all
patients.

The randomization was performed with a standard list
of random numbers and the administration of the antiplate-
let agents was double-blinded to both patients and
physicians. All patients had a complete blood cell count at
discharge and 1 and 6 months after the procedure. They
were regularly followed up to obtain clinical information
at 1, 3, and 6 months after procedure and to perform
repeat angiography in case of recurrent angina. All
patients underwent 6-month angiographic follow-up.
Treatment ceased 6 months after stent procedure.

Exclusion criteria included small vessels (,2.5 mm by
caliper estimate) and angiographically diffuse distal dis-
ease that might have compromised outflow after stent
implantation. Patients with suboptimal results at the end
of the stent procedure owing to stent underexpansion,
inability to cover adequately dissections, or residual
lesions adjacent to the stent were excluded from the
study. Other criteria for exclusion were inability to return
for repeat angiogram, women of child bearing potential,
hepatic, or renal insufficiency, known intolerance to
trapidil or aspirin, and active peptic disease.

Stent Implantation Procedure

Procedures were performed via the femoral artery
using 8 Fr guiding catheters. A bolus of 10,000-IU
heparin was given after sheath insertion, with an addi-
tional bolus of 5,000 IU given as needed to maintain the
activated clotting time to.250 sec. Two different types
of Palmaz-Schatz stents (Johnson and Johnson Interven-
tional Systems, Warren, NJ) were used: one short stent
composed of 7-mm or 9-mm tubular slotted segment and
one longer stent composed of 14-mm tubular slotted
segment or 15-mm articulated long segment (the latter
composed of two 7-mm tubular slotted segments con-
nected by a 1-mm bridging strut to allow for longitudinal

flexibility). After predilation or balloon angioplasty, stents
were implanted as previously described [13]. Briefly,
stents were hand-crimped onto the balloon and inserted
under image intensifier guidance. Further balloon infla-
tions were then made to optimize the angiographic
appearance. This was performed with noncompliant bal-
loons taken to high pressures to achieve definitive
dilatation, with careful assessment of appearances by
conventional angiography [14,15]. A final angiographic
result with ,20% residual diameter stenosis by visual
estimate during procedure and a TIMI 3 flow was
considered acceptable. At the completion of the proce-
dure, a continuous infusion of 1,000-IU heparin IV was
started and continued at a dosage sufficient to maintain
activated clotting time of.250 sec. The heparin infusion
was discontinued 6–8 hr after the procedure and sheath
removed 3–4 hr later according to an activated clotting
time of ,150 sec. Indications for stenting were as
previously reported [14,16]. Stent deployment performed
for acute or threatened closure was considered bailout
stent implantation. The use of more than one stent per
lesion was considered multiple stents.

Angiographic Analysis

Coronary angiograms before stenting, immediately
after stenting, and at follow-up were analyzed by two
experienced angiographers not involved in the stenting
procedure and blind to treatment. Efforts were made to
keep the angiographic views of the same patient constant.
Patients received intracoronary nitroglycerin before base-
line and final angiograms to achieve maximal coronary
vasodilation. Stenoses were measured in two near-
orthogonal views and care was taken to choose the views
that best demonstrated the stenoses and to avoid foreshort-
ening. End-diastolic frames, whenever possible, were
analyzed by means of manual calipers. The guiding
catheter was used as the reference object for measure-
ment of vessel length and diameter. A measurement of the
prestenotic and poststenotic segments was obtained,
together with the most stenotic diameter in both near-
orthogonal views, and percent stenosis was calculated for
each view as previously described [12]. The initial gain
was calculated (initial stenosis prestenting minus residual
stenosis poststenting), as well as the final gain (initial
stenosis prestenting minus final stenosis at follow-up) and
the loss of gain (initial gain minus final gain). Lesions
were characterized according to the modified American
College of Cardiology—American Heart Association
score [17].

End Points

The primary end point was restenosis, which was
defined as a stenosis of.50% at the angiographic
follow-up. Secondary end points were major complica-
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tions such as occurrence of acute (,24 hr) or subacute
stent closure (,1 month), Q-wave myocardial infarction,
bypass surgery, cerebrovascular accident, death, and
vascular hemorrhage, while minor complications were
non–Q-wave myocardial infarction and groin hematoma.

Statistical Analysis

All variables were expressed as mean6 SD. All
variables in the two treatment arms were compared by
Student’st-test for all continuous data and by chi-square
test for all qualitative data. Fisher’s exact test was used to
compare restenosis rate between subgroups. AP , 0.05
was considered statistically significant.

RESULTS

The baseline clinical characteristics of the 97 patients
evaluated (50 patients in the aspirin group and 47 patients
in the trapidil group) are summarized in Table I. The two
groups were comparable for all clinical characteristics.

Table II shows the characteristics of the treated vessels
in the two groups of patients (52 lesions in the aspirin
group and 47 lesions in the trapidil group). No difference
was observed between the two groups regarding type of
stented vessel, type of stenosis, characteristic of the
lesion, and site of the stented lesion.

As Table III shows, the indication for stent implanta-
tion as well as the number of stents deployed, the number

of stents per lesion, and average length of stented
segment were also similar between the two groups of
patients.

The results of angiographic analysis for all vessels
treated are shown in Table IV. Initial and final gain were
comparable in both aspirin and trapidil groups at 6-month
follow-up. Restenosis occurred in 15 of 52 (28.8%)
lesions of patients treated with aspirin and in 14 of 47
(29.8%) lesions of patients treated with trapidil (P 5 NS),
with a similar rate of late loss (1.16 1.2 in the aspirin
group, vs. 1.26 1.2 in the trapidil group).

Lesions treated with multiple stents had a higher
restenosis rate (16 of 39, 41%) as compared to lesions

TABLE I. Baseline Clinical Characteristics
of the Study Population

Aspirin
(n 5 50 patients)

Trapidil
(n 5 47 patients)

n % n %

Male 42 84.0 41 87.2
Age (years, mean6 SD) 586 9 586 11
Family history 35 70.0 27 57.4
Smoke 21 42.0 22 46.8
Hypertension 26 52.0 19 40.4
Diabetes 11 22.0 8 17.0
Hypercholesterolemia 29 58.0 23 48.9
Angina 42 84.0 40 85.1
CCS classificationa

I 6 12.0 6 12.8
II 14 28.0 12 25.5
III 20 40.0 18 38.3
IV 10 20.0 11 23.4

Unstable angina 17 34.0 15 31.9
Stable angina 25 50.0 25 53.2
Previous myocardial infarction 24 48.0 27 57.5
Concomitant medications

Nitrates 43 86.0 40 85.1
Calcium channel blockers 30 60.0 27 57.4
b-blockers 26 52.0 25 53.2

aCCS 5 Canadian Cardiovascular Society; all differences were not
statistically significant.

TABLE II. Baseline Angiographic Characteristics
of the Study Population a

Aspirin
(n 5 52 lesions)

Trapidil
(n 5 47 lesions)

n % n %

Stented vessels
LAD 27 51.9 30 63.8
LCx 9 17.3 6 12.8
RCA 16 30.8 11 23.4

Type of stenosis
A 9 17.3 7 14.9
B1 20 38.5 20 42.6
B2 14 26.9 12 25.5
C 9 17.3 8 17.0

Characteristics of the lesion
Length (mm, mean6 SD) 12.86 5.4 12.86 6.0
Calcification 6 11.5 7 14.9
Thrombus 6 11.5 8 17.0
Total occlusion 6 11.5 5 10.6

Lesion site stented
Ostial 1 1.9 3 6.4
Proximal 23 44.2 20 42.6
Mid 19 36.5 17 36.2
Distal 9 17.3 7 14.9

aLAD 5 left anterior descending; LCx5 left circumflex artery; RCA5

right coronary artery; type of stenosis is according to the modified
ACC-AHA score [17]; all differences were statistically not significant.

TABLE III. Stent Implantation Pr ocedure Characteristics a

Aspirin
(n 5 52 lesions)

Trapidil
(n 5 47 lesions)

n % n %

Indication for stenting
Elective 25 48.1 25 53.2
Suboptimal PTCA 15 28.8 13 27.7
Restenosis 3 5.8 3 6.4
Bailout 6 11.5 6 12.8
Acute treatment 1 1.9 0 —

Total number of stents 78 68
Average number of stents per lesion 1.56 0.6 1.56 0.7
Average length of stents (mm) 18.16 7.8 18.16 7.0
aPTCA 5 percutaneous transluminal coronary angioplasty; all differences
were not statistically significant.
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treated with a single stent (13 of 60, 21.6%) (P , 0.01).
No difference in restenosis rate was observed for multiple
stents in the aspirin group compared with the trapidil
group (9 of 22 lesions, 40.9% vs. 7 of 17 lesions, 41.1%,
P 5 NS) (Table V).

Stent implantation in a small group of patients with
total occlusive disease had a significantly higher rate of
restenosis (7 of 11, 63.6%) as compared to non total
occlusive disease (22 of 88, 25%) (P , 0.01). Indeed, a
trend toward a more aggressive restenosis in the aspirin
group (6 of 6 lesions, 100%,P , 0.01) was observed as
compared to total occlusive disease of patients treated
with trapidil (1 of 5 lesions, 20%) (Table VI).

During follow-up, a similar incidence of adverse
cardiac events was observed. Of the six patients who had
to stop treatment because of adverse events, one patient
of the aspirin group had subacute stent thrombosis as a
major complication, while another patient of the trapidil
group had a non–Q-wave myocardial infarction as a
minor complication. There were four dropouts for ad-
verse drug reactions, two in each group. In the aspirin
group one patient had leukopenia and another patient skin

rash, while in the trapidil group one patient had leukope-
nia and another gastritis. No patients had major complica-
tions. Two patients in each group had groin hematoma but
completed the study. None of the patients reported severe
hematological complications. The incidence of angina
was similar between the two groups (36.0% vs. 34.0%,
P 5 NS) (Table VII).

DISCUSSION

This study shows that prolonged treatment with trapidil
does not seem to reduce significantly the overall rate of
Palmaz-Schatz stent restenosis at follow-up as compared
to aspirin. However, treatment of trapidil is associated
with a similar rate of complications and adverse events.
In patients with high rates of prestent restenosis risk, such
as total occlusive disease, trapidil might be beneficial to
reduce restenosis at 6-month follow-up.

Despite considerable technical improvement in PTCA,
the restenosis process remains the major limitation of this
technique [5]. Recently, intracoronary stent implantation
has been developed and tested in clinical practice in the

TABLE IV. Stent Angiographic Evaluation in All Vessels Treated a

Aspirin
(n 5 52 lesions)

Trapidil
(n 5 47 lesions)

mm % mm %

Prestenting stenosis 0.26 0.3 92.96 9.5 0.36 0.3 90.96 8.9
Poststenting stenosis 3.26 0.7 5.16 7.6 3.36 0.4 5.16 8.2
Initial gain 2.96 0.6 87.76 11.0 3.06 0.5 85.86 13.0
Stenosis at follow-up (6 months) 2.16 1.2 38.06 34.1 2.06 1.2 38.76 34.5
Final gain 1.86 1.1 54.86 32.9 1.76 1.2 52.36 36.3
Loss of initial gain 1.16 1.2 32.96 33.5 1.26 1.2 33.66 36.9
aAll differences were statistically not significant.

TABLE V. Stent Angiographic Evaluation in Single vs. Multiple Stents a

Aspirin Trapidil

n 5 30 lesions n5 30 lesions

Single stent mm % mm %
Prestenting stenosis 0.36 0.4 92.26 10.0 0.36 0.3 91.76 7.9
Poststenting stenosis 3.26 0.8 3.36 6.5 3.36 0.4 5.86 8.4
Initial gain 3.06 0.9 88.96 11.7 3.06 0.5 85.96 12.1
Stenosis at follow-up (6 months) 2.56 1.1 27.46 30.0 2.26 1.2 33.96 34.3
Final gain 2.26 1.0 64.46 29.3 2.06 1.3 57.76 37.6
Loss of initial gain 0.76 1.1 23.96 26.7 1.06 1.2 26.96 36.7

n 5 22 lesions n5 17 lesions

Multiple stents mm % mm %
Prestenting stenosis 0.26 0.3 94.36 8.2 0.36 0.4 89.76 10.9
Poststenting stenosis 3.26 0.4 7.36 8.4 3.26 0.4 1.86 5.3
Initial gain 3.06 0.4 87.76 10.3 2.96 0.5 88.06 12.7
Stenosis at follow-up (6 months) 1.56 1.1 52.46 34.7 1.76 1.1 47.06 34.4
Final gain 1.46 1.1 41.86 33.3 1.36 1.0 42.76 32.7
Loss of initial gain 1.66 1.2 45.26 38.4 1.56 1.2 45.36 35.2

aAll differences were statistically not significant.
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treatment of coronary artery dissections and in preventing
abrupt vessel closure [1,2]. Furthermore, it has been
suggested that stenting may improve long-term angio-
graphic outcome by reducing the incidence of restenosis
as compared to PTCA [3,4]. However, the restenosis rate
after coronary stenting still remains at between 20% and
40% [6,7]. Indeed, substantial expansion and overexpan-
sion of the arterial lumen by the stent is achieved at the
expense of a potent stimulus for smooth muscle cell

proliferation and neointimal hyperplasia. The pathogen-
esis of restenosis is not fully understood, but it is very
likely a multifactorial process that includes vascular
recoil, which is much reduced in stenting, organization of
the thrombus adhering to the site of arterial injury, and
neointimal proliferation of smooth muscle cells [6].
Indeed, neointimal in-growth seems to represent the main
relevant mechanism of in-stent restenosis both in experi-
mental [18–19] and in clinical studies [20]. Although it is
unknown how smooth-muscle-cell proliferation is initi-
ated, cell proliferation is controlled by the balance
between growth factors and growth inhibitors from the
circulation and local tissue sites. PDGF has been consid-
ered a major component, and recent studies in human
atherosclerotic arteries have demonstrated its importance
[21]. PDGF may be released not only by platelets but also
by smooth muscle cells and endothelial cells, as well as
macrophages [22]. Trapidil (triazolopyrimidine) has been
shown to reduce cellular proliferation in animal models,
induced by PDGF in carotid arteries [23] and by PTCA in
the iliac artery [10]. The present randomized study was
performed in a homogeneous group of patients all treated
with a Palmaz-Schatz stent. The choice of using the same
type of stent was made because, as recently shown,
configuration-dependent interactions of stent struts with
vessel wall elements, more than arterial enlargement or
stent surface material, determine vascular injury and
neointimal hyperplasia [24]. No difference of restenosis
rate at 6 months of angiographic follow-up was observed
in the present study in lesions of patients treated with
trapidil compared to aspirin. These findings are in con-
trast with those observed in other works where trapidil
proved to be effective in reducing restenosis after PTCA

TABLE VI. Stent Angiographic Evaluation in Total Occlusive vs. Nontotal Occlusive
Disease a

Aspirin Trapidil

n 5 46 lesions n5 42 lesions

Nonocclusive disease mm % mm %
Prestenting stenosis 0.36 0.6 94.96 9.75 0.36 0.3 89.96 8.9
Poststenting stenosis 3.26 0.6 4.96 7.6 3.36 0.4 5.26 8.2
Initial gain 2.96 0.7 87.06 11.2 2.96 0.5 84.76 12.9
Stenosis at follow-up (6 months) 2.36 1.1 31.96 30.8 2.06 1.2 39.56 35.4
Final gain 2.06 1.1 60.06 30.7 1.76 1.2 50.46 36.8
Loss of initial gain 0.96 1.2 26.96 30.1 1.36 1.3 34.26 37.8

n 5 6 lesions n5 5 lesions

Occlusive disease mm % mm %
Prestenting stenosis 06 0 1006 0 0 6 0 1006 0
Poststenting stenosis 3.26 0.7 6.76 8.2 3.36 0.4 4.46 7.6
Initial gain 3.26 0.7 93.36 8.2 2.96 0.2 96.06 8.9
Stenosis at follow-up (6 months) 0.66 0.9 85.06 18.7 2.16 0.9a 32.06 29.5a

Final gain 0.66 0.9 15.06 18.7 2.16 0.9a 68.06 29.5a

Loss of initial gain 2.66 0.4 78.36 23.2 0.96 0.9a 28.06 31.1a

aP , 0.01 Fisher’s exact test: trapidil treatment vs. aspirin treatment; all remaining differences were not
statistically significant.

TABLE VII. Clinical and Angiographic Events at 6-Month
Follow-Up for Entire Study Population

Aspirin Trapidil

n % n %

Angiographic events
Acute stent thrombosis 0 0
Subacute stent thrombosis 1 2.0 0

Major complications
Q-wave myocardial infarction 0 0
Bypass surgery 0 0
Cerebrovascular accidents 0 0
Death 0 0

Minor complications
Groin hematoma 2 4.0 2 4.2
Non–Q-wave myocardial infarction 0 1 2.1

Side effects
Leukopenia 1 2.0 1 2.1
Skin rashes 1 2.0 0
Gastritis 0 1 2.1

CCS classificationa

I 4 8.0 4 8.5
II 5 10.0 4 8.5
III 5 10.0 5 10.6
IV 4 8.0 3 6.4

aCCS5 Canadian Cardiovascular Society.
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[11,12]). Indeed, differently from PTCA, leaving a stent
behind within the artery may cause more severe and
prolonged vascular injury and provide a chronic stimulus
for smooth-muscle-cell proliferation and neointimal hy-
perplasia. Trapidil in such occurrence may not be able to
perform adequately. This is further highlighted in the
implantation of multiple stents where the dilating force of
more than one stent and greater metal density probably
increases myointimal regrowth [25] with a consequent
higher restenosis incidence [6,26,27]. In the present
study, no difference in restenosis rate was observed for
patients with multiple stents in the trapidil group com-
pared to the aspirin group.

However, since the trapidil-ticlopidine combination
yielded to similar acute and long-term results as the
mostly used ASA-ticlopidine combination, trapidil might
be an exciting substitute in patients with either true ASA
allergy, or with prior gastrointestinal events.

Total occlusions have been reported as an important
predictor of restenosis [26]. Indeed, extensive dissections
and endothelial destruction frequently seen after opening
of chronic total occlusions leads to a greater release of
humoral factors with a resultant increase in inflammatory
response, platelet aggregation, and consequent intimal
hyperplasia. In this subset of patients treatment with
trapidil determined, to our surprise, only a 20% rate of
restenosis as compared to patients without, who showed
in all of them a significant restenosis. Due to the low
number of randomized patients, these results, even though
attractive, cannot lead us to any definitive conclusion on
the beneficial effect of trapidil in such lesion subset.

A history of restenosis after PTCA, which is also
associated with a greater likelihood of restenosis, was not
tested in the present study as the number of lesions with
such occurrences were too few for this analysis. Indeed,
previous PTCA at the same site may determine a greater
likelihood of restenosis due to repeated trauma to an area
containing many phenotypically synthetic smooth muscle
cells [28].

The extent of residual stenosis after stenting may also
correlate with the likelihood of subsequent restenosis for
which treatment with trapidil might have been of benefi-
cial effect. However, such an occurrence was not tested in
the present study as all stented segment of these series
were optimized to a final angiographic result with,20%
residual diameter stenosis.

Study Limitations

A possible drawback of this study is the method of
angiographic analysis used. During recent years the role
of quantitative coronary arteriography in the trials analyz-
ing restenosis has been widely recognized and the
importance of achieving absolute values of luminal
diameter has been underlined. However, even if we are

aware of the limitations in accuracy that might derive
from a ‘‘semiquantitative’’ analysis, we must emphasize
that errors of measurements must be evenly distributed
among the two groups (aspirin and trapidil), since the
reading of angiograms was blind to treatment.

Although the study was randomized, the randomiza-
tion was open label. A single- or double-blind randomiza-
tion protocol might have provided a more scientific
assessment of the efficacy and safety of the two antiplate-
let regimens for clinical assessment.

With the low incidence of stent restenosis, a larger
cohort of patients clearly is necessary to provide a more
meaningful difference between the two antiplatelet regi-
mens. However, in the era of multiple stents, of different
strut stent design, of different stent metal composition
that may all affect unpredictably the result of immediate
success and late follow-up [24], our patients were inten-
tionally strictly randomized in a homogeneous population
treated with the same type of stent, as already underlined
previously.

The stent implantation procedure in this study was
performed without intravascular ultrasound guidance. It
cannot be determined whether the lack of such guidance
might have resulted in a suboptimal stent expansion in
some of our patients. However, randomization means that
such occurrences must have been evenly distributed.
Furthermore, results of the French Registry suggest that
intravascular ultrasound may not be necessary in most
patients when using high balloon sizing and inflation
pressures [15]. Finally, additional randomized clinical
trials may be necessary to demonstrate the benefit of
ultrasound as a component of the stent procedure.

In the setting of coronary stenting, treatment with
trapidil is associated with a similar rate of angiographic
restenosis and adverse events, as compared to aspirin;
therefore, it could be a valuable alternative to aspirin. Its
efficacy in specific subgroups of patients with high stent
restenosis risk rates deserves careful evaluation in further
studies with a larger number of patients.
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