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The objective of this study was to assess the value of a clopidogrel regimen based on a
high loading dose initiated before the stent placement procedure. A consecutive series of
864 patients treated with a high-loading-dose clopidogrel regimen (600 mg given 2–4 hr
prior to intervention) was compared with 870 patients treated with conventional ticlopi-
dine therapy. Abciximab was given periprocedurally in 62% of the patients. The compos-
ite endpoint of death, myocardial infarction, or urgent revascularization was reached by
39 (4.5%) clopidogrel patients and 59 (6.8%) ticlopidine patients. Clopidogrel therapy was
associated with a 35% reduction of the risk for early adverse events (odds ratio 0.65; 95%
confidence interval, 0.43–0.98). Thus, a high-loading-dose clopidogrel regimen in pa-
tients undergoing coronary artery stenting was safe and led to a more favorable clinical
outcome than conventional therapy with ticlopidine regardless of concomitant treatment
with abciximab. Cathet Cardiovasc Intervent 2002;55:436–441. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

The substitution of ticlopidine for oral anticoagulation
represents a major advance in the adjunct therapy of
coronary stenting, which contributed markedly to the
expansion of this intervention option [1–5]. Ticlopidine,
however, has its limitations. There is a disturbing fre-
quency of side effects, culminating in a dreaded throm-
botic thrombocytopenic purpura in up to 0.02% of the
cases [6–8]. Moreover, the administration of ticlopidine
is followed by a delayed onset of action of at least 2 days
[9], which coincides exactly with the period of the high-
est risk for adverse events after stenting [10].

Clopidogrel is a more recently developed thienopyri-
dine derivative with the potential of rendering fewer
drawbacks than ticlopidine [9,11]. A large-scale random-
ized clinical trial in patients with atherosclerotic vascular
disease has demonstrated a favorable efficacy and safety
profile of this drug [12]. A series of observational [13–
15] and randomized trials [16–18] has shown that clopi-
dogrel is safer than and as effective as ticlopidine in
patients undergoing coronary stenting. However, these
trials did not take advantage of the potential protective
effect of clopidogrel during the intervention because the
drug was first given after the intervention [16–18]. In
addition, these trials have used either no loading dose of
clopidogrel or a dose too low according to more recent
data on the dose dependence of clopidogrel effect. In
fact, both Müller et al. [19] and Leimbach et al. [20] have

demonstrated that clopidogrel doses of 525–600 mg are
needed to produce a potent inhibition of platelet aggre-
gation induced by adenosine diphosphate (ADP) within 2
hr. It is unclear, however, whether the advantages of
platelet inhibition provided by an early high dose of
clopidogrel are clinically relevant in the era of the wide-
spread use of glycoprotein (GP) IIb/IIIa blockers during
coronary stenting. Previous trials cannot help to answer
this question because they did not assess the role of
combining a loading dose of clopidogrel with GP IIb/IIIa
blockade [16,17].

In this study, we intended to compare the value of a
clopidogrel regimen based on a high loading dose given
before the intervention with that of conventional ticlopi-
dine therapy for patients who currently undergo coronary
stenting with or without adjunctive GP IIb/IIIa blockers.

MATERIALS AND METHODS

We initiated the regimen based on a high loading dose
of clopidogrel as an adjunctive therapy during coronary
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stenting in September 1999. The clopidogrel therapy
consisted of pretreatment with an oral dose of 600 mg
given 2–4 hr prior to the intervention, 150 mg/day until
discharge and a maintenance dose of 75 mg/day for 4
weeks after the intervention. This study includes a con-
secutive series of patients assigned to this form of ther-
apy in an 8-month period. Only patients with acute
myocardial infarction were excluded because there was
not sufficient time for the necessary pretreatment inter-
val. A consecutive series of similar patients treated with
a ticlopidine regimen during an 8-month interval begin-
ning in September 1998 served as a control group. The
ticlopidine therapy consisted of a pretreatment dose of
500 mg given orally one to several hours before the
procedure followed by 500 mg/day for 4 weeks [1].

Patients of both the clopidogrel and ticlopidine groups
received heparin intravenously (10,000 to 15,000 U de-
pending on the patient’s weight) and 200 mg/day aspirin
indefinitely. In addition, patients considered at higher
risk for thrombotic events after the intervention on the
basis of entry clinical data (e.g., unstable angina) and
angiographic characteristics (e.g., bypass grafts, throm-
bus-containing lesions), as well as in the presence of
suboptimal procedural results, received abciximab as a
bolus (0.25 mg/kg bodyweight) followed by a 12-hr
infusion (0.125 �g/kg/min) [21]. The decision to give
abciximab, however, was left to the discretion of the
respective operator. In most of the cases, this therapy was
started before the first balloon dilatation. Second-gener-
ation stents of interconnected ring design were placed in
both groups.

Angiographic Evaluation

Digital angiograms obtained before and at the end of
the intervention in the same projections were analyzed
offline, with the automated edge detection system CMS
(Medis Medical Imaging Systems, Nuenen, The Nether-
lands) providing the dimensions of the coronary lumen
and maximally inflated balloon. We also calculated left
ventricular ejection fraction. Lesions were classified ac-
cording to the American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) grading system as
modified by Ellis et al. [22].

Endpoint Definition

The primary endpoint of the study was the cumulative
incidence of death, myocardial infarction, and urgent
revascularization (coronary bypass surgery or repeat per-
cutaneous intervention) due to myocardial ischemia
within 30 days of intervention. The diagnosis of acute
myocardial infarction was based on the presence of new
pathologic Q-waves in two or more contiguous electro-
cardiographic leads or an elevation of creatine kinase or
its MB isoenzyme to at least three times the upper limit

of normal in two samples collected at different times
[21]. Blood samples were drawn before and immediately
after the procedure, every 8 hr for the first 24 hr after
stenting and daily afterward until discharge for the de-
termination of creatine kinase and platelet count. In case
of a platelet count � 100 � 103/mm3 from blood sam-
ples, anticoagulated with potassium ethylene-diamine-
tetra-acetic acid (EDTA) the analysis was repeated using
citrate and heparin blood samples.

We also assessed the frequency of hemorrhagic and
vascular complications, which were classified as major
and minor. Major hemorrhagic and vascular complica-
tions included cerebrovascular accidents, bleeding com-
plications requiring transfusion or surgery, and periph-
eral vascular complications at the access site
(pseudoaneurysm or arteriovenous fistula) needing sur-
gery. All other hemorrhagic and vascular complications
not fulfilling the above criteria were defined as minor.

Statistical Analysis

The results are shown as mean � SD or as proportions
(%). In patients with multilesion interventions, one lesion
was selected at random for the analysis of lesion-related
variables. The differences between the two treatment
groups were assessed using chi-square test or Fisher’s
exact test, as appropriate, for categorical data and t-test
for continuos data. A multivariate logistic regression
analysis was also used to adjust for inhomogeneities in
baseline or procedural characteristics. P values � 0.05
were considered significant.

RESULTS

During the two respective 8-month periods, 864 pa-
tients were recruited in the clopidogrel group and 870
patients in the ticlopidine group. The groups were well
matched with respect to baseline clinical characteristics
(Table I) except for a trend toward an older age in
clopidogrel patients. Similarly, baseline angiographic
data (Table II) were also comparable with exception of a
significant difference in the distribution of the ACC/
AHA lesion characteristics mostly due to a greater pro-
portion of type C lesions in the clopidogrel group. Con-
versely, several differences were seen regarding the
procedural variables (Table III). Compared to ticlopidine
patients, patients in the clopidogrel group had a higher
frequency of multilesion interventions, a lower inflation
pressure during stent placement, a greater stented seg-
ment length, and a greater residual stenosis at the end of
the procedure. It is noteworthy that the proportion of
patients who were treated with abciximab was similar in
both groups (Table III).

Figure 1 displays the frequency of adverse events
observed in both groups within 30 days of stenting. Six
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patients (0.7%) in the clopidogrel and 11 (1.3%) in the
ticlopidine group died (P � 0.23). The combined rate of
death or myocardial infarction was 4.2% in the clopi-
dogrel and 5.5% in the ticlopidine group (P � 0.19). The
primary endpoint of death, myocardial infarction, or ur-
gent revascularization was reached by 39 (4.5%) clopi-
dogrel patients and 59 (6.8%) ticlopidine patients. Thus,
clopidogrel therapy was associated with a 35% reduction
of the risk for early adverse events (odds ratio 0.65; 95%
confidence interval, 0.43–0.98). Figure 2 shows the cu-
mulative event rate in each group indicating that most of
the difference in favor of clopidogrel therapy was
achieved during the first 2 days after the procedure.

Specific subgroup analyses were also performed.
Among patients with unstable angina, the incidence of
primary endpoint was 3.8% in clopidogrel patients and
7.5% in ticlopidine patients (P � 0.04); among patients
with stable angina, the incidence of primary endpoint
was 4.9% in clopidogrel patients and 6.3% in ticlopidine
patients (P � 0.32). If we consider only patients who
received abciximab periprocedurally (patients at a higher
risk), the incidence of primary endpoint was 5.3% in
clopidogrel patients and 8.0% in ticlopidine patients
(P � 0.08); among patients without abciximab therapy,
the incidence of primary endpoint was 3.2% in clopi-
dogrel patients and 5.0% in ticlopidine patients (P �
0.25). Therefore, compared to ticlopidine, clopidogrel
was associated with a relative reduction of the incidence
of primary endpoint of 34% among patients who re-
ceived abciximab and 36% among patients who did not
receive abciximab, showing a similar trend in both sub-
groups.

We constructed a multivariate model for the primary
endpoint adjusting for age, lesion morphology, multile-
sion intervention, maximal inflation pressure, length of
stented segment, and final diameter stenosis, i.e., for all
those variables that showed differences between the

TABLE I. Baseline Clinical Characteristics*

Clopidogrel
(n � 864)

Ticlopidine
(n � 870) P

Age, years 66 � 11 65 � 11 0.07
Women, n (%) 234 (27) 208 (24) 0.13
Diabetes, n (%) 190 (22) 197 (23) 0.74
Smoking habit, n (%) 384 (44) 371 (43) 0.45
Hypercholesterolemia, n (%) 629 (73) 624 (72) 0.62
Systemic arterial hypertension,

n (%) 677 (78) 699 (80) 0.31
Previous myocardial infarction,

n (%) 316 (37) 329 (38) 0.59
Previous balloon angioplasty, n

(%) 305 (35) 313 (36) 0.77
Previous bypass surgery, n (%) 129 (15) 123 (14) 0.64
Unstable angina, n (%) 257 (30) 277 (32) 0.35
Platelet count, � 103 mm3 231 � 78 233 � 68 0.52

*Data are mean � SD or number of patients (%).

TABLE II. Baseline Angiographic Characteristics*

Clopidogrel
(n � 864)

Ticlopidine
(n � 870) P

Multivessel disease, n (%) 652 (75) 664 (76) 0.68
Left ventricular ejection

fraction, % 57.2 � 14.8 57.6 � 14.4 0.65
Target vessel 0.88

Left main, n (%) 12 (1.4) 14 (1.6)
Left anterior descending

coronary artery, n (%) 350 (40.5) 354 (40.7)
Left circumflex coronary

artery, n (%) 209 (24.2) 194 (22.3)
Right coronary artery, n (%) 246 (28.5) 261 (30.0)
Bypass graft 47 (5.4) 47 (5.4)

ACC/AHA lesion type 0.002
A, n (%) 30 (3.5) 21 (2.4)
B1, n (%) 180 (20.8) 209 (24.0)
B2, n (%) 415 (48.0) 461 (53.0)
C, n (%) 239 (27.7) 179 (20.6)

Chronic occlusions, n (%) 35 (4.1) 23 (2.6) 0.10
Restenotic lesions, n (%) 64 (7.4) 69 (7.9) 0.68
Lesion length, mm 13.5 � 8.0 13.8 � 7.8 0.42
Vessel size, mm 2.87 � 0.55 2.89 � 0.54 0.62
Diameter stenosis, % 67.3 � 18.7 68.7 � 18.2 0.11

*Data are mean � SD or number of patients (%).

TABLE III. Procedural Data*

Clopidogrel
(n � 864)

Ticlopidine
(n � 870) P

Administration of abciximab,
n (%) 548 (63) 527 (61) 0.22

Multilesion intervention, n (%) 351 (41) 291 (33) 0.002
Maximal balloon pressure, atm 12.5 � 2.3 12.8 � 2.6 0.02
Maximal balloon diameter, mm 3.32 � 0.55 3.31 � 0.54 0.48
Number of implanted stents 1.3 � 0.7 1.2 � 0.6 0.12
Length of stented segment, mm 21.5 � 10.4 20.3 � 9.9 0.01
Final diameter stenosis, % 5.2 � 15.2 2.8 � 12.7 � .001

*Data are mean � SD or number of patients (%).

Fig. 1. Bar graph showing the incidence of adverse event rates
within 30 days of intervention in both treatment groups. MI
denotes myocardial infarction; revasc denotes urgent revascu-
larization.
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groups in the monovariable analysis (Tables I, II, and
III). The adjusted risk for adverse events within 30 days
after the procedure was reduced by 42% with clopidogrel
(adjusted odds ratio 0.58; 95% confidence interval, 0.38–
0.88). No measurable changes were verified when the use
of abciximab was forced into the model.

Major hemorrhagic and vascular complications were ob-
served in 0.5% of the clopidogrel patients and 0.8% of the
ticlopidine patients (P � 0.37). Minor hemorrhagic and
vascular complications occurred in 1.2% of the clopidogrel
patients and 0.9% of the ticlopidine patients (P � 0.63).
After the procedure, no cases of thrombotic thrombocyto-
penic purpura were observed in either group; the peak drop
in the platelet count was 26 � 45 � 103/mm3 in the
clopidogrel group vs. 27 � 43 � 103/mm3 in the ticlopidine
group (P � 0.87). Platelet counts � 50 � 103/mm3 were
encountered in 26 patients, 14 in the clopidogrel group
(2.0%) and 12 in the ticlopidine group (1.5%; P � 0.68).
Most of these cases (13 in the clopidogrel and 8 in the
ticlopidine group) had also received abciximab.

DISCUSSION

This is the first study on the value of a clopidogrel
regimen based on a large loading dose given before
coronary stenting procedure and followed by 4 weeks of
maintenance therapy. More than 60% of the patients
included in this study were also treated with abciximab,
reflecting the most common practice at present. On the
basis of clinical findings at 30 days after the procedure,
the regimen of clopidogrel utilized in this study was
found to be not only safe but also more effective than
conventional ticlopidine therapy.

Rationale and Safety of the High-Loading-Dose
Clopidogrel

The rationale for adopting a high loading dose of
clopidogrel given before the stenting procedure is de-
rived mostly from the need to ensure a better coverage of
the initial poststenting period with efficient antiplatelet
therapy, which is the time frame characterized by the

Fig. 2. Cumulative event rate curves during the early 30-day period after stenting for the
primary endpoint of death, myocardial infarction, or urgent revascularization.
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highest risk for adverse events even after the use of GP
IIb/IIIa inhibitors [10,21]. With its rapid onset of action,
clopidogrel may be well suited as a pretreatment for
patients undergoing stenting. Due to the relatively lim-
ited clinical experience with clopidogrel, the optimal
loading dose is still not defined. Müller at al. [19] com-
pared the effect on platelet aggregation of the usual
regimen of clopidogrel (300 mg of loading dose followed
by 75 mg/day) with that of a high-dose regimen (600 mg
of loading dose followed by 150 mg/day). ADP-induced
platelet aggregation was significantly inhibited within
2–4 hr of the administration of the single dose of clopi-
dogrel of either 600 or 300 mg but the inhibition was
much stronger with the higher dose [19]. Similar results
have also been obtained in another study aimed at defin-
ing the loading dose of clopidogrel required to produce
immediate antiplatelet effects [20]. In this study, single-
dose clopidogrel selectively inhibited ADP-induced
platelet activation within 2 hr in a dose-response manner
that was maximal for doses of � 525 mg [20].

The high-dose clopidogrel therapy was well tolerated
by the patients. Neither the incidence of bleeding com-
plications nor the magnitude of thrombocytopenia was
augmented with clopidogrel compared to ticlopidine
therapy. On the other hand, the majority of our patients in
both treatment groups were also treated with abciximab
and the frequency of bleeding complications or severe
thrombocytopenia in the present study is compatible with
that encountered in previous trials on abciximab therapy
[23,24]. Therefore, our findings are in contrast with those
of a study in 25 patients according to which the combi-
nation of a loading dose of clopidogrel with abciximab
during stenting further increased the risk for thrombocy-
topenia [25].

Comparison With Previous Studies

With respect to entry characteristics, our patients were
not different from those included in the most recent trials
on stenting with GP IIb/IIIa inhibitors [21,26]. Likewise,
the definition of the primary endpoint was also similar to
that used in those trials [21,26]. Taking into consider-
ation that we did not give abciximab in all patients, the
adverse event rate of 6.8% observed in the ticlopidine
group is within the expected limits based on the results
achieved in the stent plus abciximab group of the Eval-
uation of Platelet IIb/IIIa Inhibition in Stenting
(EPISTENT) trial [21]. We found an incidence of 4.5%
of adverse events in the group of patients treated with
large loading dose of clopidogrel. In the Do Tirofiban
and Reopro Give Similar Efficacy Outcomes Trial (TAR-
GET), the incidence of adverse events was 5.8% among
the 2,414 patients treated with abciximab and clopidogrel
therapy with a 300-mg loading dose recommended to be
given 2–6 hr before the intervention [26]. Using the
high-loading-dose clopidogrel regimen, we observed a

significant 35% reduction of the risk for early adverse
events compared to conventional ticlopidine therapy. No-
tably, much of the difference between the two drugs was
achieved within the first 48 hr, suggesting a major con-
tribution of the loading dose of clopidogrel as opposed to
the slow-acting ticlopidine.

The comparison with previous studies that compared
clopidogrel with ticlopidine in patients undergoing cor-
onary stenting is difficult because of differences in the
nature of the study (randomized or observational), patient
characteristics, therapy regimen, and definition of end-
points [13–18,27–29]. Interestingly, a risk reduction with
respect to ticlopidine was reported only by studies in
which a loading dose of clopidogrel was used [13–18,
27–29].

Study Limitations

The major limitation of this study is its nonrandomized
nature. The inferences made in this study were from a
comparison with a historical ticlopidine therapy group.
There were some inhomogeneities between the two ther-
apy groups. However, considering that clopidogrel-
treated patients presented with a higher proportion of C
type lesions, had more often multilesion interventions,
received a greater length of stents, and showed a greater
residual stenosis compared to ticlopidine-treated patients,
a significant bias in the primary endpoint analysis in
favor of clopidogrel therapy is highly improbable. Al-
though it cannot be expected that a randomized trial
comparing clopidogrel with ticlopidine will be per-
formed in the future in this setting, the modified clopi-
dogrel therapy scheme by including a high loading dose
may be tested against clopidogrel regimen used currently
as an adjunct therapy of coronary stenting. Until these
data are available, our findings combined with the supe-
riority demonstrated by ex vivo studies [19,20] favor the
use of a high-loading-dose clopidogrel for patients un-
dergoing coronary artery stenting.

Pretreatment with a 600-mg loading dose clopidogrel
before coronary artery stenting is safe and leads to a more
favorable clinical outcome than conventional therapy
with ticlopidine. The advantages provided by this clopi-
dogrel regimen as a result of the reduction of adverse
events, especially during the first 48 hr, are evident irre-
spective of the concomitant treatment with abciximab.
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