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Abstract

Background : Clopidogrel is a new thienopyridine derivative and has less serious hemato-
logic complications. We investigated the efficacy of clopidogrel plus aspirin (CA) in stent throm-
bosis prevention compared with ticlopidine plus aspirin (TA).

Method and Results : Sixty-eight patients who underwent coronary stenting were ran-
domized into 2 groups: TA group, n = 31 and CA group, n = 37. At 1 month, there were 3 major
bleeding complications, 2 in the CA group and 1 in the TA group. Neither stent thrombosis nor
hematologic events were found in both groups. Two patients in the TA group died, 1 from sudden
death and another from tracheal stenosis. At 6 months, five patients developed in-stent restenosis,
4 in the CA group and 1 in the TA group, p = NS. One patient in each group had acute coronary
syndrome.

Conclusion : Clopidogrel plus aspirin is an effective coronary stenting regimen compa-
rable to ticlopidine plus aspirin.
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Coronary stent is widely used in the field
of catheter-based coronary intervention and several
studies have demonstrated the safety and efficacy
of coronary stenting with appropriate technique and
adequate antiplatelet therapy(1-4), Ticlopidine has
been used to reduce the incidence of stent thrombo-
sis, but it can cause serious hematologic complica-
tions(4-6). Clopidogrel, a new thienopyridine deri-
vative, has been recently introduced and claimed to
be more effective than aspirin in reducing cardio-
vascular events (ischemic stroke, myocardial infarc-
tion, or vascular death) in atherosclerosis patients
without adverse hemotologic events(7) and a recent
study also demonstrated that clopidogrel was effec-
tive in preventing stent thrombosis(8). The purpose
of this study was to evaluate the efficacy and safety
of aspirin and clopidogrel in comparison to the
combination of aspirin and ticlopidine for the pre-
vention of stent thrombosis in patients undergoing
coronary stent implantation.

METHOD
Study population

From June 1999 to December 2000, 68
patients underwent stent implantation for obstruc-
tive coronary artery disease. Inclusion criteria were
symptomatic coronary artery disease or documented
myocardial ischemia by treadmill exercise test or
myocardial perfusion scan and coronary angiogra-
phic evidence of 2 70 per cent stenosis in diameter.
Exclusion criteria were contraindication to anti-
platelet agents, left main coronary artery disease,
hemostatic disorder or systemic bleeding, history of
thrombocytopenia or neutropenia, presence of abnor-
mal white blood cell, differential or platelet count,
requirement of long-term anticoagulant or non-
steroidal anti-inflammatory drugs, childbearing age
women, and severe hepatic or renal dysfunction.

Randomization

All patients were randomly assigned to
clopidogrel plus aspirin (CA) group and ticlopidine
plus aspirin (TA) group by a research nurse. Ticlo-
pidine was administered at 250 mg per oral twice
a day 2 days prior to the stent implantation proce-
dure and continued at the same dosage for 4 weeks.
Clopidogrel was administered with a loading dose
of 300 mg, 4 hours prior to the procedure, followed
by 75 mg per oral once daily for 4 weeks. Aspirin
was administered together with either ticlopidine or
clopidogrel at 300 mg per oral twice a day in both
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groups. At 4-weeks follow-up, the dosage of aspirin
was reduced to 300 mg once daily thereafter if there
was no contraindication.

Stent implantation procedure

Predilation was performed before a stent
was deployed in all patients. The stent was deployed
by inflating the stent delivery balloon at nominal
pressure. Adjunct high-pressure balloon dilation (12-
14 ATM) was then performed to achieve angiogra-
phic optimization. Four types of stent were used
during the study: NIR stent (Boston Scientific Corp.
Boston, Massachusetts, USA, n = 41), ACS Multi-
link stent (Advance Cardiovascular Systems Inc.,
Santa Clara, CA, USA; n = 37), BX velocity stent
(Cordis, Johnson & Johnson Corp., Miami, Florida,
USA; n = 17), and GFX stent (Arterial Vascular
Engineering Inc., Santa Rosa, California, USA; n =
6). Throughout the procedure, a 100 U/kg bolus dose
of heparin was given initially, a repeated dose was
given as needed to keep the activated clotting time
2 a 250 seconds. The procedure was considered a
success once the stent was placed at the desired posi-
tion with £ 10 per cent residual stenosis.

Quantitative coronary angiography

An on-line quantitative angiographic ana-
lysis system (Toshiba, Japan) was used to analyze
the coronary artery pre- and post-procedure.

Clinical follow-up and events

All patients were instructed to attend fol-
low-up with their referring physicians at 4 weeks
after the procedure for clinical assessment and com-
plete blood count. Thereafter, clinical assessment
was done every 8 weeks. Acute stent thrombosis
was defined as thrombotic stent closure within 24
hours after the stent implantation. Subacute stent
thrombosis was defined as thrombotic stent closure
more than 24 hours after the stent implantation.
Major cardiovascular events were defined as car-
diovascular death, stroke, acute nonfatal myocardial
infarction, and unstable angina. Acute myocardial
infarction was diagnosed when there were two of
the following; characteristic ischemic pain for 2 20
minutes, elevation of CK, CK-MB more than twice
the upper limit, and new electrocardiographic
changes. Major bleeding was defined as bleeding
which required blood transfusion. Restenosis was
defined as a diameter stenosis more than 50 per
cent(9).
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Statistics

Continuous normally distributed data were
expressed as mean + SD and were compared by
Student’s ¢ test and Mann-Whitney test. Categorical
variables were expressed as numbers and percen-
tages and compared by the Fisher exact test. A 2-
side p value < 0.05 was considered statistically signi-
ficant.

RESULTS

Sixty-eight patients with 90 lesions were
randomly assigned into the TA group (n = 31) and
the CA group (n = 37). The success rate of the pro-
cedure was 100 per cent in both groups.

Patient characteristics and procedural data

Patient characteristics and angiographic
measurement are shown in Tables 1, 2, and 3. After
the procedure, the mean minimum lumen diameter
in the TA group was smaller than the CA group
(2.75 + 0.33 versus 3.00 £ 0.52, p = 0.01). There was
no difference in the percentage of residual stenosis
(4 + 4% versus 2 = 3%, p = 0.20).

1-Month clinical outcome

There was no acute or subacute stent
thrombosis and no major cardiovascular events in
both groups. Three patients experienced major bleed-
ing complication, 2 patients in the CA group and 1
patient in the TA group (2.45% versus 2.85%, p =
1.0, Table 4). There was 1 patient who developed
skin rash in the TA group. There was no incidence
of serious hematologic complications. Two patients
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died in the TA group. One patient died from tracheal
stenosis. The other one died from sudden cardiac
death.

6-Month clinical outcome

The clinical outcomes are shown in Table
4. One patient in each group had major cardiovas-
cular events (non-Q myocardial infarction in the TA
group and unstable angina in the CA group). There
were 6 patients (1 patient in the TA group and 5
patients in the CA group) who had recurrent angina
pectoris. Coronary angiography revealed in-stent
restenosis in 4 patients (13.3%) in the CA group and
1 patient (3.6%) in the TA group at 6-month follow-

up.

Discussion

Ticlopidine is a potent antiplatelet agent,
but it has limitations due to serious adverse events,
incidence of severe neutropenia occured in 1-2 per
cent of patients but is almost always reversible(10),
Another serious adverse effect of ticlopidine is
thrombotic thrombocytopenic purpura (TTP). A
recent review documenting 60 cases of TTP resulted
in 33 per cent mortality(6). In addition; the drug
could cause hepatic damage and gastrointestinal
irritation.

Clopidogrel is a platelet adenosine dipho-
sphate (ADP) receptor antagonist, acting by a direct
inhibition of ADP binding to its receptor and also
blocking ADP-induced fibrinogen binding to the
glycoprotein ITb/Illa complex(11,12), The antiplatelet
mechanism of action of ticlopidine and clopidogrel

Table 1. Patient baseline characteristics.
Patients TA group % CA group %
(n=31) (n=37)
Age (yrs) 60+9 61110
Male, clinical diagnosis 26 84 27 73
Acute myocardial infarction 9 29 11 30
Unstable angina 10 32 10 27
Stable angina 12 39 16 43
Hypertension 15 48 14 38
Hypercholesterolemia 12 39 10 27
Smoking 14 45 10 27
Diabetes mellitus 9 29 14 38
Previous myocardial infarction 6 19 5 14
Previous revascularization 2 6 4 11

There was no difference between the 2 groups



1704 C. PIAMSOMBOON et al. J Med Assoc Thai

Table 2. Angiographic characteristics.

Patients TA group CA group p
(n=31) (n=37)
Coronary artery
Left anterior descending 20 21 NS
Left circumflex 11 4 0.03
Right 10 17 NS
Vein graft 0 1 NS
ACC/AHA Classification
A 14 13 NS
B 21 26 NS
C 6 9 NS
Stent type
NIR 21 20 NS
Multilink 13 24 0.002
BX velocity 11 6 NS
GFX 3 3 NS
Stent diameter, mm 2.86 £ 0.41 2.99 +0.43 NS
Stent length, mm 1495 +4.67 14.98 + 3.97 NS

NS, not significant

Table 3. Quantitative coronary angiographic results.

December 2001

TA CA p
(n=31) (n=37)
Pre-procedure
Reference diameter, mm 270+ 0.54 2.99 +0.50 0.03
Minimum lumen diameter, mm 0.52+0.31 0.48 + 0.39 0.28
% stenosis 82+ 10 84+ 13 0.12
Post-procedure
Reference diameter, mm 286+034 3.08 +0.48 0.04
Minimum lumen diameter, mm 275+033 3.00+0.52 0.01
% stenosis 4+4 2+3 0.20

Table 4. Incidence of adverse events at 1 and 6-month follow-up.

Patients TA group % CA group o
1-month follow-up 31 37
Death 2 6.5 0 0
Major bleeding 1 32 2 54
Minor bleeding 0 0 2 5.4
Drug side effects skin rash, n (%) 1 29 0 0
6-month follow-up 28 30
Non-Q myocardial infarction 1 36 0 0
Angina pectoris 1 3.6 5 16.5
Unstable angina 0 0 i 33
Restenosis 1 36 4 13.3

There was no difference between the two groups.
All major bleeding was gastrointestinal bleeding.
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is similar. Clopidogrel has been demonstrated to be
as safe as aspirin, incidences-of severe neutropenia,
thrombocytopenia, and any other major bleeding
complications (GI or intracranial) are similar regard-
ing clopidogrel and aspirin (0.05% versus 0.04%,
0.26% versus 0.26%, and 1.4% versus 1.6%)(7). A
recent experimental study suggested that clopidogrel
was more effective than either aspirin or ticlopidine
in preventing high-shear-stress-dependent coronary
stent thrombosis(13). Clopidogrel has rapid onset
in the inhibition of platelet aggregation, after admi-
nistration of a 400 mg dose of clopidogrel, signifi-
cant inhibition of platelet aggregation (47%-80%)
appeared within 2 hours and remained at the same
level for at least 48 hours(14.15), From the above
evidence of a good safety profile with clinical and
experimental antiplatelet property, this would make
clopidogrel a good alternative to ticlopidine after
coronary stent implantation. Aspirin has been added
to ticlopidine since the combination of both drugs
work synergistically(5,16). The regimen of ticlopi-
dine plus aspirin reduced the incidence of stent
thrombosis to < 1 per cent in most studies(3:16),

In this study, clopidogrel was administrated
as a loading dose of 300 mg, followed by 75 mg
once a day for 4 weeks. Aspirin’was added to clopi-
dogrel using the same regimen as ticlopidine. Our
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study showed clopidogrel plus aspirin was an effec-
tive poststenting antithrombotic regimen with com-
parable results to ticlopidine plus aspirin. At 1-
month follow-up, there were neither stent throm-
bosis nor serious hematological complications in
both groups. Similarly, there was no difference be-
tween the 2 groups in the incidence of major bleed-
ing complication at 1-month follow-up (2.85%
versus 2.45%, p = NS). Skin rash occurred only in
the ticlopidine group. Two patients in the ticlopidine
group died, one died from underlying disease and
the other one died from sudden cardiac death. At
6-month follow-up, there was stent restenosis in 4
patients (13.3%) in the clopidogrel group and 1
patient (3.57%) in the ticlopidine group. This is not
statistically significant, a larger number of patients
may be needed for further study. There was no
difference between both groups in the incidence of
major cardiovascular events (3.3% versus 3.6%, p =
NS).

SUMMARY

The authors suggest that clopidogrel plus
aspirin is an effective medication in the coronary stent
regimen comparable to ticlopidine plus aspirin. Clo-
pidogrel may be of particular advantage in unplanned
coronary stenting because of its rapid-onset of action.

(Received for publication on April 26, 2001)
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